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CHAPTER 1. INTRODUCTION

1.1 General

The geological - geotechnical investigations for the feasibility study were 
conducted in two phases: Tl-a and Il-b.

During phase Il-a of the study a geological - geotechnical investigation 
programme was carried out from 17th August 1991 to 16th December 1991 
with the ultímate aim of obtaining the required information for conceptual 
design work.

During this phase geotechnical work was done at locations pertinent to all 
alternative schemes then under consideraron, namely Kukule-Peleng and 
Kukule-Kukule both for reservoir and run-of-river type development plans. 
Geological investigations covered also the reservoir areas associated with 
above referred schemes.

The investigation programme of phase Il-b which was prepared in December 
1991 was mainly to be based on general observations since results of investi
gations of phase Il-a were not yet available. However, by March, to the 
arrival of the Panel of Experts, a certain amount of information became 
accessible. On the basis of that information, and with the acceptance of the 
run-of-river alternative, a new investigation programme was prepared for the 
D/S location [see figure No. 2(1/9), 2(3/9), 2(4/9) and 3]; total amount of 
drilling was 695 m.

1.2 Geological - Geotechnical Investigations

1 .2 .1  Previous Studíes and Data

In 1961 the Kukule Ganga Project was studied as a constituent of the three 
basin study by ECI (Engineering Consultants Inc. U.S.A.).

Geotechnical investigations of foundations comprised core drilling, excavation 
of test pits & auger boring. Nine exploratory holes with a total of 426.3
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drilling metres were sunk along two dam axes. Further, two pits and two 
auger borings were executed to augment the above mentioned drilling results.

For materials three borrow areas (A, B & C), located about one and two km 
upstream of the dam axis on the RB (area A) and LB (arca B & C), respective- 
ly were investigated by 36 auger borings reaching various depths up to 20 ft. 
35 disturbed samples were subjected to grain size analysis, consistency & 
specific gravity tests. Also, five undisturbed samples were tested for 
optimum moisture content, consolidation, shear strength etc. These were 
obtained from five pits dug in barrow areas A and B.

In 1989 in the process of the Masterplan Study for the Electricity Supply of 
Sri Lanka, a desk study was done on Kukule Ganga Project considering it as 
a single purpose project for hydroelectric power.

Almost simultaneously, in 1989, TAMS of U.S.A. conducted a pre-feasibility 
study of Kukule Ganga Project also with emphasis on hydropower 
generation, and it was concluded that the project was economically feasible 
with the following project components: rockfill dam with FSL at 242 m MSL, 
active storage 300 M m^, underground power house with 144 MW installed 
capacity, along with a 6 km transbasin tunnel outfalling to Peleng Ganga.

2 Geological and Geotechnical Investigations

Out of the three conceived alternative schemes only Kukule-Peleng and 
Rukule-Kukule (including run-of-river plan) were geotechnically investigated 
during phase Il-a, whereas on Kukule-Delwitiya scheme only geological
investigations such as geo-mapping, photo geology, geomorphological and 
structural analysis etc., were performed.

i

A geophysical survey was conducted on. locations of dam sites and water-
ways of these two schemes, and a preliminary geological survey was carried 
out in the reservoir areas of both schemes.

(1) Kukule - Peleng Plan

During phase II-a this alternative was investigated by means of core drilling, 
(water pressure testing, core sampling etc.) and a micro-seismic survey,
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conducted at the dam site, waterways, high pressure System and power 
house.

(2) Kukule - Kukule Plan

This scheme, including the "run of river" altemative, consisting of weir, 
waterways, underground powerhouse and surge shaft was investigated by 
means of core drilling and seismic survey conducted in the areas of structural 
foundations.

i

For both above programmes pitting was included but was not executed.

Investigations of phase Il-b were mainly directed towards Kukule-Kukule R- 
O-R 205 alternative, and the initial programme which was prepared for this 
purpose is shown in Figure No. 2.2/9. Subsequently, this programme was 
altered with the decisión to shift the R-O-R weir axis to the D/S, present 
location (see Figure No. 2.1/9). The final programme with progress up to 
17th August 92 is shown on Figure No. 3 and Table No. 1.

This programme comprised geotechnical-geological and seismic investigations 
including pitting, test adit and rock mechanical testing.

CEB awarded geotechnical works of phase 11-a in two contract packages to 
two government organizations, i.e. Geological Survey Department (G.S.D.) 
and Irrigation Department (I.D.). The original drilling programme consisted 
of 20 holes with a total of 1,100 m along with water pressure tests, SPT, 
constant head tests, etc. This programme was to be executed from mid 
August to end of November 1991.

However, due to delayed commencement and poor progress of work the 
above referred investigation programme was revised on 4th October 1991 (see 
Table 1), which introduced a reduction of the total quantity of drilling metres 
from 1,100 m to 700 m. The locations of drilling investigations and seismic 
profiles are shown on Figure 2. The progress of work as per lOth December 
1991 is tabulated on Figure 3.

Final investigation programme for phase Il-b, prepared in March 1992, was to 
be executed by both G.S.D. and I.D. However, when Phases Il-a drilling
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work was completed, I.D. was reluctant to continué with the works and as a 
consequence the total job was awarded to G.S.D.

1 .2 .3  Methodology of Geotechnical and Geological Investigations

(1) Geotechnical Investigations:

Considering the prevailing geological geomorphological and geo-structural 
conditions as well as the availability of data needed for the assessment of 
foundation conditions for major structures and underground excavation 
conditions the following investigation methods were adopted for phase II of 
this study:

1. Core drilling
2. Bore-hole testing
3. Bore-hole instrumentation
4. Point load strength testing
5. Geophysical investigations
6. Pitting
7. Test adit excavation
8. Laboratory testing of rock (to be excuted following adit 

excavation).
0

(2) Geological investigations 

The methods adopted were:

1. Geological mapping (scales: 1:10,000,1:2,000 and 1:100)
2. Geomorphological survey
3. Geo-structural analysis

1 .2 .4 . Scope of Geotechnical Investigations

(1) Core Drilling

During phase 11-a investigations were carried out for both altematives:
Kukule-Peleng plan and Kukule-Kukule (including run-of-river) plan (see 
Table 1).
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During phase Il-b mainly the R-O-R 205 (new) alternative was considered 
(see Tables No. 1 and 5).

(2) Bore Hole Testing

Water pressure tests (Lugeon-type) with a complete pressure cycle (5 steps) 
reaching a máximum of 10 bars (30 bars in surge shaft and powerhouse 
holes) were performed in all drill holes (below the overburden and 
decomposed rock) in rock where packers could be installed properly. In 
overburden and decomposed rock constant head tests and standard penetration 
tests (SPT) were conducted. The results of these tests are shown on drill logs 
and geotechnical sections.

(3) Borehole Instrumentation

A total number of 15 piezometers (oíd and new programmes) were installed 
in the vertical holes (see Tables No. 1,5 and 12).

(4) Point Load Strength Testing

As drilling progressed six rock types were subjected to testing as soon as 
possible after core samples became available.

(5) Géophysical Survey

During phase Il-a seismic survey covering 3.8 km of proñle lengths was 
carried out (for locations see Figures 2.2/9, 2.3/9 and 2.8/9). This work 
commenced on lst November and was completed by end of December 1991.

During phase Il-b, seismic survey covered 2.1 km of profiles (see Figures 
2.3/9 and 2.4/9. This work commenced on 15th March and results were 
available by end of June 1992.

i

(6) Test Pitting

Programme for pitting is shown below:
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Location No. of Pits
Weir Site 10
Switch yard 5
Outfall structure 5
Depression (left bank of the bend u/s 
of weir site) 5

As of 17th August 1992 all work on pitting is completed apart from one pit at 
the intake of the access tunnel.

(7) Laboratory Testíng of Rock (Petrographic Analysis)

Petrographic analyses on the rock samples, partly obtained from drill cores, 
for the purpose of rock classification was carried out at the petrographic 
laboratory of Peradeniya University (see Table 2).

*

1 .2 .5  Remaíning Geotechnical Investigations of Phase Il-b  Programme

(1) Expíoratory Drilling

The remaining drilling works comprise about 100 m in drill hole KK 43 
(powerhouse), 30 m in KK 41 (access tunnel) and 50 m in additional drill 
hole KK 44 (saddle near surge shaft). It is expected that all drilling will be 
completed by about end of September.

(2) Soil Testing

On soil samples obtained from test pits the following tests were proposed: 
gradation, moisture content, bulk/dry density and plástic limits. Results were 
not available at the time of report compilation (17th August 1992).

(3) Rock Mechanical Testing

(A) Laboratory Tests
»

1 • Uni-axial Compression Test
Required 10 nos. per rock type: total 30 nos.
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2. Triaxial Compressive Test
Required 6 nos. per rock type: total 18 nos.

3. Brazil Test
Required 6 nos. per rock type: total 18 nos.

It is being considered to reduce above outlined laboratory testing 
programme considerably if the good quality rock, that is currently 
expected in the powerhouse area, would be confírmed by the adit. 
In this case about 10 nos. of uni-axial compression tests would 
suffice in order to calibrate results of point load testing.

(B) In-situ tests

1. Dilatometer tests are to be conducted in the exploratory adit. 
Required are about 6 Nos. per rock type encountered (These tests 
could be omitted if adit excavation confirms good quality rock as 
currently anticipated).

2. Primary Stress Tests - Fiat jack tests and hydraulic fracturing tests 
are to be conducted for this purpose.

3. Exploratory Adit - As a part of the exploratory programme it is 
anticipated to excávate a horse-shoe shape adit with height of 3.0 
m and 2.5 m invert width. Three alternatives with various 
inclinations and lengths (lengths: 680 m, 420 m and 330 m) 
reaching the power house cavern were proposed.

1.2 .6  Presentation of data

Results of geological and geotechnical investigations are presented in the form 
of geological sections & maps, structural diagrams, geotechnical sections, 
classification charts etc. These classification systems and certain modes of 
geological data presentation are described below:

Classification of Rock Mass According to the Degree of Weathering
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The presented classification is based on B.S. 5930 of 1981, which describes 
the weathering of the rock mass in relation to the distribution of rock material 
within the same mass and the effect of weathering on discontinuities. This 
classification is given in Table 3.

Geomechanics Classification of Jointed Rock Masses (CSIR)
*

The Geomechanics Classification System (10) derives a rock mass rating 
(RMR), obtained by summing 5 parameter valúes and adjusting this total by 
taking into account the joint orientations (rock material strength, RQD, joint 
spacing, joint roughness and separation, groundwater). The descriptions and 
corresponding ratings for these parameters are given in Tab. 4.

NGI System of Rock Mass Classification

The NGI system of classification (8) is based on three aspects: rock block size 
(RQD/Jn), joint shear strength (Jr/Ja) and confining stress (Jw/SRF).

The rock mass quality number Q is calculated from:

Q = RQD/Jn x Jr/Ja x Jw/SRF.

The corresponding valúes to be substituted into the equation for Q are given in 
the respective geotechnical sections.
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CHAPTER 2. REGIONAL GEOLOGY

2 .1  Geom orphology

The geomorphology of Sri Lanka is characterized by the presence of three 
distinct topographic levels, so-called peneplains. The lowermost peneplain or 
Coastal plain, is generally fíat with elevations of less than 30 m. Towards the 
central mountainous complex elevations rise up to 90-120 m. In the south and 
east of the island the central hills rise with sharp escarpments to the next 
higher peneplain at elevations of about 750 m, while from the western to the 
northem and eastem are the hills slope more gently. The uppermost erosional 
level is at about 1500 to 1800 m with individual peaks of up to 2500 m.

2 .2  S tratigraphy

About nine-tenth of the area of Sri Lanka consist of high grade metamorphic 
rock belonging to the granulite and amphibolite facies. Sedimentary rock is 
found in the northern and'northwestern part of the island where Jurassic 

. sandstone beds as well as Miocene limestones and sandstones occur. 
Remarkably, there is a tiny outcrop of Miocene limestone at the southeastem 
tip of the island to be found.

The metamoiphic rocks have been subdivided into two groups:

Highland Group 
Vijayan Complex

The Vijayan Complex is geographically separated into western and eastem 
. sectors by the 'linear-arcuate fold belt' (Vitanage) of the Highland Group. 

Within the Highland Group a Southwestem Group has been differentiated.

The stratigraphic and tectonic relationship between the above mentioned litho- 
stratigraphic units is subject to controversial discussion. Radiometric age 
determinations of recent years could not satisfactorily clarify the stratigraphic 
sequence so that still three hypotheses are maintained by their respective 
authors:
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The earliest view on the metamorphic rock was that the Vijayan Complex is a 
basement to the Highland Group of rocks (Coates, Wadia, Fernando). 
Vitanage believes that the Vijayan rocks are of the ’supra-crüstal' type 
whereas others (Cooray, Berger, and Jayasinghe) believe in a younger 
Vijayan being formed by retrograde metamorphism of the pre-existing 
Highland Group rocks.

2.3 Lithology

2.3 .1  Highland Group

The rocks of the Highland Group represent the metamorphosed equivalents of 
sedimentary rocks such as claystone, limestone and sandstone. Common 
rock types are (see Figure 4):

Gamet Gneiss

This rock type is characterized by the presence of alumina-rich minerals such 
as sillimanite and gamet. The garnets often are large and their presence gives 
the rock a typical 'plum pudding' appearance.

Quartz-Feldspar Gneiss

The typical rock is light coloured and is chiefly made up of quartz and 
feldspar. Gneissic texture is generally well developed.

Quartzite and Quartzitic Gneisses

Quartzites are chiefly made up of quartz, accessory minerals being sillimanite, 
garnet and magnetite. Typical quartzites are whitish in colour and glassy in 
appearance. Grain size is generally médium to coarse.

Marbles and Calc-Silicate Gneisses

Marbles and impure marbles are characteristic rock types of the Highland 
Group. Calcite and dolomite are the main constituents of this rock type
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accessory minerals being olivine, phlogopite, diopside etc. Solution of the 
calcite component may lead to karstification, particularly near the surface.

Chamockite and Granulitic Gneiss

Charnockites are the most striking rock type of the Highland Group. By 
some authors they have been divided in a sub-group of the Highland Group. 
There are several varieties of charnockites. A common property of all types is 
a greenish-grey to bluish-grey colour due to the unusual dark colour of its 
quartz constituents. According to their geochemical composition basic, inter- 
mediate and acid charnockites can be distinguished. Texture is often 
granulitic. Therefore, they are grouped together with granulites and granulitic 
gneisses.

Southwestern Group

The Southwestern Group is lithologically a sub-division of the Highland 
Group. The metasedimentary sequence is characterized by slightly lower 
grade of metamorphism. Characteristic mineral assemblages inelude 
cordierite, wollastonite and scapolite occurring in rock types such as cordierite 
bearing garnet sillimanite gneisses, wollastonite bearing calc-granulites etc. 
Texture of Southwestern Group rocks is often granitic or migmatitic.

Vijayan Complex

Rocks of the Vijayan Complex make up most of the Coastal plains. The 
western Vijayan Complex (see para on stratigraphy) consists of biotite 
gneisses, migmatite, pink granite gneisses and granitoids. The eastern 
Vijayan unit is mainly made up of biotite-hornblende gneisses with scattered 
bands of metasediments. Towards the east coast occurrence of small granite 
plutons and acidic charnockites can be observed.

Structural Geology

The tectonic pattern of the different litho-stratigraphic units exhibits a marked 
contrast. The tectonic style of the Highland Group is characterized by tight 
folding into anticlines and synclines ranging from first order folds with 
amplitudes of several km to small scale folding of cm to dm scale. A variety
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of fold pictures may be found from isoclinal to recumbent folds. Shear zones 
are frequently found along axial planes of folds in the Highland Group.

Fracture zones which are often continuous over 10 to 15 km are generally 
perpendicular to the fólding pattern. They often control the drainage system. 
Some of these features are reportedly faults.

There is a remarkable influence of the structural geology on the land forms 
and the drainage pattern, particularly in the area occupied by the Highland 
Group. In this group three dominant structural trends can be recognized:

NW-SE to NNW-SSE trends in the central part of the Highland Group and in 
the Southwestern Group,

N-S to NE-SW trends in the north and northeast,
<

A sharp E-W and NE-SW swing of fold axes in the Southwest upland and 
highland areas (Rakwana, Nuwara Eliya etc).

The project area is situated within the tectonic unit that is characterized by 
NW-SE to NNW-SSE trending fold elements (see Figure 5). The afore- 
mentioned inventory of structural elements such as first order folds, small 
sóale folding, fracture zones etc. are also present in the project area.

Economic Minerals

In the pre-feasibility study (26) it is pointed out that the river basins of the
Kalu Ganga and its tributaries including the Kukule Ganga are famous for
producing valuable gem varieties. Gems are usually found in stream beds, in
the gravel layers of alluvial deposits, in river terraces and in buried river 
channels.

In the small pond that will be created by thé proposed K-K 205 R-O-R 
scheme the potential for significant gem deposits is certainly limited. On the 
other hand, the large areas that would have been inundated by the previously 
considered high dam altemative are highly prospective gem areas with a great 
potential for presently unknown and unexploited gem deposits that are
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potentially of high economic valué. This is true even though exploitation of 
gem depositó is currently of little significance in the area.

Seismicity and Seismic Risk

Sri Lanka is located within the Indian ocean región of world earthquake 
zones. The región comprises a complex pattern of ocean ridges and tectonic 
features which permits a certain active volcanism of mostly basaltic type. The 
seismicity bound to these features is considered to be of shallow character.

Epicentres of the magnitude of about M=5.0 are rather scarce (see Tab. 7.1) 
and irregularly distributéd some 70 to 400 km off Sri Lanka's shoreline (see 
Fig. 6); no events of similar magnitude have been recorded ónshore during the 
observation period which covers about 50 years. Máximum ground 
accelerations in central Sri Lanka (project area) resulting from the severest
event (1973 earthquake: 5.9 M) can be calculated to about 0.001 g.

»

First resultó of a microseismic network set up with the Kotmale hydropower 
project confirm that Sri Lanka is not entirely as aseismic as previously 
assumed, but is rather seismically active at a M=2.0 level (21). So far no 
earthquakes, even micro-earthquakes, have been recorded whose focii 
appeared to be located in the cióse vicinity of the reservoirs and whose 
magnitudes were higher than normal for the región.

The seismicity of Sri Lanka and respective project areas was evaluated for all 
major hydropower projects constructed during the past decade; the ground 
acceleration factor (horizontal acceleration) adopted in those projects ranges 
between 0.05 (Samanalawewa) and 0.1 g (all other projects).

For the feasibility study of the Kukule project the following factors seem 
. es sen ti al:

- seismic level of Sri Lanka in general is low which is confirmed by seismic 
records covering a period of over 50 years as well as by historie reportó of 
the past 100 years (máximum ground acceleration experienced in the island 
during past 50 years is about 0.001 g, refer to above said);
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- seismic risk of the project area in particular is not apparently elevatéd since 
there are no lineaments of regional significance in the cióse vicinity (say 20 
km);

- no high dam cum large reservoir is to be constructed so that no particular 
risk of reservoir induced (man-made) seismicity is to be expected;

- the proposed structures are of types and sizes which are inherently 
insensitive to earthquakes (31);

- all structures will be founded on rock or even located inside the rock mass 
so.that no amplification effect could take place;

Summarizing the above said it is proposed that all structures should be 
designed to resist a ground acceleration of at least 0.05 g without any damage.
In designing for these conditions probably no special provisions will be 
required.
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CHAPTER 3. RESERVOIR GEOLOGY

3 .1  G eom orphology

In the vicinity of the proposed K-K 205 weir site the Kukule Ganga forms a 
narrow, gorge-like valley with an approximately V-shaped cross section. 
About 3 km upstream of the weir site the valley widens and its dominant 
shape is that of a trough with broad and fíat flood plains bordered by generally 
médium steep slopes. Mountain crest levels range from 400 to 800 feet above 
valley bottom in the vicinity of the dam site while they are exceeding 1,000 
feet near the Southern limits of the project area.

Orientations of the valleys of the Kukule Ganga and its tributaries reflect the 
structural conditions which are controlled by the orientation of folding (NW- 
SE to NNW-SSE) and more or less perpendicular fracture zones. General 
geological conditions as indicated by weathering depth, prevailing rock types, 
structural conditions etc. are manifested in modérate slope angles, straight 
river courses oriented in a strikingly rectangular pattern and almost complete 
absence of steep and high rock faces and cliffs as well as the relatively scarce 
occumence of rock outcrops.

■

3 .2  Rock Types

Geological mapping of dam site areas and related reservoir areas as well as 
resu.lts of core drilling revealed the presence of a variety of rock types 
including biotite gneiss, hornblende-biotite gneiss, charnockitic gneiss, 
amphibolite, quartz-feldspar gneiss and garnet gneiss which occasionally may 
contain small patches of graphite. In the western part of the project area rock 
types have generally a massive appearance because gneissic fabric is poorly 
developed and spacing of fractures is modérate to wide, this is in marked 
contrast to the eastern regions where rock tend to be more intensively

i

fractured.

Owing to their mineral content (see Tab. 2) rock types develop different 
susceptibility to weathering. The quartz-rich rock types such as biotite gneiss 
and some varieties of charnockitic gneisses are not easily weathered. These
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rocks often form the centres of prominent ridges and, on the other hand, have 
shallow weathering profiles developed on them. In contrast, weathering is 
deep on rocks that contain high proportions of biotite and/or feldspar; 
particularly easily weathered are graphite bearing rock types. Interbedding of 
rocks with different weathering characteristics results in a very irregular and 
occasionally deep weathering profile. At some sites, for instance at previous 
K-P axes and at Watugala dam site, a characteristic feature is observed that 
assumes the form of a sandwich-like interbedding of weathered and fresh 
rock, and which may occur down to considerable depths. It appears that 
weathering is generally more intensive and deep in the eastem project región 
(reservoir arca of high dam altemative).

Widespread occurrence of calcareous rock types is a matter of particular 
concern in any hydropower project sirice that could be hazardous to the project 
(water tightness of the reservoir, under seepage of the dam, instability of 
slopes etc.). However, extensive geological and geotechnical investigations

t

have not revealed the presence of such rocks at K-K 205 weir site ñor within 
the associated reservoir area. At K-K 205 weir site as well as at alternative 
dam sites, which will be located within the pondage area of tHis site, a 
considerable number of drill holes was sunk. However, the recovered core 
material does not reveal the presence of calcareous or any other soluble 
material.

Two small scale occurrences of metamorphosed limestone which were
observed near the town of Kalawana, and which would have been situated
within the reservoir area of a K-K 242 dam scheme, seem to be isolated and
of local significance according to spatial distribution and characteristics of 
these rocks.

Summarizing it can be stated that geological mapping and geomorphological 
analysis of the reservoir area of K-K 205 as well as drilling results confirm 
the absence of rock types which may be of any potentially hazardous 
consequences to project structures, human settlements and the natural 
environment that may arise due to reservoir operation.
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3 .3 Structurál Geology

The analysis of the structurál conditions of the project area was done in the 
field, simultaneously with geological mapping, as well as using photo- 
interpretation technique, the latter being particularly useful with respect to 
macro-structural elements and geo-dynamic features. Results suggest that the 
project area can be structurally divided into at least two structurál domains, 
which also exhibit marked lithological contrasts, with the following 
characteristics and demarcations:

Firstly, the area comprising the dam site, including all dam site altematives, 
and associated waterways is characterized by very massive and competent 
rock types such as quartz-rich biotite gneiss, chamockite, amphibolite etc. The 
tectonic style of these rock types is characterized by tight folding, and 
numerous anticlinal and synclinal axes have been identified. Sizes of fold 
elements range from first order folds to small scale folding including flow- 
folding. Longitudinal extensión even of large folds often cannot be traced for 
any long distance which may sometimes be attributed to the great lithological 
variability of the rock. According to the measured dip directions and dip 
valúes folds are mostly isoclinal, while in some places fold limbs appear to be 
slightly overturned resulting in a slight NE-vergence. Small scale folds show 
great variability and may range from isoclinal to recumbent fold pictures.

The fold system is dissected by an E-W to NE-SW oriented pattem of fracture 
zones (photo-lineaments) which can be easily identified on aerial photos. On 
rock outcrops, for instance in gullies, they can occasionally be directly 
observed in the field. Such features are assumed to cause most of the gullies 
which dissect the slopes at the dam site areas. They can also be found along 
the waterways alignments.

.Structurál geology and lithology result in a remarkably strict orientation of 
mountain ridges and river courses. Long and mostly narrow ridges follow 
piecisely orientations prescribed by the fold pattern (foliation strike) while 
river valleys change their directions abruptly following sometimes for a certain 
stretch foliation whereas for some distance perpendicularly oriented fracture 
zones may control the orientation of a given valley.
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Secondly, geological mapping and photo-interpretation of the upstream areas 
of the previously considered high dam cum reservoir revealed the presence of 
a structural and lithological inventory which is markedly different from the 
aforementioned tectonic domain. Lithologically this area is made up of rock 
types which are relatively incompetent and are more easily weathered as for 
instance garnet gneiss which often contains patches of graphite, quartz- 
feldspar gneiss, well foliated biotite gneiss, etc. Owing to the lack of outcrops 
there is less information regarding the number, extensión, size and form of 
tectonic elements. There seems to be more intensive tectonization along shear 
zones, fold axes, etc. However, it appears that basically the structural 
inventory of both domains comprises the same elements. Consequently, 
resulting landforms and drainage pattem are more irregular and morphology is 
generally softer with wide trough shaped valleys, gentle slopes and many 
isolated small hillocks compared to the aforesaid pronounced mountain ridges.

3 .4  Stability of Reservoir Rims

Along reservoir rims slope failures can often be related to:
- presence of thick overburden or weathered rock
- occurrence in sound bedrock of unfavourably oriented discontinuities.

Reservoirs can have an impact on slope stability along their rims since most 
sóils and weathered rock types that come under the impact of reservoir 
operation, i.e. altemating saturated and drained conditions, have the tendency 
to alter strength characteristics, while in bedrock along joints pore pressures 
can vary thus perturbing the equilibrium of forces within the slope.

In the course of geological investigations stability of reservoir slopes was 
assessed with respect to the presence of potentially hazardous conditions of 
either type. The results of the survey can be summarized as follows:

Slopes along both banks of K-K 205 reservoir are mostly covered by over
burden in form of talus which consists mostly of boulders of variable sizes 
embedded in a slightly clayey silty-sandy matrix. Thickness of overburden is 
generally in the range of about 5-10 m. According to results of drill holes talus 
overburden is relatively thick in the upstream reaches of K-K 205 reservoir, 
about 20 m in drill holes KP-1 and KP-3. Angle of repose of talus is about 30 
to 35° while slope angles of existing slopes vary between 25 and 30° so that
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soil slopes can be considered stable provided no excessive pore pressures 
would develop.

This assumption is in line with field evidence, because no significant zones of 
potential instability of overburden and highly weathered rock, which has 
similar geomechanical characteristics, were identifíed along both banks of the 
reservoir. There is only one example of an existing small scale landslide 
which was observed at the left bank reservoir rim about 250 m upstream of 
KP dam axis at an elevation of about 210 to 220 m above MSL, i.e somewhat 
above proposed reservoir level. The slide took place in thick overburden and 
assumes the form of a rotational slide. The scar and the bulging of the sliding 
mass are still visible. The total volume which was affected by the slide may be 
in the range of 1000 - 2000 nA

However, it may be inferred that the talus slopes which exist on both banks 
along the reservoir rim could develop some instability in píaces, where the toe 
of such a talus accumulation is wetted, which may take the form of 
Progressive creep. That could result in the destabilization of the overburden 
cover further up in the slope. However, areas and volumes which could be 
affected would certainly be relatively small.

There are only short stretches of the rim, where outcropping rock forms the 
slopes of the reservoir. Along right bank rims foliation dip has generally a 
component into the slope which makes sliding unlikely. Similar structural 
conditions exist in some stretches along left bank slopes. This is due to the 
presence of a major anticline axis which approaches the valley. Further 
towards upstream the fold axis runs along the upper left bank slopes, so that 
the lower slope sections form part of the northeastem limb of the structure. 
Slopes are consequently dip slopes, i.e. foliation is sub-parallel to slopes, 
which, in general terms, could result in unfavourable conditions if foliation is 
undercut. However, dip of foliation is generally steeper than slopes so that 
instability due to daylighting foliation need not be anticipated. However, no 
recent rock slides are evident along the reservoir rims. Along limited sections 
of the rim rock falls rather than rock slides tend to occur (this feature is 
frequently observed downstream of the Kukule waterfalls).

Rock falls are most likely to result from intersections of foliation dipping out
of the slope with near vertical joints. However, due to the massive character »
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of the rock mass there is only a limited potential for rock falls, which would 
be of small scale, along short stretches of the reservoir rim.

Summarizing the above said, it is assumed that the potential for large scale 
slides, that could endanger the safety of the reservoir and the dam, as well as 
reservoir induced slope instability, that could be hazardous to settlements or 
the natural environment, is rather limited considering the absence of steep or 
very high slopes of large extensión or any of the above mentioned 
unfavourable entena.

3 .5  W atertightness of Reservoir

Water seepage from the reservoir towards adjoining catchments, or around the 
dam into the same river, could potentially occur along faults and major 
fracture zones. Additionally, a potential cause for water losses could be the 
presence of marble (metamorphosed limestone) and calc-silicate gneisses due 
to their potential of solution (karstification).

Elsewhere in Sri Lanka (Kotmale, Samanalawewa) severe seepage and 
stability problems were encountered which stem from the presence of these 
limestones and calc-silicate gneisses. Hazardous behaviour is predominantly 
through the loss in volume associated with their solution. For instance, as 
these layers approach the ground surface and become weathered, the loss in 
volume results in subsidence of the overlying beds. If the zone of subsidence 
is located on slopes, it can be sufficient to set off land sliding in the material at 
higher elevations. An additional aspect of solution of these rock types is 
obviously.the high potential of seepage through these rocks.

Calc-silicate gneisses occur at numerous locations in the Highland Series. The 
layers are typically thin, one or two metres, but may have considerable lateral 
extensión (Kotmale Reservoir, Samanalawewa Reservoir). The calcitic 
content occurs as thin veins within the layers and also in form of the minerals 
diopside and scapolite. Feldspar and quartz usually make up the bulk of the 
other constituents. The calcitic fraction of the layers may be partially lost at 
depth, by solution, or wholly lost during the weathering process. In addition, 
the diopside has been found to alter to homblende. Since limestones deform 
more readily than gneisses under tectonic pressures, the layers of calc-silicate
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Consequently the presence of mar ble, calc-silicate gneisses and their derívate 
weathering producís was given particular attention during logging of drill 
cores and geological mapping of dam site and reservoir areas. While the 
presence of marble and calc-silicate gneisses would be quite evident in drill 
cores, it is generally difficult to trace them in the field since these rocks, 
particularly marble, are seldom found in form of sound rock pieces. 
Generally, direct evidence of calcareous rock types is scarce, mostly it is 
indirect for instance in form of presence of typical soils, presence of 
morphological features as for instance subsidence or landslides, typical 
groundwater regime etc. While above features are quite pronounced in 
marbles they are less developed in calc-silicate rocks due to the lower content 
of calcareous components.

With respect to above mentioned problematic behaviour of calacareous rock 
types particular attention was given to the occurrence of such material in bore 
holes at dam sites as well as in the reservoir areas of K-K 205 and of other 
alternatives. However, no evidence of calcareous rock types, including above 
described adverse features, was found in the drill cores at the weir site ñor 
during reservoir mapping. Also, at present there is no indication, according to 
available results of drill holes as well as field observations, that limestone or 
calc-silicate geisses could occur along the waterways or in the powerhouse 
area. However, a conclusive answer to this latter question can be only given 
when results of test adit excavation will be available.

Henee, with the results of core drilling and geological mapping currently in 
hand, the following model of trans-basin seepage (underseepage and seepage 
around the weir will be discussed in chapter 4.2.2) can be developed:

Seepage into neighbouring valleys would generally have to develop through 
mountainous watersheds formed by gneissic rocks including their overburden 
cover of varying thickness. However, watersheds at reservoir level are rather 
wide while, on the other hand, reservoir induced hydraulic head in watershed 
areas is relatively low resulting in low to very low hydraulic gradients 
whereby the water would have to pass through zones of massive rock of low 
permeabilities, as results of water pressure test indícate which were performed

often exhibit micro-folding and small to large scale boudinage effects in the
formation (frequently observed at Laxapana).
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in drill holes KK-29 and KK-42, and a blanket of more or less impervious 
soil and decomposed rock.

Summarizing the above said, it can be assumed that watertightness of the 
reservoir is not a major concern.

In this context it shall be mentioned, that during mapping of the reservoir area 
of K-K 242 dam scheme two small scale occurrences of limestone were 
observed near the town of Kalawana. This location would have been within 
the reservoir area if a reservoir level at 242 m FSL were considered. Available 
information regarding tectonic position, continuity of the rock and typical rock 
characteristics suggested at that time that the limestone occurrence is isolated 
and does not extend any great distanee. It was then assumed, that it is unlikely 
that it would provide potential seepage paths into the adjoining river basin. 
Since then more thought has been given to this problem and now it would 
appear in a different light (refer to abo<ve discussion), in the sense, that 
additional investigations would be needed to definitely confirm this statement.

3 .6  Geological Aspects of Environmental Impacts

Evaluation of the above topics is being focused on the selected project alterna- 
tive, i.e. K-K 205 R-O-R scheme. Geological aspects may be relevant for the 
follówing groups of environmental elements which could potentially be 
affected by the different components of the proposed hydropower project:

- Landscape,
- Landslide hazard and other dangers,
- Groundwater,
- Surface water (regime, quality)
- Gem mining

In the following discussion only the major structural components are 
considered, since other elements such as access roads, quarries, switchyard 
and dump sites for excavated materials, particularly for the selected project 
layout, have too small dimensions as to cause significant disturbances of a.m. 
environmental elements, apart, possibly, from slope instability which, how- 
ever, will be looked after during engineering design.
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Landscape

Obviously, during construction of any hydroelectric project, also of its 
appurtenant structures, considerable re-shaping of the natural landscape is 
done. In this context excavation of cut slopes is the main concern. As regards 
stability of these man-made slopes proper design (appropriate slope angles, 
protective measures) will exelude any damage to the existing environment.

Groundwater regime may be locally disturbed but will be of limited impact 
due to the relatively small size (excavation depth) of relevant structures.

Landslide Hazard and other Dangers

Landslide potential is discussed in detail in chapter 3.4 and it is concluded that 
the proposed reservoir would not result in an increase of the existing low risk 
situation.

%

"Other dangers" refers mainly to the risk of reservoir induced earthquakes. In 
chapter 2.6 the seismic risk associated with the project is discussed. In this 
context it may be mentioned that the large reservoirs (Kotmale, Victoria, 
Randenigala), which have been built in Sri Lanka during the last decade, have 
not led to a significant increase of the seismic level in the vicinity of the 
reservoirs. In 1983 Joint Venture Randenigala did a preliminary evaluation of 
the then available records of the Kotmale micro-seismic network and carne to 
the conclusión that most recordings were related to the ongoing construction 
work at Randenigala. Only few records were correlated with tectonic 
seismicity and no indications were found of elevated seismic activity. Final 
evaluation of the Kotmale seismic records are still not available, but above 
preliminary results will probably be confirmed, with one amendment to this 
statement: along the so-called Mahaweli lineament which forms the 
morphological escarpment of the eastern slopes of the central highlands, 
seismic activity and intensity was elevated to about M=3 level during the initial 
years after impounding of the newly constructed large reservoirs, but has 
presently dropped to the original M=2 level (verbal information by Dr. 
Wijeratne, CECB).
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Summarizing the above said it can be stated, that size and volume of the 
proposed K-K 205 reservoir will be so small that man-made earthquakes and 
related hazards can be excluded.

Groundwater

The main impact on the groundwater regime results potentially from the 
weir/reservoir and the underground works. Other structures are too small 
and/or related excavations too superficial as to result in a significant change of 
the groundwater table.

As to the weir/reservoir impact, it can be said that the reservoir level is only 
few metres above valley bottorn and will inúndate only the lower slope 
sections along the reservoir rim. That will certainly result in a rise of the water 
table in these lower slopes, particularly during the dry season. On the other 
hand, it was found during drilling and also by inspection of existing wells, 
that during the normally 9-month long wet period the groundwater table is 
generally cióse to surface level, so that during this period the impact is 
insignificant, while during the normally short dry period it may be relevant to 
the flora, particularly should sensitive plants grow in this area.

During construction pilase of the underground works these will act as a 
drainage to the surrounding rock mass. Depending on the presence of major 
waterpaths, for instance along fracture zones, large rock mass volumes may 
be dewatered. Currently, information is scarce as to the nature and extend of 
fracture zones. However, during the extended drought from January to May 
1992, presence of perennial springs and almost unaffected discharge of the 
artesian aquifer encountered in drill hole KK-3, suggest that rock mass 
portions with relatively large volumes of stored groundwater exist which 
would be drained if cut through during tunnel construction.

As to the impact of the potential lowering of the groundwater table of this 
mountain ridge a twofold effect may be expected:

Firstly, the watersupply of the settlers in the powerhouse and surge shaft area 
(few households) may be disrupted during the construction period.
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Secondly, vegetation might potentially be affected, particularly during 
exceptionally long dry periods, whereas, if a normal weather pattern would 
prevail, the retention potential of the overburden cover and weathered rock 
profile should be sufficient to bridge over modérate dry periods between wet 
seasons.

There is one important aspect to note: These adverse environmental impacts 
are temporary and only applicable during the construction phase of say three 
to four years, since all waterways will be lined and made impervious against 
the natural groundwater. It is of course difficult to judge, whether any already 
occurred damage to the prevailing flora would be reversible.

Surface Water (Regime. Oualitv)

Apart from the obvious impact on the regime of the Kukule Ganga along the 
river section between the weir site and the outfall structure no adverse 
variation of the surface water regime and/or quality due to geological reasons 
is anticipated. As is discussed in chapter 3.5 no water seepage into adjoining 
catchments is to be expected including the potential effect of solution and 
associated change in water quality.

Gem Mining

A restricted potential only appears to be existing for economically relevant 
resources of valuable gems, which is mostly due to the limited extend of 
alluvial deposits in the small reservoir area of K-K 205 R-O-R scheme (see 
also chapter 2.5).
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CHAPTER 4. GEOLOGICAL-GEOTECHNICAL ASPECÍS
OF THE AREA OF SELECTED K-K 205

4.1 General

This alternative dam site was identified during phase Il-a investigations but 
was not considered competitive with the upstream site at that time due to 
hydraulic as well as geologic considerations. Later it was realized, however, 
that this was mainly due to site conditions prevailing at the time of the field 
visit when the water level was high.

In the course of investigations at the eliminated site it became obvious that 
foundation conditions of the desander at the left bank flood plain are quite 
unfavourable and would require deep excavations of unsuitable rock (up to 20 
m). On the other hand, when the results of the topographic survey became 
available, it became apparent that considerable rock excavation would have 
been required to improve hydraulic conditions downstream of the desander. 
Consequently, and with the advise of the P.o.E (30), the downstream site was 
selected as the defínite weir site.

4 .2  Dam and Appurtenant Structures

4 .2 .1  Topography and Geomorphology

At the selected K-K 205 dam site the valley is relatively narrow. The cross 
section is almost V-shaped and has somewhat fíat limbs on a relatively narrow 
basis of about 60 m width. At the dam axis abutments are relatively low, 
about 60 m above weir crest; towards downstream valley slopes rise more 
than 100 m above river level. Slopes are more or less regular.

The typical cross section along the dam axis has the following slopes: At the 
left bank average slope angle up to dam crest level is about 18°. Due to the 
more favourable structural pattem, foliation dip is into the slope, right bank is 
slightly steeper (about 28°).
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4 .2 .2  Geological Assessment
\

(1) Weathering and Overburden

At the dam site bedrock is exposed in the river section (during dry weather 
conditions) on both banks up to elevations of about 200 m above MSL. The 
outcrop extends some 80 m upstream of the dam axis; towards downstream 
exposed rock forms the river channel beyond the rapids, some 120 m from the 
dam axis. Existing drill holes as well as results of the seismic survey indícate 
the following:

At the left bank intake of the inflow channel drill hole KK 34 shows that 
overburden and weathered rock are only about 1 m thick. Results of drill hole 
KK 35 indícate that a thin cover of overburden (1.4 m) exists at the left bank 
weir axis. In drill hole KK 36 which is located at the slope side of the 
desander, some 130 m downstream from the intake, overburden and 
weathered rock are about 12 m thick.

On the right abutment the weathering profile is of similar depth owing to the 
favourable structural conditions (see para (4) of this chapter). According to the 
result of drill hole KK 33 depth of overburden and weathered rock is about
11.5 m at dam crest level (see Fig. 10).

(2) Rock Types and Rock Mass Parameters

According to results of dam site mapping and results of already executed drill 
holes dominant foundation rock consists of the following rock types 
(description of the mineral composition is partly based on petrographic 
analyses of samples taken from drill cores at weir site):

Biotite Gneiss and Gamet-Biotite Gneiss

This is the dominant rock type that will make up the major part of the dam and 
desander foundation areas. Main constituents are quartz, plagioclase, biotite, 
hornblende, some garnet and accessoric minerals (see Tab. 2). The typical 
variety exhibits pronounced gneissic fabric. The quartz-rich variety which has 
a massive appearance is practically absent at the dam site area.
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The presence of hornblende-biotite gneiss and quartz-feldspar gneiss was also 
observed, but is of no consequence for foundation conditions.

i

Rock strength can be extrapolated with sufficient accuracy from a great 
number of point load tests. Average uniaxial compressive strength of the 
sound rock material is about 150 to 200 MPa; respective valúes of the slightly 
to faintly weathered rock which will be available at foundation level is about 
80 to 150 MPa (Tab. 10, 1/3).

Fracturation (degree and orientation) of the rock mass in the weir foundation 
area could be observed during the extended dry period, from December 1991 
to mid April 1992, when great portions of the river section were exposed. 
Dominant discontinuity set is foliation in addition to which two joint sets were 
observed:

Spacing of foliation joints is moderately wide on an average of 0.3 to 1.0 m; 
locally it is >lm. This gives the foundation rock mass a relatively massive 
appearance though, as was already mentioned, gneissic structure of the main 
rock type is well pronounced. It appears that foliation joints are mostly tight 
and, henee, do not significantly contribute to the rock mass permeability. 
Foliation joints are mostly plañe or slightly undulating and smooth which is 
mainly due to some biotitic coating (JRC = 2-4).

t

Average spacing of joint set No. 1 (JS 1) is about 1 to 3 m, and locally it is 5 
m. Surfaces of joints are mostly slightly rough (JRC = 6-10) and joint wall 
rock is generally hard; only occasionally may soft joint wall rock occur on 
weathered joints. Based on field observations as well as water pressure tests 
in already dnlled holes some separation of individual joints may be expected 
down to a depth of about 10 m; below 10 m joints are more or less tight 
(separation <1 mm).

According to the results of a joint survey done during detailed mapping Joint
Set No. 2 (JS 2) has similar characteristics: spacing = 1-3 m, max. 7 m ; JRC 
=  8- 10.

On the basis of above data collection a preliminary rock mass description and 
classification was done using NGI and CSIR classification Systems (summary 
of results is given in Tab. 10,1/3):
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Q-values (NGI-classification) range from 6.6 to 14.5, while average RMR- 
value (CSIR-classification) is 64. Such valúes are characteristic of a 
foundation rock which in general terms could be described as good quality 
rock mass. Based on this classification and field observations on joint 
conditions geomechanical parameters of the foundation rock mass may be 
taken as follows:

Shear Strenigth (Rock Mass) 4> = 40-45°; c = 1-2 MPa
E-Module (Rock Mass) E = 10-20 GPa

Shear Strength (Foliation) ♦ = 25-30°; c = 0.1 MPá
Shear Strength (Joints) ♦ = 35-40°; c = 0.2 MPa

(3) Structural Geology

(A) General

During geological mapping a first order anticline was identified to run 
along the left bank of the Kukule valley. At K-P dam site the axis of the 
anticline is at a distance of about 250 m from the river and approaches 
the river in a downstream direction finally reaching the river at the upper 
end of the S-shaped bend, upstream of K-K 205 dam site. 
Consequently, with respect to the fold pattem the dam site assumes a 
position at the NE-limb of the anticline.

, The fold System is dissected by an E-W to NE-SW oriented pattern of 
fracture zones which, according to field evidence, are zones of closely 
jointed rock of a few to several tens of metres width. On aerial photos 
these fracture zones appear as linear topographic features which can 
sometimes be traced for distances of up to 15 km. This type of 
fracturation is perpendicular to the fold geometry and, henee, 
genetically probably tensional. Its age cannot be determined, it is likely, 
however, to have been developed soon after metamorphism. At the dam 
site this type of structural feature is represented by joint set No. 1.

At various locations of the project area a second joint set (at the dam site 
referred to as JS 2) has been observed which is oblique to the fold
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pattern (foliation). It appears to be also tensional and somewhat less 
pronounced (possibly related to the upheaval of the Sri Lankan land 
mass).

In addition to above structural elements there are features of random 
direction. One such feature occurs at the S-shaped bend upstream of the 
dam site, where the valley is intersected by a pronounced linear topo- 
graphic feature of E-W orientation. The nature of this feature was for a 
short while disclosed in the river bed when the water level was low. 
The visible part consisted of a set of intensively jointed rock zones, 
however, the weakest material was probably not exposed but carved 
out, and/or covered, by the stream channels. Such characteristics are 
typical of a fault or shear zone which would probably be of ancient 
origin related to metamorphism and/or folding.

(B) Foliation

Orientation of foliation is perpendicular to the dam axis. Owing to the 
above outlined tectonic position on the northeastem limb of an anticlinal 
structure dip direction is towards NE at médium steep angles (59-76°), 
i.e. orientation is with the slope at the left abutment while it is with a 
component intó the slope at the right abutment.

Orientation of foliation is quite regular as can be seen from the well 
pronounced máximum (see Fig 14.1/2):

Fol = 060-076/59-76°

(C) Jointing

Two main joint sets were observed at the dam site area. JS 1 is sub- 
parallel to the dam axis and dip is at steep angles towards upstream. 
This joint set is parallel to above mentioned System of fracture zones. 
Owing to its direction this joint set does not directly contribute to under- 
seepage of the dam, but may indirectly add to it by connecting 
upstream-downstream seepage paths. The second joint set (JS 2) is 
oblique to the dam axis, henee providing potential upstream-down-
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4 .2 .3

stream seepage paths. The.following distribution was measured (see 
Fig. 14.1/2):

JS 1 = 168-188/40-58°
* JS 2 = 305-324/34-49°

Geotechnical Investigatíons

Core Drilling

At the sites of the weir structure, intake and desander a total number of 8 drill 
holes was carried out amounting to a total of 180 drilling metres (see Tab. 1). 
All drill holes were performed with rotary drilling equipment using double 
tube core barréis in hard rock. In soft rock such as residual soil, talus and 
decomposed rock dry drilling techniques were partly employed using single 
tube core barréis. Drill holes were mostly vertical except for two inclined 
holes (KK 31, KK 32) in the river section.

A summary of the results including collar elevations, coordinates, length of 
drill hole, elevation of weathering grades of rock, overburden and instrumen- 
tation with piezometers is shown on Tab. 5. Geological and drilling details of 
drill holes are given in the "Logs for Engineering Purposes" (see Tab. 13).

Objectives of drill holes at various sites included the following:

- Identiñcation of zones of weathering and cióse fracturation (weir axis),
- Assessment of permeability (weir axis),
- Investigation of depth and type of overburden (all structures),
- Assessment of prevailing foundation conditions with respect to availability 

and quality of rock (all structures).

Borehole Tests and Instrumentation

Water pressure tests (Lugeon-type) were carried out in drill hole sections 
where packers could be sealed properly (results are shown in drill logs, Tab. 
13).

Installation of piezometers was done in three drill holes.
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Geophvsical Investigations
*

Two seismic profiles, one along the weir axis and a second one along the axis 
of the desánder, were executed for assessment of the weathering profile 
(locations see Fig. 2, 1/9).

Test Pits

A total number of 10 test pits was executed along the intake and desánder 
axes. Objective was to establish the presence and character of soils and 
weathered rock and to collect samples for material testing (classification) 
(locations see Fig 2-5/9, 2-6/9, 2-7/9; results are shown on geologic logs of 
test pits, Fig. 27).

Material Testing
t

Point load tests were carried out on rock cores recovered from drill holes as 
soon as possible after this material became accessible, so that test conditions 
were more or less corresponding to natural moisture conditions (test records 
are given in Tab. 14).

On soil samples obtained from tests pits the following tests were proposed to 
be carry out: gradation, moisture content, bulk/dry density and plástic limits. 
However, results were not available at the time of report compilation 
(17.8.92).

Petrographic analyses on core samples were done at the petrographic 
laboratory of Peradeniya University in order to determine mineral content (for 
instance percentage of abrasive minerals), texture, structure, mineral 
fracturation, etc. (results are shown on Tab. 2).

4 .2 .4  Geotechnical Assessment

(1) Excavation

On the basis of eight drill holes on both river banks, detailed geological
mapping and two seismic profils, parallel to the weir axis and along the
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desander axis, the following excavation conditions are anticipated (see Fig. 
10.1/2 and 10.2/2):

x w

»
The weir structure can be founded on sound rock with need of only very little 
excavation. In the river section as well as on the lower slopes basically only 
trimming of the exposed rock down to the designed excavation grades is 
needed. According to the results of drill hole KK 35 which is located at dam 
crest level on the left abutment excavation will comprise about 2 m of oyer- 
burden and weathered rock. On the right abutment excavation conditions 
appear to be somewhat less favourable: in drill hole KK 33, located at weir 
crest level, residual soil and decomposed rock are found down to a depth of
11.5 m. However, all currently available information indicates that at the 
designed foundation levels, more or less throughout the entire dam 
foundation, the rock is sound and of good quality. Only, it appears that there 
are several linear features hidden by the stream channel. The inclined drill hole 
KK 31 intersects the downward extensión of two such features the upper one, 
at about 3 m depth, consisting of 30 cm weathered material and the lower one, 
at about 11 m depth, manifested by a 25 cm tectonized zone which is probably 
one foliation shear. Such features can be treated by dental concrete near 
surface and by grouting in their downward extensión.

The desander structure including appurtenant structures are to be founded on 
rock. Results of core drilling and seismic survey indícate that at designed 
foundation levels rock of good quality will be available. In drill hole KK 36, 
located at the hillside slope of the desander, overburden and highly weathered 
rock are found down to about 12 m, which is about 213 m amsl, and are 
underlain by sound and massive biotite and garnetiferous biotite gneiss, so 
that the designed foundation level of the structure falls within the sound rock.

In the area of the flushing tunnel no drill hole was carried out due to limited 
rcsources. Extrapolating the results of drill hole KK 36, which is the most 

_ closely located hole, it may be concluded that a sufficiently long section of the 
proposed flushing tunnel can be driven in rock.

(2) Permeability and Grouting

The prevailing structural pattern, i.e. foliation as well as joint set No. 2, has 
an unfavourable orientation with respect to underseepage of the weir, at least
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speaking in general terms. Strike of both is perpendicular or near 
perpendicular to the dam axis, henee, potentially providing direct seepage 
paths from the reservoir to the downstream toe of the dam. Results of water 
pressure tests executed in drill holes KK 31, KK 34 and KK 35, located 
along the left bank weir axis and the intake, respectively, as well as drill holes 
KK 32 and KK 33 on the right bank, indicate generally low rock mass 
permeability. Modérate permeability is related to narrow zones of jointed rock 
mass. This is in accordance with the low degree of fracturation observed in 
the field as well as with high RQD-values which are on average between 90 
and 100 %. Relatively higher water losses, in the order of about 14 to 17 
Lugeon, were encountered in the inclined drill hole KK 31 where it intercepts 
two small either weathered or sheared zones (see previous para).

• i '

With respect to the actual potential of underseepage of the weir some remarks 
may be added regarding the necessity of grouting:

t

According to observations in the field as well as on the recovered core material 
it appears that foliation joints are mostly tight. On the other hand, joint set 
No. 1 does not directly contribute to the upstream /  downstream component of 
permeability, but may indirectly connect such waterpaths. Both discontinuity 
sets would contribute to the overall rock mass permeability, but only a fraction 
of the measured water losses is relevant for the actual under-seepage of the 
structure. In conclusión, it would be reasonable to assume that the actual 
water losses due to under-seepage would be less than those calculated from 
the measured Lugeon-values.

However, a more relevant aspect as to the need of grouting seems to be the 
high economic valué of water with respect to the R-O-R project concept and 
the available small storage volume. Additionally, the potential uplift pressures 
seem to be mostly related to individual pervious zones, as those intercepted in 
drill hole KK 31. Number and location of such zones are not known, whereas 
their orientation can be assumed to be mainly upstream / downstream. 
Consequently, in order to conserve as much water as possible and to limit 
uplift pressures it is strongly recommended to provide for a grout curtain.

On the basis of currently available data specifications for curtain grouting may 
be assumed as follows:
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Rows: 2
Depth: 10 m

\

Spacing of Holes: 3m
Specific Grout Take: 50 kg/m
Overall Length: 225 m (extensión see

Fig. 10, 1/2)

(3) Stability of Foundations and Slopes

Currently, it is assumed that at designed foundation levels of the weir and 
appurtenant structures sound rock in form of slightly to faintly weathered rock 
will be available. The foundation rock is generally poorly fractured and, 
henee, has low to very low deformability (see Tab. 9). Variations in rock 
types are of no consequence. Locally the foundation area will be traversed by 
thin bands of weathered or tectonized material which extend in linear form 
more or less perpendicular to the dam axis. These features can be treated by 
slush grout or dental concrete near the surface, while they will be intercepted 
by the grout curtain at depth.

Since some open joints may be expected in the surface near zone of the 
foundation area (as well as shattering due to blasting) it is suggested to 
provide for consolidation grouting of the foundation area of the weir structure 
in order to homogenize and consolidate this rock zone. Currently, the 
following specifications may be tentatively assumed:

Depth of Holes: 3 m
Spacing of Holes (staggered): 3 m
Specific Grout Take: 50 kg/m

With respect to foundation stability one more aspect is of concern: in rock 
foundations stability is often controlled by the orientation of discontinuities. 
The structural diagramme given in Fig. 14, 2/2 indicates that foliation joints 
and JS 2 form wedges which have theoretically some freedom for movement 
in a downstream direction along JS 1. However, the actual potential for such 
movement depends on the magnitude and the direction of the stress vector 
created by the dam. A rough estímate suggests that safety against sliding is 
very high. Nevertheless, it is felt that this should be confirmed by somewhat 
more detailed computations using for instance a Computer programme such as
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GEODAT (geomechanical parameters may be taken as given in para (2) of the 
previous chapter).

In order to assess stability conditions of rock slopes, existing natural as well 
as cut slopes required for construction, a structural analysis was camed out 
result of which is summarized in the Great Circle Diagramme given in Fig. 
16, 2/2. The diagramme shows the potential wedges that can be formed by 
intersection of the prevailing major joint sets. It also gives the directions of 
potential movements in relation to main slope directions, and additionally, by 
representing the assumed range of friction angles of relevant discontinuities, it 
permits to roughly assess the possibilities of sliding.

The resülts show that at left bank slopes rock wedges are formed by the inter
section of foliation and JS 2 as well as by foliation and JS 1. The first one has 
no sliding potential for its direction of movement is more or less parallel to the 
slopes and for the second family of wedges only a very limited possibility of 
sliding exists, firstly, because direction of movement forms an angle of about 
35° with the slopes, i.e. main component is parallel to the slope, and 
secondly, sliding angle is about 40°, which is about equal to the friction angle 
onjoints.

At right bank slopes, and on right hand side slopes of the desander, rock 
wedges are formed by intersection of JS 1 and JS 2. The sliding angle has an 
inclination of about 20° which is much less than friction angles on foliation (> 
25°) and joints (about 40°).

Regarding soil slopes, it is currently assumed that some of modérate height 
will have be excavated, for instance along the desander. The nature of over- 
burden and decomposed rock has been inspected in test pits and was found to 
consist mostly of residual soil and talus material of two different categories 
(rich in matrix and rich in boulders, respectively) (results of laboratory testing 
are not yet available). For feasibility design geomechanical parameters of this 
material, slope inclinations, bench heights etc. may be taken as tentatively 
given in Tab. 9 (these valúes are based on experience- and literatura).
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4 .3  W aterways
t

4 .3 .1  Topography and Geomorphology

The intake portal of the headrace tunnel is located at the downstream end of 
the desander on a moderately steep slope (dip slope of about 30°). Orientation 
of the initial sections of the headrace is about W 300° N and S 256° W, i.e. 
oblique to the mountain ridge (and paralleling foliation), which is to keep 
distance to the adjoining tributary valley. In this initial section mountain crest 
levels are about 420 m asi, while valley bottoms are about 250 m asi. 
Following a sharp bend at Stat. 2+343 the tunnel is almost in the centre of a 
massive NW-SE ridge which almost parallels foliation strike with crest levels 
of about 380 m asi. This route is more or less identical with the oíd alignment 
but is adjusted to conform the new power house location.

The tailrace tunnel maintains more or less the same orientation but shifts closer 
to the western slopes of the ridge with its crest levels decreasing towards NW. 
The outfall of the tailrace is in a relatively thin rocky nose that marks the NW- 
end of the ridge.

4 .3 .2  Geological Assessment

(1) Weathering and Overburden

Wéathering conditions along waterways can be currently concluded from 8 
drill holes, including 1 drill hole along the previous route, as well as field 
observations during geological mapping. Additionally, results of 3 seismic 
profiles are available to establish the weathering profile.

The headrace intake has been investigated by one drill hole, KK 39, which 
shows about 1.5 m of overburden and decomposed rock and about 3.5 m of 
highly weathered rock overlying sound and massive rock.

Drill hole KK 6 was drilled in order to investígate geological conditions at the 
bottom of the Hulukiri valley along the previous tunnel alignment. 
Overburden is practically absent and. sound rock is availble at about 1.5 m.

i
This was then supported by the results of one seismic profile which indicated
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shallow weathering across the valley bottom. Abundant tock. outcrops are 
found elsewhere in the valley suggesting similar conditions along the valley.

»
On the other hand, general geological considerations suggest that the valley 
was formed along some zone of weakness which may be composed of one or 
more zones of sheared rock or a less resistant rock layer(s), probably quite 
narrow, which would not be detected by seismic investigations and would 
only incidentally be intercepted by drilling.

Similar geological conditions may be expected along the ridge which contains 
the headrace and tailrace tunnels in points where it is traversed by saddles and 
depressions.

To date only one such saddle, near the previous surge shaft location, has been 
investigated by drilling (KK 29), and showed sound rock at about 9 m below 
surface. One addidonal inclined drill hole (KK 44) was proposed recently (on 
advice of P.o.E.). It will be drilled in tho saddle area adjoining the surge shaft 
(new location) towards upstream and will be inclined in such a way as to 
intercept sub-vertically directed joints.

Additionally, results of three seismic profiles, each about 400 m long, are 
available to assess weathering depth in saddle areas of the ridge. Results 
indícate that the ’top of sound rock' is generally only slighrly deeper than 
elsewhere along the ridge. However, geologically it is most likely that strong 
and massive rock make up the ridge crests whereas points where the ridge is 
crossed by narrow zones and/or bands of fractured rock or weaker rock 
layers, which cannot be depicted by seismicity, are morphologically delineated 
by saddles and depressions.

Ridge crests were investigated at the locations of the previous surge shaft 
(drill hole KK 7) and the relocated surge shaft (drill hole KK 42) and is 
presently being investigated at the powerhouse site. In drill hole KK 7 sound 
rock is found at shallow depths (about 3 m) while at the present surge shaft 
and powerhouse locations it is available at about 20 m and 15 ni, respectively.

Similar conditions prevail at the tailrace outfall which is accommodated in the 
narrow rocky nose that marks the NW-end of the main ridge. Along the crest 
of this narrow ridge two drill boles (KK 8 and KK 28) were located showing
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thin overburden of about 2.5 m thickness while sound rock was found at
about 3 to 7 m, respectively.

\

»
(2) Rock Types and Rock Mass Parameters

«

Geological mapping and core drilling revealed the presence of a variety of 
gneissic rock types along the alignment of the headrace and tailrace tunnels. 
Common rock types are (description is based on previous petrographic 
analyses and visual examination):

Biotite Gneiss and Gamet-Biotite Gneiss

This is the dominant rock type in which waterways tunnels would be driven. 
Main consdtuents are quartz, plagioclase, biotite, homblende, i.p. gamet, and 
accessoric minerals. The typical variety exhibits pronounced gneissic structure 
whereas the quartz-rich variety has a massive appearance.

Chamockite and Chamockitic Gneiss

According to geological mapping it is likely that major portions of the tunnels 
would be driven in this rock type. Its mineral assemlage ineludes: quartz, 
plagioclase, hypersthene as well as diopside, hornblende etc.
A typical property is the greenish-grey to bluish-grey colour due to the dark 
colour of the quartz component. According to their geochemical composition 
the local varieties appear to belong to the intermedíate family. Structure is 
often granulitic and contributes to the massive appearance of this rock.

Quartz-Feldspar Gneiss

This rock type is occasionally found in drill holes; it is less frequently 
observed in the field. The rock is chiefly made up of quartz, feldspar 

-{plagioclase, orthoclase, microcline, perthite) as well as biotite, hornblende 
and accessoric minerals. Gneissic fabric of the médium coarse rock is less 
pronounced than in biotite gneiss but is poorly developed in the coarse grained 
variety.

Additional rock types that may be locally encountered in the tunnels are 
homblende-biotite gneiss, amphibolite, vein quartz, pegmatite etc..
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Geomechanical parameters relevant for design, excavation and support of the 
headrace and tailrace tunnels will vary considerably along the tunnel route.

• Parameters such as deformability and shear strength of the rock mass, as well 
as shear strength of discontinuities (relevant for local instability of rock 
wedges), depend generally on rock type, rock strength (rock wall strength), 
degree of fracturation, conditions of fractures, groundwater conditions, etc. 
On the other hand, these physical characteristics of a given rock type are 
modified for instance by weathering (apart from the influence of excavation 
method, magnitude and orientation of the primary stress field and the 
orientation of the tunnel with regard to such parameters).

According to point load tests on similar material from previous dam site 
alternatives the strength of fresh material of any of the above mentioned rock 
types is quite high, in the range of 150 to 200 (and above) MPa. However, it 
was observed that weathering reduces rock strength (see Tab. 14).

e

Degree of fracturation is a function of local tectonic intensity as well as 
weathering and is also reflected by reduced RQD-values.

Conditions of joints are related to their genetic origin (tensión, compression, 
stress magnitude, displacement,etc.), rock type, weathering, etc.

Groundwater conditions in the rock mass at hand depend mainly on the degree 
of fracturation at a given location along the tunnel alignment.

As mentioned above, due to their variability along the tunnel route it is 
infeasible to estimate to a reasonable degree of accuracy individual parameters 
at a given location, particularly considering the lack of firm data. However, it 
appears realistic to adequately assess a group of parameters in the form of 
rock mass classification which has become a universally accepted method for 
feasibility studies (see para 4.3.2). Regarding data collection of the fresh rock 
mass reference is made to above para (4.3.1).

Resulting valúes which are interpreted on the basis of recent publications are 
given in Tab. 9.
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(3) Structural Geology

•The area along the headrace and tailrace tunnel routes is not easily accessible 
and due to the sparce population road infra structure consists of only few foot 
paths along rivers and across the ridge that accommodates the tunnels. 
Therefore, geological mapping consisted basically of a few traverses across 
the ridge (foliadon strike) and detailed mapping of outcrops found along river 
courses and on the ridge. Due to the variability of rock types, particularly the 
absence of any marker bands, structural assessment relys solely on 
measurements of foliation supported by photo-geology and extrapolation of 
results from nearby are as. It is felt that on this basis a structural map of the 
area could be prepared that depicts with some confidence the general structural 
set up, and probably also some structural details. Results of this work are 
presented on the geological map of the project area (Fig. 7) and on the 
geotechnical section along waterways (Fig. 12). Tectonic conditions along the 
tunnels may be summarized as follows:

The initial section of the headrace tunnel traverses the axial zones of three 
major fold elements at about Stat. 0+500, Stat. 1+700 and Stat. 2+200; 
respective angles formed between tunnel route and fold axes are about 35° 
and 5o.

Following a sharp bend the headrace alignment runs slightly oblique lo the 
fold pattern (foliation) at an angle of about 20°. The tailrace line is slightly 
tumed and angle formed between foliation and tunnel is about 25°.

In the area of the power house information is scarce as to the structural 
attitude. In adjoining areas a number of minor fold axes was identified, henee, 
relative irregular structural conditions may prevail. Obviously, test adit 
excavation would be needed to draw a more accurate picture.

According to field evidence the nature of fold axes is often characterized by 
cióse fracturation, foliation shears and shear zones; width of such features 
may be several tens of metres.

The fold system is dissected by E-W to NE-SW oriented fracture zones 
which, according to field evidence, are zones of closely jointed rock of a few 
to several tens of metres width, in which fracturation takes the form of
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individual joints, mostly of sub-vertical orientation, spaced at about 0.05 to
0.3 m. On aerial photos these fracture zones appear as linear topographic 
features which can sometimes be traced for considerable distances. It is 
particularly this feature that is supposed to form the morphologic saddles 
separating hill crests along the ridge containing the waterways arrangement.

At various locations of the project area a second joint set has been observed 
which is oblique to the fold pattern.

In addition to above structural elements there are features of random diiection. 
One such feature is assumed to form the tributary valley that falls into the 
Kukule valley at the S-shaped bend upstream of the darn site. The nature of 
this feature was for a short while disclosed in the river bed when the water 
level was low. The visible part consisted of a set of intensively jointed rock 
zones, however, the weakest material was probably not exposed but carved 
out, and/or covered, by the stream channels. Such characteristics are typical of 
fault or shear zones.

4 .3 .3  Geotechnical Investigations

Core Drilling

At the sites of the headrace intake, headrace tunnel, tailrace tunnel and tailrace 
outfall a total number of 6 drill holes was proposed (including site of oíd 
surge shaft and additional inclined hole at saddle) amounting to a total of 435 
drilling metres (see Tab. 1 and 5). At the time of report compilation (August 
17th) 5 drill holes were completed (385 m).

All drill holes were (are to be) performed with rotary drilling equipment (for 
some more drilling details refer to chapter 4.2.3). All drill holes were vertical. 
A summary of the results including collar elevations, coordinates, length of 
drill hole, elevation of weathering grades of rock, overburden and instrumen- 
tation with piezometers is shown on Tab. 5. Geological and drilling details of 
drill holes are given in the "Logs for Engineering Purposes" (see Tab. 13).

Objectives of drill holes at various sites included the following:
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- Investigation of depth and jiature of overburden, rock types, rock 
characteristics etc.,
Identification of zones of weathering and cióse fracturation,

- Assessment of prevailing foundation conditions with respect to availability 
and quality of rock,

- Assessment of groundwater conditions (permeability).

Borehole Tests and Instrumentation

Water pressure tests (Lugeon-type) were carried out in drill hole sections were 
packers could be sealed properly (results are shown in drill logs, Tab. 13).

All drill holes are constructed in such a way as to enable water table readings 
after completion.

Geophvsical Investígations

Three seismic profiles along ridge saddles are at hand for assessment of 
weathering depths (locations see Fig. 2, 4/9). Additionally, two seismic 
profiles at Hulukiri Dola (oíd alignment) provide useful information to 
establish the weathering profile (locations see Fig. 2, 3/9).

Test Pits

A total number of 9 test pits was proposed at the tailrace outfall, switchyard 
and access tunnel areas. Objective was to establish the presence and character 
of soils and weathered rock and to collect samples for material testing 
(classification); to date 8 pits have been excavated.

Material Testing

A great number of point load tests have been carried out on core material of 
respective drill holes.

On soil samples obtained from tests pits the following tests are proposed to be 
carry out: gradation, moisture content, bulk/dry density and plástic limits; at 
this time results of such tests are not yet available.
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Test Adit and Rock Mechanical Testing .

(refer, to chapter 4.4.3)

4 .3 .4  Geotechríical Assessment

(1) Rock Mass Classification and Support

Currently rock mass parameters for design of underground structures cannot 
be based on in-situ or laboratory testing. In previous reports and by the 
P.o.E. (30) it has been stated that for final design such test results, including 
informations that can be obtained by test adit inspection, would be needed in 
order to make final design assumptions with sufficient confidence. However, 
the data presently available are certainly adequate for feasibility design. Also, 
rock mass classification methods, which have been employed in this study to 
arrive at the required parameters, are now so well developed that parameters 
adequate for feasibility design can bé acquired with a limited amount of 
testing.

The tentative rock mass classification was done with the objective to provide 
information on the rock quality that could be expected along the tunneí align- 
ment. The classification is based mainly on field observations in form of 
detailed rock mass descriptions (assessment of rock strength by means of 
point load tesdng, measurements of discontinuity spacing, description of joint 
conditions, measurements of joint continuity, assessment of joint wall 
strength by means of Schmidt hammer rebound valúes, etc.), collection of 
general data regarding rock types, rock structure, nature of rock mass, type of 
weathering, weathering depth, groundwater conditions, geomorphology 
including evaluation of results of drill holes and seismic profiles. These 
observations were only partly made along the tunnel fine, partly they were 
extrapolated from representative locations and, finally, conservative 
assumptions were made on the basis of geological consideradons.

In order to check on the confidence of the rock mass classification two 
methods which both are extensively used in civil projects were employed, 
namely the CSIR and NGI classification methods. Both classification methods 
provide guidelines for the selection of support measures. On the basis of these 
guidelines and with respect to the limited amount of firm data it was
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considered adequate to develop a specific "classification adopted in the 
project" minimizing the number of rock support classes (three/four numbers). 
.However, wíth respect to the lack of data no details regarding dimensions, 
capacity, etc of support measures were specified. It may be noted that this 
classification is considered tentative and that the final support design will be 
done by the rock mechanics engineer after test adit excavation and rock 
mechanical testing is completed. Results of the preliminary classification are 
summarized in Fig. 12.

(2) Geotechnical Sections along Tunnel Alignments

The tunnel route was divided into a number of structural regions (domains) 
for which identical geological-geotechnical conditions were assumed. The 
resulting geotechnical situation along the new tunnel alignment is summarized 
in the geotechnical profile presented in Fig. 12, and is described in short as 
follows (confidence level is discussed above):

In the area of the tunnel intake one drill hole (KK 39) has been carded out. It 
can be assumed that limited soil and rock excavation is needed to construct the 
tunnel intake portal.

From the portal up to about Stat. 0+070 it is assumed that rock support 
corresponding classes III and IV is required due to the expected effect of 
weathering on rock strength, fracturation etc.

The following section up to about Stat. 0+470 is assumed to be composed of 
strong and poorly fractured rock mass. Also, the tunnel is expected to be 
excavated under dry conditions, and no support will be required (class I/II).

From Stat. 0+470 to 0+570 the tunnel will traverse the axial región of one 
anticline which is thought to be weakened by fracturation and some shearing; 

— additionally, some modérate water inflow may be expected. This section is 
therefore thought to require in some parts systematic rock bolting (classes VII 
and III).

Corresponding geological conditions resulting in equivalent excavation 
conditions (classes I/II and III) are expected to be found at the following
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tunnel sections: Stat. 1+600 to 1+700, Stat. 2+200 to 2+900, Stat. 3+200 to 
3+750.

For the tunnel portions between above stations it is assumed that tunnel 
excavation will be mainly in sound and massive gneissic rock mass requiring 
no support (class VII).

Along the remaining section up to the upstream surge shaft the headrace tunnel 
is thought to traverse three fracture zones. Current evidence is that each 
fracture zone consists of one or more portions of closely jointed rock of up to 
a few tens of metres width. These are likely to be water bearing and at several 
points considerable water inflow which may be under modérate pressure may 
be anticipated (classes I/II and II!). Stations were such conditions may be 
expected are as follows: Stat. 4+350 to 4+450, Stat. 5+050 to 5+150 and 
Stat. 5+300 to 5+400. Tunnel sections between such fractured regions are 
assumed to consist of sound and relatively unfractured rock mass which 
would be generally dry or moist, only, réquiring no supports (class VII).

The initial portion of the tailrace tunnel (Stat. 5+760 to 5+860), powerhouse 
area is described separately in the following para, is thougth to traverse one 
more fracture zone presumably of above described nature and correspc/nding 
excavation conditions (classes I/II and III). One further fracture zone of 
similar nature may be expected between Stat. 6+760 and 6+860.

Tunnel sections adjoining the outfall portal were investigated by two drill 
holes, KK 8 and KK 28, which encountered sound rock at shallow depth. 
However, tunnel sections with burden less than 50 m above tunnel roof are 
thought to possibly encounter locally rock mass which is slightly weakened 
by weathering, henee, requiring systematic rock bolting etc. (class III, Stat. 
7+210 to 7+310), and in places rock strength may be markedly reduced 
requiring Steel ribs etc.(class IV, Stat. 7+310 to 7+360).

According to the results of core drilling and pitting excavation for portal 
construction will comprise relatively small volumes of overburden and highly 
weathered rock.
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(3) Geotechnical Aspects of Design and Construction Conditions

___  *

.Following is a brief discussion on some geological - rock mechanical aspects
of certain design and construction considerations:

%

Feasibility design provides for concrete lining of the headrace and tailrace 
tunnels. With regard to the external and internal hydrostatic pressunes acting 
on the lining and as to dealing with them the following assumptions should be 
made:

- Head of external water pressures should be taken as to equal surface 
levels above tunnel roof since field observations suggest that during the 
rainy season ground water levels are generally cióse to surface;

- Along lined tunnel sections contact grouting and consolidation grouting of 
the surrounding rock should be foreseen to consolídate rock shattered due 
to blasting. However, there are no tunnel sections where internal pressures 
are greater than external pressures, henee, requiring consolidation grouting 
to prevent leakage from the tunnel into the surrounding rock mass; this is 
due to topographic conditions.

As to excavation conditions some general remarks may be adequate:

During excavation pervious fracture zones will be intersected and provisions 
will have to be made as to dealing with such conditions (technical and 
contractual)(30).

4 .4  Powerhouse, Surge Shaft and High Pressure System

4 .4 .1  Topography and Geomorphology

The new location of the powerhouse, surge shaft and high pressure system is 
within an isolated hill along the ridge which is surrounded by pronounced 
saddles, valleys and ravines. Morphological elements such as these are 
generally related to geological features. Elsewhere in the project area it was 
observed that saddles, gullies etc. are controlled by fracture zones which 
consist of one or more zones of closély fractured rock of a few metres up to 
some ten or twenty metres width. They may also be related to tectonized or
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less weathering-resistant rock. Currerutly the nature of these geological 
features is not known. On the other hand, indirect information obtained from 
seismic survey does not suggest the occurrence of highly fractured or weak 

• rock including deep reaching weathering in saddle areas, for such features 
would be réflected by lower velocities. However, as is pointed out by P.o.E. 
(30), it would be prudent to maintain as much distance between them and the 
underground structures as possible.

4 .4 .2  Geological Assessment

(1) Weathering and Overburden

With respect to the weathering profile on the morphological knob that 
accomodates the powerhouse cavem and related structures results of two drill 
holes - KK 42 (new surge shaft) and KK 43 (powerhouse, in progress) - are 
at hand. Additionally, relevant information can be obtained from drill holes

i

KK 7 (oíd surge shaft) and KK 29 (saddle near oíd surge shaft). Findings are 
that depth of weathering is relatively shallow to moderately deep. In drill holes 
KK 42 and KK 43 fresh rock is available at depths ranging from about 15 m 
(KK 43) to 20 m (KK 42). Water pressure tests in drill hole KK 42 reveal 
some modérate permeability (10 and 5 Lugeon at low pressures) of fractured 
sections (at about 45 and 65 m, respectively), and no oxidation was observed 
on joints at that depth. On the other hand, rock cover above power cavem is 
about 180 m, so that influence of weathering need not be expected.

(2) Rock Types and Rock Mass Parameters

According to results of drill holes KK 42 (surge shaft) and KK 43 
(powerhouse), the latter one having currently a depth of about 140 m, as well 
as geological mapping and results of relatively nearby drill hole KK 7, 
dominant foundation rock types inelude biotite gneiss, garnetiferous biotite 
gneiss, charnockitic gneiss and quartz-feldspar gneiss. Occasionally layers of 
quartz-rich biotite gneiss, hornblende-biotite gneiss, amphibolite and 
pegmatitic quartz-feldspar gneiss were found (for some more petrographic 
details of rock types refer to chapter 4.3.2, para (2).

Strength of intact rock material can be extrapolated from point load tests done 
on core material of drill hole KK 42 and nearby KK 7. Uniaxial compressive
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»
With respect to further parameters required for rock mass classification as for

4 *

instánce RQD, spacing and conditions of joints as well as groundwater
conditions evidence currently at hand is of satisfactory degree of confídence
for feasibility design assumptions:

- RQD valúes are available from drill holes KK 42 and KK 43; on average 
valúes are high ranging between about 90 to 100%;

- With respect to spacing of foliation joints it can be said that gneissic fabric 
of biotite gneiss is generally well developed whereas it is less pronounced 
in charnockitic gneiss and quartz-feldspar gneiss resulting in about 1-3 m 
and > 3m spacing, respectively;

- Estimates of joint spacing from core material is somewhat problematic, 
however, on the assumption that two major joint sets are present (in 
addition to foliation) and inclination is generally steep, about 70 to 80°, 
average spacing of both joint sets is estimated at about 1 to 3 m, which is 
true, of course, only for the sound rock mass portions between fracture 
zones which are thought to occur at the periphery of the cavem;

- Conditions of joints can be observed on core material with sufficient 
accuracy; joint planes are predominantly slightly rough and somewhat 
undulated (JRC = 6 - 10) whereas foliation planes are often smooth due to 
biotitic coating (JRC = 2-4);

- Groundwater conditions can be assessed on the basis of water pressure 
tests that have been continuously carried out in drill holes KK 42 and KK 
43. Test results indicate virtually impervious rock even at relatively high 
pressures of 30 bars that have been applied. Low to modérate permeability 
was observed in only three sections of drill hole KK 42 (39 to 45 m, 63 to 
66 m and 100 to 103 m).

strength of all rock types is high, about 150 to >200 MPa, and petrographic
variations are of no signifícance for the strength of the rock mass.

* ,
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(3) Structural Geology

The arca of the powerhouse and appurtenant structures is difficult to access 
and, therefore, information on structural geology is scarce. It appears that 
overall dip* direction of the rock mass of the entire ridge is towards W to SW,
i.e. towards Makeliya Dola. In adjoining areas a number of minor fold axes 
was identified, henee, relative irregular structural conditions may be assumed 
to prevail at the powerhouse site. Tentatively, average orientation of foliation 
may be taken as:

Fol = 240-260/50-70°

As was already mentioned, the hill containing the powerhouse and 
appurtenant structures is framed by a number of linear topographic features
i.e. saddles, valleys, gullies etc., which most certainly are related to 
geological features probably in the form of fracture zones consisting of closely

t

jointed, possibly also sheared rock portions. Based on photo-geology it is 
assumed that dip is more or less subvertical while approximate strike 
directions are as follows:

Zone 1 = N 070° E 
Zone2 = E 110-115° S

4.4 .3  Geotechnical Investigations

Core Drilling

At the sites of the powerhouse cavem and the upstream surge shaft two drill 
holes were proposed each 230 m deep (see Tab. 1). At the time of report 
compilation (August 17th) the powerhouse hole was still in progress (140 m).

Drill holes were/are to be performed with rotary drilling equipment (for some 
more drilling details refer to chapter 4.2.3). Both drill holes are vertical. It 
certainly would have been desirable to measure the orientation of such deep 
holes, however, no adequate measuring device could be made available by the 
contractor or the Client. On the other hand, it need not be assumed that 
deviation of the drill holes could be so substantial that interpretation could be 
hampered; Geological and drilling details of drill holes KK 42 and KK 43,
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up to present depth, are given in the "Logs for Engineering Purposes" (see 
Tab. 13).

Objectives of drill holes in the powerhouse area inelude the following:

- Investigation of depth and nature of overburden (open cut excavation of 
surge shaft), rock types, rock characteristics etc. (rock mass classification),

- Identification of zones of cióse fracturation (powerhouse locatión, 
stability),

- Assessment of prevailing rock mass conditions with respect to quality of 
rock (stability),

- Assessment of groundwater conditions (permeability),
- Provide test sections for hydroffacturing tests.

i

Borehole Tests and Instrumentation

Water pressure tests (Lugeon-type) were (are to be) carried out to assess 
permeability conditions and to provide additional information on rock quality 
(high pressures to be applied) (results are shown in drill logs, Tab. 13).

Drill holes were/are to be constructed in such a way as to enable performance
i

of hydraulic fracturing tests later on as well as to measure water tables after 
completion.

Material Testing

Point load tests will continué as additional core material becomes accessible to 
provide additional input data for rock mass classification.

Test Adit

Three alternative alignments for test adit excavation were proposed. It is the 
primary objective of the adit to provide first hand information on geologic 
structure and, secondly, to provide locations for rock mechanical testing.

Proposals of three local firms are available and are currently being evaluated. 
It is JVK's and the P.o.E.'s opinión that only alternative no. 2 (médium steep
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slope and médium length) which could be developed for use as a permanent 
cable tunnel should receive further consideration.

Rock Mechanical Testing

Considering thé new test adit alignment and the subsequent change of 
available test locations the previously proposed rock mechanical testing 
programme has to be modified:

- In-situ Testing

1. Hydraulic Fracturing Tests

a. Surge Shaft
10 tests in existing drill hole (KK 42) (in order to measure minimum 
principal stress);

b. Power Cavern
Required 3 drill holes (45° to each other), 10 tests per drill hole.: 
total of 30 tests;

2. Small Fiat Jack Tests 
Required 10 nos.

3. Dilatometer Tests
Required 6 nos. in 3 drill holes of different orientation: total of 18 tests.

- Laboratory Tests

1. Uniaxial Compressive Tests
Required 10 nos. per rock type: total of 30 tests

2. Triaxial Compressive Tests
Required 6 nos. per rock type: total of 18 tests

3. Brazil Tests
Required 16 nos. per rock type: total of 18 tests
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Currently it i$ assumed that the rock mass in the area of the powerhouse and 
appurtenant structures is of excellent physical characteristics. If this 
assumptíon would be confirmed by test adit excavation it will be considerad to 
reduce the amount of in-situ and lab testing (reduction of hydrofracturing tests 
to about 5 tests per hole; omission or reduction of dilatometer tests; omission 
of lab tests apart from about 10 uniaxial compression tests to calíbrate point 
load tests). Decission could be made after excavation of the initial 100 m of 
the test adit.

4 .4 .4  Geotechnical Assessment

(1) Rock Mass Classification and Support

Presently rock mass classifications relevant for the area of the powerhouse 
and appurtenant structures are being based on a limited amount of ñrm data. 
Main available evidence is the core recovery of the surge shaft drill hole KK 
42 and the powerhouse drill hole KK 43 which is currently about 140 m deep. 
As to the geological parameters used for classifications reference is made to 
para 4.4.2. It should be noted that this classification is strictly relevant only 
for the sound rock mass between assumed fracture zones (for results see Fig. 
13).

For fracture zones assumed to occur at the periphery of the powerhouse no 
data are at hand as to the relevant geomechanical parameters. In order to 
present at least the possible range of rock mass quality that can reasonably be 
expected, parameters are extrapolated from observations of similar features 
elsewhere in the project area. Results of rock mass classification are 
summarized in one geotechnical section (Fig. 13).

No attempt was made to estímate the required support due to the preliminary 
character of the available data. Additionally, it should be noted that 
geotechnical section and employed data are considered preliminary and will be 
updated as more data become available in the course of ongoing investigations 
(drilling, test adit, rock mechanical testing).
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(2) Geotechnical Domains at Powerhouse and Appurtenant Structures

The rock mass in which the structures are to be excavated is divided into a 
number of domains, i.e. zones in which certain geological features are more 
or less uniform within each región. It is currently assumed, which is of course 
quite arbitrary but is due to the lack of relevant data, that the powerhouse as 
well as the lower section of the upstream surge shaft including pressure shaft 
and the entire downstream surge shaft are located within one structural domain 
which is characterized by sound and massive rock. Rock niass quality valúes 
resulting from classification based on above refered rock characteristics 
indícate very good rock mass quality of this material with RMR ratings 
ranging from 82 to 92 and Q valúes ranging from 30 to 33 (see Fig. 13). The 
resulting preliminary rock mass parameters may be taken from Tab. 9.

Above mentioned fracture zones are tentatively assumed to be located at the
periphery of the structures which will have to be confirmed by test adit

<

excavation.

The upper sections of the upstream surge shaft would have to be grouped into 
sepárate domains, of more or less horizontal extensión, which is due to the 
influence of weathering on rock mass quality and related geotechnical 
conditions (see Fig. 13). Based on the results of drill holes KK 42 and KK 43 
(presently at 140 m) three sepárate geotechnical domains can be identified. 
The uppermost zone from 0.00 to 10.00 m below ground level corresponds 
essentially soil mechanical conditions. From 10.00 to about 20.00 m rock 
mass classification yields RMR ratings from 44 to 58 and Q valúes from 4.8 
to 29 corresponding fair quality rock (see Tab. 6).

9

(3) Geotechnical Aspects of Design and Construction Conditions

Major considerations in the design of a large underground structures are 
orientation, shape, dimensioning, support and reinforcement requirements and 
excavation sequence. Obviously, at this date when firm data are lacking, it 
appears unconvenient to indulge in speculations on, for instance, magnitude 
and direction of primary stresses, location and nature of fracture or fault zones 
etc. Following are, therefore, only a few general remarks on some of the 
above aspects:
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Orientation

The feasibility design provides for the longitudinal axis of the cavem to be 
perpendicular to foliation which is thought.to be the dominant discontinuity 
set. However, this assumption will have to be confirmed by test adit 
excavation. The re is a possibility that cavern si de walls are parallel to a 
major discontinuity set (E-W joints) which may be geomechanically more 
relevant. This is of particular concern if a cavern with vertical side walls 
would be considered.

On the other hand, if high stress conditions are to prevail, which is 
however not very likely, magnitudes and directions of principal stresses are 
of equal importance as to the general objective to oriéntate the structure in 
such a manner that minimizes instability. In intact rock instability implies 
failure due to excavation-induced stresses higher than rock strength. In 
closely jointed rock it is related to sliding of rock wedges into the opening. 
Size, shape and orientation of each block depends on joint orientation 
whereas the normal and shear forces developed along discontinuity planes 
depend on the stress State.

Above stated clearly indicates the significance of the test adit and rock 
mechanical testing for final design assumptions.

i

Shape

Currently the shape of the power cavern is designed to suite its function 
and to minimize stress concentrations and accumulation of stored strain 
energy in order to optimize stability. P.o.E. recommends to consider a 
vertical sided cavem. There are indications that this would be acceptable 
since it is unlikely that the in-situ stress field is high in comparison to rock 
mass strength. Most certainly, however, orientation of the cavern would 
have to be optimized with respect to the geomechanically relevant 
discontinuity set. This again indicates the relevance of rock mechanical 
investigations and test adit excavation.
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Dimensioning

D im ensions o f  the cavern are o f  course govem ed  by functional aspects. 

H ow ever, w ith respect to the assum ed presence o f  fracture  zones at the 

periphery o f the cavern there appears to be a possibility for optim ization o f  

dim ensions, this is also true with regard to the location o f  the cavern , in 

o rder to avoid  in tersection with closely  jo in ted  rock  zones an d  re la ted  

instability . In this context the need for the test ad it becom es ev iden t one 

more time.

Support and Reinforcement, Excavation Sequence

These design steps are typicaily done by num erical m odelling  for w hich 

inform ation on the in-situ stress State is o f param ount im portance. .

W ith  respect to geotechnical conditions p revailing  at the high p ressure  

shaft, m ain aspect is as to w hat extern Steel lin ing  is requ ired . P resen t 

indication is that the rock m ass is sufficiently strong and sound to p reven t 

leakage and hydraulic fracturing in the high p ressu re  shaft so tha t Steel 

lin in g  beyond  the  cu rren tly  d esig n ed  levels w o u ld  n o t be  n eeded . 

O bviously, final decisión can be m ade only after results o f rock m echanical 

testing are at hand.
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CHAPTER 5. COMPARATIVE ASSESSMENT
OF ELIMINATED CANDIDATE SITES

5.1 General

5.2  Geological-Geoteclinical Aspecls of llie Area of Eliminated K-K
205

5 .2 .1  General

When K-K plan was initially formulated as an alternative to K-P plan two 
al temad ve dam sites were identified about 1.3 and 1.65 km downstream of K- 
P dam site. The downstream site (K-K 205) was considerad suitable only for 
a diversión structure due to topographic conditions while the upstream site (K- 
K 230) was designated for a low CFR-type dam as well as for a concrete 
weir.

5 .2 .2  Topography and Geomorphology

At K-K 205 dam site the valley bottom is relatively wide thus providing
sufficient space for the desilting basin of a diversión weir. Slope angles at the 
left bank are modérate at about 20° while right bank slopes rise relatively 
steeply at about 30°.

i

Orientation of the initial section of the headrace tunnel is about W 305 N so 
that it would traverse at more or less right angles a series of parallel ridges and 
intercalated valleys. Mountain crest levels rise to about 420 m, while valley 
bottoms are at about 250 m. Following a sharp bend, tunnel alignments of all 

" alternatives are identical and more or less in the centre of a NW-SE massive 
ridge. The ridge and, henee, the tunnel alignment are sub parallel to foliation. 
The ridge is intersected by saddle zones reflecting E-W fracture zones (photo- 
lineaments). Crest levels between saddle arcas afe at elevations of about 380 
m amsl.
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5 .2 .3 Geológica! Assessment

(1) Weathering and Overburden

At K-K 205 dam site the left bank flood plain is about 100 m wide. Due to 
analogous geological conditions for the river section and adjoining flood plain 
the weathering profile corresponds more or less to that of the adjoining 
upstream K-K 230 site (see Fig 15). That was confirmed by the results of 8 
drill holes and 1600 m seismic survey.

Along right abutment slopes an average of about 8 m weathered rock may be
tentatively assumed while at the left bank thickness is about 15 m.

»

Along waterways alignments rock outcrops are frequently found to make up 
mountain crests and steep slopes. Similarly, along river beds such as Hulukiri 
and Makeliya Dola rock is often exposed. On slopes it appears that weathering

r

is relatively deeper on fíat slopes. However, this latter statement cannot be 
based on drilling results but on field observations only.

(2) Rock Types and Rock Mass Parameters

According to results of core drilling at K-K 205 rock types including biotite 
gneiss, amphibolite and charnockite would make up the foundation of a 
diversión weir. However, in general terms it can be stated that sound rock of 
any of the prevailing gneissic rock types would make up a suitable 
foundation. For more petrographic details refer to chapter 4.2.2 and 4.3.2.

At the left bank flood plain overburden consists of residual soil, talus and 
alluvium. Nature of this material is generally very heterogeneous. To 
investígate soil mechanical characteristics a number of test pits was proposed. 
However, excavation was delayed so that no first hand information is 
available. Only source to estímate strength characteristics are results of SPT 
tests carried out in drill holes (see Tab. 11). For estimated soil mechanical 
characteristics refer to Tab. 9.

Along waterways alignments a variety of gneissic rock types was identified 
during geological mapping including biotite gneiss, hornblende-biotite gneiss, 
charnockite, amphibolite etc. The observed rock mass is generally massive but
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is traversed at irregular intervals by fracture zones. In massive portions 
spacing of discontinuities is about 1-3 m, while it is about 0.05-0.3 m in 
fracture zones. This observation is supported by results of core drilling which 
show high RQD valúes between about 90 and 100 %. For some more details 
on rock types and rock mass parameters along waterways reference is made to 
chapter 4.3.2.

(3) Structural Geology

(A) General

At the dam site area a first order anticline was identifíed by geological 
mapping to traverso the dam foundation of K-K 205 dam site at the left 
bank flood plain. The axis of the anticline can be traced further 
upstream where it is found at the upper slopes of the left abutment of K- 
P dam site, while towards downstream subhorizontal foliation planes in 
the river bed, some 300 m downstream of the dam axis, are assumed to 
reflect the vertex of the anticline.

Geological mapping along the waterways alignment revealed the 
presence of three fold structures of regional extensión. Additionally, a 
number of minor fold elements could be located (see Fig 15).

Prominent fracture zones are oriented E-W to NE-SW. Morphologically 
they are represented by saddles as well as gullies which can be found at 
both dam site areas as well as along the mountain ridge that 
accommodates the waterways structures. Additionally, a NW-SE 
photo-lineament, that traverses the dam site area about 300 m down
stream of K-K 205 dam axis, is currently interpreted as manifestation of 
a fracture zone.

^(B) Foliation

Orientation of foliation is perpendicular to K-K 205 dam axis. Due to 
the presence of above mentioned anticline dip is towards SW at the left 
abutment while it is towards NE at the river section and the right 
abutment, so that at both abutments foliation dips into the slope which
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is, in general terms, favourable with respect to stability of natural-or cut 
slopes. The following maxima were obtained (see Fig. 18):

Foli = 224-260°/33-50°
F0I2 = 052-0740/46-68°

As was mentioned above a number of minor and major fold elements 
exists along the waterways alignment resulting in both SW as well as 
NE dip direction of foliation (locations can be séen on Fig 17). The 
following distribution was measured (see Fig. 17):

Fol 1 = 245-265°/50-70° (prominent)
F0I2 = 065-0850/50-70°

(C) Jointing

t

At K-K 205 dam sites outcrops are too scarce to obtain a great number 
of joint readings. However, sufficient readings were taken at 
representative locations further upstream and downstream indicating the 
presence of two major joint sets. JS 1 is more or less parallel to the dam 
axis with steep dip angles towards downstream and occasionally 
upstream. This joint set represents above mentioned E-W fracture 
zones. The second joint set is perpendicular to the dam axis 
corresponding to the longitudinal system with respect to fold geometry.

The following distribution was measured (see Fig. 18):

JS 1 = 172-1940/65-900 

JS 1A = 343-3600/70-90° 

JS 2 = 298-308°/70-80° 

JS 2A= 110-1200/55-65°
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5.2.4

Photo-geology and field observations suggest that both joint sets will be 
present along the alignment of waterways.

(D) Faults

There is no physical evidence for the presence of a fault or shear zone 
of any significance. However, at K-K 230 dam site a mylonitic seam 
was encountered in drill hole KK 3 possibly representing a shear zone 
which would probably run parallel to above mentioned anticline axis. 
According to the prevailing general structural conditions the presence of 
similar elements may be inferred.

Geotechnical Investigations

CoreDrilling

At the sites of the weir structure, intake and desander a total number of 8 drill 
holes was carried out amounting to a total of 205 drilling metres (see Tab. 1).

All drill holes were performed with rotary drilling equipment using double 
tube core barréis in hard rock. In soft rock such as residual soil, talus and 
decomposed rock dry drilling techniques were partly employed using single 
tube core barréis. Drill holes were vertical. A summary of the results including 
collar elevations, coordinates, length of drill hole, elevation of weathering 
grades of rock, overburden and instrumentation with piezometers is shown on 
Tab. 5. Geological and drilling details of drill holes are given in the "Logs for 
Engineering Purposes" (see Tab. 13).

Objectives of drill holes at various sites included the following:

- Identification of zones of weathering and cióse fracturation (weir axis),
- Assessment of permeability (weir axis),
- Investigation of depth and type of overburden (all structures),
- Assessment of prevailing foundation conditions with respect to availability 

and quality of rock (all structures).
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Borehole Tests and Instrumentation

Water pressure tests (Lugeon-type) were carried out in drill hole sections 
where packers could be sealed properly (results are shown in drill logs, Tab. 
13).

In soil sections of drill holes Constant Head tests were carried out in order to 
determine permeabilities.

In order to assess strength characteristics of soils SPT tests were carried out. 

Installation of piezometers was done in three drill holes.

Geophvsical Investigations

Four seismic profiles along the weir axis, on either bank of the river and along 
the headrace tunnel intake were carried out for assessment of the weathering 
profile (locations see Fig. 2. 3/9).

Test Pits

A total number of 21 test pits was proposed at the weir and desander areas. 
Objective was to establish the presence and character of soils and weathered 
rock and to collect samples for material testing. Excavation was delayed and 
later on skipped owing to the relocation of the weir site.

Material Testing

Point load tests were carried out on rock cores recovered from drill holes (see 
Tab. 14).
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5 .2 .5 Geotechnjcal Assessment

\

(1) Weir and Appurtenant Structures

(A) Foundation Conditions of Weir

(a) Excavation

On the basis of 8 drill holes, located at both banks of K-K 205 
dam site, 1600 m of seismic profils along the dam axis and along 
both banks of the river, which included the longitudinal axis of 
the desander, as well as field observations during geological 
mapping the following approximate foundation levels would be 
assumed at K-K 205 dam site (see Fig. 15):

The concrete weir should be founded on bedrock owing to the 
expected heterogeneity and poor,geomechanical characteristics of 
the weathered material. The bedrock level appears to be irregular. 
Along the dam axis suitable rock is available at depths ranging 
from 3 to 15 m while at the left bank, immediately upstream and 
downstream of the axis, weathered material may extend as deep as 
15 to 20 m.

At the left bank flood plain excavation would comprise up to 12 m 
of unsuitable weathered rock while in the river section only 
trimming of about 3 to 5 m slightly weathered rock would be 
needed; alluvial deposits seem to be more or less absent in the 
river bed. On the right abutment lower slopes about 10 to 15 m of 
highly weathered rock are likely to be encountered, whereas on 
the upper slope sections unsuitable weathered rock may extend 
only down to about 3 to 5 m.

i

(b) Permeability and grouting

«

Rock mass permeability has been investigated by a considerable 
number of water pressure tests which llave been conducted in drill 
holés along the dam axis (KK 9, KK 10 and KK 20) in the
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foundation area of the desander (KK 16, KK 18, KK 20 and KK 
21) as well as in the tunnel intake area (KK 11, KK 12).

Summarizing it can be said that generally low water absorptions 
(Lugeon valúes ranging from 0 to about 5) reflect the 
predominantly massive character of the rock mass and its low 
overall permeability. In places modérate water absorption was 
recorded (Lugeon valúes up to about 20) where narrow zones of 
cióse rock fracturation were intercepted.

As to the effect of the structural pattern to underseepage of the 
weir orientation of foliation and longitudinal joints is clearly 
unfavourable. These discontinuity sets are perpendicular to the 
dam axis thus providing direct upstream/downstream seepage 
paths. A third joint set has been identified which is more or less 
parallel to the dam axis. However, interpretation of the water

t

pressure tests is quite complex as to the proportion of water losses 
each discontinuity set contributes to the overall rock mass 
permeability (see discussion in chapter 4.2.4).

As to the need of grouting works, considering the type of 
structure as well as the prevailing foundation conditions, curtain 
grouting of similar specifications as proposed for the new weir 
site would appear adequate (see chapter 4.2.4). No significant 
problems would have to be expected in execution of an effective 
grout curtain.

(c) Stábility of foundations and slopes

With respect to foundation stábility it can be stated that the sound 
rock has sufficient strength to support a dam and appurtenant 
structures of the envisaged size. Orientation of foliation, which is 
the dominant structural element, is perpendicular to the dam axis 
and would therefore have no hazardous effect on foundation 
stábility.
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A plot of main discontinuity sets shows that there is no potential 
for unfavourable intersections and consequent formation of 
unstable rock wedges.

Due to the presence of the above mentioned anticline structure 
within the dam foundation area there is a possibility that features 
of similar nature and orientation of that observed at KK 230 dam 
site would occur. However, such features could be easily treatéd 
by dental concrete at foundation levels while at depth they would 
be intercepted by the grout curtain.

Slope stability conditions would be favourable owing to the 
presence of above mentioned anticline structure which results in 
components of foliation dip being directed into the slope at either 
abutment.

(B) Diversión

Diversión would be done through the desander and, henee, no sepárate 
structure would be needed.

(C) Desander

The desander should also be founded on rock, firstly, because under- 
seepage would be difficult to control if it was to be founded on soil of 
heterogeneous characteristics and, secondly, because of the extremely 
irregular "top of sound rock" level which would result in extremely 
different bearing capacities at any intermediate foundations level.

i

Consequently, due to the great depth of overburden and weathered rock
(see Fig. 16) a tremendous amount of soil and rock excavation would

«

be needed.

(2) Waterways

Tunnel alignments of K-K 205 and K-K 230 altematives are for most sections 
identical. Even in the initial sections, which take slightly different routes, 
geological conditions can be considered analoguos. Therefore, geotechnical
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situation of both alignments is summarizéd in one single geotechnical profile 
presented in Fig. 17. The information contained in the section is mainly based 
on geological mapping as well as on three drill holes located at the Crossing of 
the Hulukiri Dola (KK 6), at the location of the surge shaft (KK 7) and at the 
saddle near the surge shaft (KK 29).

It is not possible to indícate specific rock types in particular tunnel sections 
which is due to difficult access and the lack of outcrops as well as the 
variability of the prevailing rock types (biotite gneiss, hórnblende-biotite 
gneiss and charnockite, for further petrographic details see chapter 4.3.2). 
However, an attempt was made to delinéate the structural pattern along the 
tunnel alignment. About two distinct homogeneous zones with respect to 
structural conditions can be differentiated:

From the portal to about station 3+000 wide spanned folding is predominant. 
Orientation of the dominant structural element is more or less perpendicular to 
the tunnel axis.

In the following tunnel section up to the outfall structure foliation is sub- 
parallel to the tunnel alignment. Geological mapping revealed the presence of a 
number of anticlinal and synclinal fold elements so that foliation dip is at 
médium steep angles towards either SW (dominant) or NE. In general terms 
such a situation can be considered fair, particularly with regard to the massive 
character of the prevailing rock types.

Classification of the rock mass along the tunnel alignment (CSIR and NGI 
classification and a project-specific support classification are adopted) shows 
that in both tunnels good to very good rock will be available for most tunnel 
sections (86 % class I in headrace tunnel and 83 % class I in tailrace tunnel). 
Relative length of other rock classes is shown in Fig 17.

(3) Powerhouse, Surge Shaft and High Pressure System

The underground powerhouse and associated structures are located in a 
massive northwest-southeast trending ridge. Burden above the cavem roof is 
about 300 m. Therefore it can be assumed that the rock mass is not affected by 
weathering.
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No firm data on rock types and rock mass parameters are available that are 
based on geotechnical investigations. The main source of information are fíeld 
observations during geological mapping along some accessible sections of the 
tunnel alignment as well as results of one drill hole located at the surge shaft. 
Additionally, extrapolations can be made from investigations conducted at the 
new powerhouse location. The following assumptions are tentatively made:

The prevailing rock comprises biotite and hornblende-biotite gneiss, as well as 
charnockitic gneisses. Uniaxial strength is high and is between 150 and 200 
MPa, with some charnockitic and quartz-rich gneisses even exceeding 200 
MPa. Spacing and conditions of discontinuities are thought to be similar to 
those described for the new powerhouse location (see chapter 4.4.2).

On the basis of such information it could be assumed that underground 
excavation conditions for the power cavern and surge shaft facilities are very 
favourable. It appears that this location is situated in a more massive portion 
of the ridge than the new powerhouse site, it would, therefore, seem that in a 
direct comparison with the new powerhouse location this site would present 
more favourable conditions.

However, this powerhouse site was omitted on considerations regarding 
length of access tunnel and sepárate cable and ventilation tunnels.

5.3 Geological-geotechnical Aspects of the Area of K-K 230

5 .3 .1  General

K-K plan was formulated as an alternative to K-P plan. Two altemative dam 
sites were identified about 1.3 and 1.65 km downstream of K-P dam site. The 
upstream site (K-K 230) was designated for a low CFR-type dam as well as 
for a concrete weir.

5 .3 .2  Topography and Geomorphology

At K-K 230 dam site the valley cross section is narrow and V-shaped. Slopes 
are more or less regular and average slope angle, up to about 240 m asi 
elevation, is about 35° at the left bank, while it is about 25° at the right bank.
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Towards upward slopes continué with fíat sections of about 22° at the left 
bank and of about 18° at the right bank.

In its initial section headrace tunnel alignment will at right angles traverse a 
series of parallel mountain chains and intercalated valleys. Ridge crest levels 
are about 420 m asi, while valley bottoms are at about 250 m asi. Following a 
sharp bend, tunnel alignment is more or less in the centre of a NW-SE 
massive ridge with crest levels of about 380 m asi.

5 .3 .3  Geological Assessnient

(1) Weathering and Overburden

Weathering conditions can be concluded from the results of three drill holes 
(KK 1 through 3), one seismic profile along the dam axis as well as field 
observations made during geological mapping of the dam site area (see Fig. 
19).

i

At the lower slope sections of the left abutment continuous outcrops ofsound 
and massive rock can be observed. Towards the upper slope sections the 
sound rock is covered by a thin layer of overburden, which is revealed. by the 
results of seismic profiling.

Core material recovered from drill hole KK 3 shows that at the left bank flood 
plain weathered talus material occurs to a depth of 9 m underlain by 0.3 m of

i

alluvial clay and followed by 1.7 m of moderately weathered rock. That 
suggests the existence of a re-filled river channel which is possibly filled with 
ancient landslide material. On the other hand, outcrops of slightly weathered 
rock, some 100 m upstream of K-K 230 dam axis, indícate that at the central 
part of the river section sound foundation rock will be available at shallow 
depths.

At the right abutment few outcrops of highly weathered. rock can be seen 
along a shallow gully just downstream of the dam axis. According to results 
of two drill holes, which confirm the findings of the seismic survey, 
considerable depth of weathering can be expected: sound rock would be 
available at about 15 to 20 m at the lower slope sections, while at upper slopes 
it would be found about 10 m deep. Character, depth and shape of the
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weathering profile are very similar to those found at K-P dam site where 
corresponding geologic-geomorphologic conditions are found.

i

Along waterways alignments rock outcrops are frequently found to make up 
mountain crests and steep slopes and, similarly, rock is often exposed along 
river beds such as Hulukiri and Makeliya Dola. Drilling results of drill holes 
KK 6 (Hqlukiri Crossing), KK 7 (surge shaft of eliminated K-K 205), KK 29 
(saddle near surge shaft) and results of drill hole KK 42 (surge shaft of 
selected K-K 205) as well as results of seismic survey confirm the field 
observations. On the other hand, deep weathering may be inferred on 
modérate and fíat slopes.

(2) Rock Types and Rock Mass Parameters

Rock outcrops are scarce except for the lower sections of the left abutment 
where massive biotite gneisses would make up the foundation of a low dam. 
According to results of drill holes KK 3 and KK 2 biotite gneiss with inter- 
calated chamockite and homblende-biotite gneiss forms the river section and 
the lower right bank slopes, whereas charnockite makes up the upper right 
bank slope sections as shown by the recovered core material of drill hole KK 
1.

Apart from above mentioned left bank outcrop of massive gneiss the nature of 
the rock mass has to be derived from drill cores. Core material of KK 3 has 
high RQD valúes indicating that the massive character of the rock mass 
continúes, at least partly, underneath the left bank flood plain. The excellent 
quality of this material is underlined by its complete impermeability (according 
to WPT). Nature of the core material of KK 1 and KK 2 is somewhat 
irregular which is manifested by relatively variable RQD-values which are 
generally high but are nil in places. Water pressure tests generally reflect such 
inconsistency. However, water takes are generally low to modérate, so that in 
general terms it can be stated that sound rock of any of the prevailing gneissic 
rock types would make up a suitable foundation (for rock mass parameters see 
Tab. 9).

Along waterways alignments a variety of gneissic rock types was identified 
during geological mapping including biotite gneiss, hornblende-biotite gneiss,
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chamockite, amphibolite etc. The observed rock mass is generally massive but 
is traversed at irregular intervals by fracture zones.
For further details reference is made to chapters 4.3.4 and 5.2.5.

Structural Geoiogy

(A) General

At the dam site area a first order anticline was identified by geological 
mapping to traverse the dam foundation at the left bank flood plain. The 
axis of the anticline can be traced further upstream where it is found at 
the upper slopes of the left abutment of K-P dam site, while towards 
downstream it approaches the river channel. Subhorizontal foliation in 
the river bed at the upstream end of the S-shaped riverbend, some 600 
m downstream of K-K 230 dam axis, may reflect the vertex of the 
anticline.

t

Geological mapping along the waterways alignment revealed the 
presence of three fold structures of regional extensión. Additionally, a 
number of minor fold elements could be located (see Fig. 17).

Prominent photo-lineaments are oriented E-W to NE-SW. 
Morphologically they are represented by saddles as well as gullies 
which can be found at the dam site area as well as along' the mountain 
ridge which accommodates the waterways structures. Additionally, a 
very prominent NW-SE photo-lineament, which can be traced for about 
15 km, crosses the dam site area about 600 m downstream of K-K 230 
dam axis, and is interpreted as manifestation of a fracture or fault zone.

(B) Foliation

Orientation of foliation is perpendicular to K-K 230 dam axis. Due to 
the presence of above mentioned anticline dip is towards SW at the left 
abutment while it is towards NE at the river section and the right 
abutment, so that at both abutments foliation dips into the slope which 
is, in general terms, favourable with respect to stability of natural or cut 
slopes. The following maxima were obtained (see Fig. 20):
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Foli = 054-079°/44-72°
F0I2 = 227-253°/32-45°

\

As was mentioned above a number of minor and major fold elements 
exists along the waterways alignment resulting in both SW as well as 
NE dip direction of foliation (locations can be seen on Fig 17). The 
foliowing distribution was measured (see Fig. 17):

Folj = 245-265°/50-70° (prominent)
F0I2 = 065-085°/50-70°

(C) Jointing

At K-K 230 dam site outcrops are too scarce as to obtain sufficient 
numbers of joint readings. However, some readings were taken further 
upstream and downstream at representative locations indicating the 
presence of two major joint sets. JS 1 is more or less parallel to the dam 
axis with steep dip angles towards downstream and occasionally 
upstream. This joint set represents above mentioned E-W fracture 
zones. The second joint set is perpendicular to the dam axis 
corresponding to the longitudinal system with respect to fold geometry.

The following distribution was measured (see Fig. 20):

JS 1 = 188-2080/56-75°
JS 2 = 287-3160/43-63°

Photo-geology and field observations suggest that both joint sets will be 
present along the alignment of waterways.

(D) Faults

In drill hole KK 3 a mylonitic seam of 0.5 m width was encountered at 
a depth of about 49 m possibly representing a shear zone running 
parallel to above mentioned anticline axis. The fault seems to act as an 
aquiclude for an eruption of artesian water in this drill hole. In drill hole 
KK 2 corresponding conditions were encountered. At almost identical 
depth the hole struck artesian water of almost identical Chemical
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composition (see Tab. 16) so thát it is reasonable to infer that sources 
are of the same origin.

5.3.4 Geotechnical Investigations

Core Drilling

Along the dam axis a total number of 3 drill holes was carried out amounting 
to a total of 200 drilling metres (see Tab. 1).

All drill holes were performed with rotary drilling equipment using double 
tube core barréis in hard rock. In soft rock such as residual soil, talus and 
decomposed rock dry drilling techniques were partly employed using single 
tube core barréis. Drill holes were vertical except for drill hole KK 2 which 
was inclined to investígate the river section. A summary of the results
including collar elevations, coordinates, length of drill hole, elevation of

«

weathering grades of rock, overburden and instrumentation with piezometers 
is shown on Tab. 5. Geological and drilling details of drill holes are given in 
the "Logs for Engineering Purposes" (see Tab. 13).

Objectives of drill holes at various sites included the following:

Identification of zones of weathering and cióse fracturation (dam axis),

Assessment of permeability (dam axis),

Investigation of depth and type of overburden (all structures),

Assessment of prevailing foundation conditions with respect to availability 
and quality of rock (all structures).

i

Borehole Tests and Instrumentation
«

Water pressure tests (Lugeon-type) were carried out in drill hole sections were 
packers could be sealed properly (results are shown in drill logs, Tab. 13).

In soil sections of drill holes Constant Head tests were carried out in order to 
determine permeabilities.
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In order to assess strength characteristics of soils SPT tests were carried out.

Installation of piezometers was done in two drill holes.
i

Geophvsical Investí gations

One seismic profile was carried out along the weir axis for assessment of the
weathering profile (location see Fig. 2. 3/9).

Material Testing

Point load tests were carried out on rock cores recovered from drill holes (see
Tab. 14).

5 .3 .5  Geotechnical Assessment

(1) Dams and Appurtenant Structures

(A) Foundation Conditions of Dams

(a) Excavation

On the basis of three drill hole, results of seismic survey as well 
as field observations during geological mapping the following 
foundation levels may be assumed at K-K 230 dam site (see Fig 
21):

The shell of a CFR dam would need minimal excavation at the left 
abutment slope. At the adjoining section of the left bank flood 
plain excavation would comprise up to 12 m of unsuitable 
weathered rock while in the river section only trimming of about 3 
to 5 m slightly weathered rock would be needed since alluvial 
deposits seem to be more or less absent in the river bed. On the 
right abutment lower slopes about 10 to 15 m of highly weathered 
rock would be encountered, whereas on the upper slope sections 
unsuitable weathered rock extends only down to about 3 to 5 m.
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For the plinth foundation additional excavation of about 5 m 
beyond. shell excavation grades may be assumed.

A concrete weir should be founded on sound bedrock to avoid 
extensive foundation treatment that would be needed due to the 
heterogeneity and poor geomechanics parameters of the 
decomposed and highly weathered rock.

(b) Permeability and Grouting

Water pressure tests have been conducted in rock portions of all 
drill holes (KK 1, KK 2 and KK 3). Results show that the 
massive biotite gneiss making up the left abutment and most parts 
of the river section are practically impervious apart from the 
uppermost section of drill hole KK 2 where máximum water takes 
correspond to about 25 Lugeon. No water absorption was 
recorded in drill hole KK 3. Water pressure tests of some of these 
sections seem, however, not to adequately represent the recovered 
core material. In drill hole KK 1 which is located at the upper 
right abutment of a high dam water losses corresponding to about 
15 to 30 Lugeon extend about 20 m deep. Summarizing the 
results of water pressure tests it can be assumed that the overall 
rock mass permeability is generally low to modérate in fresh and 
slightly weathered rock due to the predominantly massive
character of the rock mass.

/

As to the effect of the structural pattern with regard to under- 
seepage orientation of foliaticn and longitudinal joints is clearly 
unfavourable. These discontinuity sets are perpendicular to the 
dam axis thus providing direct upstream/downstream seepage 
paths.

However, scarce information on the joint pattern does not permit a 
conclusive interpretation of the water pressure tests regarding the 
question as to the proportion of the water losses each 
discontinuity sets contributes to the overall rock mass

i

permeability. Drill cores show that foliation planes are mostly 
tight and, henee, do not significantly contribute to the overall rock
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. mass permeability. Joints of the two principal joint sets are also
frequently tight but individual joint planes may be moderately

\

open. This can be indirectly concluded from the results of water 
pressure tests which suggest mostly turbulent flow conditions to 
be attributed to few open joints.

As to the necessity of grouting works it is proposed that with 
respect to the considered type of structures as well as regarding 
the prevailing structural pattem grouting should be considered for 
both, a low CFR-type dam as well as for a diversión weir. The 
above said would suggest that groutability of the rock mass would 
be good and that no significant problems would have to be 
expected in the execution of an effective grout curtain. A low to 
modérate grout take could be expected.

(c) Stability of Foundations and Slopes

With respect to foundation stability it can be stated that the sound 
rock has sufficient strength to support a dam and appurtenant 
structures of the envisaged order. Orientation of above mentioned
mylonitic zone is probably perpendicular to the dam axis and

«

would therefore have no hazardous effect on foundation stability 
provided there is no extreme increase in thickness. Due to the 
presence of the above mentioned anticlinal structure there is a 
possibility that additional features of similar nature and orientation 
could occur within the dam foundation area. However, such 
features could be easily treated.

Slope stability conditions can be considered favourable owing to 
the presence of above mentioned anticline structure which results 
in foliation dip being directed into the slope at both abutments.

(B) Spillway

For the K-K 230 dam the conceptual design layout provides for a spill
way at the left abutmcnt. According to assumed weathering depths the 
spillway foundation would be more or less completely on sound
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bedrock (at designed levels). No slope stability problems are 
anticipated.

(C) Diversión

The layout for conceptual design provides for two diversión tunnels at 
the left abutment. With respect to the design conceptit is proposed that 
distance between tunnels should not be less than 2.5 diameters. Also, in 
order to avoid interference with the grout curtain the tunnel alignment 
should be located sufficiently deep inside the abutment which would 
result in that tunnel excavation would be mostly in good rock.

(2) Waterways

The layout provides for a headrace tunnel of 5495 m length; tailrace tunnel 
length is 2535 m. The initial section of the headrace tunnel, up to about station 
3+000, is about E-W, i.e. almost perpendicular to the orientation of foliation, 
while the remaining sections of the headrace and tailrace tunnels would be 
driven more or less parallel to the strike of foliation.

The geotechnical situation of the tunnel alignment, as currently assumed, is 
summarized in the geotechnical profile presented in Fig. 17. The informadon 
contained in the section is mainly based on geological mapping as well as on 
results of three drill holes located at the Crossing of the Hulukiri Dola (KK 6), 
at the location of the surge shaft

(KK 7) and at the saddle near the surge shaft (KK 29).

Due to difficult access and the lack of outcrops as well as the variability of the 
prevailing rock types, biotite gneiss, hornblende-biotite gneiss and 
charnockite are grading into each other, pinching out etc., it is not possible to 
indicate specific rock types in particular tunnel sections . However, an attempt 
was made to delinéate the structural pattem along the tunnel alignment. About 
two distinct homogeneous zones with respect to structural conditions can be 
differentiated: from the portal to about station 3+000 wide spanned folding is 
predominant. Orientation of the dominant structural element is perpendicular 
to the tunnel axis. That can be considered very favourable assuming that 
direction of tunnel drive will be with the dip.
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In thc following tunnel section up to the outfall structure foliation is parallel to 
the tunnel alignment. Geological mapping revealed the presence of a number 
of anticlinal and synclinal fold elements so that foliation dip is at médium steep 
angles towards either SW (dominant) or NE. In general terms such a situation 
can be considered fair, particularly with regard to the massive character of the 
prevailing rock types.

Classification of the rock mass along the tunnel alignment (CSIR and NGI 
classification and a project-specific support classification are adopted) shows 
that in both tunnels good to very good rock will be available for most tunnel 
sections (86 % class I in headrace tunnel and 83 % class I in tailrace tunnel). 
Relative length of other rock classes is shown in Fig 17.

(3) Powerhouse, Surge Shaft and High Pressure System

The underground powerhouse and appurtenant structures of this alternative 
are identical with those of Alternative K-K 205, reference is therefore made to 
chapter 4.4.4.

5.4 Geological-Geotechnical Aspects of the Area of K-P Alternatives
(205, 230, 242) and of Alternatives Abandoned after Phase I

5 .4 .1  General

At the proposed dam site three alternative layouts, namely CFR-type dams 
with 242 m FSL and 230 m FSL, respectively, and diversión weir with 205 m 
FSL were considered in the conceptual design.

5 .4 .2  Geological Assessment

(1) ~Topography and Geomorphology

At the selected dam site the general orientation of the river is NW-SE, i.e. 
parallel to foliation. Abutment slopes are médium steeply inclined. The 
gradient of the left abutment is quite steady at about 27° while at the right 
abutment a number of low scarps interrupts the regular gradient of the slope
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which is at an average of about 31°. Shallow gullies occur in the vicinity of 
the site probably following local fracture zones.

A morphological feature, that resembles strongly to a landslide, occurs at the 
left abutment some 100 m downstream of the dam axis. There the valley 
opens abruptly without an obvious structural control. However, apart from 
morphology, there are no other indications to support the notion of a land
slide. It is therefore assumed that the morphological depression is formed due 
to the oblique intersection with the valley of a less weathering resistant rock 
layer, the tectonic position of which is controlled by the left bank anticline (see 
para on Structural Geology).

The tunnel alignment of Alternative IV, which was selected for geotechnical 
investigations of phase Il-a, will traverse a series of parallel mountain chains 
with crest levels of about 400 m asi. Orientation of the mountain ridges is 
strikingly regular since it is strictly controlled by the prevailing structural

t

pattern, i.e. a set of parallel anticlinal and synclinal structures. Intra- 
mountainous valleys of the same orientation probably reflect the presence of 
rock types that are somewhat more easily weathered and, additionálly, there 
may be some influence of structural features as for instance fold axes, narrow 
shear zones etc. The results of seismic profiling indícate, however, that the 
rock mass in valleys is about as competent as in the adjoining mountain ridge.

(2) Weathering and Overburden

At the dam site parts of the river section, extending from about 250 m 
upstream of the dam axis towanis some 20 m downstream, are made up of 
outcropping fresh to slightly weathered rock. At the abutment slopes scarce 
outcrops of highly and moderately weathered rock can be found indicating 
surface-near presence of sound bedrock. A thin deposit of sandy alluvium 
exists along the left river bank, while at the toe of the right bank slope blocky 
talus is accumulated.

Depth and character of the weathering profile have been investigated by two 
drill holes, one on either side of the river as well as by seismic survey. 
Results can be summarized as follows: Below a thin cover of about 2 m of 
residual soil, decomposed and highly weathered rock is found down to a 
depth of about 10 to 15 m and 15 to 25 m, on the left and right abutment,
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respectively. Sound bedrock follows below a transition zone of moderately 
weathered rock of about 5 to 10 m (see Fig 22 and Tab 5). Results of 
geological investigations suggest that generally sound rock is closer to the 
surface at upper slopes at the right bank, while at upper slope sections at left 
bank it is at relatively greater depth. At the position of drill holes, about mid- 
level of abutment slopes, weathering extends to greatest depths, particularly at 
the right abutment (for details see Fig. 22).

Along waterways alignment hill tops, steep slopes as well as some valley
9 i

sections are frequently made up of outcropping rock. Generally, however a 
weathering profile is developed depth of which depends on the character of 
the parent rock: massive and weathering resistant rock types such as 
charnockite, amphibolite, quartz-rich biotite gneiss etc. produce bíocky talus 
material of shallow depth while on more easily weathered biotite and feldspar 
containing rocks a deep weathering profile develops. This is confirmed by 
drilling as well as by seismic survey.

According to drill hole KP 8, which is located at the power outfall on a slope 
made up of charnockite, depth of weathered material consisting of residual 
soil and boulders is only about 5 m. In drill hole KP 7, which was located to 
investígate the rock mass characteristics at the tunnel Crossing at Peleng 
Ganga, fresh rock is found at about 7 m. Field evidence as well as results of 
seismic survey show that along river beds, including Peleng Ganga and Maha 
Dola, top of sound rock is often cióse to the surface or rock is even exposed; 
deep weathering at the dam site was already mentioned.

(3) Rock Types and Rock Mass Parameters

According to results of dam site mapping and core drilling the prevailing dam 
foundation rock comprises biotite, hornblende-biotite gneiss, charnockitic 
gneiss and gametiferous quartz-feldspar gneiss. A number of Point Load tests 

Tiave been done on fresh as well as on weathered material. Results indicate 
that uniaxial compressive strength of the fresh rock is between 150 and 200 
MPa, with some charnockite varieties and quartz-rich biotite gneisses even 
exceeding 200 MPa (see Tab. 9).

Spacing of foliation is about 0.3 to 1 m, while spacing of joint sets No 1 and 
2 is about 1 to 3 m, locally it is >3 m. Foliation joints of the recovered core
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material are generally plañe and smooth due to chloritic and biotitic stáining. 
Opening widths of surface near discontinuities were observed to exceed 1 
mm in places.

Rock mechanical parameters derived from above tests and field observations 
are summarized in Tab. 9.

In order to investígate geological and structural conditions as well as 
geomechanical parameters along the waterways alignment detailed geological 
mapping was carried out along the relevant sections of Kalutara-Ratnapura 
road and other roads in the vicinity of the waterways alignment. The survey 
revealed the following: Rock inventory comprises biotite gneiss which is 
ffequently rich in quartz, hornblende-biotite gneiss, charnockite, amphibolite, 
gametiferous quartz-feldspar gneiss and calc-silicate rock. Most rock types 
exhibit a massive character, and rock mass parameters along distinct sections 
of the tunnel alignment can be derived from rock mass classifications shown 
in the relevant geotechnical section (Fig. 23).

Structural Geology

(A) General
4 i

i

During geological mapping of the dam site arca two first order fold 
elements could be identified. The course of the Kukule valley assumes a 
tectonic position between an anticline at the left and a syncline at the 
right bank of the river. At K-P dam site the axis of the anticline is at a 
distance of about 250 m from the river while it approaches the river in 
its extensión towards NW. The axis of the synclinal element traverses 
the area at a distance of about 350 m from the river (see Fig. 21).

Along the waterways alignment 6 major fold elements would be 
traversed according to results of geological mapping. Additionally, 
there is a number of anticlines and synclines that may not be continuous 
for any great distance (projected locations are shown in Fig. 23).

The fold system is dissected by an E-W to NE-SW oriented pattern of 
fracture zones that can be easily identified on aerial photos. Such 
tectonic features are assumed to cause above mentioned shallow gullies
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that locally dissect the dam site arca. Owing to their regional occurrence 
they are, also found along the tunnel alignment.

(B) Foliation

Orientation of foliation is perpendicular to the dam axis. Due to the 
above outlined tectonic position on the limbs of an anticlinal element 
towards SW and a synclinal structure towards NE dip direction is 
towards NE.at médium steep angles (50 to 60°), i.e. orientation is with 
the slope at the left abutment while it is into the slope at the right 
abutment.

Orientation of foliation is quite regular as indicated by well pronounced 
maxima (see Fig. 24):

Fol = 040-070°/50-60°

Orientation of foliation along the tunnel trace, as shown in Fig. 23, is 
extrapolated from geological mapping of adjoining arcas.

(C) Jointing

Two main joint sets were observed at the dam site arca. JS 1 is more or 
less paral leí to the dam axis and dip is at steep angles to either upstream 
or downstream. This joint set corresponds to the above mentioned set 
of fracture zones. Genetically the joint set represents hOO-direction, i.e. 
it is perpendicular to the fold geometry. The second joint set is 
perpendicular to the dam axis, henee providing potential upstream- 
downstream seepage paths. With respect to the fold symmetry this set 
represents OkO-direction, i.e. the longitudinal orientation. The following 
distribution was measured (see Fig. 26):

JS 1 = 170-210°/70-90° and 000-020°/70-90°
JS 2 = 270-2950/70-90°

Since these joint sets are of regional occurrence they are also found 
along the tunnel alignment (see Fig. 26).
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5.4 .3  Geotechnical Assessment

(1) Dam and Appurtenant S tructures

(A) Foundation Conditions of Dams

(a) Excavation

On the basis of geological mapping, of a seismic survey as well as 
of two drill holes on either abutment the following approximate 
foundation levels may be anticipated (see Fig. 22):

For the shell of a rockfill dam excavation would comprise soil and 
highly weathered rock. On the upper and lower sections of both 
abutments excavation depths would range between about 5 to 15 
m. Along slope mid-levels up to 20 m unsuitable rock would have

t
to be excavated, while in the river section about 3 m of rock 
trimming would be needed.

For the plinth foundation excavation of about 5 to 10 m weathered 
rock, starting from the shell foundation level, would be needed. 
Field observations and results of previous core drilling suggest 
that some practical difficulties of foundation works may be 
expected due to irregularity of the "top of sound rock" level.

A concrete weir, though of minor dimensions, should be founded 
on sound rock due to the expected heterogeneity of the

i

decomposed and highly weathered rock. To avoid extensive 
foundation treatment it would be advisable to consider the same 
excavation levels as for plinth foundation.

(b) Permeability and Grouting

The prevailing structural pattern, i.e. foliation and longitudinal 
joints, has an unfavourable orientation with respect to under- 
seepage of the dam. Strike of both is perpendicular to the dam 
axis thus providing direct seepage paths from the reservoir to the 
downstream toe of the dam. However, results of water pressure
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tests executed in two drill holes indícate low to modérate water 
takes of the unweathered rock mass with permeability ranging 
between 5 and 10 Lugeon. WPT results are in accordance with the 
low degree of fracturation observed in the field as well as in the 
recovered core material which mostly shows good RQD-values in 
excess of 80 %.

Groutability of the unweathered bedrock is assumed to be good, 
since, according to the available core material, joints of rock 
grades II and I do generally not contain joint fillings that could 
obstruct grouting. With respect to grout take low valúes can be 
assumed since high takes,for instance due to hydraulic fracturing, 
need not be expected owing to the competence of the rock mass.

Scarcity of data on rock mass permeability obviously does not 
permit final conclusions on the necessity and amount of grouting 
works, it may, however, be prudent to assume that grouting, even 
though not excessive, would be needed for the plinth foundation 
as well as for a small concrete weir.

( i

(c) Stability of Foundations and Slopes

The bearing capacity of the rock mass prevailing at this dam site is 
mainly a function of the degree of weathering. The sound and 
slightly weathered foundation rock has a low to very low 
deformability. Variations in rock types are of little signifícance for 
the rock mass strength. For phase Il-a stage of the study rock 
mass parameters were given on the basis of experience and 
comparison with test results from similar projects in Sri Lanka 
(see Tab. 8 and 9).

The magnitude of valúes for weathered rock mass, given in above 
table, indicates that grade III, or even grade III-IV rock, has 
sufficient strength to support the shell of a rockfill dam. It may be 
assumed that the range of strength valúes within a given 
weathering grade does not exceed tolerable limits. On the other 
hand, it cannot be excluded that at a given foundation level, due to 
differential weathering, rock of dissimilar weathering grade and,
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henee, strength could be found next to éach other. That couíd lead 
to differential settlement as well as to practical difficulties of 
foundation work.

With respect to foundation stability it was pointed out in the 
conceptual design report, that if this altemative would have been 
selected for further investigations, a more detailed structural 
analysis, particularly with respect to the presence (orientation and 
character) of joints and faults of random orientation that could be 
hazardous to foundation stability, would have to be carried out to 
confirm above mentioned preliminary assumptions.

(B) Spillway
B i

The conceptual design provides for the spillway structure to be located 
at the right abutment. According to assumptions on weathering depths, 
as outlined above, the structure could be founded on sound rock. As to 
the stability of slope cuts no problems were anticipated during that stage 
of the study due to the favourable dip of the dominant discontinuity set, 
i.e. foliation, which was found to be directed into the slope (refer to 
above discussion).

(C) Diversión

Design of the conceptual design stage provides for two diversión 
tunnels to be located at the right abutment. It would probably be 
advantageous to lócate the tunnels further into the slope, more or less 
below the spillway structure, to increase tunnel sections in good rock 
and, additionally, to avoid interference with the grout curtain.

(2) Waterways

Altemative IV of K-P plan alternative was considered in the preliminary 
design. Waterways of this altemative consist of a headrace tunnel of 4350 m 
length that links the reservoir with the upstream surge shaft and a tailrace 
tunnel of 3050 m length connecdng downstream surge shaft and the outfall 
structure.
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Both tunnels would be driven perpendicular to the orientation of major 
structural elements, i.e. foliation. In general terins, such situation. can be 
considered very favourable to fair depending on the dip angle and drive 
direction (with or against steeply dipping discontinuities). Burden above 
tunnel roof is generally exceeding 100 m, so that weathering would not affect 
the rock mass.

The geotechnical situation of the then considered tunnel alignment is 
summarized in the geotechnical profile presented in Fig. 23. The informadon 
contained in the section is mainly based on geological mapping, one seismic 
profile as well as on two drill holes which are located at the Crossing of Peleng 
Ganga and at the outfall structure. At the respective level of the study it was 
not possible to indícate individual rock types prevailing in particular tunnel 
section due to the variability of the gneissic rocks. However, an attempt was 
made to delinéate the structural pattem along the tunnel alignment. About three 
distinct zones of more or less homogeneous conditions, with respect to 
structural characteristics, could be differentiated: from the portal to about 
station 3+000 wide spanned folding is predominant followed by a generally 
uniformly dipping rock sequence with local occurrence of minor folds. This 
section extends up to about station 6+500. The remaining portion up to the 
outfall is again characterized by wide folds of greater extensión.

In the geotechnical section the rock mass is classified according to two widely 
used classification Systems, namely the CS1R and NGI classifications. 
Obviously, at that stage of the study with relatively lim.ited data available on 
relevant individual rock mass parameters the classification is somewhat crude, 
but probably allows to roughly outline the potential influence of fracture 
zones, weathering etc. on support requirements.

In view of the crudeness of the rock quality classification a support classifi
cation has been developed considering only three instead of the commonly 
used five or more rock classes (Tab. 6).

According to the classification result the bulk of underground excavation 
works would be in very good quality rock mass, respective length of class I 
being 86% in the headrace tunnel, while it would I?e 94 % in the tailrace 
tunnel. In sections where the tunnels cross tributary valleys, it was then 
assumed that these would reflect fracture zones, or the presence of less
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weathering resistant rock types, henee fair quality rock mass according tó rock 
class II was expected; respective length being 13 % in the headrace tunnel and 
5 % in the tailrace tunnel. Poor quality rock corresponding to rock mass class 
III was assumed to be restricted to the portal sections.

(3) Powerhouse, Surge Shaft and High Pressure System

For conceptual design the underground powerhouse and associated structures . 
were located in a massive mountain ridge. Burden above the cavem roof 
would be about 300 m. Therefore it was assumed that the rock mass would 
not be affected by weathering.

No data on rock types and rock mass parameters were available which were 
based on geotechnical investigations. The only source of information was the 
geological profile exposed along the slope cut of the nearby Kalutara- 
Ratnapura road. The following assumptions were made:

The prevailing rock comprises biotite and homblende-biotite gneiss, including 
quartz-rich varieties, as well as charnockitic gneisses. Uniaxial strength is 
between 150 and 200 MPa, with some charnockitic and quartz-rich varieties 
even exceeding 200 MPa. Spacing of foliation is about 1 to 3 m, locaily it is 
>3 m. Information is insufficient regarding joint orientation and spacing. E-W 
oriented joints are present and spacing is probably wide. Since no core 
material is available no information is at hand as to the conditions of 
discontinuities of the fresh rock.

Based on such, however general, information it was assumed that under
ground excavation conditions would be favourable. However, it was stated 
that in order to definitely assess underground excavation conditions, detailed 
information would be needed on rock mass parameters such as rock types, 
orientation, spacing and conditions of joints, presence of individual rock 
defeets (shear zones etc.), magnitude and orientation of primary stress ñeld 
etc. which could be obtained by a comprehensive geotechnical and rock 
mechanical investigation programme.
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5.4 .4  Comparative Assessment of Alternatives
Abandoned after Phase I

(1) General

During phase I of the study four alternative layouts (Alternatives I through IV) 
were prepared for the power system of the K-P Plan including waterway and 
powerhouse for which preliminary comparison studies were carried out. As 
an additional alternative K-D plan was identified and investigated at the 
respective level.

(2) Geological-Geotechnical A'spects of Abandoned K-P Alternatives (I-III)

Based on the preliminary overall assessment it was then concluded that (28):

Alternative II is geotechnically better than Alternative I due to its rock cover 
above the headrace tunnel. For both, Alternative I and II some problems could 
be expected regarding dewatering of the deep excavation pit for the open-air 
powerhouse. On the other hand, Alternative II (open-air powerhouse layout) 
and Alternative III (underground powerhouse layout) are economically 
competitive.

Consequently, Alternative IV (underground power house layout with about 
15% larger head than the others) is the most beneficial layout, since the power 
outfall will be situated at a river water level of some 20 m asi.

(3) Geological-Geotechnical Aspects of the Area of K-D Plan

Results of preliminary assessment during phase I can be summarized as 
follows:

* i

_ _

The dam site has unfavourable topographical conditions presumably reflecting 
unfavourable geological conditions. Consequently a large dam volume and a 
considerable amount of excavation work were anticipated. For cost estímates a 
random-fill dam with integrated concrete section was then considered 
(regarding expected excavation depths refer to Fig. 25).
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With respect to dam foundation quality modérate rock mass permeability with 
corresponding groutability was assumed and no major problems regarding 
slope stability were anticipated.

The layout provided for a headrace tunnel of about 4.6 km length and a 
tailrace tunnel of about 3.7 km length. Underground excavation conditions 
were considered as favourable. For relative length of rock classes see Fig. 26.

The underground powerhouse of this alternative was located in a relative 
massive mountain ridge. On the basis of the then available information it was 
assumed, that, in general terms, underground excavation conditions would be 
favourable.
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TABLE 1 SUMMARY OF GEOTECHNICAL INVESTIGATION WORKS.

WORK AND LOCATION 
DRILL HOLES

REFERENCE NUMBER QUANTITY 
AS PER1 7/08/92

KK 205(NEW)DAM AXIS 
AND RELATED STRUCTURES

,KK 31. KK 32, KK33, KK34 
KK 35. KK 36 KK37. KK39 8 180/180 M

KK 205(NEW/OLD) HEAD RACE \ KK 6. KK 29.KK44 2 190/140 M
KK205 (NEW)SURGE TANK KK 42 1 230/230 M
KK205 (NEW)POWER HOUSE KK 43 1 230/AT 120?
KK205 (NEW/OLD) TAILRACE KK 8 , KK 28 2 90/90 M
KK205 (NEW)ACCESS TUNNEL KK 41 1 50/NIL ■
KK 205(NEW/OLD) DAM - QUARRY KK 4 1 20/20 M

KK205(NEW/OLD) P.H. QUARRY KK 5 1 20/20 M
KK 205 ( 0LD1DAM AXIS 
AND. RELATED STRUCTURES

KK 9, KK 10. KK1 1, KK12, 
KK 16, KK 18, KK20, KK21 8 205/205 M

KK205(OLD)SURGE TANK KK7 1 175/175
KK230 DAM SITE KK 1.KK2.KK3 3 200/200
KP DAM AXIS KP 1 , KP 3 2 100/100 M
KP WATERWAYS KP 7, KP 8 2 70/70 M

PIEZOMETERS
TOTAL 33 1710/1550 M

KK 205(NEW)DAM AXIS 
AND RELATED STRUCTURES

KK 33, KK 35 
KK 37 3

KK205INEW/OLD) HEADRACE KK 6, KK 29 2
KK205(NEW)SURGE TANK KK 41 1
KK205(NEW)P0WER HOUSE KK 42 1
KK205(NEW)TAILRACE OUTFALL KK8 1
KK 205(0LD)DAM AXIS 
AND RELATED STRUCTURES KK 1 1, KK 18 2
KK205(OLD)SURGE TANK KK7 1
KK 230 DAM AXIS KK 1, KK 3 2
KP DAM SITE KP 1, KP 3 2

TOTAL 15

SEISMIC SURVEY Linear Metreage
Proposed/Executed

KK205 (NEW) DAM SITE DR-1-S.DR-2-S
DR-3-S

3 1000/1000

KK205(NEW/OLD) WATER WAYS KK -6-S, KK-7-S, 
KK -8-S . KK-9-S 
KK-10-S

5 2200/2200

KK 205(0LD)DAM SITE KK -2 - S, KK - 3 - S 
KK - 4 - S, KK - 5 - S 4 1600/1600 M

KK 230 DAM AXIS KK -1 - S i 300/300 M
KP DAM SITE KP -1 - S 1 400/400 M
KP WATERWAYS KP -2- S i 500/500 M

TEST PITS
TOTAL 15 6000/6000

No of pits 
Proposed/Executed

KK205(NEW) DAM SITE 10 10/10
PANGALA ELLA AREA 5 5/6
KK205(NEW) OUTFALL & 
SWITCH YARD

10 10/8

KK205(NEW) ACCE&S TUNNEL
TOTAL

0
25

1/NIL
25/25
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Table 3 CLA SS IF ICA T ÍbN  O F’W EATHERING G RA D ES OF RO CK  M A S S

I t e r m I d e s c r ip t io n GRADE

IFresh (No visible sign of rock material weathering ; 

Iperhaps slight d iscoloration on major d iscontinu ity  

surfaces.

1

IS Iightly 

B weathered

discoloration indicates weathering of rock material 

[and d isontinu ity  surfaces. All the rock material may 

Ibe discoloured by weathering.

II

Moderately

weathered

Less than half of the rock material is decomposed or 

disintergrated to soil. Fresh or dicoloured rock is 

present either as a continuous fram ew ork or as cores- 

tones.

III

iH igh ly  

1 weathered

More than half of the rock material is decomposed 

and/or disintegrated to soil. Fresh or dicoloured rock 

is present either as a d iscontinuous fram ew ork or as 

corestones.

IV

■ Decomposed All rock material is decomposed and /or d isintegrated 

to soil. The original mass structure  is still largely in tact V

■ Residual 

Isoil
All rock matirial is converted to soil. The mass structure 

and material fabric are destroyed . There is a large 

change in volum e.but the soil has not been s ign ifican tly  
transponed.

VI

This chart is based on BS 5930:1 981 classification
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TABLE : 6 ROCK CLASSIFICATION ADOPTED IN PROJECT

CLASS SUPPORT

CORRESPONDING

RATINGS

CSIR NGI 
(RMR) (Q)

1 / I I NO SUPPORTS / LOCAL BOLTS AND SHOTCRETE > 6 0 > 6 .0

III SYSTEMATIC BOLTS, WIRE MESH AND 

SHOTCRETE

20-30 0.1 - 6

IV LIGHT TO MEDIUM STEEL RIBS, BOLTS, 

WIRE MESH + SHOTCRETE

< 2 0 <0 .1

5A - T - 7



TABLE: 7.1 SE ISM IC  EVENTS

DAY MONTH YEAR LATITUDE

Deg.

LONGITUDE

Deg.

FOCAL

DEPTH(KM)
MAGNITUDE

MS

17 3 1937 9.00 N 83.40  E
10 9 1938 6.00 N 77.00  E
10 9 1938 7.70 N 79.20  E
10 9 1938 7.50 N 79.00  E 5.60
7 8 1939 4.00  N 78.00 E
7 8 1939 4.00  N 77.50  E 5.50

28 11 1949 8.10 N 83.20 E
7 12 1949 3.59 N 83.00  E

29 1 1953 6.70 N 82.50  E 5.00
15 12 1956 6.50 N 78.00  E
13 6 1961 8.70 N 83.20  E 43
28 8 1964 10.37 N 83.44 E
8 1 1966 1 1.60 N 84.93 E 5.20
5 4 1967 12.30 N 83.00  E
3 4 1971 10.50 N 83.00  E

24 1 1 1972 11.67 N 85.34 E
30 8 1973 7.10 N 84.31 E 33 5.90

NOTE : DATA ACCORDING TO LIST OF REFERENCE NOS: i'18) , (21)

5A - T - 8)



TA
BL

E 
: 7

.2
 

H
IS

TO
R

IO
 S

EI
SM

IC
 E

VE
N

TS
 

( A
C

O
. 

FE
R

N
AN

D
O

 ,
19

86
 )

5 A - T - 9



TA
B

LE
 : 

8 
PO

IN
T 

LO
A

D
 S

TR
EN

G
TH

 O
F 

K
U

K
U

LE
 R

O
C

K
S

 I
N 

R
EL

A
TI

O
N

 T
O

 R
O

C
K

 M
EC

H
A

N
IC

S 
P

A
R

A
M

ET
ER

S

O
F 

O
TH

ER
 S

RI
 L

A
N

K
A

N
 S

IT
ES

3  -J
*  CL3

LU

<

O
X
ccUJ
CL
CL
3

LU

I-O

cc
O
h
U
>

(O
CL

O
CL

E
o

*ü)

co
X
co
’c
13

CO
CL

O

O

E
o

co
X
co
c
U

co : LO i CN : CN i co
CL
5

LO
CN : 6  

: CO
: ro
: 03

: LO 
: O

co
CL

CL

<
-J  —
<  O
2  CL CN
<  - Ó

<
LO

CO
X
co
c
3

co
CL

<  “ í CL
-I Q. ^

O
CL

OL
>

oo
cc

LO
(O

CN
co

LO

CD
LO
CO

1 ----- ----- t- ■ ■——

ro ro CO
ro 1 ! i CN ro
d O O

CO i r— CN r -
CN ’ : ^ ■"1
CN j O r - CN

LO
CO

LU

X
uo
cc
<
X
<J

LO

<N
ro

LO

CN
O

_p-,_ ¡ ^  j
; LO • 'Cf LO : LO
: CN ,_: rn

, i ^ t : 1 ■ i
i 't : ^ r^í ^

00 : 00 :
CO i co

LO
CO

00
O d
LO

ro
00 CO

ro

CM

LO
03

LO
O

CO
CN

coo

CO
CN

I
O)
co

O
00 co ro 1-

d CN CN

l
03

i
co

LO 03 LO

LO(O
6
CO

CN
en
LO

co
03
r~

■g; w
; V3

co O) W : 03
co N -  C

*03c
03
•4—»

f j  i
t i  : 03 
TO : CO

O )
4—»o 3 : ^  -»-»

co
CT: * — 03

03 CO i
: O c

: LU
: i_

CO
CO

CO
co

a
CO

co
3

</>; c o
W :

O )

o; 1
: <  
: O
: —J 
! CO
: (J

LU
h
N  
1— 
CC

LU
2
CD
LU

LU
2
e?
i—
LU
2

2
03

UL
N
-MV—

OL.
03

N—
4-'
03c

g l-S  
a í g
“ Í - Q  

■ ~  : C

*-¿¿oocL_
: _J < H CC TO L_ TO
: < 3 O < 3 TO . 2 :  o JC
: <-> a CO o a u CD!I o

LO

LO

O
I—
<
>
LU
OC
OC
OG00
<

<
>

(L
-J
O
CL1
_J
O
CL

<
CL
<
X
<
_ Ji
X
<

f r -  io



TABLE: 9 GEOMECHANICAL CHARACTERISTICS OF SOIL AND ROCK

WEATHERING SHEAR STRENGTH E-MODULE BEARING SLOPE

GRADE RQD

% 0 C (KN/m2) GPa
CAPACITY

MP,a

INCLINATION

TALUS(BLOCKY) 0 3 0 - 3 5 ^ 10 0.02-0.1 0.02-0.1 1 V:1H
TALUS,

(RICH IN MATRIX) 

RESIDUAL SOIL (vi) 0 25-30° 10-30 0 .01 -0 .05 0 .1 -0 .3 1V:1.5H
ROCK Gr. 

ROCK Gr.

V

IV -V 0 . 30-35° 10-50 0 .5 -1 .0 0 .5 -1 .0 1 V:1H
ROCK Gr. IV 0-25 35® 150 1-2 1-3 1 V :0.25H
ROCK Gr. III - IV 25-50 40° 150 2-5 3-6.5 1 V :.0 .33H
ROCK Gr. III 50-90

OO

200 5-10 6.5-15 1 V :0 .1H
ROCK Gr. II 90-100

oLO 300 10-25 15-25 1 V :0 .1H
ROCK Gr. 1 100

OLOAl > 4 0 0

LOCNAl > 2 5 1 V :0 .1H

NOTE: 1. PARAMETERS ARE BASED ON ESTIMATE AND LITERATURE

2. WEATHERING GRADE -RQD-RELATION IS ACC. GEOTECHNICAL

CONTROL OFFICE HONG KONG ,BUT SLIGHTLY MODIFIED

3. RQD - BEARING CAPACITY -RELATION IS ACC. PECK AT AL. 1974 

BUT SLIGHTLY MODIFIED
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  k k  2 3 0  ,  d a m  a x i s
B.H KK I

DRILLING DATA
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p n iL L lN R  W M H O I) ROTARY 

CORK BA9nf|..PIT ftx 

F O R fN A H  io  LOOGEP » y ;

CORK n to n rn  at-
copf O'ScawDen, p * ' f *

T E S T S

*
►&mo

D R I L L I N G

aM%
fe-
J
9
«I

BOREHOLE DATA
* - COOR ÍIIN A T* 1 5 2 0 3 2 .69N

Y-COORniMATF 15 0 0 3 9  08E

FIFVATION 1 CO LLAR) 229 *33

F 1 FVATION í 80TT0M » 179.«?3

FINA! O F P IH  30 .23M .

INCL'NATION 0 o 
TROM VERTICAL:
pr a riño

LOC ATION f i - '  i

KEY
JÓ IÑT  R 0Ü G H N E 8S

VRsvery toutjh 
R srowgh 
$R=t Mghlly rough 
S «im oolh 
SLg»l‘C>t»ntl<lfd

RECOVERY

‘-1 RECOVERY (%1

r . o . o t% >

J O I N T S

L 2 0

6 13

137

9.6  7

027
X t*

12 77

13 04

18.13

2I.2R

7T 03

4 94

360
5m 5 i</)

x
(Oio
J
- J
U)
>-

____

304
x5É

1906
3140

2126

nAi

244É
TLl3

V J
CV»t|
IM

o
zn
- I

o:
o
>•o:
o

xen
>-
UJ
o:
o

B.2

7.79

S P T

S P T

xa

7.79

7 79

DUn

B36|* —.
m/vt

e . i
rx/ti

042
fjiU

47

> 5 0

dz 0>M
z
0

►- M Hw Z 6M X ac l
»-z

s
0ae im

0 (A

1 R 0
II R 0
111 R 0  .

1 R 0

1 R VIO

1 R MO

1 R MC

1 R MO
II R MO

II R *T

II R T

II R MO

1 5L T

II SL T

III SL T

II SL T

III SL T

III SL T
1 SL T

III SL T
1 SL T

II SR
-

T
IV SL T

1 S 7
III S T

n s 7
ni s T

it R
-

T
ni R T

11 R

111 R T

n R T

«j
4&

1 1 ^  n o O  
10*40
d o -

P E R M E A B I L I T Y

z
£m
0

«
— O'
2  1  
¡  0iij D L
W 1-z  a>
“ 1
s i«  0

¿
W

AT
ER

 
L0

S9
| 

ít
ot

a!
L

it
re

s/
m

in
ut

e) *

•>« >-
z  j
0  3  
** 3O IM
3 l

8!

a.
0

SOKM. TO
 

BO
TT

OM

0 . 0 1.28
r.=i207*iÓ

l 20 2.36

K=3.33*lÓfi 

K=29*110*2.38 4.03 

4 944.03 K= 3 0ST1Ó6

6.13
1 3 9 . 0 7 3 7
3 54 . 0 2 7 .6
4 3* 6 3 . 5 36.1

3 5 5 .2 4 4 . 8
1 3 9 . 5 7 4 . 7

RPRESsupe a ULD NOT
9.67 BE DEVELOTE■)

9 73
1 9 .5 18.1
3 11.5 1 0.1
6 14.0 6 . 6
3 11.9 1 0 .4

1 10.2 1 8 .9
12.77

*277 1 6 . 4 1 6 .7
3 7. 3 8 . 7
6 8 . 8 6 . 5
3 8. 3 9 . 9

1304 1 6 . 8 17. 7

13 04
1 14 3 2 5 .4
3 t 6  1 1 3 6
6 1 8 9 0 .9
3 17.2 14.5

1 14.6 2 5 .9

18.13
17.76

1 17. 2 31. 1

3 2 5 . 6 2 0  4

6 3 6 .0 1 5  6
3 2 6 .2 2 0 . 8
1 1 7 8 3 2 . 2

2126
21 33

1 7 . 8 14 1
3 9  7 7 7
6 12 4 5 4

3 tO. 2 8 -1

1 8 t 14 7

2303
?4 6t 1 6 . 0 1 0 .7

3 7 . 4 5 . 8
6 9 . 2 4  0

3 7 ,5 5 9

1 6 . 2 II 0

TO IT

/ ' K

- m

O

RECOVERY

>
Ouw

O
u

o
z4

» ?

*

O

O

IOO

T ñ tÑT SEPARA* ION
« 0.1 mmV «very Hgfcl 

t  s t lgh t  O I -* Omm
MOsmdirnt ep*n 1.0 - 5 0 ^O *0P*n > 30nwri

rVTHFR 8YMB0L8_
p|_ 8 | r pe l r> t  toad l í t e n g f h

truje»
U.C.9 *ur>ia»lal to ("p»*« 'V í

|t<fnqth
E s f i r t t  gtownd «ale*
H O r a d  •GfT'ple
4  »w3t«i »cmpl«

WEATHERING
t o t l  uncon*a lMaled  
mottMíil

complete*/  

highly 

iroderolety 

t l íqht ty 

f r e ih

G E N E R A L  D E S C R I P T I O N

ro ck  ly p e  , c o lo u r , g ro tn  si.’ ** , 
te x tu re  and s tru e tm e  ( m o t i v e ,  
e lc o v e d  , lo ' í o t c d ,  lín co le d  , H ow  
b a u d e d , gneissor.** , p o ip b y i« t ic ,  etc ■ 
•scole n-í fo r  jo in t s p o c in g l,  
w e a th e r in g , a l t e r o l io n  , m in o r 
l i lb o lo g ic o l c b a r a c te r is t ic s  , 
s tre n g íh  , ¡o in ts

/

C

t

* s
y■ /

U á

>
/

/

/

'

/

::

/
i

/■
'‘I

í ?

TOP SOIL dark  BROWH CLAYEY san o

/
✓

'

4 .

WMtTlSH, MF-DMJM GRAtNED WEAK TO 
MOOER ATELYSTAONS 0NES61C ROCK,

TROM 7.79 TO 8-37C I. SP WETH F j/4 0 ^

FROM 8 37 TO 9 07 WETH F /J  CLOSLY 
S PACED
AT 9 0 8 ,9  33,9 2 9 ,9  3 8 ,9  419 7 2 ,9  7 3 , 
9 .87  FJ WETH CHARMOCKITÍC GNFISS. 
GREY TO D4PK GREY. MEDIUM GRAINEO.

INPATCHES WITH BLACKISH , THIN IDRNB -  
-LE N D E -R IC H  LAYERS .

u

COjJBL E 1 AMPHIBQ LITEJ_________________
RESIDUAL SOIL.REOOISH BROWN CLAYEY 
S«ND _________

SHEE1
O F

ROCK STRENGTM
MN / • *

e
o-•
O
£
a.
<

O O

«•ofe

O
m
OL
m
z
H
4

A

■

C

í«OC

i-o-f ,o:;
l

3. 0 -2 3  OS

m o d v ro l f ty  t t ro n g  2 3  0 - 3 0  Or 

«Itong 3 0  0 ^ 0 - . ’

ver y i t rong  IO O. 0 -? 3 (  f

«■fr«rn*ty t l rp n g  >  73(^ _

E N G N E E R I N G  A S P E C T í ;

X
fe*
O

fe-OÍ
«e
oo

X

COBBLE (CHARNOKITE)_________________
COM V¿E¿THERED ROCK REDOISH BROWN

WHITISH TO YELLOWISH BROWN KAOLIWE 
RtCH ROCK

REDDtSH BROWN ROCK

CHARNCCKITIC GNE1SS.GREY MEOIUM GRAíN 
-ED GNEISSIC.MAIN COMPONENTS 0-i,FD, 
Py WITH HORNBLENDE-ENRICHED BAÑOS

FROM 4.94 T03.S Cl SPíCED WtTH FJ

AT 3 .3 , 3 4 , 6 . 3  3 FJ/7  0 °  WEATH.
AT 3 2 ,  W EATNJ/6 0®
AT 3 .29  WEATN.J/ 13 °

AT 9 67 TTY 9 88 WEATM.J/85°
AT 9 60 ,9 94 WFATM J /lO °
AT I I .8 6,12 JO, 12 07, 13 36 J430n 
FROM 139 TO 14 Z 3 W fA n W /T 0 0 
AT 14 09 WEATH.J/83p(0PEN)

*

CHARNOCKFTtC GNElSS AS ABOVE

AT 13 0  4 , 17.08,17.18, J /3 3 °
AT 17.03 F J /6 0 ®

FROM 17,09 TO 17 23 J /80®

AT 17.3 4 ,17 .62 ,17 .88 ,17  9 4,10 0 4,10.00, 
< 8 .8 2 ,1 8 8 0 ,1 0  9 2  J /3 0 °C H L  FlLLEO

FROM 17 93  TO 10 13 J /B 0 °

AT 17.91, 10 13 j / 2 0 °

AT 10.92, 10.93,18.93 J / 4 0 °

FROM >9 30 TO 21 20 TECTOMZEO ZONE 
CL. SPACED CHL SL J /  70°AN 0 30°

AT 21.44, 2 1 6 6 ,2 2  16,2127 
S I (S U C A  FlLLEO

AT 2 1 4 0 ,2 4 1 0  0 /6 0 °

AT 22.33, 22 3 3 ,2 3  24 ,23  4 4 C IH _ .j/ lO °

AT 22 96  SI WEATHFJ/RO®

AT 23 6 8 , 2 3 . 8 0 , 2 4  44 , 24 46
CHL .0  /  lOP

AT 23 39 SL WEATMJ/IO0

AT 23 44 , ? < ;B ,  23 7 Q .2 6 0 9 .2 A  19
26 60 , 29 6 0 , 26 60 , 27 19,2 7  41,27.37 

27 .60 ,2 7  70 , 2 0 .0  j / » 0 °

AT 26 07, ?6 9 5 , 2 7 ^ 0 , 2 7  <9,26 27 
27.92 j / 6 0 °

7^p|

nü

•Hí

wr‘ >’ V

> y % >
í  V V  .

"*1

i.

R E  M A R  6 8

tw ith  re s p e c t  to  
excavo t ion , g ro g t in g , 
p e r m e a b i l i l y , ^oc^ quolíl, 
etc. í



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13 I
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AT 28 O 4, 20 10, ZR 13,29 03 CHL 20c

AT 28 64 , 20 69, 29 82, 2R 94, 2909 , 2909 , 
29.15, 29.50 J /G0°

AT 2 9  9 6 , 3 1 . 2 9 ,  53 3 0 , 3 3  4 2 , 3 3  9 4  j/2<

AT 30 41,30 .44 ,30  74,3» 32 ,33  2 3 ,33  6<* 
3 3 8 9 ,  34  0 6 ,  3 4 .2 2 ,3 4  39 CHL/
SlLtCA FILLEO j/6 0 ®

FROM 31 50 TO 3 3 .2 0  TECTONIZED ZOTC 
CL0S. SPACED CHL J

AT 33.15 CHL FILLED FJ/50®

FROM 34 39 TO 5 4 9 0  TECTONIZCD 
ZONE CL. SPACED

AT 3 5 .4 4 ,3 6  10,37 30 J /2 0 °

AT 35 26, 36.10,36 64, 37. 54 j / 3 0 ^ 9 0 ®

AT 3 8 .5 3  F j/6 0 ®

AT 39 <3, 38 23 , 38 24, 38 6 4 , 39 26, 
3 9 .6 2 ,3 9 .6 8 ,3 9 .6 6 , 39 9 2 ,4 0 .3 5  
CHL FILLEO J /5 0 ® - 6 0 °

AT 39 55 CoCOj TILLEO (2mm ) J /0 5 ®

FROM 4 0 5 2* TO 40 68 CL SPACED FJ/65*

AT 41 05 , 41 18, 42 50 , 42 95,4 4 42 CHL 
FILLEO J / 5d®6<f

AT 43 24, 4332, 44. 46,44  4 6, 4 4¿ 0 , 
45.0 CHL FILLEO J / 4 0®

AT 46 63  , 46 77, 46 10 , 49 .5 , 99.5 2 
49 .5 4 , 49  62,4 9  65,49 79, 49 08 
CHJ, FILLEO J/SOT* 80 °

AT 4 6  6 0 ,  49  9 6  CHL F I L L E O  F j / 6 0

SHEET 0 2 
OF 0 2

R 0C K  S T R E N G T H
MN /m *

«lak
A

9
C

«■ 1. 0 0  

I 0 - 3 - 0 0  

3 0 -2 3  OO

m a d n a l f i f  «franq 2 3  0 - 3 0  0 0

19OJ

■Jr

or

gr

x
K<

tirón? 
vorjp tirón?
•  i f r t m o l f  t i rón?

3 0  0 - *0 0  0 0  

tOO. 0 -2 3 0 .0 0  

>  2 3 0 . 0 0

ENGNEERING ASPECTS

X►-l»

I-VI
%u
o

(wilh r e s p e c t  fo 
excovot ion ,  gro*j|ing (
p e r m e a h i l i l y , ror> oualily, 
efe. i

h cr-

34 n

r  1 ;

30 o  -

40.6

] 4f 36

4f. 43

HC LE Dr/Pl.: TE D AT TH E DE T - 5 0 .2 3 m .



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB.-I3

FEATURE -  kk 2 3 0 , d a m . a x i s

D R I L L I N G  O A T A

rf  n. 91.12.19 t o m p i f  r r  0 92 0214  

im t  r f lP ü P T 'O ^ f i  i / Í a v s ) :  doy a

M A fM 'M r T fP F

n rn i m f  t m o o . b o t a r y

C O "f «ARRFL.BIT • N X

f o r í r  MAM* UOnOF.O 8 V.

COPE S T OPF O AT ’
CORE DISCAÍIDFO, DATE *

X

DRILLING

12 O
¿ty 

12

re - rs

1 9 -8

2 1 *9

193
¡2/t*í

9-0
Í2 /Í4

IR_3 
2\A?.

19 8
™1¡

223!

2 M ¡

24 88

28 27

27 73

25 4

3
(A3

z
(O
>-
i l l
( t
tn

TESTS

3m

B O R E H O L E  D A T  A

X -C O O R  O INATF 1 8 2 8 1 3 - 4 3  N

T -C O O R  DIÑATE 1 8 0 , 8 1 3  - 3 8  E

r r  F V M  ION t C O L L A R )

E l.E V A T IO N  I 8 0 T T 0 M )

TIN  A». O f P T M . I O O O m

INC L*NAT ION 30»
FROft VERTICAL:
«C A R IN O

LOCATION Nce I.q  )

K E Y
JOINT R0UGHNE6S JOINT SEPARATION

VR svcry rough 
R srough 

iSR saifgh ily rough 
i 9 ■tm ooth 
' ^ L s tü c h y n ttd fd

V a v try  (¡ght < O.lffwn 
T stlgh l 0  1 -1 Omm 
M O sm dt'a t **P»n I.O -SO m w 
0  sopan > SOmm

Í RECOVERT OTHCR 6 V M B 0 L 8

7?.rr\  ■. .-i c o r e
• • I  R IC O V E R T (*%1

P.L.8.l-=po|n* 'ood «trangth 
. tndr»

U.C.S Xuniaílnl t# m p r*» ¡v f 
■ Ircngth

V « f i r t t  ground wat«r 
R *  roe ti *nmpte 
W «v»at«r somptt

M . . . »  < % )

WE AFUERINO

JOINTS

I
M .
I

JL

I

II

II

I
Jl
II

T
T

M C
MO

T

T

u <&tn
Efi f  ( 6« o o o o
i jf lO O O
¿ Ó -fg x i
r»o¿
óri-

R
R
R

R

R

R

S L

S L

S L

S L
R

PERMEABILITY

t
M
O

&O

o
oe

18 88

21 98

28 20

5e6

22 39

29 48

~  CAW C* £<  TIm ow  o

B  U
2  » S £o

c
o

Olü2
fE
O
U.
ÍT.
ÜJ
a.

ui
o:
i i i*

co
cn
ÜJ

o

I

3

6

3
I

I
3

6

3
I

I
3
6

3
I

mla
o

5 3 
i 59  o

4-0
7-0

9 6
7 8
6-2

8 1
10-7

13-5

III
8 9

N I L

O >*X jo 3M 3 19 u

III 
6 -6 

4 - 3

7 4 
17-2

22 5101
6-4

10-5  
2 4  7

N I L

RECOVERA
*
>
ou

oe
ou

o
Z<

O
o

*
3 0  100

' A

j
Á

«all : unconte lídotfd  
m ateria l

e o m p t r  te ly

h íQ hly

moderotely

« I tg M ly

It ta h

SHE
OF i

ROCK STRENG1
M U  / • *

« •o h

A

e

*
» i O - fc

GENERAL DESCRIPTION
ro c k  ly p e  , c o lo u r  , g ra in  si?». , 
fa c tu re  and  s tru c tu re  (m a s s iv o ,  
c le o v c d  , fo l io le d ,  lín e o le d  , U ow  
b u n d e d , g ne issn r,e  , p o 'p b v n l ic ,  etc 
sco le  os fo r  jom t s p a c in y ) ,  
w e a lb e r in g , o l t e r o l io n  , m in o r 
l ith o lo g ic o l c b o r a c le r is l ic s  , 
s t re n g tb  , ¡o in ts

TOP SOIL.SILTY CLAT

RESIDUAL SOIL TELLOWISH BROWN 
T0 RE0DISH BR0WM CLAYETSANO

WASH SAMPLE , COMPLETELA 
WEATHERED ROCK

GARNETIFEROUS B»OTITE GNE1SS 
_J_|.LIG Hr GREY MEDIUM GRAINEO, MAIN 

C0MPONENTS Ou, Fd , 8i,GA WITM 
INTERCALATION OF DA«X COLOUREO
h o r n b l e n d e - BIOTITE QNEISS

FROM TO
1 6 -5 0 18 9
21 9 0 2 1 8
2 3 -3 29 48
26 27 2 6 -4 0
2 7 -7 3 2 8 -9 3
91 -08 8 2 -7 0

AT 19-34 f 18 48,18-80,18-70,18 T FJ 
AT 18 68  , 18 72 J / 6 0 *

AT 18 6 ,1 9  8 ( Smm 9IL»CA FILL ISL9 
FJ

TROM 19 3 0  TO 19 37 C t.S P  F J  
AT 19 3 9 , 19 S O tS L .W  ) 19 6 3  FJ
S L .W  J /  70* FROM 18 TB TO 1903
19 12 TO 1 9 *4 ,1 9  8 TO 19 8 0 (3 m m

F ILL >
AT 19 9 3 , 19 98 ,2 0  2 8 ,2 0  4 7 ,2 0  78
2 0  8 2 , 2 1  06 FJ

J  FROM 21 32  TO 21 9 0  Cl Sp FJ 
-l FROM 20 39 TO 2 0 -8 3 , 2 0  90 TO 20 68 

20 70 TO 2 0  -B-C, 21-0 T O 21 9 j / 6 9
FROM 21-9 T 0 2 2  B8 T ECTONI2EO ZONE 
.CL SP CHL,5LS/,SLlG M rLY wGAOtEREn 
r POM ?2  3 J TO 24 72 O
TECTONIZEO ZONE

<9O

X
a,<

«
Itf
X
*-4
W
9

»
m ed#ra t* ty  i l r o n q  2 3  0 -  

ilio n q  90.0 .*

¥ *ry  i t fo n q  tOO. \
* ■

tü l rcm c ly  atreng
i

ENGNEERING ASPE:

X
9

►crt
zu
o

•Jwul

i

n t M A R  K 8

(wilh raspee! lo
e x c o v o tio n , g r o u t i ^  
p e rm e o b il i ly  , ro ck  i îi- 
etc.)

— i-

5A - T - 22



KUKULE GANGA HYDRO POWER PROJECT
■ t BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  kk 230. dam. axis B.H KK2
DRILLING DATA

* r r  O. 91. >2 .1 9 C O M P L Í ^ O  92-02-14  

b b i .p t iOMS 21 doya

* i i n f  i * p f
I

i ' L t u r s  IIF  T m 0 0  ROTARY

FF « a r r f l  , § | T  ' H X

i f  M I N ' LOO O t o  § *  ■

' • STORtD »T
I '  D I S C A R D F D . O A r V :

TESTSDRILLING

V
k:
' 97

*• TAI

74
íí;

ritl
:5712

Ya

bi

BQ
y

lil
*

i' 4ík,

•a
o

a
Ol

91
r  i

,¿l

§ h~
a

BOREHOLE DATA
* - COOR 0»NA T t 192813-43 N
* - CCOR DINATF ib o ,813-38 E
F L fV A r iO M  (C O L L A R )  

(L F V A T IO N  ( IO TTO M )

p i r a l  O I p t h . 1 0 0  0  m

,íLtk'*|AT,0N 30*FROtt VERTICAL.
*  f  A MIRO
LO C ATIO R  t i# »  r q

KE Y
JO IRT AÓUGHNC8S

V R > * f r f  raagft 
R t ie u g K  
IRailIghlly r««gti 
9 ■•■toeNt

R tC O V tR Y

¿xTTTTJeo«R t C O V f R T ( % ; i

S Ü 3 ro.o C%>
JOINTS

R
R

5
6

ISR

SR

■fellll
A  D O O O «  

g A O O O

• ' JL. n o O ,
« O R O  a6ó-

6r
R

SR
SR

SR

SR

JLft

PERMEABILITY

S <» *

&
oK
a
o

28 24

3i e r

3489

3 8 3 9
38-39

41-7

4 9 1

4892

51*/ 3

a
o

s
o»-

28 7

31 74

38-17

41 88

49-2

— o»<0 c
IX — 4 -O m o
—  «i

■  u
i •*» 5
M |

I
3
6
3
I

I
3

6
3

6
3I

I
3

6
3

I

I
3

6
3
I

48 0

92 02

59 23

I
3

6
3

1

I
3

6

3

I

I
3

6
3

1

3 ■*J ai

4 2 
8  o

► NIL

>NIL

NIL

f NIL

/ NIL

4-0

6 - 3

0 2 
6-6 

51

1-2 
I- 4

16 
1 - 4  

I- I

1 6

2  5

3  6  

fe 7

1 * 9

te«* >•
« 30 3
M J

1 íJ diK

NIL

/•

NIL

/

NIL

NIL

NIL

13 3

59
3 9 
6 2 
14-1

3 3 
1-3

0 0

13
3 0

4 4

2 4
I- 7 
2 5 
5 - 3

RECOVERY
*

>
ou

ou

o
X

90  100)

j

— /-

'

/

/

/

-/C

/

y

7-

k

*

/
/

'

i

>

JO IR T  S C P ARATIO R
V * * * * *  tiqtrt < O I i m
T s fígh l O . I - I O i m
M O * * 4 l« o t  ap tn  1.0-30****** 
O * o o t n  > 3 Qiian

O TH gR  S YM BO L 8
P L 9.1=poi*»i loadfndf •
U.C.B *un ¡o * ia i  to ^ p »  M i i< r

»H «ngfT»
f
8
JL

fiovnd aa>v* 
*  » o t  * »a***pi» 
«■Ql*« »IW plT

WEATHERING
io iI : uncon«0l¡dat»d 
m f l l tn 'o l

íampitlrir

NígMy

•ned««olvlT

l l i g M I f

fr*lh

GENERAL DESCRIPTION
foch  ly p e  , co lour , g ram  s i ? e - , 

t e * t u re  o n d  s lruc tu re  ( m a s s i v e ,  

C le o ve d  , f o l i a I e d , l ineo led  , f low  
b a n d e d ,  g n e i s  s o s »  , po rphv r it ic ,  ele : 
S c o l í  o s  for joint s p a c in g ) ,  

w e a th e r in g ,  a l t e r a l io n  , m in o r  
l i lhotog íca l c h a r o c t e r i s l i c s  , 
s t r e n g lh  t j o in l s

Q A R NETIFERO US  
G N E IS ?  AS

8 I0 T IT E
A B O V E .

AT 24  87 1 GRAPHIfC TRACES 1 

2 4 - 8 9 ,  2 S O M 3 L S ) .  2 9  3 2 < 3 m m  
S I L I C  A F l L L )

FROM 2 4 - 8 7  TO 2 4  9 8 , 2 8 1 3 7 0  
2 9  24 AND FROM 29 6 7 TO 25-93 J /8 0 *

AT 26  42 , 26  0 7 , 29 7 6 ,2 6  8 0  FJ

AT 2 7 - 0 , 2 7 - 2 5 , 2 7 - 5 6  J / 6 0 *
AT 2 7 - 3 4 ,  2 7 - 6 5 ,  2 6  4 9 , 2 7 - 8 3  J /3 0 *

FROM 2 8 - 3 9  TO 28 4 6  J / 8 3 *

AT 27  - 0 , 2 7  - 9 2 , 2 8  - 33 ,  2 8 -8 8 .2 8  70
FJ

FROM 2 8  7 TO 28  89 C l 9P. J 
CHL , MYLONITE LAYER 8CM 
T H t C K

AT 2 8 - 0 2 , 2 8  2 8 , 2 8 - 3 9 ,  2 9 -1 0 ,2 9 2 7  

29- 4 3 , 30  89  FJ.

AT 3 1 - 2 0 ,  3 1 - 42 ,  3 1 - 74 ,  3 2 - 3 ,
32 - 9 8 ,  33-3  , 3 3 - 7 0  , 33 7 0 , 3 3 - 8 7
3 4  - 9 ,  3 5 - 17  , 39  - 52  , 3 9 - 3 7
3 5  95  , 36  15 FJ / 3 8 *

FROM 36  2 2  TO 3 6 - 4 2  J / 7 0 *

FROM 36 4 2  TO 36 5 6 ,9 6 -4 8 -3 6  72
36 71 TO 3 6 - 9 2  J / 8 0 *

AT 39 46,  3 9  4 9 , 3 9  3 6 , 3 9  54

4 0  16,  4 0  6 6 ,  41 41 , 41  6 6  F J / 2  8*

AT 4 2  3 0  .1 /9 0 * ,  4 3 , 6 9  J /6 0 *

FROM 42 8 2  TO 43 - 8  J / 8 0 *  

AT 4 4  5 4 J / 2 0 *

AT 4 6  2 6 ,  4 6 9 0 ,  46  6 2 , 4 7  O,
4 7 * 9  , 4 7  79,  4 8 - 6 , 4 8 - 3 4 ,

I

4 9 ? 4  , 4 9 - 9 6 ,  4 9 8 3 , 0 0  0 6 ,
0 0 - 9 6 ,  6 0 -9 6 ,6 9  0 2  F J / 2 0 - 3 6

FROM 4 9 -9 0 , TO 80  0 , 6 0  06 T0 62 0 2  

J / 7 0 *

AT 52 6 4 , 0 2  8 0 , 9 4 - 4 0 . 9 4 - 5 3  
9 3 - 2 3 ,  99 6 9 ,  99 0 , 8 6  3 0 F J / 3 0 *

AT 92 81 J/8CF

AT 5 6  6 8 ,  56 7 7 , 5 6  0 8 , 6 6 9 0 .

8 7 - 8 8 ,  8 0 -0 4  ,0 0  0 8 . 6 0  14 
9 8 - 3 0 ,  5 8 - 5 8  F J / 2 5 *

SHEET 02 
OF 04

ROCK STRENGTH
MN /m

« t o k

A

C

« l.oo
1 . 0 -  3 .0 0

3 . 0 -  2 3  OO

«O
J

V
Xa4

Esnacx

«*»vdt*ni• if artonq 73 0-30 00 ,
«i* dftg 30. O -«OO OO
*«»l t1ro#»g 100.0-73000
•llrfinfl| tlrong > 230.00

ENGNEERING ASPECTS

5O

4 2  M A R  K S

(wilh r e s p e c t  lo  
e i c a v a l i o n ,  grov ilm g ( 

c e r í n e c h í l i l y , roel' guality, 
e l e . )

x

A

5 A - T - 23



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  KK 230, dam . axis

D R IL L IN G  D ATA
4 ta n  t f n. 9 1 . l?. I 5  C O W * L C M 0  9 2 *0 2 ( 4  

i i r r Q a i f p r t o s *  ( Í a y ? )  2 i  d o y t  

MACM' HC r  TP f

0** 'L L I Ni» M P T M O O .  R O T A A T  

C O » r  R A R P f L  ,0»T*  N X 

* O O f  M í f  LOGOCD

r.0 »€  O » r  •

* * 0 4 r  o i s c A R O t o ,  o a t e  ■

TESTS

96-43

39- 6

6 0 * 6 9

DRILLING

»Sw/bi

9 945¡6f
SU
B2C

a/b

6 9  3 2

! ÍO

86*77

n-36

ntu

73*22

74-3®

76*37

7 9 -  9 6

8 0 -  6 9  

4 6

f39C
5E¡

«6256

1031
S5

03*8

B3C
>9/1

BO REHO LE D ATA
X '  COORDI NATE 1 0 2 6 1 3 * 4 3  N

t - COORDI NATE 1 6 0 ,  8 13 - 16 E

f  I f  VAMON ( COLLAR I

r L f V A T t ON l 6 0 T T 0 MI

XtNAL OEPTM.IOO-Om

I NC L ' ** 4 ? IO R 30»
FROM VERTICAL:
BE A RING

LOC A T ION («r* > n

K E  V
J O IR *  A00GHNC8S

V f l t v t r y  rouQfi 
R srouqft 
f R a t l I q h f l y  fvvg ti  

¡! 9 **»ooiti 
8L»»*tck»n»'4*d

RC C O V IR V

r r r - r y  ̂ CORE
RCCOVCRT (%r

R.o.0 fVo)

J O IN T S

m

i
n
i

msr  uc

5R

I
n
i
E

SR
SR

SR

o4
AO 

►

■ l i l i l í

i * i
A O O

o o -

T
m

*0

SR 
E  SL

SR

E  SR

SR

r
n

SR

SR

P E R M E A B IL IT Y RECOVERA

L,

z►&WO
f — o>

S £5 T3A fl
9
3c

••
i

A
1 h
? a
1 o «r ®-

ao►
8•
oh

w «1l.
•* ^4 «1
2 £-  g*  5

i

*» E
s ^® «fl J u

O4 _9 o

<* >■
a jo a ■ 3
3 *J at

Hf
1 21 5 *8
3 2 8 2 6
6 3*9 1 *8
3 3*0 2 8
1 2 3 6 *4

38-44

1 6*3
3 8 8
6 12 8
3 9*7
1 7-0

91-94
91-82

1 1*8 4*3
3 2* 7 2 2
6 3-9 1 6
3 3*0 2 5
1 2-0 4 • 8

S9-32
93-32

1 0 -8 2- 2
3 1 ■ 2 1 * 1
6 1*8 0 *8
3 1-3 1 2
1 0 9 2*5

58*7 7
S8-72

,

3
6 L NIL NIL
3
1

72-22
72-0

,
3
6 l  NIL NIL
3
1

73-3
75*33

1 1*2 3 -3
3 1*6 1*5
6 2* 1 1*0
3 1*4 1 ■ 3
1 1*0 2 8

78-63
F6-8 1 22 0 62-9

3 36-9 3 5 0
6 40-2 19- 1
3 31*4 29 9
1 2 3 0 65 *7

32 30
i

62 2t 

■ - .
•

/
//;

Vi
/

v

y y J l i

/

t
>

>
o
u

o
u

/

A
/
/
/

/

/

/

o  o
z
■ * o

flC
30  tOO >

J-**r r.i
/ y

>
y
Zc

/

r 2.

>

r

/

s

¿

j

JOINT SIPARATION
V «vtry tiqk» « O.I«P
T CligM 0.1 -I 0*PR»
MO>«lroi.np<" I.O*S.Ow«
O ■Opfn * SOtTWfl

OTMtR SYMBOLt
PL.B.Lspo,flí load i lr * n q ih  

mdr*
U.C.9 *unta*ia( cof^o* **«•*»

l>r«ngfh  
V

f i .

>fír*t grownd watt* 
■ rock lOTp'f 

iQffQlf

W E A TH E R IN G

B.K KK2
R O C K S TR E N G

• •¡I : uncantalidalf d 
■ « t t f í e i

e*w'p»t if 
ftighlf

me4*'ol*ir

• líghily 

( rr*h

GENERAL DESCRIPTION
ro ck  type  , c o lo u r , g ram  s i : *  , 
te  « tu re  and s tru c  tu re  ( m a s s i v o , 
c le a v e d  , fo l ia Ie d , lín e a te d  , f lo w  
b o n d e d , g n e is s o s *  , p o rp h v r i t ic ,  etc : 
<;cole as fo r  jo in t s p a c in g ) ,  
w e o th e n n g , a l te r a t io n  t m ín o r 
l ith o lo g ic o l c h a r a c te r is t ic s  , 
s tre n g íh  , ¡o in ls

CARNE TIFEROUS BIOTITE GNEISS 

AS ABOVE.
AT 3 0 - 7 3 ,  3 9 - 1 2 ,  3 9 « 6  , 39  2 6  , 
3 9 * 3 3 , 3 9 - 4 2 , 3 9 * 3 1  F j / 3 0 ®

AT 9 0 - 8 8  , 3 9 - 2 6  , 3 9 - 3 3  J / 6 0 °  
FROM 3 9 - 6 0  TO 3 9 - 9 9  MYLONITC 
FILLED 12 ipik) J / 8 3 ®
AT 3 9 - 7 , 3 9 - 6 3  , 3 9 - 9 6 ,  6 0 - 0 2 , 6 0 - 2 4  
F j  /  2 3 *  — 3 5 ° __________ _____

OA^NETIFEROUS BIOTITE GHEISS , 
LIOHT GREY, MEDIUM GRAINF.O.
MAIN COMPONENTS O u ,  FD, GAtOI 
WITH M0RN8LENDE- RICM 0ANO 
AT 6 2 - 3 2  TO 6 4  9 0

AT 61-10,  61- 3 , 6 1 * 4  , 61 94  F j / 2 0 *

AT 62*46 , 6 2 - 3 4  , 6 2 - 3 6  J / ' 0 °  
OPEN J / l 3 ®  AT 6 2 * 6 3 , 6 2 * 7 0 ,  
6 2 * 6 3 , 6 2 - 6 8  , 6 2 - 7 7  
FROM 6 2 - 6 3  TO 6 3 - 9 8  C(. SP.  
( 2 - 3  em) J / l 3 ®
FROM 6 2 - 9 6  TO 63*93 J / 6 3 ®

AT 6 4 - 3 , 6 4 - 3 6  , 6 4 - 3 8  , 6 4  7 8 ,  
6 4 - 9 0  J / 1 3 ®

SL-WETH FJ AT 63 3,  63 33 , 
6 9 - 9 7 , 6 9 - 6 4 ,  63-69 , 63-7 5 ,6 3 -9 6 ,  

5 6 * 0 6 , 6 6 *  17 ,66 -38 ,68 -68  ,6  710

AT 69*60 J/43®

AT 66 -66 ,  69-32 , 70-02 , 70-28 , 

7 0 * 3 2 ,7 1 -6 6 ,  7 2 -2 2  F j/ lO®-»3®

FROM 7 2 - 3 3  TO 7 2 - 7 8  J / S 3 ®  
FROM 7 3-0 2  TO 7 3 - 2 0  0 3  No*. 
SUBVERTICAL» PARALLEL J

OARNETIFEROUS BIOTITE GNEISS, 
LIGHT GREY, MEDIUM GRAINEO,
MAIN COMPONENTS 
Ou , F}D f GA( Bl WITH 
INTERCALATION OF CHARNOCKITIC 
GNEISS AND HORNBLENÜE RICH
l a y e r s

AT 74-10,73 2 0 , 7 3  4 4 ,  73 72 ,7 6  2 6 ,  
7 6 - 3 0 , 7 6 - 3 6 ,  7 6 * 4 4 ,  76 3 6  FJ/13®  
FROM 79*3 TO 7 3 -6 0  j / 8 0 *  
HORNBLENDE- RICH LAYERS

AT 7 3 -2 0  TO 7 3 -7 3  
7 6 * 3 0  TO 7 8 * 9 0  
7 8 * 2 0  TO 7 9 * 2 3

AT 7 6 * 6 3 ,7 6 * 7 4 ,7 8 * 7 9 ,  7 6 *6 2 ,7 8 *9 3 ,  
7 6 - 8 8 , 7 8 * 9 3 ,  7 7 - 0 ,  77*39 F J / 2 0 *

FROM 76*60  TO 76 8 0  J / 7 0 *
FROM 7 7 - 0  TO 7 7 - 3  j / 0 0 ®
FROM 7 7 * 3 6  TO 7 7 - 6 3  03 No*. SL3. 
J /7 3 ®
AT 70*3 , 7 8 -3 6  , 7 6 -4 ,7 8 -4 8  , 79-13, 
79 -46 , 79 -39  j / l 3 ®
FROM 7016 TO 70-33 J/80®
AT 8 0 -0 0  J / 6 0 °
FROM 61*0 TO 81*40 , 0 2  0  02 -33
J / 8 0 *
AT 01 72 OPEN FJ
FROM 0 3  7 TO 8 4 -0 3  0 3  fto*. OF

II J / 6 0 ° - 0 0 *  O

a
o

a
4

>

Z
*•
4

ENGNEERING ASPí.

Z
K
<9

u
o

R E M A R K 0

( « i lh  re s p e c t  lo  
e ic a v o t io n ,  g ro u ifF  1 
p e r m e o b i l i ly , roc t 
e t c . )

,1*

ARTC6IAN Cr'Npm"N* 

r e a c h i n g  t h f  n E r i  

42 3 FLOW RATE MA 
MIN

(ON 14 02 921

C  A T»



S ’

KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

í" FEATURE -  k k  230 , d a m . a x is
1~.'

B.R KK2
DRILLING DATA BOREHOLE DATA k e : y

JOIMT ROUGNNCSS JQ IN f SEPARATION
V R l * * ry  r«oQll 
R ireugh  
IR a iiIg h lly  rw rh  
9 ■ •n«oA  

' S L * illc k rn s N id

V I t i ' I  iigk l «O.lmM 
T s lí^h t 0.1 -1 Omn 
MO>ma«rot ppt« l.0 -3 0 m m  
0  *ep*n > 30>m

RECOVERT OTHCR SYM8ÓL8

^7?.-"''..* 1 CORE
R f c o we r y  (% r

P L .S l5pa>r>( tBSd |fr * *q th  
In d ff

U.C.9 Puniaaial ra m p rtm v f
it r  vnqfh

V ■ • í in  graund »o»»r 
R > > o (i
F  •« rtffí1

n o .o  f*A )

WEATHERING

SHEET 
OF 04

04

ROCK S T R E N G T H
1
" i
s I

I * r f n  91 12.19 C O M P L ÍT rO  92 02-14 

rn o r ip  r i r *  *  I rt a v ? ) 2 t d<rya

"H iN f  r í P fJ t
* LL1«0 ME*«00
h»r AARntL«b it -

ROTAR Y 

N X

so.
t ;■ i is

: ir mar ■ looofo »▼ *

; f  9T0RCD AT

i « o iscA R pro, o at t ■

TESTSDRILLING

3Om
i
l ►

J i
I

. N. ai

i
íJ!
%e

Ifi

i rifa

v
.•íoe

d
-1 8

ir
1
02

[9i
62

Oi

« - C O O R O tR A ff (9 2 6 1 3 -4 3  N

T - COOR DIÑATE 100 ( S13 ■ J3 g

f  l r v o n O N  ( COLLAR)

r l rVATIO N  I BOTTOM)

»IRAL O tP T H . 100 O m

¡RCU'RÂ'OR 30» 
rfcOM VERTICAL:
BE ARING
LOC ATIOH ( « *  '  n

JOINTS

5R VIC

SR
SR

SR

SR

ISR

R

II

SR

SR

SR

T

T

mO

u«

««•*■no o o«
g r t O O O
9 0  *7 PIPÍ 1 • 1 

« O O ,  
V O P I O "
d o -
Tí

MC
T

O
T
T

T
T
T
T

O .

35-3»

58*71

92 lí

55 4í>

PERMEABILITY
z
í  •
S ~

A
O►*
ao

5571

388

922

95 615

ao►-HO

OI-

—. a*
« c* £« T3*  OM V

nM
OJ
M£o
co

I
36

I
3
6
3

I
3
6
3
1

98 9! i

CDIVPLE

1
3

6
3
I

3
6
3

"  E•»
V)

i o

10*8
I7l2
24*4
190
<2;3

2-7
3*9
5 7
4 *0
2 -9

0-8
I *4

2* I
1*5

1*0

NIL

3 8 

5*1 
6*8
5 6  

4*6

ED

O >•

IOI
K

3 3 19 
16 9 
II- 8

/
/

8*5
3*8
2*8
3*9 
9* 1

2*5  
I *4

1*0
1*5

3 • I

f
/

/
y
V

N IL

II* 9 
5*0 
3*3
5*5
14*4

AT T

RECOVERA

*
►

>ou

ou

o o
z
* o

«e
90  IOOQ

/"

-

/

; ■

HE

5*

;

/

/
A

/ ■

v !

/

y

D

a '

; r

/

e: =

ieil : vn<*(«««l><lot«4

eofnoMiftv
hiqMy
modnaltif

i l i q M l f

l»f «h

M R  / m *

■ ««1

A

■
C

< 1 .OO
1 . 0 -  9 .0 0

9 . 0 -  2 9 .0 0

GENERAL DESCRIPTION
rock type , colour , gram stre , 
tetture ond struclure (m a ss iv e , 
cleaved , fo lio led , lineoled , flow 
banded, gneissose , porDbyritic, efe 
scole os for ioint spacm g), 
wealhering, olterolion , minor 
lithologicol cbaracteristics , 
strength , joints

/

GARNETIFEROUS 0IOTITE GNEIS8 AS 
ABOVE FROM 94 04  TO 0 4 *1 2 , 
0 4 -8 7  TO 80 *10 J /  8 0 °

AT 8 4 * 9 ,  89-10 , 0 9 *4 8  ,6 9 * 8 ,8 6 * 9 2  
8 9 *9 8 , 8 6 * 1 2 ,6 6 * 4 3 ,6 6 * 6 2 ,  6 6 *6 4 , 
8 6 *9 2  FJ /1 0 °  — 19°
AT 8 9 *2 6 , 67*42 , 68*19 , 8 6 *9 3 , 
6 9 *4 2 , 8 9 -7 0 ,  6 9 *6 0  J / l 9 °
AT 6 7 *9 2 , 68 tO , 68*21 , 68 *2 3  , 
8 8 * 6 4 ,8 8 * 7 9  FJ /1 9 °
AT 8 9 * 0 8 ,  8 9 *4 3  , 8 9 *9 0 ,9 1 *3 0  0 /6 9 ° 
FROM 6 9 *9 0  TO 8 9 -6 6  02 No. J / 0 9 °

HORNBLENOE-RICH LAYERS 

FROM TO

8 9 * 9 9  
97 • 36

90 *23 
97 • 66

FROM 91*41 TO 9 1 *6 6  03  No. J / 7 0 o

AT 9 0 * 1 8 ,  9 0 *3 ?  , 90* 93 , 9 0 *7 9
91 • 22  , 91-41 , 9 2 * 9 2 ,9 3  * 1 6 ,9 3 *6 3 ,
93* 72  FJ /  19°
AT 9 0  06  , 90* 0 0 ,9 0 * 1 6  , 9 0 *4 0  J/2C *
AT 9 0 * 0 6 ,  9 0 *0 8  , 9 0  ■ 1 6 ,9 0 *4 0  J /2 0  1 
AT 9 0 *9 9 , 9 3 * 9 9  V 6 0 °
AT 9 4 *9 3  , 94  77 , 9 4 * 8 0 , 9 6 - 6 0 ,  
9 7 - 0 2 , 9 9  -12 , 9 9  *40 , 99  ■ 92 ,
9 9  * 98 , 99  6 8 , 9 9 * 7 7 , 9 9 * 8 3 ,
9 9 *  9 0  F J /1 9 *
AT 9 6 * 0 2 ,  96*12 , 96*19  , 9 8 *2 1 ,
9 6 *2 3  , 9 6 * 4 2 ,9 6 * 5 7 ,  9 6 *6 6 , 9 7 *8 6 , 
9 7 *9 0 , 9 8 *0  J /  30°
WETH. J AT  98-12 , 98-16 ,88*19 J /2 9 f~  
FROM 98 16 TO 96*32 J /B 0 °
FROM 98 -46  TO 98 74 C l. 8P 6  
OREN J /  5 < f ( LEACHED )
AT 96* 9 9 ,  9 9 *1 0 ,9 9  4 9 ,  9 9 -9 9
j / e o °

TH OF 100 0 m

O-I
u
zA
4

ZK
W*

m id n o f i l f  ifro*»A 73  O-SO OO 

■ *••**0 SO. O -OO OO

»rr j  t lre n f tOO. 0-790 OO
|lr«ng >  230 0 0

ENGNEERING ASPECTS

ZK
O

Vo

R E  M A R  K S

(«nth respecf lo 
eicavation, grouling , 
oerm cahilily, rock quality, 
etc. 1

f
6*

B4 n ;

pp n  

PP Rt

*>* 77

33 C9

9p

in a 3

CA _ T  _ 9 ^I



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES

FEATURE -  k k  230 , d a m  a x is

D R ILL IN G  D ATA
S T A P T to : 17 II. 91 COMPLCTCD‘06.12 

iH T f «fluPTIO N S UO AVBl: 02  

MACHIN! T V P f Ar.KCft 

D R llL 'N G  M ITHO O  r o ta r y  

CORK BARRIL ,0 IT  ! NX 

P O O IM A N .ID  LOOOED | t ;

CORE «TORCO AT:
CORV DtSCAROCD, DATE ;

91

X
►-

D R IL L IN G

w
u
m
<
>o
<
>■-i

O l í

■ 1 - 0

1 49

7 4 »

8 9 0

9 9 0■
11/17

4 -89

9 -3 9
3 9 0

6 .-00
>0/11

7 -89

►
O -8 9

0 7 0

9 * 70 204!

10 70

I 1-40 
11-70

21
/ I I

.1 8-91

14-0 Í 3 l

19-07

I0 O B

roo*

10' SB

SO 0 4

21 80

2 3  0 0

2 4 -9 7

20 00
26 e?

,T/\i

5 a

1 * '  r° P

ViM

«

I
en
y -
<
or
o

T E S T S

I-
«»

l  Of

SP T

S P T

S P T

S P T

SPT

* -- j
3
0)

"59

2  Z

Z6

>50

BO R E H O LE D A TA
X-COOROINATE 102779.10

Y -  COOR DIÑATE 190797.20

C LtVATlO N  (C O L L A R ) 197 92

CLCVATION ( 0OTTOM» 147 00

7 IN AL DEPTM 00.37 m

INCLINATION 0 *  PROM 
VERTICAL :
«V A RIÑO
LOCATION ( o r  r ,q }

K E Y

J O IN T S

«)

a s  a • •rtOOOO
ó n o o o

*r« o o .
va *O p
d b -  

1

o
4

2 9 0

4 30

MB

V R svtry  rough 
R sroygh 
SRsdighfly tough 
0 «im oofb 
S L« ille k«n ild *tf

y  ty t r y  HgM ^ O.lff'W 
T sligM  0.1 -1 Onw* 
M O^m dtrn l.optn 1 .0-9  0*r>m 
0 *op*n >  BOtrm

RECOVERY OTHER 9YM B0LS

I* . A  OFCOVFRY (% !

PX'fJ.spelnt load «Irtng lh  
Index

U.C.S ■unlijxíol cnmpffs^ive
ttrength

7 s fír t*  ground •*al*r 
R « rock  BOrrple 
W «ftaler samóle« .« .o  (% >

P E R M E A B IL IT Y

tal "  
O

0.
o*-

0 - 0

1 4 9

3-0

0 -t

«•7

12 19

10 03

1003

eioe

74 IR

li^L

o
h
&

o

1 4 5

2-90

4 -89

9-00

7 -2 9

0 ■ T

9 *7

10-7

(9 69

18 99

21-69

249 7

?r 7

— cr 
w c  *  £  
m ow  SI

Msf
«  o

I

3
0
3
I

I
3

6

9
I

n
«>
o- j

oí
3c

s 59  o

► 44 tH )"9

8-109*10

0 -8 41 10

NIL

>M L

> N IL

* NIL

/N IL

o

fi
*•o >•

o  ¡a
mi 3  
O u
3 *J  SE

ftf

120 A 10

-9
■899 t lO

1-22 tlO
-9

t-5 3 * lO-6

-7

9 -0 6 *1 0
-T

N IL

NIL

NIL

NIL

NIL

RECOVERY

>
OO

o
o

o
X4

*
o

o

90  100

/
/
i/

/
A
f

y

/

*

y-

A

E

'

1 W E A T H E R IN G  1 R O C K  STRENL-
«otl ; unccntolidafed 
molerlol

complete ly 

Mghiy 

m odeffll*^ 

sligM ty 

f re»h

G E N E R A L  D E S C R IP T IO N
ro c k  ty p e  , c o lo u r  , g rom  si7e , 
te x tu re  and  s tru c tu re  (m o s s iv o ,  
c le a v e d  , f o l ia t e d , lin e a le d  , f lo w  
b a n d e d , g n e isso r.e  , p o ip b y i i l ic ,  e le  : 
*;r;ci)e os fo r  ¡o in) s p o c in g ) ,  
w e a íh e r in g , o l le r a t io n  , rn in o r 
t ith o lo g ic a l c h o ra c te r is t íe s  , 
s t re n g th  , jo in ts

TOP S0IL 
RE9I0ÜAL SOIL 
YELL0WI3H BROWN 
CLAYEY 9AND

O ARME TIFEROU3
ROCK, WHITISH , 0ROWNISM

CLAY BLACKI9H
GARNE HFER0U9 ROCK,
WHITISH
(PROM 9 -7  T0 10 7 WASH SAMPLE I

CARNETirEROUS BIOTITE .
CNEISS , LIQHT GREY ■
MEDIUM GRAINED PREOOMIMANTLY 
GNEIS9IC, MAIN C0MP0NENT3 Ou, Bl , 
GA

AT 13 07 F /J  30*

AT 19 22 , 10 29 J / 6 0 *

AT 1 9 -7 0  J / 7 0 *  CHL0RIT19I7E0

CHARN0CK1TC, DARK ORKY, MEDIUM 
TO FINE ORAINEO,M Af S IVE, IN PARTS
0 N E I9S IC , MAIN COMPONE NTS Ftf.O u 
Gd.

HORNRLENDE -  BIOTITE GNEIS5 i DARK 
GREY, MEDIUM GR Al MED, GNEIS SIC,
MAIN COMPONEN!S,M0, Bl, OA AT 
20  0 4 ,  2 0 1 0 ,2 2 ,  7 0 ,2  4 -88  F /J  4 0 -9 (7  
FROM 2 0 -9 9  TO 20 90  J /  B9*

AT 29 0 2 ,2 9  9 0  CM FILLED J 790* 

AT 2 7 -0 8 ,2 7 -7 0  J / 4 0 *

GARNETIFEROUS RlOTITE GNFlf 
J i I#!) IT Gn r  »* , MF t'JUM ORAINEO ,

ÍF ISS,

j GNEIRSIC

-i Jl

M il / ■ *

19
OJ
u
X
a
<
s

a > - 
• •

■ •
• •

• •
• ■ 

« <
• *

* •
• •

a *
• • 

* •
■ ■ 

■ *
• * 

m •
• •

• • 
• •

X
H<
W

A : ;

H tak  0

e

1.
J 5 ¡

W

m odero le ly  sfrong , t n.
• trpng

ver y t lrong

• i t r t m t l y  i lrong Ti

EN G N E ER IN G  A S P

X
♦-
(9

H
«4

X
u
o

«i *

RC  M A R  K 9 I

(with respecf to 
excavotion, groi;li' 
permeahility, roirW 
e t c . )



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENG1NEERING PURPOSES TAB. 13

FEATURE -  kk 230 , dám axis1¡
' DRILLING DATA

B.K KK3 SHEET02
of 02

W lfV D .tT  M. 91 C O M P L IT 1 D  06.12 91B*
N  1 ( R M u » t i o n I  t a O A V t l 'O ?

' c h i n *  t v p i  a c k e r

V t L t N O  M C T H O O  R9TARY
* /

T M  *A R R «L f l l T '  NX‘í I %
] I | M A N :  to LOO OCO  *T ;

5 ‘ •
J . t  «T O R C O  AT:(1

\  3. C O l t C A R O C O ,  O AT f

BOREHOLE DATA
K-COOROIRATC 152773.15 

T-C O O R O IR AT* 15073723

CLCVATIOM (C O LLA R ) >97 92  

CLCVATtOM ( tO TTO M ) 147 33 

r  IR AL o c r t n  30 v r »

INC LIN ATlO N  O* FROM 
VERTICAL .
«V A RIMO

LOC AT ION U t*  r.Q >

KEY
JOINT r o u o h n íb s

VR»v«ry fouqh 
R avaugA 
S R iiiig M iy  '«uqh 
« a«froelti 3L»»Hc*4f>*i4T4RCCOVCRY

CORK
■■ ■’*■.. ■•] RCCOVIR V f%

R .0 .0  (% )

PERMEABILITY

DKP
TH • — O*w cK . t X TI

•>3c
*
6

&1 £? a1 0 se* TO 
BOT

TOM

V.« V.se si n ctn *-- cí °J

* ES ^5 * j &>k.: 5
í 5* 0

fe
9 >•
* 30 1 w 3II w3 í

s
1

1'6 >NIL NIL

30-5530 34
13
6 >NIL NIL
3
1 J

33 8633*33
1
3
6 N1L NIL
31

37-0536*63
3
6 'NIL NIL

/ 3
1 J

40*3790*13
l
3
6
3l

* NIL NIL
J

43*6543 33
1
3
6 ►NIL NIL
31

46 8547 03

PRESS NOT 1JRE 1 IE DEVfOULDLOPEDMOREIMAN >5 BARS
50 3 0* 5‘ 21-4 >90* 2

ETED AT THE DEP‘

- § t

-

JOINT SCPARATION
V a*«ry tiqfcl «O  I wT ilighl O I -1 0^
M Qvm dirni nptn I 0 - 3 0 w<"
O >op«r> s 3Q(tw

QTHCR SVWBOL»
P L B fjrp a iftt lonfl tt 'vn q th  

Ind rw
U.C S corrpf tAi'v?

llf f f tg th
7 qtflund •S K I
|  a roe * ÍQ'l'pl»
W iw q tfr  iQmpif

WEATHERING
«Olí *. unc«n«ahtfoi*d
motvrial

comp*»i*ty
híghfy

m odtroftly

tlIqM ty

l»Mh

ROCK STRENGTH

V*0b
MN /a i  

A 

•
C

« 1 ,0 0  

10-3.00 
3.0-23 OO

m a d ro lt ig  iirenq  23  0 -3 0  OO 

tfronq 90 0*100 0 0

«•«V íd o n f 100.0*230.00
• l l r f in i ly  llrong ^  230  OO

DRILLING
:i

011 .

i ;

tf2

m

VZ

•V(2

3w3
Oí
3
o

i
és

I
i f l

><
oc
o

TESTS J01NTS

M

O
«
A

RECOVEKYGENERAL DESCRIPTION
>•
KW
>
Ou

o
u

o
z
<

a
o

ro c k  ty p e  , c o lo u r , g ra in  s¡?e . 
t e * tu r e  a n d  s tru c tu re  (m o s s iv e ,  
c le a v e d  , fo lm te d ,  l¡na q ie d  , f lo w  
b a n d e d , q n e isso r.e  , p o r o b v i i t ic ,  e tc 
sr.'ili» as fo r  jo in l s p a c in q ) ,  
w e a th e n n g , a l te r o t io n  , m m o r 
lith o lo g ic a t  c h o r o c le n s l ic s  , 
s t re n g th  , jo in ts

y -

■V

y.

30  (OO7T

4

CHARNOCKITE.GREYISH, MEDIUM 
GRAINEO,
MASSIVE
AT 2 7-6B, 2T 70 J/40®
FROM 20 23 TO 20 43 J /7 0 °

✓
QUrtRT7-FfLCíjOAR rEGMAWF, 
LIGMT COLQUREO, MASSIVE, MAIN 
COMPONCNTS Ou, Td.

CARNET IFEROUS BIOTITE CNEISS , \  
LIGMTCOLOURED MEDIUM CRAINED , 
GNEISSICi MAIN COMPONENTS Ou, B1 , 
GA

AT 3 3 *0 6 , 36 07 , 37 43 F j/5 0 °

HORNBLENOE-BIOTITE GNEISS, DARK 
GREY MEDIUM GRAINCD, GNEISSIC» 
MAIN COMPONENTS Ho , Bl

/

AT 41 ■ I , 42 2 F j/4 0 *

P*/
/

V / / ✓
V////
y

/

AT 43 0 , 43 *64  , 4 3 -6 6j/70°
FROM 46 60  TO 46 70 ANO 
47-60  TO 4 7 -0 3  j / 7 0 °

MYLONITE LAYER TROM 4 0 -4 0  TO 
40-93 LIGHT GREEN , SII.TV
AT 4B 4 , 40 93 J /5 0 °
AT 49*33, 49 53 J /3 3 °

ENGINEERING ASPECTS

19O-IuX
a.<

’.v̂X

x►-«9

Xoo

RC  « A  ft K 8

f.w ilh  re s p e c t  to
cavaIion, grouting , 

perm eahilily , rock avialdy, 
etc.)

29-7
79-1

30 53

31*0 .

32 03

*3 86

34 7

33 30

37 03

38 43

a r t  e si a n r .o N p i í io N  A n r n  

RCACIUNG tU F  PE PT H  or 

4 0 9 m.

40 3T

41 *77

43 63

44 6

46 43

47 03

49 4

49 2

49 es

30 37

HOl.E COMP O Ü0-37 m

1



i

KUKULE GANGA HYDRO POWER. PROJECT 
BOREIIOLE LOG FOR ENGINEERING RURPOSES TAB. 13

F E A T U R E  -  k k  2 0 5  ( n e w / ó l d ) ,  d a m  -  q u a r r y

ORII UNG DATA
& I Aft 11 u 23 o í  92 l O u t M f c t l U  06 02 92

I N F I h Mi iH I >0 N S 1 U A f S I 06

Ma C iUNC i i M  A C n t h

Ü N I L I I N G  Uf cl l lUU ROTARY

CO«k tt ■ Nhl l ,BiT NX

Í O M (  MAN ID I O ü i i t U  Mv

CU H t & IUMk Ü A l .

COMI U I S L A H U t U ,  O A r f

DRILLING T E S T S
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2
4

■ O
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II 7
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• i
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14 7b

<3 ■>2.6-

■ 6
1 r 1701
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2

1 r t  - * -
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3 3 6
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3
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6
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7
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ñutí
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3
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I
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t l t V A T I H N  I H O T T O U )  I9fi 23 

f IMAL ü k H f n  20- 20 m
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INF I i n a T i o h  FROM 
VERTICAL '
BE A HINÜ 

1 OC A T ION
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R CC O VIR Y ( %  

. . .  tR O O  (%)
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R

Ist.sJ

R
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O
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SS8SS
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A
O
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a
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a
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6
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4  £
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7 . I

Mu.
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CDMPI

u

o >.

a
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. E T E l
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JOINT S f« l**TIO N
y  tv f iy  llgftl «O I*«n
1 ■ llght O I - I  O """
M03m diro l op*n 1 .0-3 O*""»

> 3 OfmrO *op«n
OTHIR 8YM B0L8

P L .B Isp 0!"1 loa^ •W«n9*t| 
Indr»

U C S  »unlo*ial compuaaiv» 
t l i  «nqlti

V ■ f i f i l  g i o u n d  » n l « r  
> iO (k «aoiptt
■ w o l r i  a o m p i f

• ail : u ftom o lldo tfd  
mol triol

campltlt ly 

htghly 

modontffly 

tllghtly 

f >««h

G E N E R A L  D ESC R IPT IO N

>Ou
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o
u

a*<

30 100

CHAHNOUtfTI DARK G R IÍ . m cixum  
GRAINEO» MAIN COMPONENTS OU.FO.RY.GA 
Ar 10 00 ,10  18,18 26,10 3 2,10 3 ,0  34 
J /  7 0 °

rocW ly p e  , co lo u r , g rotn s ize  , 
ta v lu re  and  s tru c lu re  (m o s s iv o ,  
e lc o v e d  , lo l ia le d  ( lin c a le r i , H ow  
t ju n d e d , gne is  50:.e ,  p o ip U y i i l ic ,  ele 
**,rrjfe as fo r  jo m t s p a c in y í ,  
w c a lU e r in g , o l le r o l io o  , rn ino r 
lith o lo g ic o l c H o ra c le r is l ic s  , 
s lre n g íh  , jo in ls

TOP SOII tDROWNlSH CLAYEY SANO

y
couBt es: c h a r n o c k it e

G ARNETlFEROuS ROCK.REDOlSH BROWN 
TO YELLOWISH BROWN

G ARNE TIFEROUS ROCK YCLtOWlSM 
BROWN TO DARK BROWN

G ARNET IF EROOS ROCK REODISH BROWN

RESIDUAL SOIL. REODISH OROWN 
CICYEY SAND

RESIDUAL SOIL DARK BROWN WlTH 
W l ATII COBBLES UP TO 3 cm

AT IO 4 , 10 63 4 /  13o- 20°

AT 10 81 F J /3 0 ®

AMPMüaiTE DARK f.RCr TU 01 AOllSM,
McmuM g r a in e ü iMain com ponen  rs
HO. F IJ W lin  INTLRCOI A1IUNS OF 
CGAHSb GRAINEO CHARNOCKITE

CHARNC-CKir^, DARK GRC /, Mt UlIlM TO 
CO AR SL tiP.MtlLl*, MAIN Cí-M( f i f l f  N ÍS 
Ou, ga  w im  INIERCAI.ATIONS UF 
HORNOI tN I;C - ENlTiCHL O LAYLR

AI 10 Ü2,(0 64 , O B 3 ,il 14,1113, u 23, H 2 4 
H 30,11 62, 12 13,12 BU j / 6 0“

AT 13 07, 13 10,10 82 F j / 4 3 ”
AT 14 03 ,14  3 , 14 t i 4 , 14 U  -l/6 r/í t\9 
Al 14 33 OXIDIZEIj J / 2 3 o

FRUM 13 2b I • 16 U ANO Ib 60  R) i9 20 
l'il RIO! CUAhSfc GKAIHUJ PEGMATITE 
FROM 179 TO >0 10 Mu/ O j / 7 0 °

AT 163 ,1043 ,18  47,1840 J /  70°

AT 1 9 .1 3 ,1 6  10 ,19 21,19 23 F j/3 0 °  

AT 19 4 6  J /3 3 o

T H E  D E P T H  O F  2 0 . 2

R O C K S T R E N G 1 1 í '
m i " / » * " " "  " :~ í

'-vMí'í:y.lV

■ t.
i- i

. . í . r * r : .  ■ ■
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k
■
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I 0 -8 -1  

3 0*13 ( 

»  0-33* 

30 0 4  - ■
I0 0 .0 -2 | '<

ENGINEERING A S P E C T
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R tM A R  KS

(wilh respecf to 
eicavation, grouting t 
permeotulily, roclr qui 
ele. >



KUKULE GANGA HYDRO POWER PROJECT 
m.'REHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE - k k  2 0 5  ( N E W / O l . D ) , P I I .  -  Q U A R R Y

DRII.UNG I'A !A
« tf n n  i?  *»» f p u i ' i  r  r f  r» m 

ín i ip  m u í  i a f * ) 

h n F i » i* f r i.ti i ti 

\ t*n m i  » ■«*■»» h o t /vít

H  a n n t i  a n  t  *  h v  

j  A N ' i 00 OF P RY *

« ¡T o n rr  a i

n u r  m (i » p  , h u í  f 1

DRILLING I TESTS

I.’’ TI

n n l fM I 'M !  D A IA
» F f i 'H  r) l'IP  T F f ''a '1 (* * ■rf
f f f’ *■ r» f11*| A t F M ’ i* i n ti

» i  f J í  H-IM I I ni  I \ t \ )  I ' f  

r i f  M in < i | n n n  >m ‘ i i r  A*i

* a * • f r  i n pf\ | \ m

I *|r i <*i a I >'|M n"
» T "4  V fM ll 'M
p r * r  *

I n '  V P ' 4  I.»* i , ■

K T Y
j ó í Ü f  f fo ü d H Ü F ff l

ft -»Au<jh 

9 • •«rnrih

‘ « I c o v r  RY

1
COR t

R O O  \mM

_JCIR f ¡ U P A »  ATIQM
llfM «OI**w*t

T afíg 'ii 0  1-1 O**'*'
M O fm lf in l nr*»* I O ÍOmn» 
O A*ip*n > V)inm

__ O T MI «_9 jr_M B 0 L*____
p|_ H I rpnlnf Innd 

v w „ ,  Inrift
RRCO VIR  Y 1J C R *,in|«.¡nl

41 • * m qi *i
t
R
m

V?

17/1

i •
I

)■

<• l_ 
?. X

^  3
r ^

ii ?
r .H

JOIN T 5

►*
-I
3
m

9
D
Ü
9
a

F i l i s
n O O O O
i_i"l ii o o
•T -  rj*i • i
n e j o  , 
0*00 
f 'O  -

M

F'ERMEADILI r  Y
X

&
o
»

o
wh

s
o
►-

o*-

LlI
Ui
m

O
7

Ui3
X
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I -
U1
UI
b-

UJ
a:
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UJ
<r
n

rr
til
i -
<
*

VT
a
4

3
V»

cr
c
o
o
«I

u
o

o
llj
rr.
ix
- i

CCMPLF

■5
c

5 b
o
j

►**
_ i
o
n

TED

n >•

«
O

!
a .

AT 1

R E C O V E R Y

¡r
>■
ar
■j
>
o
u

ac
o
i '

>Rc

a
o

ir
no i o o

11:

ll

• !«»«• giqund «'■**»
• rnf * <n<ípl»
« rn U i 4Qr»|il»____

W L A III I  RING
I 0 l |  '  u n / f < t a l l t l d l M l

riel •• l<1 *

> e**pl«t«1y 

I i«M|

^ id r iffq llly  

• llqhltf 

l»»*h

sa
0 ¡

GENERAL DESCRIPTION
e n fk  ly p n  , c o to u r , q rn in  «nre , 

to * t i« ic  on rl R lru c b ire  
r|i»ny**J  , fu l io tp i l  ( l iu ^ M lr  1 , f lo w  
M in ia d ,  • jn n í* iw .« »  , p o *p b y r ¡ lie ,  '••c 
-.r n !r  n '  fo r ¡o in l ■ ;po r¡f,q ) l 
w r n l t t c r i iK j ,  o l l r r n l í o n  , rn in o r 
l i lh o ln q fc o l c b n r n c lR r i f f i f *  t 
- . t rp n q fh  , jo in tr .

ior  s j i l
VtLLü'Yl5íL0HCAyN^CI.aaT_ J  AMO.

NT MP"AI POIU 
ntUU IM I R 0 n *M  ri A>rv
'•.ll r / ' t Af f r p ANO

AM rm ññ l \] ? 7r " ) _________
ñ íó ti'itÁ i Son
PAn* R i r n iS l l  PROWN ClA>t> SAMO

avi H irm i i r r  Mf pimm  in  r*iAn*;r. 
r .n A 'f jrn .  oarh i nf> m  MI a c »í , 

» .Nnsr i c ,  m a in  r .r i/r«  N rm ** o i» , i i r ,M

rnftv a t<» a r.r w rA r u .  

r i n - . t i Y  Af’A r r n ,  f R A c r u n r n  yo*ir 

j/?o°

AMPi'inni (Tf , OAnn cnw.t to  P l ACR , 
M ín ioM  to  r o A R s r  g n m n c o , 
r,Nf is p t r  , m a in  rnM roM rw TR  
Ou, Ha, fd*»— ■» *^^^**M*—i"»p aiwi

n to n r r  r.NMc.s íHir.in y Cu>( ur:H f
r .n i 'M 'i i r n ,  n r j r  to  w rtm 'V  rrNAiN»n,
A N r j í r . i r ,  m ain  c o M r n r ir N H ,  m , 0-»

J

m o f iT f  c n f i s p  Ih i r h iy  Ow' w im  

OCCASIONAL GARNrtS ANP PlO flTt 
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T l lK K M l i n  I T I O  7 rm U ÍH lT
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ORAINI'P, MAIN r n M n n N f N T i  Olí, Rt.fd

TH OF 20 13 m.

5 A - 1 - 29

9
O

u
X
A.
N
S

V.** I -
• l« *

• •
I » i
• /* I'

í -  • ■■

-»

-  -I-

I

I

-  I

I-

-T-

I- ^

B H KK5 SU EETO I 
OF OI

R O C K  S I R F . N G I I I

M U / • *  ____

f e

$  
»

9
B

X
► -
9

— r

— • +

«•«A

A

■
C

•f I OO 

I O - S PO 

!» O M  PO

w*edl<al#ly tl»n**j O OO

t l t  rt* q 

«If f llfdPt

M  o *onor> 

IOO O ? W O f l

no

ENGINEERING ASPECTS

9
X

K
U
O

R I  M l l t K l

'wilh rrspfd fo 
e x c o v i i l io n ,  g*n*ilir»q , 
rcM rH*ob ,M y  t nuo l i ly ,

ftc. í

- L

o 3

i  )

?  C A 
% A A

a f u

d po

ft Al

* ro
T O í

9 '■4 » 1

tn p?

11 -d ? 
II f A

• ? n
I? o *

• í  f?M 

id <a

'1  **■' 

ifi

ir
iA np

IR fld

iO IT

?0 I I

k



KUKULE GANGA HYDRO POWER PROJECT
BOREMOLE LOG FOR ENG1NEERING FURPOSBS TAB. 13

FEATURE -  KK 205 (0LD )/230  ,  HEADRACE (HULUKIRO
.........  KÉYDRILUNG D A !A

c iA R i f n  i?  i i g i f o m t i n r n  n? i?  m  

u i r r n n n r

m a c h ín * í * r r  ORU L - TO N E-Tnn

DR'i l in o  w r t n o n  no i ar y

r n n r  PAnn*i . b i t  n x  

r o A f M A T r . s o  tO O f.f l?  R y 

r n n r  n « o n r o  A f  
COPE P IC A R D E O , DATf

OCRF.MOLE D A !A
.  f  -  ~  -  —

* r n n n  d in a  i f  i*. v)*v) u n  

i rr if)R  i l i ' iM F  o r o

f 1 F V A T ION * f. ÍJ l l. A R 1 ? 

t l f  'th T ION ! POT 1 OMl 7o? ,r,?

f iN fli r*r P r H dCl ? m
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L O C A H Q N  U * r  i . | 1
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n
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9 ( i iro ^ ih

RECOVERY
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GENERAL DESCRIPTION
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ML01UM OfMIUt 1‘ . L1GHÍ IJDEY,NiAlN
U'MKINENTS Qu,0(,GA .

—

O- i
ux
<
s

- I 'T* •
• #

■ •
• • 

■ * 
i  •

X»-<m
9

“1

uA

Vf

r

V.'1 - t" 
-I- \^" 

-t-

-»■
I- ^

*+-
-I-

*F
-4-

-f-
-f

-|-

V
F

MR / m1

A

«•afe 0 1 C

C 3 (

"»odt*atf iy «iveng 73 1

3C «

v* ry «tfong too
•»lTtn»*iy «trang ;

ENGNEERING ASPE

X*-t3

Xu
o

RE m a r  R 9

íw ítH  re s p e c t to  
e x c o v a tio n , g ro 'itm  
o e r m e a b i l i ly , r : r>  f 
e tc . í





I

KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEER1NG PURPOSES TAB 13

FEATURE -K K 2 0 5  (old) / 2 3 0 surge tank B.H KK-7 SHEET
OF

DRILLING DATA
S i a RTED  0 6 / 1 2 / 9 )  C O M P L i r t O  2* /Ol/92 

INT fR R U P M O N S ( O A T S )  O?

MACHINE T Y P f  JO/

DRILLING UCTHOn ROTARY 

CORE BARflEl .BIT ' NX 

PO RIM AN  GSO LOGGED bf*.

CORE STORE O AT- 

CORE DISCAROCD,  O A T (  :

0 .6

2 .6 4

3 .4

3 63

6 .6 2

07/12
6 6

■ 2 4

16.62 

I 7. 3

ai 3

24 3

DRILLING

wa
M
U
\
OX
w<u

wo
-l«

y
cew
K
i
-Ids

BOREHOLE DATA
A -  COORDINATE 133621.02 2

Y -C O O H U 'N A rf I4GIJGI t 22

fL lV A I lO M  I C O L IA R ) 3 !* I 407

EIEVATIO N t BOTTOM) 126.377

FINAL D E P T H  175 II m

INC I INA I ION r  ROM 
VERTICAL
B E A NIN f.

LOC ATION ............ , I

T E S T S

3-0

CAI

no*;

cw?

ICV12

H/l2

306

3 43

6*2

2 9

6/12

2 9

â iz

2.9

10*12

2 J

ir/tí

V)

J O IN T S

IV

IV

IV

IV

IV

III

IV

III

IV

a
w»

e
o

w
z
z
I

K
5

o 4-OE M
»

n

R

R

R

R

R

R

u
&

t i t
r O O>OWO
o o -

K E Y
j 6>'n F f iÓ UÓ HÑ fíS

'«uqh
H sr^ugft 
SR:*»Qt' ,,T >cuqh 
S ■ •*roí»fh 

LS-L?- iik  t •ni¡d*d

V Hfiri  tígfct - O  l<w"
T etlgM 0.1 -I  Ot i "
MO =■ *n ti ff o» op»n I 0-30'*'»" 
O soptr > 3 OrrifT»

RÍCOVERT

^  c o r e

PL_B|jp<íinr load »n«n*]fh
l n  t ]  *  t

i u c  s lonH  • n i  ro'-'P*
* !• •'■ijtli

V  9  f  i i  11 g i o u n d  * 0 1 » *
H 11 n r. IHf io»nplf

PERM EABILITY

Si
a

a.
o

a
o
%

a
o»-i-o
o

o

— cr
3 |
a  ow 0>

d£ a»
« c

3C
M ps ^
3  w-J 4j

U ~J
5 2
6  o

'xfl
5 >-

3S 9
5  3!J i
K

RECOVERA'

►acw
>Ou

flC
ou

o
z«

Jf

o
a

30 100

JOINT SEPARATION

OTHER SYM80LS

WEATIIERING
• ail uneanaalirtotfd
malo» ¡m

: ífppif f»W
hiqMy

modt'O'fN

í l iqMI»

li*»h

GENERAL D ESC RIPTIO N

«Jj.
■ i

;

■ i

; I

I

3.33

1 16. 3 4 0  5

3 9 . 0 9  0

6 5  0 3 . 0

3 7 . 7 7  7

6 33 1 1 3 .2 3 2 . 8

6 . 3 3
1 1 6 . d 4 0 . 4

3 1 4 . 3 13. 9

6 14 0 7 2

3 1 3 . 0 1 2 .  7

1 15 2 3 7 .  5

9 43 /
T T i f

1
f

f
3 *
6 > N IL 0 . 0

3

1
2

1244

12 44

1

*
/

3
é

6 [> N IL 0 . 0

3

1 J
13 33

13 33

1

3

"í

6 > N I L 0 .  0
3
1 J

18-30 /

>6 38
1

3

"k
é

6 ^ N I L 0  0

3

1

21 33

2133

1

3
6 1 *N IL 0  0

3 .

1
24 30

24 i6

i 21 9 5 6  1

3 2 5  0 2 4  4

6 2 9  3 1 4  0

3 2 0  6 2 7 . 9

i 2 9 4 7 5  3

i*

/
*•

7

/

J '

r ’

/ ’
V

/
V

/

7

/

y

.i. I

/

P
A

/

A

y
/

/
y'

/

y

-i
/

y

rock tyoe , colour ( gram size , 
te*turp ond stfuc'urc 'massivn, 
cleciví*d , folioted, iin®oied , Ho« 
bondedf . DoiDíwnlic, ílc
»;r*iie os for icint Gpocmo), 
weot^ermq, altemtion , Tiinor 
lilholooicol chorocleristics , 
5trenglh t joínls

TOP SOlL-OARK BROWN CLAYEY SANO

RESIDUAL SOIL -
REOOlSH BROWN C l f t Y E t  SANO

BIOTITE GNElSS. LiGHT COLOURED, 
MFOlUM GRA1NED GNEISSlC 
MAIN COMPONENTS Ou,Fd,e< AT 
2 7 2 , 2 74 W6AIHER j / 4 3 °

HOPNBLENDE- BIOTITE GNElSS OARK 
GREY, MEDIUM 10  COARSE GRAINED, 
MAIN COMPONENTS H o .O i.G A

GARNE1IFER0US BlGTiTE G N LISS , 
L IG H T COLOUREO ‘ FINE TO MEDIUM 
GRAINEDi GNEISSlC MAIN COMPONENTS 
Ou ( 3 0 % )  01, F d ( G A .

AT 7 70, 7. 9 F J / 6 3 o

AT 8 . 7 ,  9  4 , 11.33, 11 93 J / 3 ai rf»

FROM II O TO 12 34  CONCEN1RATIONS 
OF lio AND Bl

AT 14 B4, 16.13, 16 5 0 ,1 7  93 J /  1 3*.o

FROM 13 72 TO 13 83 CONCENTRA110NS 
OF COARSE GRAINED GA

FROM 13 05 TO I3.9fa *. LAYER RICM 
IN Mo, 0¡

FROTA 16 62  10 19 B2 GARNETircnOUS 
BIOTITE GNElSS AS ABOVE WIMI 
COARSE GRAINED GARNE TS MAIN 
ccM P O N rrns o«, f d ,  b i , ga .

A T 1 0 .0 4 , 2 0 .2 0  J /  l 5®
A l 20. 14, 21 23 J /3 3 o

FROM (6 10 TO 18 30 DARK 
COI OltRED LAYER RICM IN Mo,Hi

AT 7G 02 J /15o C 1(1

)

ROCK S T R E N G T U
MN / m 3

■ tgh
< I 0»l 

* 0 -  3 .0 t 

3 .0 -2 3  Of

-V/

■" t

'NÍ 'X»

modrtalflf 11rgng 23 O -30 0<

30 o-*ooo».

100.0-230 00 
>  230.00

ENGNEERING A S P E C T S

R E MA R K 8

íw ilh  re s D e c f to  
««covohon, groutinq , 
cor fnecD ’. l i 'y  , rcck  quo ldy ,
•te.

r e

i



“1

KUKULE GANGA IHYDRO POWER PROJECT
BOREHOLE lo g  for  ENGINEERING PURPOSES TAB. 13

FEATURE - KK 205 (0LD)/230, surge tank
DRILUNG DATA

ANTEO 0 G / l? /9 <  i UUPl F I I Ü  2 ' / 0 1/92 

r HNUP T ION í» ( ü A r S ) O?

CHINE I  Y P | jO r 

u  El NT. U [ f nOO ROTAR*

R l BARMEL ,B t l N*

M i MAN 'OSO LOC.GIO BV

Hf STOREO AT 

RE DISCARDCD, OAT|

DRILLING

2/12

*MI
X
MI
O
V,.
19Z
u
<u

3/2

4/2

M2

''A2

TA?.

os
O
- i
a
oj
otí
ar

BOREHOLE DATA
A - C OOH ÜiN A í f  Tj??

* -COORDINATE »*r,n [.. ■'¡•2

I I  E VATIOS I CULI ar  ) V m «|]7

E l E V A T ION l b O T T GM ) 12* ! y7

P INAL OEPTH 175 n m

IN C I IN A I |ON rH»>V
VERTICAL
BE A MINO 
L0CA1I0N l . o  .

KEY
JÓ lN f RÓUGMMESS JOINT SEPARATION

VR ■ * * M • ougr.
R tig iigD  
SRs«i'QhflT • otiflf- 
3 i«fMonih 
SL»#l'í  * •"» •« * '

*V i f i r t  '.g i l  «O ! ^  
T l l i f h '  0 1 - * O*^* 
M O cud i'g i *p r" l 0 *3  O " "
0 lOP* n '♦S Ort'i-i

RfCOVÍRT OTHF» STMBOLS

” 1— :— ] CORE
' ’ B í r m / fB v  í%  1

PL 1 1 Tpei^' load
i" *1 *»

UC S n - n m in »
iP m g 'i.

7 ■ i i  gio«nd « g ir  
B D e n  « o,r ni*
W «fio**' icT»r'*

______1 R O O  Í*A )

TESTS

? 3 
rvl?

2.3
«Ti

2 3

tt/2

2.3

*6/2

2.3
i v'i?

2 3 

1J/Í2

-j
3
M

J O IN T S

i
IV

ni

IV

IV

n
IV

IV

J

0
X
O
4&
V)

o
M.
4
at re í  e s b  2
*  fcnoooo
o- fc ro o o o
m fcO -I n O O 1*0 *** O *I o o  -

R

R

R

PER M E A B ILITY
X _B- ** fMIa ~

~  cr X» 
”  c
5 5o  aw ai

« ai 
3 7.

A.

c* É
2 °
MI -J 
►- 
<
V
^  o  «

o

2755

3364

36.6

39 74

42 79

45 96

49 19

32 26

27 35

30 4

33-64

36 6

39 74

42.79

43 96

49 19

32 26

36
3

I
3
G
3

I

3
6
3

3
5
3
I

I
36
3

l
36
3
I

. . . .

I
3
6
3

3
r*
3

i
"3

•3
1

>NIL

>NIL

NIL

>NIL

>NfL

WIL

16.3 
15 I 
14.2 
15.5

1 5 9

>NIL

1
VJ1L

N.fl
H* 3° 3

13 u,5 *J  a
O 30

O o

O O

O O

0.0-

o o

0.0

41 O 

1 4 .5  
7 I 

1 4 9

4 0 0

O O

n.o

WEATHERINÜ

i• oii u f t to it . io e i id  
* ia ito e i

Cdmpiflf >v

h * o * *>

mOdf'OUli 

t lt <) MI v

♦ r * • t.

RECOVERVl G EN ER A L D ESC R IPTIO N

>
a
MI
>
a
u

or
o

o

/

é

A

/

J

A

y

m

/

/■

100 ‘
Jt

/

/

y

/
/

/
’/
/

[/

/

y

/

y

ro rk  ’ vpe , ro 'c u r  . ^rcpn s i;e  . 
ts  v i ' j i p ond ' I r n c u r p r -n a s s i\ o , 
c le c v p  J , f i'T s tfid  , ¡m0 'Me-i . t í o *  
bcD c ied , j : - o r.~ . :>0T hv M iic . e i:

C'j ío» »nni jp c c i^ ' j  *, 
« e c ^ e f in c ,  c l lp ia l t o n  , '^ in c r  
l i lh o lo a ic n l c lin tG c lP M s iic s  , 
s trp n g t^ i . ¡o in ts

GA RNE T ir  ERP'lS PiQTire GNF1SS A 9 
AnnVE W llH  OCCASrONALIMTERCAl.AT©^ 
o r  »tonn p l e n i 'E njQTi r r  G N n ss ,t.aters 
1JP TO ?0rm  ANn P.AnNf T CONrENmATl^S 
UP rn  15 cm THICKNESS

AT .̂1 r .^ ,  03, 3» 06, 33 64 j / i V
AT 32 03 r  .1 /  3 3 °

CHAMOCK1TIC 6NE1SS,0ARK G9 E Y, MrD'UM 
GRA1NE0, MAIN COMfONEN 1 S O u .í4 ,P y , 
GA WITM IN I ERCAL ATIONS OrCOARSE 
GliAlNEt) QiJARÍ 7.n-FELDSíftT lC  CNE1E.S 
AND OARK CniJíURED MOPNnLENDE- 
RlOTHE GNF.ISS

AT 34 R3, 30 20, j /  13°

AT 34  83  TO 33 O S'»B VERTICAL 
JOINTS

’HJ

AT 40  10, 42 20 J /  (5o

AT 30 74 , 47 16, 47 .26 , 47.33 j/QCP

AT 43 33, 43 56, 40 4 ? , 40 49, 

40 40 r j / 6 3 o- 7 0 °

FROM 47 10 TO 47 30 TD niCH OOARSE 
GR&IflED PEGMAT1TE LATEO

F ROM 49 90  T O 49  26 J / 0 0 o

AT 49 0 0  , 5 0  7 0  J / l 3  0

O U A P TZO - FELOSPATIUC GNGlSSi 
L IGHT CCí.ODRCO, MEDIUM GPAIHEO, 
ONE ISSIC t MAIN COMPONENTS O ^P IN K ÍO

FROM 3 0 0 ?  1 0 3 0 1 0  j / 73°

AT 30 7 0,51 4 0 ,3 ' 6 ’  ,3? 3,3^ 10, 2(1,
3 3 rn j/po**
A T 42 o? ,ríS 1? r  J/  r / ) '1

AT 3 4 70 j/30<

SHEET 2 
OF 7BH KK-7

R O C K  S T R E N G T N
MN / m 7

*««h

^  l OO 

i O -  3 OO 

3 0 -7 1  OO

O
O

'N.i

-..

-ft.

/t i

• K .

'Tu

-A..

■¡t •

0
X

5A - T - 33

« id n o n h  in f^ g  75 0 -3 0  0 0

30 O -*00 OO 

•OO 0-730 00  
>  230 00

ENGINEERING A S P E C T S

XM-
0
Z
u
z
K
VT
1C
u
o
a

*

R E M A R M E

i*i|h resnecf lo
« « c o v o h n n . r o 'M n a  , 
r e 'm e '- r  n 'v  ' íc v  o ’ja i ' í y ,  
*!C . ’

x
a.
MI
a

5' 77

33 04

« n d 1



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE ~  K K  2 0 5  ( 0 L D ) / 2 3 Ó  *  S U R G E  T A N K

D R I L L I N G  D A T A B O R E H O L E  D A T A

STAATCD 06 / ' 2 / 9l «-OUPLC T ID 21 /OI/92 A - COORDINATE 0 3 6 2 1 9 2 2

INTER R UP 7 ION S (OAt S) 02 i - COOR Oí»ATE I4 6 0QI 7 22

MACHINE TYPC JOf ELCVATION (COLLAR) 301 407

DRILLING MCTmOO ROTARV CLEVATION ( BOTTOM) 126.377

CORi b a r r e l . bit un FINAL DE P T H 17) II m

FOPIMAM GSO LOGGEO 0 T >N C L 'N A T 10 N FROM 
VER TIC AL .

CORE STORED AT- BE ARING
CORE OISCAROCD, DATE' LOC A T ION (,r* f „

K E  í
J Ó l É í f  f i ó U d H N Í t f O

vnav fry  '«wqH 
r iMuq*! 
SR»»nq"*ij 
$ a«moorti 
^ L i i i i c i  fw n d ifl

RCCOVÍRT

T "! : — \ c o o tt
J recoveay f% ’i

r ©.o í v . )

33 3

33- 72

39 8

64 4 
64 93

66 60
67 4

67 9

68 96

D R I L L I N G
3
IA
O
H
a
ojo
y
«

(91?

k h ;

2Vl2

70 4 21-12

73.3
2*12

77
ETV12

T E S T S

2 3 
i?72

3.0

O 3

J O I N T S

i i

IV

9  
S
u  
< a.
M

eo a a c
rtOOOO
¡ynOOO
DO-0Í-1I I I
, n O O  « o n o A 

o o -

P E R M E A B I L I T Y R E C O V E R A

X —
& oa  — 
O

&
O

IV

IV

II

IV

IV

R

R

R : 7

R

r —

-i

33 33
33 33

38 3?

6 I 34

64 49

67 46

70 44

73 33

’6.46

7943

a
o

o
o

30 32

61-34

64 49

67 46

70 44

7333

76 46

79 43

— u*2 i*  ^
o  o_  t>

C  V
° z*• c
s I
2  2

«*
c

3  *«i
a

5  3
9 o

I
3
6
3
I

I
3

6

3
I

I

36
3
I

1

3

6

3
I

I

3

6

3

I

I

3

G

3
I

I

3
6
3
1

I

3
6

3

3
6

3

>N1L

>NIL

►NIL

MvllL

> N IL

>NIL

N

> MIL

N IL

> NIL

a
o ym

3
3 

3  3

e

o  o

0 . 0

o  o

o  o

o  o

o  o

0 . 0

0 . 0

0 . 0

*
>•
c
>
ou

«
oLí

O
z

30

9
a

too

L

j Q l t í J  SgPARATIOR
y avqrf fiqbt -O  W1* '
T otlqM O » - »  0-»̂ n
00 Sin 1 frn f • 0 -3O »m
J aeo«n > ® O»̂-»

O T H tR  SYWQOCS
pl  g | jpq in i load «fianqih 

■nd«B

«Ifff'ql»'
V if>M i qttond *« H '
Q >>4(k «amo1* 
g i«a»Of iq**C*t.______

G E N E R A L  D E S C R I P T 1 0 N

W E A T H E R I N G R O C K  S T R E N C 1
■ ail ’ untonooiiddifd 
mtfttt >ol

r* iQft ly 

m a a * f  o i * t t

• * * «f»

-o c *  lyp e  , co lo u r ( g ra 'n  si?» , 
' f l t f u r e  ond s tru c íu re  'm o « s t \o .  
: le a v e d  j f o ' io t é d ,  im e n ie d  . H o *  
jo n o e d ,  j p ^ is s o í;» . o o r c i 'v n t tc .  
-■GQIC 95 fo r  jC tnl ipCCI-TJ 1, 
« e a l^ e rm q , o i le r o l io n  , *n ino r 
lith o io q tc a i c h o r o c le n s i ic *  , 
s fre n g th  , ¡o in ts

FROM 33 72 T0.33 83  j / 0 3 °
AT 33 66 j /3 3 °

AT 35 0 3 ,3 6  2 4 .3 7  72 j / l 3 °

9
OJ

G ARME TIF EROOS 010711 E GNEiCS, l  IRMT 
GRCY, MEDIUM C-RAIHED» MAIN crr.iPON*-N:S 
Qu, Fd , 8¡ W1TH GAPNE7 CONCF Nt RMI'XS 
UP TO 30 cm

/  AT 39 43, 6 0  O, 60  3 j / l 3 °

AT 63 2 3 ,6 3 .3 7  F j / S 3 s

HORWDLENOE -  B IO TITE GNEtGS, 
OARK GREY , MEDIUM GRAINEO

CHARNOCKITIC GNEISS , GRC Y,MED*UM 
GRAINEO

O U A R TZO - F ELDSTAT m(CGNEISS , 
MEDIUM TO COARTE GRAINEO, UG'M 
COL OURED, GNEIGSIC, MAIN COMÍ ONCNTS 
Ou PINK FD

AT 60 02, GF 06 F J / 70°

AT TI 10 J /  13°

FROM 7 103  TO 73-53 CQAPSE 
GRAINEO OARK GREY CMARNOCKITIC 
GNF.ISS LA fE R

AT 7 3 3 ,  7 3 36 J / 7 0 o

AT 76 30  J /0 3 ®

■V/ 'V i

'V ^

'X. <̂v#

*PV#

'X  '•w

Ht-

y ~

W
ZK<
«I
V

I I 
I

E N G W E E R I N G  A S P E C

>-
9

«l
Xu
o

! I

i.

RC MAR K I

re s o e c t lo  
•« c o v a h o n . grou lm a 
c e rm e o T - ii i 'y , fícw  ot 
■te. '

5A - T  - 3-1



*

KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -K K  205 (o ld ) / 230 ,. surge tank BH  K K -7
DRILLING OATA

,TIO 0 6 / * 2 /9 »  COMPLf T í  O 21 /01 /93 !
1 \
r u p t i o n s  ( o a t $ ) *  o?

1

tNC r r p |  jor
im g  m í t m o o  r o t a r y

! B A R R IL ,S lT :  NX

!m a n : g s o  l o g g c o  e r
*

r  STORCO A f  

! OISCAROCD, O ATt :

JRILLING

''

«L2S

BOHEIIOLE DATA
< -C O O R g « N A I| 135621 922 

* - COOR UlMAfC 14 6 fin í 7 22

H C V A T lO N  (C O L L A R ) 301. 4«7

€ L l  V A T IQM ( B O M O M l  126.377

9 IMAL O f P T H 173.11 m

IMCMNATIOM FROM 
VERTICAL .
R IA  RIMU
LOCA1IOM Ua* » ,

KEY
jd f t f f  AóÜdMNtftS

V6vw*ry r*wqft 
R
9A siiiqM iv >ouqft
t  *m >atA

V  ■ *•*? i<qli «O .Im i
T BiiqM O.1-1 Omm
MO*«*dtrsl oo«M t 0 - 3 0 <*m**

R C C O V IR V

v ? . c o Rt
R f C O V *R Y (% ;

? la.-Li nao  <**.)

JOIMT SfPARATION

O ««••*» •» 90rnm

OTHCR 3TM 6QL3
R L.SlApA ini I l r t n q i h

i*4*«
U C S  Viintqaiat CV<nfl( *«!«««

il»«Aqth 
V 
■ 
w

4*1*4» | t« « n q  « « t u
l l ( ( h  «0(901*

T E S T S

3l2

J*7?

3.2
ñ£r

J O IN T S

ir
IV

11

1

m
IV

R

n

o
«0

fe*
-A

« •  « I R1 ssgss
“  0 0 - ^ t1 * 1  

n O O  
ÍV 0»40A 

O O -

P E R M E A B tL IT Y
*  _  
►-t •m  __ 
o

&o
3o

o? 03

n3?

n n . 7 3

09 39
ng 3 0

96 .0

09.10

10217

103*4

Xo
p
po
o

o

— o*

> I< o  
•  oV  w

V 412 *m c: 5■  c  
«  o

632

RO 23

92 93

96.0

99.16

102.11

103*4

~ E
— r  j —

»®3c

S a

3

¿
3
I

3
8
3
I

I
3
6
3
I

I

3
6
3

I

I
36
■ 3

36
3

l
3
R

3
I

1

3
o;

3
I

] Mil.
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KUKULE GANGA HYDRO POWER PR0JEC1
BORIIIIULE I..OG POR ENGINEERING PURPOSES
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KUKULE GANGA HYDRO POWER PROJECT
BOREUOLE LOG FOR ENGINEERING PURPOSES T A B . 13

FEATURE -  KK 205 (0LDJ/230,. surge tank BHKK-7
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S T O R I D  AT-  

O I S C A R O C O  , O A T I  ■.

: r i l l i n g
a
v»
O
-t
m

3

310
Í2^¡

BO R EH O LE D A TA
X - C O O R O t N A T E  1 3 3 6 2 *  9 2 2  

Y -  COOR DIN  A T f l4 f> H Q i 7 22
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB 13

FEATURE - ' k k  2 0 5  ( o l d ) / 2 3 ó k surge tank
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8 I0 I IT E  GNEISS WtTM CARNETS 
MEDIUM GRAINED

-*•

¥'

! I

R t MAR R 6
'xnih resoect lo 
•«C C vo tion , ' j r o 'j l in q  ( 
c f r m » c h i i i 'v  , rccv  ouoli) 
* tc .  *

i i

i
, li •. !

a  - T  - TX



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FE ATURE -  kk' 205 (new/ old) ,. tailrace ouItall

DRILLIÑG DATA BOREHOLE DATA KEY WEATHERING

SHEET OI
OF 02

ROCK STRENGTH
l m t id : c o m p l c t c d :

(R R U PTIO N t iD A V t l :

: h in i  t v p i . 

l l in o  m c t h o d :f
*1  B A R R IL ,* IT :

u m a n : l o o o io  s v :

I I  «TO R IO  a t :
I  DISCAROKO, O A T i:

X -  COOR D IÑ A T E ; 

T -C O O R  OIR A T I  :

IL C V A T IO H  I  C O L L A R ) :  

C L IV A T IO N  ( B O T T O M ):

p ir a l  o c p t n :

IHCLINATION FROM
VER TIC AL:
« I  a r iñ o :

LO C ATIO R  (« • •  f,g .

JÓ lN t AOUOHNE98 JOINT 8EPARATI0N
VRsvary rauqh 
R orough 
«Raallghfly reugh 
9 Bimenfh 
SL«ii>ckf ntldad

V svvry tlghl «O.lmm 
T stlghl 0.1-1 Ontm

0 aoptn s> 9 Omm

R IC O VIR Y OTHÉR 8YMBOL9
PL.B.t.spolnl load fltrtng ih

Ind ««
U.C.S ■unlaalol rom pria tlv f 

tlTfnqfh
V o f ir i f  qiound watir 
« £ i oc k tamplf 
W Bt>aifr samóle

a ie a v f a v ( %

R.O.D (Vo)

■ olí : wnr«n*ol¡dal*d 
m o ltr lo l

camplettly
hlghty

m od*ro l« ly

t l ig M Iy

1r*ah

MR / « *

« tah

A

B

C

< L O O  

1 .0  -  9 .0 0  

9 .0 - 2 9  OO

m o d r> a ltly  t lro n q  2 9 - 0 - 9 0  0 0  

«tiong 9 0 . O -400 OO

v#ry tfreng IOO, 0 *2 5 0  OO

ilta n g  ^  2 5 0 -0 0

DRILLING TESTS

Vt2 *h2
39a

%
|
u
flí
m

i
- i

i

2̂ 
j  El3 5

9*2

Pl2

%

9«z

12

/I2

10-0

9 '6
n .m

9 3

9*6
1̂5

»-
•Iw

*-
- j

JOINTS

I

TS

W
s

n r

es

ir

n r

JE

a
rs

JS

v o S o
d ó - .

MO

MO

MO

MO

MO

O 
<  
a
M

I I  « I I
nOQOOyiooo

P E R M E A B I L I T Y
X
£ •

— o» 
W c V «

3m
o

a  - -  
¿  o

3C i

A. S
o

W OI«_
M »-

a  E
s  ^

• 3  2
O >•

?
a
O

&
a

Oí OI
M *
«  §  *• g

h*
«  iw —* 
¿  °

*  3o  aW J
o  2
3  1K«L o>- ?  i

J
9  o J  i

í

6 -0

i 19- 2 5 0 -7

3 23 9 26- 6

6 31- B 17- 7

3 22- 0 24- 4

1 13- 0 9 0 *0

9 0
9 0

1 13-0 4 3 - 3
S 1 0 0 2 0 -0

6 2 8 -2 15-7
/

12 *0

3

1

22- 4 

17-6

Í4 - 9  

98- T

12 0
1

*

3

6
3

1

► NIL 0- 0

19*0
19 0

1

8

%

6 ► NIL o o

3

18 0
-

1B-0
1
3

6 ‘ NIL o- o

3

1

21 0
í í í

1
* ■ -

3

e ► N IL 0 -0

3

i .
24-0

- s
24-0

1

3

6 ► N IL 0 - 0

3

27 0
1

■

>

y

¡A'Yk
m

VÁ

RECOVERYGENERAL DESCRIPTION

>
acw
>
O
u

ac
o
u

*
O O
X
*  o

90 100

rock lype , colour , groin si?e , 
taxture and struclure (m ossivo, 
cleavp.d , folioted, linealed , flow 
bunded, gneissose , porpbyi ¡lie, etc : 
scale as for joint spaetng), 
weolhering, alferation , minor 
lilhological chnrocterisfics , 
streagth t joints

? 7v>:
'a¡a:

4

■V

A1F
V

m

'

í<

-y

/

A

ENGNEERING ASPECTS

<9
O

X
A
<
aco

>
a'
A . -

ü

/

''

y y

í, *

h
✓ é 
i

<
y A

V

>■
s

y

y

>:í

y

y .
/

/

/ / \
M

í

TOP SOIL CL«YEY SANO, DARK BROWN

X
t -
<

X
H
O

ac
»-
i n

x
u
o

RESIDUAL SOIL, REDDISH 
BROWN CLA Y E / S AND

,A
%

i
:á

í:

y

/
/

- /

V
Y y  
'A

/ /
W*/

SAND BR0WNISH I WASH MATERIAL 
FROM COMPL. WEATH. ROCK í 
TS7ÍRNETITEROÜS— BTüTrfE'"5TTEr?f7_  
MEDIUM TO COARSE ORAINED» 
OISCOLOURED , GNEIS9 MAIN 
C 0M P0H EN T5 
Ou, F d ,9 A

AT 3 -2  4 I w ) 3 491 w ) 9 23 P J /  EO*
AT 3 07 w J /4 5 *
AT 3 3 fl w . t /0 5 »
AT 3 7 » J /  20*
AT 4 1 I w I 4 2.5 lw )  4 -27  Iw l  4 -3  («  )
4 4 9 ( w ) J / I S *
A T 4 -IR CLAY F IL L  J /2 9 *
AT 4 O 9* O >- w J /5 9 *
A 7 9 0 0 ( »  ) 9 I I»  13 2 3 (w )  J /IO *
FROM fl - O 5 -1 w J /  0 0 ’ ____

GARNÉT1FÉR0Ü3 B ÍÓ t I t E Ó'n É i SS . 
MEDIUM GRAINED WITH 0CCA8I0NAI. 
PLUM PUDDING GARNE7S , LIOHT ORE/ 
FROM 9 3  TO 7 0  C LOSE LY S PASE O 
WITH SUB H O R .J. FROM 6 3 9  TO 
6 6 9  C A C O j  f i l l  J FROM 7 O TO 
7 -2 9  ANO 8 - 2 0 7 0  0 -8 2  Cl SrASED 
WEATH)/I0 *  'FROM 7 0  TO 7-15 WJ/89» 
FRUM 9 0 70  9 -4  ANO 109 TO 1 0*9  
HORNBLENDE—BIOTITE GN. MEDIUM 
GRAINED

✓f
/ \s\
s
y.

GARNETITEROUS BIOTITE GNEISS* 
LIOHT COLOURED, MEDIUM GRAINED 
WITH OCCASlONAI. COARSE PLUM 
PUDDING GARNE TS, GNEISS IC, MAIN 
COMPONENTS 0 U , F d , B I , 6 A

j ^ A r 9 - l 9  W J/2Q * OPEN AT 9 19 
y W J / Z C T  OPEN AT 9 *88 ,10- O

81 WJ/19» FROM 1016 TO 10-39 AND 
I I  9 TO 12-2 J /8 0 *
FROM 130 TO 13 30 AND 14 7 TO 
14 9 HORNBLENDE -  BIOTITE RK*.H 
BAÑOS FROM (6-10 TO 16 25 ,16 -36  
TO 16 4 fl AND 16-65 TO 16 85 F J /6 5 *

/

JV
Av
/

%
*

K
j

UK

G ARNETIFEROUS BIOTITE GNEIS S i 
(JGHT COLOUREO» MEDIUM QRAINEO 
BUT WITH OCCASlONAL PlNK 
COLOUR,COARSE GRAINED Fd . RICH 
LAYERS GNEISSIC, MAIN COMPONENTS 
Ou, F d ,B I ,  GA

AT 25-7 7 J /2 9

Já

RE M AR K 8

(w ith  re s p e c f  to  
e x c a v o tio n , g ro u t io g , 
p e rm e a h ih ly  t rock  n u a lity , 
e le  )

5A - T - 39

O 4

2 9

.) O

A O 

5 3

7 O 
7 2

9 O 
9 19

10-0

10 9

12 O

13 9

19 O

16-O

1 7 0

180

19-94

21 O

2 4 0

29 O

27 O



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  K K '205 (NEW/OLD), TAILRACE OUTFALL
KEYDRILLING DATA

t f tB í f  P J I iy .p i « A M » tr  * T r* P 6 -0 I-92 

iN T f  q u - tr  »i»*N * 1 í» A f  S 1 02

» i r i  D R ILL  - TONE 

i>Qi> int, tav i n»>P R0TARY 

( * ' ' •  f  O A N O T l  . m i  N X  

'OM M1N «o •-OGGCO *T 
r.ORI «1QNFD A T

BOREHOLE DATA
i  -  f  p n q t u m T r  1 5 7 5 ^ P " G 7 l  

i  c n p f l

l i  f  V A H 'iq  I COLLAR I 41  566  

l l f V A T l Q N  I B O T T P M I  O 5*P

n u i l  C fP tM  4 0 *0 5

INC L 'N A l tOH VERTICAL 
FROM v e r t Ic a l :
REA A INC 

I OC ATION •

WEATHERING
JOIRT RQUGWNE»» I | JO«»T 9 t>*RATIQW

.R c*ouqft
l 9 •  fffiAOftl

| V  > f i f f  t i f fe l  « O
I i T * 114*1 O. I O»*-»

|MOvwa«P0l s«*n I . O - 3 ( H «
|  | 0  > « D M  »  N O iw n

RfCOVERY
(R.L.tL*»«wf »•*« ***•*«»* 

r 7*. \ mT'\ CORE * * * »
■.’ • ■ • ■ ■ * *  i  R tC O V E R T  lü C  *  «««.a»¡oí «•»«•■ ••«< *•

í V 3 R o. o - n w
________L.

OTH1B t T M O O L t

*1*»*»^
I f •  t i r f f  *!#»*• «O I*»
(« •  r « t l  *o**io '*
I f * ■ • a ' r *  »ow>üi»

• • t i

e«*0*»tvTT
H >fM y *

«*••*• «***T

l»M "

ORILLING | TESTS JOINTS PERMEABILITY RECOVE GENERAL DESCRIPTION
|t¡rock lyp e  , co io u r t qrom  s ize , 
|iU « * tu re  and  s tfu c íu re  tm o « » i\e .  
i| 'C le cv -d  , f 'íü o fe d ,  i>necie<t . f i a *  
Ib o p d e d , q n e ¡s s o s *  . p o r c ^ v 'ih c ,  e* 
i«ca ie  as ío r |om t sp o cm g .1. 
w e o í^ e r to g , o ite ro h o n  , .Tener 

í lith o lo g ic o l c H a ro c te n s l ic s  , 
's t r e n g lh  , ¡o in ts

ROCK STRENGTH \

MU /m

«••fe

« I . U  | 

i o - I ck. ;

oo-I
u
r
a

ENGNEERING ASPECTt'.;

A 

I

C 5. o-3 9 r-  I

•(•4t*oli>T 25.0-&ét|t |
1 i

90.0-00(3 |

• • ry  IH«A| IOO.O-290i ij
I

• l l N f l i t t f  | t r | A |  >  Z3 1
1 1 i

KU
O

■Ü

R C M A R K t

(wilh respect to 
etcovofion, grouHng,
o e rm e a b 'lí ly , rock auolil 
e l e . )

I

GARNETITEROUS BlOTl+fe 
ONEISS AS ABOVE

AT 2 7 * 3 2  F J / 6 0

FROM 3 6 -0 8  TO 38*22  

CHL FILLED F J / 7 0 °

HE DEPTH OF 40 05m

5A - T - 40

v/> —
_ \Z»-
__«y'
«y' — 
— «y'

—



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FE ATURE -  KK 205 (OLD), WEIR AXIS BHKK9
U N IILING  DATA _
t t  24-02 .92  * O M i- it  i K O 0 4 0 3  92

M ,b i s « ,• a i $ I 02

NI f i*» ACNER 
•su MI r**Oü ROTARY 

bASM i ,B *I NX

M1H ID i OOGC O e V 
s í o h i ai 
L '.(.ANUI O , 0 41 t

RILLING

*S.
0
Jtü

aUSo-t
X
3Oid
xw
3.J
3

TESTS

pi 1 «'U1

[13 '
|Z
—t

II¡O
II

l>-i Q:• o

SPT

SPT

K-C O O R D IN ATf 193,148*970

v-COORDINATE 190*612-970

ELEVACION t C O LLAR ) 211 21

E lE V A TIO N  ( 8 0 T T 0 M ) 190-76

r  >N AL O fP lH  2 0 . 4 3 m

IR C L IN A T IO N  ¥  ROM 0 °  
v |  M f l t  A l

«CARINO
l  OC A l ION I|*«  I ,

JÓINÍ XOUGMÑCSS

JOINTST -1

31

’x
140
S3

i _j 
) ¡tu 

*■

- r
_07
«a

x
I inI >;u 
I **
i

6.2

Sá

¡Bjr
Si

.93
5ao¡

10.7
ñGJ

SPT

3 7

SPT

SPT

072c&a

I ‘
A2;

0 4 0

r r
HOLE

A -7

>50

>50

H
III
m

ni

—i
ii

ni

n

ii

0M
O4A

V f t a * « * y  ’ O u Q f l

R
SX>*iiqh*lv rouqn
S  * 4 T * 0 0 l h

RfCOVCRY

CORE

ifpxw pm i

R tC O V tR Y tV o

1 *.0.0 (V.l

PERMEABILITY
X

» •

•* 4
í o  oe (9 6 f  I  t t  k- 

< I n o o o g& tJNOOCX a

| M :

R ¡T

R|T
■■■ 1—■

3 O

9.6

7~0

7. 8

8 8

*.43

2 . 9

4.33

II 97

*4 38

tG.93

ao»->-o

ok-

— o» 
*A C 
<t ¡= 4 ^ 0 Ow  9»

X 41

s |í  ií °c

V
3c

*> p2 ^3 rtj  «iw
OC ^

5 2
* a

I
« >•

= 3
s«J aSí

I 43

2.9

4 3 3

5 0

7 .0  

7. e

a. e

9 8

13.09

10 10

20.43

1

3
6
3

I
3
G

3
I

I
3
6
3

1.6 
2 I 

2 ü 

2 . 0

I 4

I. 2 
1.6 
2 2
I 5
I. 2

1.8
2.4
3.22 2
1.6

K =>92 ilO

K =868* »

K =378*1

-C
K-399» 10

-ÉK =3 66*10

-I
K =3 04*10

- iK =4-36» 10

•í
K r 3'32«>0

2.2 
I 5 
I . I 

I. 4

1.9

I G 

I I
0 9
1 .0
I .6

2 4
I .6
I .3
1 . 5
2 . I

RECOVERY
sí
►xw>Ou

ou

oz
4

o
9

30 IOO

JOINT 32 PAR AT ION
Y  >*»*! i>qll <0li*wn
T «HqM 0 , M 0 o m
M Oewstfflt egtn 1.0-3 O»»*" 
0  i t p in  » 3 Omn

OTHCW SYM60L3
PI..8 lApaml lata

mu**
UC S ro n n u id v o

• T***qtr»
••■Mt g*9t*na *«>«r» *«t » *Q**pi*

*o»natt

• «•I ' ur*ti*«aw4oftd

*< iqftlv

l i i q M l f

• -•oh

GENERAL DESCRIPTI0N
ro c k  typ e  . :o lc u r  , gro»n s iz»  , 
f8 » iü r4  o m j t l r u c 'u re  ' t *o«s iv « ,  
c le o v e d  . fo i ío te d . tin sa te d  . f ' o ^  
b ' jn d íd .  ^n 6 isso r.^ . v o rp ^ v n l.C ,  í 'C  
^co ie  os *o r fom l - .p cc irv j ■, 
w e o tB e r in g , a H e ra f io n  . T ¡n o r  
li lh a lo g ic o l c H n ro c le r 'S t ic s  , 
s tre n g th  , fo m ls

/

/

/

■'

SHEET OI
OF OI

K E Y__^__ rWEATHERING 1 ROCK STRENGTjf _
UN /*

w*0»
A

c

< I o o  

l . o  -  3 .0 0  

3 .0 -2 3  OO

9O
U
X4«
X0

TOP SOIL.PARK BROWN CLAYCY SANO 
RESIDUAL SOIL YELIOWÍSM BROWN 
CLAYEY SANO WITH COBOL ES

/
R E S ID U A L SOIL. YELLOW ISH BROWN/ 
REDOISH BROWN C LA YEY SANO WITH 
TRACES OF GRAPHITE.

RESIOUAL SO IL  Y ELLOW /  Y EL LOWISH 
BROWN CLAYEY SANO WITH TRACES 0F| 
GRAPHITE

W HITISH  TO LIG H T BROWN WEAK 
ROCK WITH TRACES OF G RAPHITE.

W HITISH TO L IG H T  BROWN CARNE TI 
-FE R O U S . GRAPHITE .

FROM 7 8  TO 9  8 W EATHERED JOINTS

GARNETIFEROUS BIOTITE GNEISS 
WITH COARSE GARNETS, LIG H T 
COLOUREO MEDIUM TO COARSE 
GRAINEO* MAIN COMPONENTS Ou,FD,GA.

FROM 9 6 TO 10.2 CLOSELY SPACEO
WEATHEREQ J
AT 10 2 ,1 0 .6 3  J /B O 1*

AT 10.44 J /  30 ° 10 04 J /1 0 o
AT 10 90 J /IO '- ’

AT 11.40 SL WEATH j / 6 0 °
AT 12*0 SL W E A T M fj/6 3 ®

AT II.4G  , I* 90 J / 2 0 o 
AT  12.96 J /  3 0 °

AT 1 4 ^ 3 ,  17.24 F j / 6 0 °

AT 1 4 8 ,  16 0 7 ,  16 56  j / 3 0 °

AT *3  33 J / 3 0 °

AT IB .0 6 j / 7 0 °

AT 19 .64 F J / 7 0 °

FROM 19.6 TO >9-94 J /6 3

O

0
Z

Xh-
<
W
9

« ( '(« q  2 9  0 - 3 0  0 0

i t i  Bnq 3 0  0 - * 0 0  OO

irro n q  ' 0 0 . 0  7 3 0 0 0

« t'onq  >  2 9 0  OO

ENGINEERING ASPECTS

X
►—
0
X
u*
X
HiA

X
u
O

4 E Y A C K S

ía n lh  re s o e c t ÍO 
•■ c o v a tio n . ^ ro 'j t in g  , 
í í r r n í c ^ i n ' t f , r ?ck o u c lify ,
■re. 1

* \ *

'V»

l ' ‘ ' V '->
. i : j ''

■
■V-c' :*v-\ ,‘; '--

],‘ ̂  ' I
- 4 ^ .
; ’-v
" /\j - i iV.: ,

' V

< v

' V

'V i

X
»-
4
kf
O

O 23

2 Q<

3 . 9

3 .8

7 8

>0 O

• i 37

13 .09

18 10

COMPLE Q t T TH I: DEPT : 20.45 m

5A -T-41



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATU R E-KK 205 (OLD), WEIR AXIS
DRILLING DATA

tTAHTKO: 12 • 1291 COyPLCTf o :2 6 'IZ '9 l 

in t e r r u p t io n s  Xd a y s ) :  03

MACHINE T t p f  ACKCR 

DRILLING MCTHOD* ROTARY 

CORE 9A R R E L,tlT ; NX 

PODE MAN: 10 LOO O I O 9T-.

CONI «TONCO AT:
CONI 0 I9 C A N D I0 , D AT! :

i t t i .

0 93

1 90
2 03
3 93
2 90

3* 33
3 90 
> •6 0
A • • I
4 - 9 9

9-99

9 -9 0

DRILLING

WS,

i¿2

9Aí

16/12

*■ 0 0

1 1 1 9

<2 • 60

■i
1499

ITA2

«A?

(6-99
16- 9 0

17- 27 

17-92

19-72

19-36

2 0 - 73

21- 4 921-0 2
22- 40

m
23-66

24-91

23 60

29*49

¡KVfe

24̂2

W

3

TESTS

»»
*M
»-

BOREHOLE DATA
X-COON DIN A T I.  193 ,000-409

T-COON DIÑATE 190,963-493

ELEVATION ( COLLAR I 199-01

ILCVAT10N < 90T T 0M ) 166 49

7 IN AL O IP T H  30-96P *

INCUNATtON 0 °  
fROM v e r t ic a l :
NEANtNO
LOCATION (»** r,q )

KEY
JOINT ROUGHNESS JOINT 3EPARATI0N

VRsvtry rauqK 
R sreuq* 
«R nltqM ly rauqn 9 >imdeffi 
SL« iH e liit,*l4«4

V f  r ir y  l í ^ l l  « 0 , lw *  
T stiqhl 0.1 -1 Omm 
MO*mdtrat eptn I.O-SOmm 
0 *oo*n * 9 OnMn

RECOVERT OTHER BYM60LS

-1 CORE
; ■J o i r n v i i v  l%l

P^,8l |.«point Inoa itrenqih 
Indf *

U.C.S >unta>iai c rm p m iív f 
ll**nqfn

Y i f i n l  fround «at*r R ■ r a c k sompi*
W «vroffr somaia

R O O (%)

JOINTS

S P T

S P T

S P T

S P T

5 P T

S P T

S P T

S P T

S P T

24

A6

22

46

22

2?

4 B

> 5 o

o
Wfk

9 6 0  BCnooo®y i o o o

o o -
T

PERMEABILITY

S
O

*o*•k-o

s

0 0

t-66

1*99

6-11

\
9 96

7*0

6-45

9 90

U - B 9

1X 0

14X9

0 62

o» 
w c5 6
•  ato« o

c
a
E

2*68

4*1 I

5 96

7-00

0 49

6-00

1I-B9

12-0

14-29

13-99

■9-99 16-55

10-B

21*39

24-43

21-62

24-91

oj

j £ 
6  o

1
*•  >»
« 3o  3  
H 3
O
3 I

V

RECOVERA

► 
m m
l  *uM
at o  o

s 5 •
o  _o  *

10 50 1001

WEATHERING
i « H  ; u n t a n i t i l d o l i d  
m a t e r i a l

c o m p H I f t y

h i q h l y

H l O d P 0 t f l f

« l i q M i y

I r a i h

BH-KKOofô 1

ROCK STRENGTH
MN / m *

«•Oh

GENERAL DESCRIPTION
ro ck  typ e  , co lo u r , g ra in  s ize  , 
to r tu r e  and s tru c tu re  (m a s s iv o , 
c ie o v e d  , fo l¡ o te d ,  linea ted  , f lo w  
h e n d e d , gne issose  , p o rp h y r it ie ,  etc 
scale a i  fo r jo io t s p a c in g ) , 
w e o th e r in g , o lte ra t io n  t m in o r  
l i lh o lo g ic o l c h a r a c le r is f ic s  , 
s tre n g fh  , jo in ls

-5
6  353*10

X -B 44 itÓ 4

020* 10*

_ -6  
2*166i I0 .

2-76«IO

I
3

6
3
I

I
3
6
3
I

I
3

6
3
I

7  2  
9 6  

12 6 
10 2 
7 - 4

5  6  

8-6 
10 8 
9 0  
5 8

5 8
M
8  7

7 - 26 0

2-045*10

2 7B7i 10
r

2-02*10-8

-el
1-457*10

4-87*10
-€

-6
4-45 *10

4 -2 4 *1 0

COMPLETKLY WEATN GARNCTIFEROUS 
KOCK »YELLQW1SM__BRQMtM----------------

TOP 80IL YELLOWISH BROWN CLAfEY 
SANO

60ULDER- CHARNOCKITEGNCISS 
OARK GRCY
RESIDUAL BOIL -YELLOWISH 
9R0WN CLAYEY SANO
Residual s o il : r ed d ish  
CLAYCY .8 Alto___________

BROMfN

W W r wiror
QARtL f iB I t .  PLASTIC S1LTY CUkY,
COMP. WEATN 6ARNETI7CROUS ROCK 

Ál LUVIUM ~ <£ j(VCY GAND TEULOWISH BROWN
* 2_

ALLÜVKJM -  C LATI Y GRAVÉ LLY SANO 
IROUNDED ORAVEL)

ALLUVIUM -  GRAVELLY SANO, LIGHT 
6R0WN

GARNETPEROUS ROCK, 0OMP. WEATN. 
P1NKISM GRIV. WEAK FROM 6 T T 0 T -0 -  
S1LTY CLAY VCRY LIGHT GRECNISH 

WHITÍ (MYL0N1TC )

KAOUNfrRICH COMP. WEATN. ROCK 
YELLOWISH, WEAK (6RCCCIA )

COMP. WEATN. FELDSPATMIC ROCK. 
WHITISH , WEAK

GARNE TtFEROUS ROCK , COMP. WEATN. 

WEAK, YELLOWISH 6R0WN.

GARNET1FER0US ROCK. COMP. WEATN. 

BROWNISH

GR0MSH GNCISSIC ROCK

GARNETIFCROUS BI0TITC GNEISS. LIGHT 

COLOUREO, GNCISSIC. MEOIUM GRANEO, 

MAIN COMPONENTS Oe, F<f, 01, GA.

A Í 17-10, 17-15 ,1 7 1 9  FJ/60®

AT 17-93, 17-97, 17-85 WEATN. j / 90*

AT 17-92 j/2 0 ®
AT 17-92, 17-93, 18-72 (SL. WEATN.)
r j / e o *

AT 16-10, 19-12, 18-19 , 19- 2 6 ,1 8 -2 7  , 
19-50 J /3 0 °

AT 19-38, 19-92 , 20 -09  j/2 0 ®
FROM 22-92 TO 22-99 ■ 
HORNBLENDE-BIOTITC LAYER,DARK 
GR|Y. MEDIUM ORAINED 
AT 2 0 -0 9 ,2 0 -2 9  , 20-73 (SL.Wt M /90®  
AT 20 -27 , 2 0 -3 4 , 2 0 -3 6 , 20 -49  J/50® 
FROM 2 0 -4 6  TO 20-95  Cl, Se. J /50°
AT 20-75 (SL.W) 2 0 -6 , 20-82, 2 1 4 4  
J/SOI*

AT 2 1 -6 7 ,2 1 *6 9 , 21-72 j / 2 x f  

FROM 24-29 TO 24-45 ANO FROM 
2 5 -5 0  TO 2 5 -6 0  ‘ H0RN8LINDC-

BIOTITE LAYCRS. OARK G R |Ty 
MEDIUM GRAINCD
AT 2 2 -0 6 ,2 2 -0 0 ,2 2 -1 0 ,2 2 -1 9  J/20®
AT 22-79 , 2 2 -9 7 ,2 3 -2 2 ,2 3--30,23 -60  
r j / 6 0 ®
FROM 23  4 - 2 8  7 WEATN. J /8 0 ®

V**

2 « l . u
, «6

C 9.0-t^5  fT'

med«*altly «trenq 2 5 .0 - t Ío ^  

ilronq M-OHOOP

r*i)r itrenq 100.0-250^
iltonq >  2?: V

E N G N E E R I N G  A S P E C

5A -T-42
i

i
•A

RC MAR R l

(with respeci to 
eicovatlon, grouting, 
permeobilíty, rockquolU  
e tc .)
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

8

4

FEATURE -  k k  205 (old) , dpsander B H k k i i

D R ILL IN G  DATA
S TARICD COUPLET 10.15  03*92

INTCRAuPTtONS (D A T S ).

MACHINE T » P f TONE -  TDC I 

DRILLING ME T i l0 0 . ROTARY 

CORE BANKCL.OIT: NX

e o r e m a n : 1 0 C G I0  «Y .

CORE STOREO AI*.

CORE DtSCARDED, DATE :

X
►»
&

D R ILL IN G

I4
>

2

8
0 2
0 -7 6

185

2-4 7

- a - r e

8 0

6-52

8 O
9 0  

9 82

120

14 9
13 0

16-10
16 21

IS O

21 O

24 0

27  O

t_

Pi

8

T E S T S

M
h*

-J
O
tfi

120

|IA>¿

o o 
Sao i

120
120:

12 2!
12a

12 3!

1235

%3

s p t 20

BO R EH O LE D ATA
* - COORDINATE 153143 .450  

V -  COORDINATE 1 5 0 4 4 4 .2 8 0

ELE VATlQN (C O L L A R ) 211.58 

ELCVATION ( 80TT0M » 181.48 

FINAL O C P T H '3 0 - IO m

O*IN C L IN A T IO N  FROM 
*1 R TIC AL .
BEARING
LOCATION (w * l 1(J

J O IN T S

u
A
«

n o o o o
3 5 0 0 0
áórñ*

« lO _  VQFTO *

OL

R

o o -
T m r

t(ac

r

K E Y
75787  ROUGHNlíéS
V É svtry  rough 
R srough 
SRstlIghlly rough 
8 •tm oo lh  
8 L»»H c1»»n>l4>4

RCCOVKRY

:;.rTTsTl C0RtR E C O V C R V ( %

m m  R.o>o <%>

P E R M E A B IL IT Y
X
V-a.
M0

6 n  CP
«  c  
*< X3
m 0
m  4>V*

:  í ¡ 

s if  0*  E

d
3c

*  i2 ^  
3  *J  V

s  5
«  s
*  0

u

I  j0 SW 3  
O3 I
J  a

t

A
O»-
s0aeu.

| 
TO

 
BO

TT
O

M

9 -0

i 9 5 15 -4

3 18 0 1 4 -8

6 2 7 -6 1 3 0

3 18 5 1 5 -2
12-0 9  8 15 9

12-0
1 100 1 4 -9

3 19 -2 151

6 20 0 12-9

3 1 9 -6 1 5 -4
1 11-0 16 4

15-0 ,

IS O

1 3  2 4 8

3 5  7 4  5
6 M -0 5  1

3 5  5 4  3
1 3 - 0 4  5

18 0
1 8 0

1 2 6 4 - 2

3 5  0 3 9

6 10-0 4  6
3 5 - 3 4 2
1 2  9 4  3

21-0
21-0

I
36 I n i l 0 0
3 •

1
2 4 0

2 4 0

1
3

6 - N I L 0-0
3
1

2 7 -0
Z T Q

RECOVERA

*
>■

>
O
uM
«

jP
a  o  
x
<  0m

O
u

5 0  100

r

/
/

*

i

t

A

/
/

'

t

i

GARNETTFEROUS ROCK VERY WEAK, 
\W H IT I3H  TO REDOISH BROWW >

JOINT SEPAWATION
V *v » ry  llg l|t * 0.1 rwn
T s tíg h l O l - IO m m
M O s m d iro l.o p m  I.O-Ü.Oinm 

> SOtTMpO sopvn

OTHER 8VMBOL8
P,L.8 .L sp * lr*l lood « trcpg th  

iPdtr
U.C.S *un(g»lal compr»»¡vo 

• frtnq fh
Vnw

a fín !  giotwd «Ottr 
a rock « m p lf 
«wottr aoTnpU

W E A TH E R IN G
■ olí : unconseHtfotod 
m o t* f (ol

(B ffip lilily
Mghly

m edrra tily

tllgh ily

frosh

G E N E R A L  D E S C R IP T IO N
ro ck  typ e  , c o lo u r , g ra in  s ize  , 
te x tu re  o n d  s tru c tu re  ( rn a s s iv e , 
c le a v e d  , fo l iu te d ,  lin e o te d  , H ow  
b o n d e d , g n e isso se  , p o rp h y r i l ic ,  e le  : 
se ole os fo r jo in t s p a c in g ) ,  
w e o th e r in g , a l le r a f ío n  , m in o r  
lifh o lo g ic a l c h a r o c te r is t ic s  , 
s tre n g th  , jo in fs

SHEE':
OF Oí!

R O C K  S T R E N G T H .
MN / • *

O
o

u
X
a

s

t o p  s n u  BLAQtiSH___ CLAYLTSANO.
RESIDUAL SOIL . LIGHT BROWN,

LCLAXEY__31UL
NESIGUAL SOIL . YELLOWISH BROWN 

VCLAYEY SANO/SILT_________ „_________^

OARNETIFEROUS ROCK 
( CHARNOCKITE P ) OISCLOURED. 
COARSE TO MEOIUM GRAINEO

o a r n e t if e r o u s  B to n r e  g n e is s

OISCOLOUREO I MEDIUM GRAINEO. 
CORE SEPARATED INTO PIECES 

BY EVENLY SPACED WE ATHERED 

FOLIATION JOINTS 1 8 * -  2 0 *

OARNETIFEROUS BIOTITE GNE1SS, 
LIOHT COLOURED. COARSE TO MEDIUM 
GRAINED. MAIN COMPONENTS G u .F D .B I 
AT 13 03 ,1 5 1 7 ,1 5 -3 3 ,1 5 -5 0 ,1 5 -7 0  F J/2C 
AT 19-12,10 13,10-87,16 06 .19 -38  J/0CP-6O*

*

í

t

/

CHARNOCKITIC GNEISS WITH 
LOARSE GRAINEO CARNET WtCH 
BAÑOS UP TO 3 0  Cm. GREY MEDIUM 
TO COARSE GRAINED t GNElSSICa 
MAIN COMPONENTS Q u .F D .P Y  
AT 16-70 FJ/2C P

AT 16 2 6 ,1 6 -2 7  J ZOO*

AT 18 0 , 1 8 - 6 4 , 0  02 , 20-22 
2 0  3 6 , 21 O F J /2 0 *

AT 20-68 J /4 0 *

A T  2 0 -7 0  J /6 0 *

/

GARNETIFEROUS BIOTITE 
GNEISS i  LIGHT COLOURED,
MEDIUM TO COARSE GRAINED a 
MAIN COMPONENTS O ü ,F 0 ,B I,O A

A T 21 O F J / 2 0 *  

AT 2 1 -7 0 ,2 1 -9 2  J /O O *

A T  2 4 1 2 ,  24 01 ,2 4  0 7 ,2 4  7, 

2 4 -6 2 ,2 5 -1 6 ,2 8 -8 6 .2 9 -7 0  F J /2 0 1

AT 2 6 - 4 9  J / 6 0 *

AT 2 7 - 2 0 J ZOO*

5 A - T - 4 4

X
F*N
IM
B

A < 'l . r j/ l
l«*ah ■ 1 0 -B .ü ! '. i-

C 9- 0 - 2 (5 .1 5 ]
1 !

m edtra tfly  ftrong 2 9 .0 -9 0  

llreng SO-O-fOO)!

*#ry Btrong 1 00 .0-?30f
• r lt fm r ly  ilrong >  25 J í

ENGINEERING A S P E O

tn

xu
o

RE MAR K 8

íwiíh respect td 
excovotion, grouting ( 
perm eohílily, rock quol^1.*'
e f e . ) 1

•4». y l

.. ’j:
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KUKUL& GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  KK 205 (OLD), D{* SANDER BH KKII
' D R I L L I N G  D A T A B O R E H O L E  D A T A

jl 1ED LOMPIE 110.19 03-92 ■ ■* COON 0>N AT C 133143 430
NNUPTlONS (OATS) T - COOR O.INATE 130444 200

ttiNl T vP( TONE - TDC 1 CltvATiON (COLLAR) 2ll 38
Iling m i t m o d  n o t a r yf El EVATION ( 90TT0MJ 10149
i DARMEL ,0IT ; NX PIÑAL DEPTH 30 - lOffl
i m a n : l o g g e d  ir. IMC l IN AT ION FROM 0*

Y l RT iCAl

1 STORE D AT: DE A RING
rft 01SCAN0CD, OATf *. LOCATION Uwt l,<, 1

IDRILLING
SI
«I

üOí

2
y

TESTS JOINTS.

12-4

%

HOLE

*••«* 2n o o o o
g r t O O O

i * •
L i» o e .  »O**0 A

o o -
f* r

K E Y
JOINT (iO U tiH Ñ F lT

VRB*«ry 
N areugl» 
S D ii i ig h l iy  tatiyb 
t

NECOVENT

1CORK
RECOVEN  Y ( %

R O O  f% ]

PERMEABILITY
Z

A cm  ^

X
O
► *
f-o

có VIPI.ETED

3010

iñ
O*
c
*5
o
o

£oco
E

3
C

5 ^J ft)
< s
O o

«
«V
0 >•

O u=! S

I
36
3
I

N IL 00 »
ii

AT

RECOVERA

>
O
u

o
u

*
o
o

SO 100

yi'A/

r a j í
.7

n

V
í.ii

y

JOINT SEPAN AT ION
V a v v ry  t iq t f  « O . l m n
T Sfighl O l - t  Orno
N O *n l* ro i opvn 1 .0-3 Omm 
0  *00*0 » 90mm

OTHEW SYMOOLt
P . l. iu « « ln l  Isotf fra n g ía  

lA d fl
u .c .t  iu n ig iíe l cempf « itiV f

«1r*nQfh
T f r o u n d  v a l o r
N ■  r o t  h t ó m a l a
TT a v o l f r  t p r n p l f

W E A T H E R I N G
«Sil : u n con iohda ttd  
maloriol

campioifif

tnghiy 

«adoro** i y 

tliqhtly 

fro ta

GENERAL DESCRIPTION
ro ck  typ e  , c o lo u r t g ra in  s ire  , 
te » tu re  on&  s tru c tu re  C m oss ive , 
c le o v e d  , f n l io te d , ünea led  , f lo w  
h e n d e d , g n e is s o * *  , p o rp H y rít ic , et: 
se Ole os fo r  (o in t s p a c in g ) ,  
« re a th e r in g , o lte r a t io n  , m in o r 
lith o lo g ic o l c h a r a c te r is t ic s  t 
s tre n g th  , ¡o in ts

SHEET 02
OF 02

ROCK STRENGTH
MN / •

ooai

A

■
C

< 1 .0 0  

1 .0  -  9 .0 0  

9 0 - 2 3 . 0 0

Oo

z
w
N
ar*

« a d o ra la iy  « tro n g  2 9  0 - 9 0  0 0  

« tron g  9 0  O 4 0 0  OO

v * r j  « tiang  IOO 0 - 2 3 0 .0 0

o i t r f m t i f  « trong  >  2 3 0 - 0 0

ENGNEERING ASPECTS

te
uo

' N I  M A N  K s

(w ith  re s p e c t  to  
e x c o v a tio n , g ro u tin g  t 
o e r m e o K I i f y , rock  a u a lity , 
e tc  I

AT 2 8 -3 9  F J / 20*

DEPTH OF 3010 n

z►*A

_ 5A -T-45



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

B.HKKI2FEATURE - KK 205 (old), headrace intake

D R ILLIN G  DATA
« t a a r r o  92-02-0SCO M PLFTCD 92-02-17  

iN r*a q o P T iD 'lS  02

WACMiHf f t p {  TONE 

O a iiU H G  M fTM O O ' ROTARY 

CC»f RARRFL.RiT' HX

roR F  m a r  : gsd l o g o f d  b t :

CORF STODCO AT:
CORF OISCARDCD, O AM  *.

1 -6  
I ■ 93 
2-14

2-87

3*4

4 -8  

3* 8

I 43

P?fc

7 -8

10-8

■ 2-2

13-8

*8- 7

D R ILL IN G
a«i3

2-41

4 j8

r%¡

7-8

tp-8

13-6

« 3  

*II

*8*2

%
feas

22-8

24-19

23-7

184
\

II 7

R,

22 6

%

>37

%

2-0

ú
q O

%

2-7

%

8-1

6-2

6-2Í
%
7-12

*1.
16*3

TESTS

SPT

%

17-B

>2/13

ifl-O

%

17-4

%
17-41

*

\rr

. j
9

BO REHO LE DATA
X - C O O R  DINATf 138128,990 8 
v - C O O R D I N A T E  130399,8902 

ELE VAT ION ( C O L L A R )  2 5 8 - 8 3  

F L F V A T I O N  C BOT T 0 « )  2 0 8 - 8 0  

PIÑAL D C P T H  80 *03 «

BC A RING

LOCATION U » r  r,q I

KEY
■joTÑTf R o o C H W tit
VRav«'9 trwqA 
R srq.iQh 
S R s tt iq h ft f  ’ pvqft 
9 • im o tA

R tC Q V F R T

eo"

j o i n t  s e p a r a t i q m
4V i * t i f  HqH

T «liqUi O I - )  Ol**»
160**ta rro l o v *n 1 .0 -5 0 "»  
O «opt» % 30*«w*

Q T H tR  « T M B O L »

PL.S.I-X> 'ÍM toa*
_ tnd »»

R C C Ó V fR T  (V r^ Ü .C .8  ■*»•«» *ol

V a fir |(  fr*vf>4
•  o -o  ry*> « ■ioc»««pp»fn .w .u  w  -  f a i t  te » *p » t_____

JOINTS

r
ni

ni

u
4

II

III

IV

IV

IV

m
MO
MO
MC
MO
t "
T

■ « C < •
OOOOflgpTOOO

p o - T
i n o o ,
«O A O *

o  o -
1

PERMEABILITY
X _fr*8 •

X
O

s
o

—  o*2 I
«  ow  O

«  w
2  v•* c

M
O

5  s
»  o

I
te•» V

*  Jo  aH 3
<9 w

RECOVERY
*
>
Ou

o
u

W EATH ER IN G
i« í i :eftt**>«rCao«r«

h.qMy

M sd ro ffiy

f l jq n n y

f

G E N E R A L  D E S C R 1P TI0N

O
5

O

O

»9 (oo

ro ck  t y p e , co lo u r , g ram  s ize  . 
f t i t u r e  and s tru c tu re  lm o « iu e ,
c le o v e d  , M o l e d ,  ín e ^ e d  , ! l o *
h e n d e d , gne is  w e  . p o r o ^ v i i l ic ,  etc 
^CQie o > lo r  jo in i s p c c in g ) ,  
« e o l^ e n n q ,  a i te r o l io n  , m n o r  
li lh o lo q íc a l c h a r a c te f is t ic »  , 
s t re n g lh  , jo in ls

SI 
OI

ROCK STR LN
MN / » *

« I S I

*
8
e

»1

o
o
-J

u
r
x
4
XO

X
4

l ,

T

T

MO

MO

O

SR

3R

0-0

1-6

1-8

4 -8

7-8

10-6

13-8

16-7

19*7

22 6

23-7

4 -8

7-8

10-8

18*8

18*7

19-7

22-6

23-7

I

8
8
3
I

I

3

8
3

0 -  3 

0-8

1- 2 

0-8 
O- 4

K s

I - 4

O' 8
0 * 8  

0 - 8  

I * I

NIL

NIL

3

8
3
I

l
3
8
3
l

NIL

14-3
23- 3

PRES ÍURE
{  NOT 
2 4 -9  
19-4

COULP 
DE VE

NIL

, NIL

NIL

" 0*0

/

o-o
/

0-0

18-2
18-8

DEVELOTE! 
17-8 
19 8

PRESRURE
NOT BE 

ilüOPED

00

00

0-0

y

/

-■

s r r

n

/

/

*

RESIDUAL SOIL-REDDISH BROWN CLAYEY

I t SBuAL 36Ü--B?WH~BR6WH TO m P Ig T T

A
A

/
y

/j

/ '
-

y

/

'

/

t :

TOP BOIL ~ OARK BROVIN CLAYCY 8 AND

fLY JFE ATM E RED”
RESIDUAL SOIL- REDOiSH BROWN 
CLATEY SAND _________
OARNETTFEROUS BtOTITC 6NEISS , COARSE 
O MEDIUM ORAIHED, LIGHT COLOURED, 
MAIN COMPONE NT S Ou, F d ,B  O 
COARSE GRAINEO CARNETS

CHARNGCKITE.DARK GR AY ( MEDIUM 
GRAUIED, MASSIVE,MAIN COMPONENTS , 
Qa, F ó , PY WITH IHTERCALATION OF 
OARK GREY HORNEBLNOE BIOTITE 
LAYERS UP TO 40  em AT 1-63, 1*73 
2 - 2 2 ,2 - 8 2 ,  3-02 W E A T H j/6 3 *
AT 1-82 , 1-79 , 1-93 WEATH J / I 3 *

AT 2 -4 3  SI W E A T H J /2 5 0

AT 3 -3 8  , 8 -7 6  J / 2 3 *

AT 6 - 83  , 6 -7 3  F j / 8 0 0

AT 1 1 -7 2 , 12-47 , 14-20 ,1 4 -3 0  

1 4 -3 4 ,  18-03 j / 3 3 ° - 4 0 °
AT 11-10, 11-26 J / 6 3 °
FROM 14-3 TO 14-83 J /8 9 °

GARNE TIFEROUS OLWRT Z -  FELOSPAR 
GNEISS , LIGHT COLOURED MEOIUM TO 
COARSE GRAINEO. MAIN COMPONENTS 
Q u, Fó , GA , Bt AT 16- 71 , 16*07 
17 -06 , 1 7 -3 3 ,1 7 -3 8  ALL WITH 
J / l 3 °  -  2 3 °
AT 17-06 WITH j / 6 0 °

AT 1 0 -0 , 1 8 -0 6 ,1 8 1 0 , 1 9 -8 2 ,1 9 *8 4 , 
20 83 , 2 0 -8 9 , 21-20 J / | Q °

FROM 2 0 -8 9  TO 21-22 4 / 8 3 °  

AT 2 3 -8 3 , 2 3 -6 7  F4 / 6 3 #

CHARNOOCITIC GNEI$9 WITH BIOTITE 
CNRICHED LAYES UF TO 2 em, DARK 
ORtY , MEDIUM GRAINEO, MAIN 
COMrONENTS O u .F d .P Y .O A  
AT 2 6 -3  J /8 5 °

HQRNBLENDE - PIOTTE GNEISS

Z E

•n ra rfe ttiy  *f*ortq I* t

3> ]

» * ft  IC i
r it r rm r t f  ttro«iq

ENGNEERING AS

Z
i ?

' • - i

-

Ü

X
H-
O

K9»
Xu
o

« y . y / i

RE M A R X '

'wiíh respect li » 
e > c o v a tic n , gr( 
cermeob’My, r. 
• t e . '

I i *

! t i
’ I4
i 1

I

«! i 
i »



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATÜRE - K K  2 0 5 (0 L D ) ,  HEADRACE INTAKE BHKKI2
D R ILL IN G  OATA

1 A R M O  9 2 -  0 2 *O S C O M P lC T  f  0 * 9 2 - 0 2  

fCRR'ipriONS 02
.CMlNf f T P f  TON*

(tLLI«ia  ü f r M O O -  ftOTARY 

■ $R* RARRlL.tir: NX4
r R 'M A N . Q S D  L O G O !D  9Y;

r m  « r o n c o  a t :
; * t  o is c a a o c o ,  o a t c  :

-t?
BO REH O LE D A TA

K-COOROiitATC 153129,990 N 

■» -  COOR OiRAM rso999 ,09O  e 

CLCVATION I C O LLA R ) 2 9 9 -8 3  

CLCVATION ( 9 0 T T 0 M ) 2 0 9 *3 0  

r  IR A i  D fP T H  SO* 0 3 »

a&h,Nv t m . : 0*
OCA RING
LOCATION I t t t  r ,4 I

K E Y
JOINT ROUOHMCSt

V R *v*rf 
R «roufA 
ORatiigMiy * * « 0  
9 ■««••N i
a L « m o n « ii< N

M C O V I R T

COR* 
R *C O V *R Y f%

M i¿ ¿  9 . 0 .0  n u

JOINT StPAR AT10N
V |i4A* « O .IM
T a iifM  0.1- I  Omm

1 H O *M iv« t N m  I.0 -5 .0 ""»
*0 k SO i m *

QTHCR 1TM BO L»
'C L t lR a w i

b««M
U.C.9  IgM ia iia l n m p v M U r f  

•Irvffqt*
T **!»»» fiM n d  ar«f*r
9  • T i t i i m i f
f 9 rwqfrr  iqixqu

W EATH ER IN G
l  '■ n i ik io d o t fd  
« o t if ia i

hi|M|

• li 'f t f ty

l'Mk

SHEEl 02 
OF 02

ROCK .STRF. N: ; T M
MR / » *

■•fll
A

9

C

«1-00
1 . 0 -  9. OO

9 .0 -  29 OO

M « d ra if* r  t i r o ^ f  2 9 .0 -9 0  0 0  

itrs n *  90 0 -0 0 0 0

* • *y t fr *n f 100 .0 -23 000
•« ir tm tif  i*t«n4 >  230.CO

D R IL L IN G

I 4> >

■*WT—
¡zM

t-jd
4 Í

3M
%

T E S T S J O IN T S

4A
■ 1 9 9 9DOOOO
g p io o a

«ORO*o o -

P E R M E A B IL IT Y
X _ 
9  |M ^

9O

JV SR

*
9

O

O

— O» «« c
5 i im aw «|A* « 6
r  & 3 “*J 9
5 sM O■ c 5 2 

*  2

*s

% 1

RECOVERA G E N E R A L D ESC R IP T10N

>ou

ou

29*7

HOLE CO V1PLE

onr
/

e :d

x
4

90
' \ l

ro ck  type  , co io u r t g ra n  n i *  . 
t o r tu r o  and M ru c tu re  í m o u iv e .  
c te a ve d  , f n í a t e d , ínected  , f lo v r 
h e n d e d , gneis soso . p o r c 'v n f ic ,  et* 
«eme as fo r jom f spaem qJ, 
« e a th e n n q , a ite ra l io n  , rm nor 
líth o lo q íco l c h a r o c te r is l ic s  , 
s fre n g th  , jo in ts

/

/ / j

1001
T DARK GREY TO BLACKISH, MEDIUM 

GRA1NE0» MAIN C0MP0NENT8 HO, Bl

AT 2 9 *9 9  , 29 - 90 J / I 0 °

T H E  D E P T H  O F 3 0 * 0 2 .  m

9O-I
U
rA
4

XK
4

'N/ —
“  /*V/

— 
— -V/

ENGNEERING ASPECTS

Z

N
4 AC MAR K 9

M f w ith  re s p e c t to
K • ic o v a t io n ,  q ro *jhnq  ,
u
o p e rm e a b d t ly , racV c u a tify ,

e t c . ' t

n
r
AMO

I 5A - T - 47



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB..J3

FE ATURE -  kk  205 (old), weir . axis

D R ILLIN G  DATA BO REHOLE DATA
*  TAH re o  09 03.92 COm p l * T£0 13 03 92 X-COOROINATE 133,131-307

iN rtM K U P IIG N S  I0AVS1 — * -  COORDINATE 130,398*432

MACHINE T V P f ACKER ÍLEVA710N 1 COLLAR 1 197*63

ONILLING MfclNOD ROTARY CLCvATiON. 1 BOTTOM) 102-37

CORE B A R R IL ,S il: NX F in a l  OCPTH I3 26m

FORS MAN : |Q l OGGCD INCLINATION FROM 0 a 
v t Rf u'Al

CORE SIORCD AT* SE ARING
CORE biSCARDCO, OATC * LOCATiON U»« l . j

K E Y

0 72
1 O

i 45

2. 9

3 42
3. a
3 9

4. 43
4 08

6 03

6 .7 2

7.13
r .4 2

a 39

9. 92

«63

D R ILL IN G

245
toca

468
Q&3

II 48

12.92

14.16

34
003

vi«i
o
-L«K
3O3

S

O
z

QCa
>
0:
O

■r x -

T E S T S

SPT.

SPT

162
1006

7.42
u AS

Ll 48
12/03

13 O

J O IN T S

23

> 5 0

i iXxj

i . 9

12/Ü

2.9
13X1

II

II

8  66  I  6®
<  u o o o o
i  sr*9°®
vi p o - r t r t

voSoA
s e r

0
1

R T 
R ¡T
R T
R T 
R T

II.) R T

!R T

II

—

III

R .T 

R T
i

R O

10.64

' I

' I!
i

! 11i (

PERMEABILITY
X
t

6
O♦-
a
o

o o

1.0

2 43

3.9

7.13

1324

►&
OP-

I.o

2.43

«  o» <4 C
m o

8 Ql
•  c8 €
S c
‘ I

3.42

7.42

1060

I
3

6
3

I

36
3
I

c
■» Es <3 wJ  41

2 55 2
9 o

2 . 8

4 . 6

6.6 

4.9 

3.0

>NIL

14 «

15.26

I
36
3
I

36
3
I

HÓLÉ COMALE!

7.0 
11.2 
16.2 
II 8 
7. 4

NIL

i
a

O >-
8  J
o  aM 3o z3 1J  8

V
K=N2« I10?

= l2l»icf

K =l67i<ií

6 2 
4.0  

3 . I
4.2

6 . 6

0.0

RECOVERY G E N E R A L  D E S C R IP T IO N

*
>

ou

oo

oz8
O
O

5 0  100

3 J 4

\ 4 i i  
4 m

jÓ lN t  SÓuGHNISS JOINT SCPARATtON
VRs«««y rouQA 
R «f«uyA 
SR in iqh lly loufh 
S *iffO 0th  
S L ii l ic k im iN d

N i««ry it^AI «O.lnwi 
T 0.1 *1 
MOemdnal.opfn I.O -9 .0 » *  
0  ic p tn  > 3 Omm

RICOVERV OTHER SYMBOLS

B « e o w i iv ( % l

P.L.S,L*polnl *tf*nqih 
In d fi

U.C.8 >unía*¡fll comprf»»tv«
Itr in g lh

9 « f i í t t  giovnd »o*t»
0 «roe b fampl*« .0 .0  (*A )

W EATH ER IN G
l o i l  : u n c o n if li id a ttd  
m a lt t io l

com pitifiy
highly

n o d t r a f i ly

I r t  «h

ro ck  typ e  , co lo u r , gram  size , 
te x tu re  a n d  s tru c tu re  (m a s s iv e ,  
c le a v e d  , ío l ia fe d ,  línea led  , f lo w  
b o n d e d , gne isso& e , p o rp h y r it ic ,  e lá : 
scaie as fo r  jo in t s p a c in g ) , 
w e a th e r in g , a i te r a l io n  t m m o r 
li lh o lo g ic a l c h a r o c te r is t ic s  , 
s tre n g th  J jo in ls

TOP SOIL. DARK BROWN SANOY CLAY 
WITH PLANT ROOTS

COBBLEi AMPHIBOLITE, DARK GREY

RESIDUAL SOIL. YELLOWISH BROWN TO 
REDDISH BROWN CLAYEY SANO.

RESIDUAL SOIL. WHITISH TO YELLOWISH 
¡ BROWN CLAYEY S1LT
YELLOWISH BROWN VERY WEAK ROCK

19.9 10.6 
7.6 

I I  . 2  21.0
m m

y A a

0 . 0

CHARNOCKITIC GNEISS. WITH INTERCALATION 
OF HORNBLENOE-BIOTITE GNEISS BAÑOS 
UP TO lOcm. GREY, MEDIUM GRAINED, 
GNEISS, MAIN COMPONENTS Qu,FD,Py. 
FROM 3.42 TO 3 8 CLOSEUT SPACED 
J/30®
AT 3 8 6 ,3  8 9 ,  4 .3 ,4 . 42 , j / 3 0  -60  

>AT 4 06, 4 12 CHL j / 3 0 °

AT 4 .0 ,  4 .0 3 ,4 .1 0 ,4 .3 2 , 4.38 

CHL. j / l O -  15 0

AT 4 .07 j / 4 5 ®  4 88 J /7 0 °

FROM 4 .95  TO 3 3 4  CHL, GLOSELY
SPACED J /7 0 o
A r 3. 2 0 ,3 3 4 ,  7. 84 j / l 3u
FROM 3.78 T0 3 9 3 J / 6 3 0
FROM 6 .2  4 70 6 .3  4 ,6  43 TO 6 .6 2  j / 7 0 °

AT 6 89 F J /3 0 °
AT 8 .91 , 9.13 J /  6 - 2 0 ^
AT 10 13 ANO FROM 10 12 TO 10.24 j /7 0 °

FROM 11.38 TO l l  68  WEATHEREDf&iwnTHlCK I 
J / 3 0 ® )

BHKKI6]opEÍ";|
ROCK S T R E N G T i ;

MN / •

m«h

A

c

4 '

1 »l.ftl— |(V
i •>3-OWjx

\
• #

X
81»

O i» ZM-1 c 8
8 KU M 8

X X
8 H 8
8 4 U
a W O
o 9 8

m id ifo lf ly  iHonq 2 3 .6-5<' 

tlrang 9 0 -0 4 /.
é

* * i |  «troné 1 0 0 .0 '¿,|
•« rr tm tiy  it*«nq

ENGNEERING ASPE!
•4

i

i

AT 11.9 OPEN W EATHJ/30 
AT l l  77 , H .9 4 ,11.96, 12.20

FROM U 93 TO 12.08 j / í O °  

AT 13 9 0  J / 2 0 w

W F A T H .j/l*

THE DEPTH OF 15.

")

'i*'

26 m

R C M A R N B  |
i

(with respect to 
e«cavation, grouting , 
permeabildy ,  rock gCd! 
etc. I

OBSERVEO OVCRFLOW C <■ 
WATER AT THE RATE Oí . 
2L1TRES/MIN
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

IEATURE ~ kk  205 (old), weir axis B.HKKI0
K E Y

JO i MT ROU0NNC8S JOIRT SEPARA! ION
V R iv ir f  r«up 
R areuah 
llK a ilig M ly  itugh 
19 • a**ao*tt 
8L«a<lck«ntfdfd

V a f i r j  liflfcl *  O .lwn 
T ■light 0  1 -1 Oimi 
MOangirat.apan 1.0-50**'** 
O i t p t n  a SO****

RCCOVERT OTMÍR SYMBOL*

T 7 > : c o r e
a i e o v » v l * A

P.L.I l.apa**! load i ' i * " g ih  
i* d f i

U.C.9 ■u*toa¡Ot CO**P»
Bktanglh

Y granad »a**'
8 • fo rh to * * r 'rW ■«'Ote* aatnoit

¿ A r o o <*/•)

SHEET OI
OF OI

•R ILLING DATA BO R EH O LE D A TA W E A T H E R IN G . R O C K S T R E N G T H
12S.0S.92 fO U P ie r iD  0 4 .0 4 9 2  

• P f iO * ' 1 0 4 * 8 )  0 4  

' r v * V  ACKER 

¡O M IT h OD r o t a r t
I

l *  10 l OOOCO 6 *  

i f o n r o  * f

r $ C 4 » 0 ' t > ,  OAT.f •

ILL IN G

K-COOROINATK 193,178-423

T - C00R DlNATI 190,990*528

( L t v A T IO R  ( C O L L A R )  209-960

(L IV A T tO N  t 90TY O U ) 195*000

r  IR AL O IP T H  20.16

IRC L*RAT(OR fr o m  0 a 
vrRTtCAi
•  CARINO
LOCATIOR li»» r ,, I

aoil :unc*nt*Hdol»d 
m a ltrio l

eompitttfy
hÍQMy

**od*rot«ly

tllg ittly

MR / »

A

■
C

« 1 .o o

1 .0 —5 OO 

3 0 -2 5  OO

RECOVERA G E N E R A L  D ESC R IPT10 N
roeM typ e  , c o io u r , g ro in  s ize , 
t« » tu re  OMd s tru c tu re  (m o ís iv e ,  
d e o v o d  , f o l in te d , hneo led  , f lo w  
b o r id e d , gne issn r.e  , yo íD h v» ¡tic , e le  ■ 
scole os lo r  ]om l s p o e m a ), 
w e o lh e r in q , o l le r o t io n  , m«nor 
l ith o to g ic a l c h o r a d  c r is !  ¡es , 
s tre n a th  , jo in ls

RESIDUAL SOIL. YELLOWISH BROWN 
LAYEY SANO____________________

YELLOWtSH BROWR VERY WEAK ROCK

CHARROCKITC I CORE STORE )

VCLLOWISH BROWR TO REDOISH BROWR 
VERY WEAK ROCK.

CHARNOCKITC LIGHT YELLOWtSH BROWN. WEAK

CMARNOCKITIC gneiss.witm wtercalat- 
“ ION OF H0RNBLER0E-BI0T1TE BAÑOS, 
THtCKNESS UP TO 10c». OREV, 
MEDIUM 0RA1NED MAIN COMP0NENTS 
O i^ O . P y .

AT 4 7 2 ,  4 .8 9  W /6 9 *

AT 5 .6 7 , 9 .7 2 ,5 .7 6  SL.WEATKF J /G &

FROM 9 .6 2  TO 9 .0 9  W EATH.J/804 
AT 9 .47 , 5 8 2 ,6 .0 9  W E A T H .j/20°

AT 7 .2 8 ,7 .2 8 ,7 . 8 8 ,7 .71 , 7 .75 , 7.78,7.82 
ALL WEATH. J /2 0 ° -  29®

AT 8 .2 0  WEATH. J /8 0 ®

AT 9 .9 2  , 10 .87 , 1055 F j / 6 0 0 <
FROM 10.68 TO 10.94 WEATH. j/Y üA -8 0 °

AT 1063 W EATRJ/K>°

AT 11.29, I I .  4 0 ,  12.12,12.89*1279 
CHLORmSIZED J / f O ° -  30*

AT 12 6 4 , 1286,12.90 J / 2 9 a 
W ITH PYRCTE STAIR •
AT 13.83 SL. WEATH. J / 6 0 a 
AT 13 .29 ,13-34  SL .W CATHJ/ 29  °

AT 13 .36 , 13.42 ,1 3 .4 8 ,1 3 .4 ^ 1 3 .9 3 , 
14. 2 0 ,1 4 .4 6 , H .94  ,19.18, 19.10 CHL0N- 

-T1SIZED J / I 5 0 2 5 °

AT 1 9 -0 ,1 9 .0 8  8L,W E A TH .J/20a

AT 1 9 .2 6 ,1 9  .70, 19.74 J9-T9, 18.82 
CHL. J /  4 9 a

AT 18 .67 , 16.69 CHL J / 5 0 a 
FROM 1 6 .6 9  TO 16. 80  TCC70NI2E0 
ZONE CHL0RITISIZAT10N ALONO 
DISCONTINUTIES .
AT 19.18,19.68,1970,19 73 WEA7N4/Isfe0

K8x na
AT 19.18,20.16 J /f lO *  „ _
A t 18 .76,19.87,20.I I , 2 0 .»  J / l 5 *  *  0a

20.16 m

5 A - T - 4 9

O
o

z
a
«
aco

H
<

' V  /

i
*%*

4V

/////////

4 | i

A l

**«d»«ot»ly tt'»**g 79 0 - 5 0  0 0

« ir» » g  9 0  0 -1 0 0  OO

« f f f  a1*o**g IOO .0 -250 OO
• ■trrmtty |lio*<q >  750 OO

EN G N E ER tN G  A S P E C T S

Z
►-
O

V
oac

RE MA R K S

íwith respect to 
etcavolion , g'O'jtmg f 
oerm«ch:ti!y , rock quoM y, 
etc >

x
0.
ki
O

0 .4 5

I .99 

2 .19

3 .9 0

4 .4 9

6 .0

6 .2

7.28
7.82

6.68
9 .0
9 .3 4

I I . I I

12.16

13 .21 
18 30 
13.95

14.02

15.7

1 6 .3

16.69

17.29

18.13

19.59
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KUKULE GANGA HYDRO POWER PROJECT 
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

l-EATURE-KK 2 0 5  (OLD), d e s a n d e r  in t a k e BHKK2D
D R ILLIN G  DATA

S i A M M O  23 02 92 i ü U K [ i f O  19 03 92 

■ N 11 H*tUP 1I0N S < U AY S i  09

■ w a c m ir u  r t m i  a c k c r

D H IU IN G  U f l H O O  MOTARY 

CORI B A H R (L ,0 IT  NX 

*001 MAN* l OGGED  B t .

CORf  S ' O R l b  AT

t'ORf Dl S CAHDt D,  O AT | .

O. 9
O. 4

2 .0

9.41

4 .03

5 33 

0 . 27 

0 . 9 3

7 .0 3

0.9
9 . O

10 4 3

11 O
11 33

«2 O

12 9

138

14 3

13 .3

13.9

16.3 

17. 43 

18.13

194

¿O 0 6

20.33
21 .03

22 .27

22 72

23 18 
23.44

DRILLING

O 4
aS

2 B
26*3

6 27 6 27
ZKCJ32/Z

3(0

oro
>-s
n
?
go

13 9

23 23

28 4

?o o
JVtí

fe in0401

44
iEX

27.0 a  a,
0&I2

336

T E S T S

SPT

SPT

3

BOREHOLE DATA
* * C OQH OtN A > C 193,033 -970 

f - C O O R D I N A T E  130,464-440 

I l CVATION I COL LAR > 203-31 

E L t V A T I O N  I 0 O T I O M )  170-00 

f i n a l  D C P T H  3 5 0  m

INCLINATION í ROM 0 °
VI RT IT Ai
BE ARING
LOC AT ION U "  > .

K E Y
ja ¡ M r ~ l i6 u d im té i f  ’  ~°*1C ~ oiwt itP « K » > io w

V R tv ffy  vavQft 
R 3’ fluQ* 
$Rs«liqh|ly rauqh 
S ■tmaeih

\V B*trf tlqfcl <0.lwv"
-T afight O. I - IO«wi
rN O xndt'a l «o*»» I.O -W »<"

1(0 ■00*B > SOlWB

RECOVERT OTMiR 1YM80LS

™1 co”
iP.L.S.I^P**"* **®4 trrtnqtti

RECOVENT <%J| tU.C.S «unloiíal
•tr«nqfh

iY B f ir t l  Qft«nd «ar»r
]R or<jc* «afro*».W wmattr corroí»n e o i%)

W EATH ER IN G
to ¡i - .u n tin u iid a ifd  
motffvlql

eam p'rffiy 
hfqftiy 

m »d*rat*>y  

i l í q h t iy  

f »**•»

JO IN T S

Xtfl
>
Ulo:
(9

1.94

iite

13 jote

8 6 
ñái

9 4

aa&

942

ÍBC

>50

> 5 0

I

II

III

u
4a.

00 0 ■■n o o o oyiOOO
o Ó -* n * i

voSoA
o b -

PERMEABILITY RECOVERTi GENERAL DESCR1PTI0N
XI-
“ t 0

III

til

III

R MD
R MO

■|
R MO

R MO

R  ¡T

R '1t
I
I

R"ÍT

R

R

T

nr

i i

i 11 I

.Luí

3.45

I I

! I

II!

I ;

0.0

1.33

6.93

10.3

NO
WEF
NOT

19.96

2344

27. O

O

l 33

2 0 0

6 .95

K3.4S

13.8

— o»
S I4 O •  OM> U
«  ai
s *•* c 
•» o 2 c

I
36
3

I

I
3

6
3

I
36
3

I

WAT0R PRC

23.44

27.0

I
36
3

I

I
3

6
3

I

O

5 29 o

3 .8  

4. 7

5 .9

4 .9  

4 3

2.0
2 . 8

3 .4

2 .7

2 . I

3 .8

c a n N o t
SEAT THE 
PACXER

5SURE
E ElECUTEP PACKER CAN 

SE1

3.6  
4 9 
7 O 

5.5 

4 3

4.8

5 .6

8 2 
5 .2  

4 .4

'S
>

0 J o 3 N 3
O u«
3 2

t
... _ - - jj-
k =i0e«ia

■ ---------T]
K -361*10

7. O

3 . 82. 6
3 . 9

7 . 9

100

3.7  

2 .2  

I .5

2 . 2

3 .9

TESTS

5. 3 
3 .6  

2 .9 

4 . 0  

6 . 3

6 .9

4 .0

3 3 

3 .7  

6 .4

/

rock  type  , co lou r , gra in s t2 * , 
t« x tu re  and s tru c lu re  (m a is ix o ,  
c lea í/ed  , fo lia te d , iineo*ed . I lo w  ‘ 
b o n d e d , yneisior.»» . p o rc h v n lic ,  etc 
acole o í  fo r |0¡nt sp e e m g *, 
w e a th e rin g , a l le ra l io n  , m ¡nor 
lith o lo q ie o l c h a ra c te r ís l ie s  , 
s tre n g th  , jo in ls

jp JglUbARK BRÓWfí CLAVE Y~ SAÑÜ W lfí l '

RESIDUAL SOIL. REOOISH CLAVE Y SILT

AMPH1B0UTES. OARK GREY. MEDIUM 
GRAINED. MAIN COMPONEIS* AMP, 01 
FROM 2.8 TO 4 .0 3  WEATH JOINTS 
PREDOMINENTLY ALONO FOLIATION.

+

AT 6 .2 7 , 6 .4 6 ,6 .4 7 ,  6 . 4 9  WEATH 
F J /3 0 ® .

I FROM 5 87 TO 3 .9 6  WEATH. J / 7 3 °
AT 7.2(CHL) 7 .0 6 Í WEATH.) j / 6 t f »

FROM 3 .3 9  TO 9 .7  CLOSELY SPACEO 
UNDIFE.RENCI ATEO J.

WASH SAM PLE 

( AMPHIBOLITE?)

AMPHIBOLITE OARK GREY. MEDIUM 
GRAINEO.

GARNETIFEROIJS ROCK WHI-TlSH TO 
L IG H T  8R 0W N , MEDIUM TO COARSE 
GRAINED.

FROM HB TO 10 19 UNOIFFERENCIATEO 
WEATHERED JOINTS CAN BE SEEN 
IN PRESEVED CORE. CORE 0ROKEN 
1NTÓ PIECES UP TO 7cm . OTHER 
PARTS REPRESENTEO WITH WASH 
SAM PLES.

AM PHIBOLITE. OARK GREY MEDIUM 
G RAINED. MAIN COMPONENTS- AM, 81

CORE IN PIECES WEATHERED FOLIATE» 
ANO STEEP CROSSCD JOINTS SEEN

AT 2105 , 21 6 4  WE AT*4. J / i 3 *  2CP 
AT 2 2 .2 3 ,2 2 .2 7  WEATH. J.

CHARNOCKmC GNEISS WITII INTERCALATE 
"NSOF HORNBLENOE BIOTiTE GNEISS. 
GREY, MEDIUM GRAINED MAIN COMPONEN 
-TS QU,FO,Py

GARNCTIFC ROUS BIOTITE GNEISS. 
LIG HT COLOUREO MEDIUM 7 0  COARSE 
GRAINED.

FROM 23 2 3 TO 2 6 .4 0  CORE IN  PIECES 
OF 3 -7  cin SCPER ATION ALONO J / I 3 * 4 3 °  
(FILLEO  GAUGE WASHED OUT )
AT 2 6 . 4 , 2 6 . 6 2 ,  2 0 .6 8  FJ / 6 0 °

1

ROCK S T R ^ N M I I
m

« •a i

A

8

C

*  I «QÓ^J 

• -0  — 3 |oci 

9.o-*s>>r
I y j

« ta tfi'a ifiy  iftanq 2 9 .0 -9 0 .0 0 ’ !

(9
O

U
X
A
4

90.0-100 0*1

I00 .0 -290Q '. t
• A

>  250

ENGNEERING

i* S'-y'r. *

: i '¡T. - v ': . 

'r 'c-r-v' • • •

f i ^ ¿ ¡

■ mi
; '   ̂r- i 

. ' ;v:. -:-«k

: ^ ' i K ’r'y
■V. -l -"(le'>' - í'’.'

' 'J y -:/ '

• tí-  ;; ■

<s*

V/1
+

5 A - T - 5 0

X
K
(9
X
w
K
>-

4
U
O

r c m a r k s

íw ifh  re s p e c t lo  
e *c a v o tio n , g rou ting  , 
p e rm e a b il i iy , rock ouoli) 
* fc .  )



KÜKULE GANGA HYDRO POWER PROJECT------
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE- KK 2 0 5  (o l d )', d e s a n o e r  in t a k e BHKK2D
DRIM.ING OATA

, .n ’ t b 25 02 92 i. o y p i  L r | o «9 03 92 

| mmu**I«(#n S I b * * * )  0 9

. .Hint r m »i  a CACR  1 . IHC M l l H O b  MOTAR* 

ti B A R R IL  .9 lt  KX 

•l| MAN - lO G G t D  » f

l (  S < 0 4 t b  AT 

tí O ISC AAO C O . O AT (

D R ILLIN G

a
09

■iW

■k

J

x
Cfl
>•
UJ
a ,
b

9.96

DOt?

HOL.E

T E S T S

5*5

984

BO REHO LE D ATA
Jt-CCiOA üiW Al I 193,095*970 

* • COI»* ÜtNAU 150 ,964-440 

( v lv A l t O h  < COl l  *R  I 205-91 

( l  (  VA V IOM I B01 TOM> 170*00 

r iN A L  01 M H  35 O m

INC CtNATlON t KoU  O °
VI A tu  A.
B (  ARiNG

L OC AT ION <i#' . .

J O IN T S

COMP

m

MI

I
II
I I I

9§
U

I I  B
p o o o o
o ^ e o o

• B «
n o o ,  

v e n o  a

K E  Y
JOIMT BOUONNIBS lA IM f

V M v f f f
9
tR tlIitK H y  Itvgh
t

«CCOVCRT

V v  -. - i  CORE
M C O W IIT (% !i fU.CS ■«Aiongt

u .M 2 u ¡ tá « o.o (%>

P E R M E A B IL IT V

6
O

a
o

1J

I

30.5

AT

o

o

30.9

33.69

— o*

5  I
•  O
w «I

K V

O■ c« °*  c

I
3
6
3

36
3

HE

N I L

DEPTH

0.0

RECOVERA

J01NT SIPA HAT ION
tV >*•»! tf^Bl « 0 . lm
’T i i i |M  O l - l  O m
M0>n4*»Di «o«r l .0 -3 0 » »
<0 » 90vm

OTHCR Sy m b o l *
IP .L.IU t«<ni >oatf

I f0 f l

lV B(U«I «r»wO« »«!**
|B Irs e  » aoff*0'»
iN »«pt>i

W LA TH E R IN G

In g lt f ig l

ro n g ir ld r

G E N E R A L D ESC R 1PTI0N

OF

roe Ir t y p f  , co lou r , grom Si?? . 
t * * tu r ?  and 'T ruc Jure ( m o s s u e . 
c lco ve d  , f ' ’M c * íd . iineo ’ ed . D ow  
b ü 'id e d , ynefssoí-?  . p o ro ^ v n iic ,  etc 
M ote  o í  lo r  io in l sp o c» n y ‘ t 
• re a th e n n g , g ile ra h o n  , m m or 
lilh o lo q íc o l c h a ra c te r is t ic s  , 
s fre n g th  , jo in ts

GARNETIFEROUS BtQTlTE GNEtSS AS 
AROVE.
AT 2 7 3 , 2 8 .0  FJ / 6 9 o

AT 2T 03 ,27 .37 , 27.76 j / 2 0 *
AT 27 63 J/90®
AT 30 25 SL WEATM. J / 2 9 °

AT 33 . 4 5 ,3 4 .1 0 ,3 4 .2 ,3 4 .3  ,3 4 ,7 6  
2 /2 9 °

AT 3 4 .4 9  F J / 9 9 °

AT 34  2 2 , 3 4 .2 9  CML. J / 9 0 °

I I
35.Om.

i i i ■

CHE El 02:
OF 02!

ROCK S I R l N i . l l l
MR /mz

M U

A

c

« I oo
1 0 - 9 - 0 0  

9 .0 -2 9  OO

9
O

u£
A
<

a
«ix

'V

i l i t n g  2 5  0 - 9 0  OO 

l l r g i i f  9 0  0 - * 0 0  0 0

» * r t  1 0 0 .0 - 2 9 0  0 0

i l t f i i q  >  2 9 0  0 0

ENG NEERING  A S P E C TS

X
9
M
»

V
O

N C MAR K 6

.w iíh  re sD e c t lo  
e ic a v o t io n .  g'C’j tm g  t 
re * ’m e c M ,*y rgcw c jc iM y ,

! '1 i

5 A - T - 5 1

H
A

4 10



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  KK 205,(OLD), DESANDER BHKK2I
DHILLING DATA _

m a o * i n 20 03 92 ( . " V P l F T f  O 26.03 92 

in i r O B 'iM  ir < * 4 **, W P a r 4 1 

v  a r ni»«r f t r r  TONE ■* TDCI

finn  ¡ i'¿r. u r  i «ton rotary  

r puf p .viof i , 1*11 NK 

r OOf M AH I o c r ff D 6*

* C R F * » n n ? n  A *

* 0 *7  Oís r ABOFO, DATf

B O R D O LE  DATA 7 T _____________ K E Y 1' W EATHERING ROCK S TR E N G Th

» C OOP DiN A T F 193,196-000 

t - f  f*nn O'NA’ f  130,497-69?

M r v * i t n s  u o u  a s í  199-71 

M TVAIION ( ROT fQ M l 174-91 

r 1N AL OFO T H ?3 2m 

«NC L tNATiON l i*i 'M 0 o. i i* • \«
a» A RING 
l.OCA 11ON <<•- <

JQIHT WOUOHNtSS 
VRavfry rough 
6 erough 
SRstifgMIy rough 
9 ■tmonlh 
9L»*U c**n»14td

CORE 
r c c o v c r y ( % i

JOINT ¿EPARATIQN

R O O  t*/o)

O 15

2 34

4 4

DRILLING TESTS JOINTS PERMEABILITY

V w t r f  HgM *0.lR W
T Might O J-IOm m
MORiBdvrdt optn l.0 -30m m  
O lop fi*  *  9 Owm

P.L.B.I spolnt load ilr tn g lh  
Index

U.C.9 *unla«lfll CD*npí«'^iv«
ttrrnqlh

V ground «fdl*r
Brach «omplc 
« io1tr mmplf

io t i : unconiBtidaled 
m oftrlo l

MR / * * _________

* *1.06
« tak •  1 0  ~9.D0_

C B .O - 2 5 fM '

•w otftra to ly  «Iranq E 5 .0 -5 0 ~ 0 0  

l lrg n g  90  0 4 0 0 0 0

« • i f  ttronq IOO. 0 *2 9 0  Of>

> 290 ’ rj' I

i

t

t ilrc m tly  «trong

S

6 .9

6 .19

9 .0

19 O

IR O

70 9

24 O

24 70 __ l

3.9

2MF

6.0

2¡vO|

II

• 6 • IIn o o o o[ * 4 0 0 0

HOL

9 .0 0

i

12 00

13.00

i ten r

* i

I ’

1 !

81.0

12 od

<9 0 0 1

18 no

21.0

24.0

30MPLET

' /

ED

o >*

AT

RECOVERA GENERAL DESCRIPTION
ro ck  typ e  , co lo u r , groín st7e , 
to r tu re  nnd s tru c tu re  (m a s s iv e , 
c le o ve d  , fo l in le d ,  lineo led  , f lo w  
b o n d e d , qne iscose  ? p o rp h y r it ic ,  etc : 
scale as fo r  jo in l s p o c in g ) , 
w e o th e r in g , a lte r a l io n  , m in o r 
lith o to g ic a l c h a ra c le r ís t ic s  , 
M re n g th  , ¡o in ls

mi
ENGINEERING ASPECT$*j

::i

RE MAR K 8

100

Cwilh respect lo 
e x c a v o fio n , g ro u tin g  , 
p e rm e o b il i ly , rock quaüty 
etc .) ' n

V

TDP SOI1‘.BLACK ISH CLAVE? SANO 

ALLUVIUM BROWNISH, MEDIUM GRA|NED 
CUATEV SANO.

RESIDUAL SOtL. REDDISH BROWN 
CLAVE V SANO.

CARNE T1F*ER0US ROCK. 
BROWNISH, MEDIUM GRANJEO.

CARhETlEEROUS CHARNOCWTE.COARSE 
TO MEDIUM 6RAINED

CARNE TIFEROUS ROCK. (CHARNPCWTEI 
BROWNISH. MEDIUM GRAINED.

CHARNOCKITE .GREY, MEDIUM GRAINED, 
MAIN COMPONENTS Ouv FD, P j.

CARNETIFEROUS BIOTITE GNElSS.Ou.
RICH WITH INTERCALATIONS OF 
HORNBLENDE- 01OTITE CNEISS lAYERS 
UP TO 40cm MEDIUM TO CDARSE GRANEO., 
MAIN COMPONENTS O u ,F p ,B t

12 39 FJ/2C T  
1^.62,13 10 J /2 3 P  

0 - 9  Fj / 3 3 °

16.95,17 23,17 .90 ,17  9 2 o ,3 :- ’

AT IB.93, 18.99, 19.01,1999 j / 3 0 d

AT 2 0 .3 6 , 20.90 F j / 3 0 *

AT 2 7 .4 3 ,  7 2 0 0  J / 3 0 °

AT 2 4 .0 9 ,  7 4 .1 7 ,2 4 .1 3 ,2 4  7 3 ,7 4 .2 6 , 
2 4 .2 7 , 24.20 r j / 3 0 °

ÉPTH OF 25.2 m

MT

Mt'
HT*

wF*

I ■

nl-i-Il

5 A - T - 5 2

l



0

KUKULlf GANGA HYDRO POWER PROJECT 
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE - KK 2 0 5  (NEW/OLD) , JAILRÁCE OUTFALL B.H.KK26SHEET 01 
OF 0 2

DRILLING DATA
orto:  28.09 9 2 coMPv.rrtn 21. 02.92

-r r u p h q n s  t nf c / s )

Hiwf f r r r  t o n e  -  r o e  1 
I UNA M t * « 0 0  ROTAR Y

» I BARREL.BIT- N %

» r m a m ' 1 O G o ro  o y .

■I 3T0RFD AT- 

I DISCAROCO, DATE ;

D R I L L I N G T E S T S

F-m*>
3«I

BOREHOLE DATA
X“  COOR OtNAT E 19 7 5  IS 1 9 6  

Y - COOR D 'NATf 144 9 6 4  9 4 4

rtE V A T iO M  (C 0LLA R 1  6 9  711

e i.rv A r iQ M  ( p o t t q m i  i 9 - 6 i i  

'IN A L  OEPTM SO.IOm.

INC LfNATiON * ROM
«m m»t a i.
BF ARING
LOCATION 1*r. r.., *

J O I N T S

i

MI

MI

M

11

m

MI

I

m

m a.
EC « o
s s s s s a30 —*»>m o
» s ¿ .ro n  O*
d o - —

ack.

R MC

R

R

u0&

MC

KEY
JQINT RQUGMNtSS 

V R ÍT fry  Tpugh 
R s ro u q ti 
9 R s« llg h lly  reugh 
9 **mooth 
5L»**»t>ifM ldtd

RECOVERY

DCORE .
RECOVERY(%1

B m. (%)
P E R M E A B I L I T Y

X _t •s-

a o

9  .o

12 O

19 O

IB. O

21.0

24.0

270

SO
8

o►*

9 .0

12.0

19.0_L

IB.O

21.0

24.0

27.0

o» W c  «  -~ < Tím oW «

Oí ÜJ2 * w pn 5

I
3
6

3
I

I
3
6
3

I

I
3
6
3
I

I
3
6
3

I

3
6
3

i
3

6
3
I

I

3
6
3
I

mvt
0j
«w
*-1

4 O
9 .2
12 O
10 O

4 . 2

S

>NML

l IL

>NIL

>NIL

'í

W IL

I n i l

j  '

a
*® >•

O
Me

9 . 4  
9 . 0  
6 . 2

9 . 7  

9  9

0.0

O. o

0.0

0 . 0

0.0

0.0

//}✓

/

,/

*

RECOVERY
*
►

>ou

ou

o  O X
<  o  

c
90  100

/

/I

/

/</

/

\k,
/

/
/■

í
/ ,

X

/

/

/

/

/

/

/

/

y

X

/

;

V
y

K>

/

X
A

/
/

1/:/
/

/

/

/

y

:x

/

y

y
y

■>

/
y

é '

X/
X
ty

X

y

V

JO lN r SE PA RAI ION __
V Vvcry tlqfct «O .lm m
T « llq M  O l - IO m m
M 0*m 4tfQ l ópvft 1.0 - 5 Omm
O « o p to *  3,Omn>

o t h c r  s y m b o l s
R.L.B.I.-poinl load »tr»nqth 

In d r*
U.C.9 *unia»lal compr«sB¡wf

t lrc n q th
V 
R 
«r

■ lin! qreund »ol»r
■ roe * * ampie 
«wole. tgmpif

WEATHERING
«ott : u n ca n te líd a ltd  
m ate ria l

compfeteiy

M qhty

m odvralely

« liq h 'ly

f .e th

G E N E R A L  D E S C R I P T I O N

ro ck  typ e  t co lo u r , g ra in  si?e , 
ta x tu re  and  M ru c tu re  (m o ^ s iv e , 
c le a v p d  , fn l ia le d ,  lineG led , f lo w  
b u r id e d , gne isso r.c  , p o rp h y r i l ic ,  e le  • 
*icüle os lo r  jo ín t s p a c in g ) , 
w e a lh e r in g , a l le r a l io n  , m ¡no r 
l ith o lo g ic a l c h a r a c le r is f ic s  , 
s t re n g lh  , ¡o in ts

top so il  . BnowÑíg-H"CTAYev S IR IT

IPUAL s o il  l ig m t  b r o w n  s a n d y

O T o m rw ro rR o c K ----------------------

G A R M E T ir  ERÓUS .ROCK. MEDIUM TO 
COARSE GRAINEO. OISCOLOURED.

Ou RICH BIO TITE GNEISS WITH 
OCC ASIGNA L C O AR SE G R A IN E O  
C A R N E T - ENRtCHED BAÑOS UP TO 
10 em. L1GHT COLOURED, MEDIUM
GRAINEO* MAIN COMPONENTS 0«,FO, GA,
Pi

FROM L O T O  2 .40  CLOSELY SPACED 
UNDIFIPENCtATEDJOINTS. ALL JOINTS
WE ATHEREO.

SLIOHTLY WE ATHEREO 
FOLIA riO N  JOINTS

AT 2 50, 2 .6 5 , 2 6 6 , 2 .72  , 2 75, 3 .0  , 
3 02, 5 . 03, 3 1 0 ,3 .1 5 , 3 .2 2 ,3 .7 5 ,3 6 1 , 
3 .6 3  < 3 0 °
A T  3 .0 3 , 3  4 0 , 3 . 5 6 ,  3 9 6 , 3  60 
SL. WEATHERCO J / 2 5 °

AT 4 .0 , 4 40  J / I 5 °
AT 5 2 ,  5 .3 , 6 .9 5  , f t l?  F J /4 5 *
AT 7 .6 6  J / 6 0 o

FROM 6 .0 5  TO 8 22 ANO FROM 8.70 
TO1 6 .6 7  C aC O jF ILL  J / 6 0 °
AT 10. 90 J / 2 0 P

GARNETIFEROUS 610 717 E GNElSS, 
COAPSE TO MEDIUM GRAINED WITH 
PLUM PUDDING COARSE GRAINEO 
GARNETS . LIGM T COLOUREO. MAIN 
COMPONENTS Ou, FD, GA, Bl

AT 12.10 J / 2 0 o 

AT 14 3 0  ,17 0 8  j / 4 5 °

A T 1 9 .7 0  J /  15

y

' / f  A  á

5 A - T - 5 3

ROCK STRENGTH
M N /  •»*

v»Oh

A

C

<■ 1.00  
I 0 - 9  OO 

9 0 -2 9 .0 0

0O-I
u
X
a
<

xi-<

•ne d e rg te ly  t f r o n g  2 5  0 - 5 0  0 0  

i l to n g  5 0  0 -1 0 0  0 0

v«ry  «Ironq 1 0 0 .0 - 2 5 0 .0 0

e tire m e iy  t ira n q  >  2 5 0  0 0

E N G M E E R I N G  A S P E C T S

XI-0

VI
Xuo0

RE M A R  KS

(with respect lo 
ex cava I ion, grouting , 
Dermeahility, rock quality,
etc. y

x»-
a.
w

O. 3

O. 6

2 . 0

2 .0

3 .25

n. 2



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENG1NEEWNG_PURPOSES TAB. 1.3 

FEATURE -  KK 2 05  (NEW/OLD) , .TAILRÁCE o u t f a l l B . H K K 2 8 ^ e e ^

D R ILL IN G  DATA
SfAR rEO . 26 .03 .9 2  C O M P LíT f O 21.02.92

■nterror n o * 4 (n iv s )
* 4  CHIN í  t t p f  TOME -  T OC I

n n H L 'N O  « r ' f u o o  r o t a r v  

c n R f b a r r c l .B i t * n k  

'O p i m a * *  l o r c c o  s t :

CO*»C «MOMO A f  
COR» D U C A R O ÍO , DAT» ■

X-COOROINATC |B 7 5 19 * 1 9 6  

» * COOR OlNATE 1 4 4 9 8 4  9 4 4

ftE V A H O M  (C O LLA R ) 8 3 *7 1 1  

CLCVAMON ( MOTTOMl I 9 ' 6  t i  

F IM AL D f PT M SO.lOm. 

i m c l i n a t i o n  y « o m
flRTUjAL

JOINT R0UGHNC5S 
VflÜvVry r«H9h 
R arouqA 
S R tillg M t| TMiqfi 
8 >iii>bbA

l  3ÍPÁMATI0M „
y  ■*•!« HaM 4 0.1 m*1
T aiigM 0.1-1 Ow»
MO>»dao( apa» 1.0-30»*»
O topan > SOnvn

mcoviRT

v V - ’ ."  n  co*«R E C O V lA V lY *

R. 0.0 «M

290

3 0 .0

31.0

3 2 .0

33.0

3 4 .0

39 -0

34.0

3 7 .0

36 .0

3 9 .0

4 0 .0

41. O

4 2 .0

4 3 .0

4 4 .0

4 3 .0

40 O

47. O

4 6 .0

49 . O

90. O

M 2
66 6 >■nooofio*nooo

o o -

HO.E

33.0

30.0

300

39.0

42.0

43 .0

sao

33.0

36.0

3 9 0

420

43.0

46.0

4 V

I
3
6
3
1

I
3
6
3
I

I
3
6
3
I

I
3
6
3
I

I
'3
6
3
I

I
3
G
■3
I

;ONPL :TEI)

éA »-

IIL

>NIL

>IMIL

Sniu

MIL

>NIL

l IL

® >•

O O

O o

0.0

/

0.0

0.0

0.0

o o

QTHElt STMBQL» —
' H  l  up«lw> lo«é «tianqih 

tn4aa
U.C.9 ■vniaalol campr*t«¡«a 
| tfr**qgf»
*9 arw«i qvaand waiar
9 « rB tk io a g n
■> IH » n  «amala

WEATHER1NG
Boíl : u*cantal>4alad 
mofar í al

eampiafaiv
Mqhly

msdBroUly

«llqMly

fra iK

RO CK S T R E N G T H
MH / • ’

■aoh

A

C

m t^ n o if iy  «franq

«frvnq •
« f f |  «frenq 
B iftB a tif ilrai»q

<1.00;
1 .0 -3 -0 0 -( r
3. 0 -23 ,06 *

’ t
23  0 -9 0  06 ;

soo-ioaoc >.|
I00.0-230.fy.'v \

>  230 ,Tt '

ENGMEERING A S P E C T ^ jj

¡rock t y p e , co lo u r , q ro in  s ize , 
fe a to re  and  s tru c tu re  (m o s * iv « t 

'c le o ve d  , to l ia le d ,  línea ted  , Mow 
b u n d e d , qne issose  f p o rp h y n t ic ,  d e  . 
Acole os lo r  jo in l s p o c in g ) ,  
w e o lb e r in g , a l le r a l io n  , m in o f 
tifh o lo g ic a l c H a ro c le r ís l ic s  ,

i»oj

&*
X*-<

X►-O

%O
o

RC HAM M fl

f

«f
\

A T

too i

c

J . V

s tre n g th  , jo in fs

CARNET IFEROUS RIOTITE GNEISS AS 
A90VE INTERCALATION OF OARK
COLOURED HORNBLENOE-Bim IT E GNEB5

FROM TO

36.10 3 7 .2 0
40 .66 41 0 3
43. G " 46 .30

FROM 3 4 .2 0  TO 3 4 .4 0  CORE

HAS QEEN BROKEN INTO PtECES OF

2 -  3 IN SI?E . JOINTS CAN NOT BE 
10ENTIFIE0 PRORABLY OUE TO VIBRA 
-T IO N  EFECTS OF THE MACHINE.

-

__ +sJ

c f H  OF 5 0 .IOm

5A - T - 54

(wiith respect lo 
e x c o v a lio n , q ro u t in g , 
p e rm e o b ili ly  f rock  q u a ü h ;, 
e t c . ) , *1

___________________1.!
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB 13

FEATURE -  KK 2 0 5  ( n e w / o l d ) ,  h e a d r a c e  (SADDLE)
DRILUNG DATA

i f t R U D  24 02 92 C O M P L Í T I O - 27.03 92

l T r qn >ir riON 4 Ad a y S I  OR

,Af m i n»  r v r  r j o y
i

‘mi t INfí ME T MOt) ROTARY 

nqf RARP*t ,R1T* U X  

•»RF MAN • l .OCOEO 8Y .

RF 4 T 0 R E 0  AT*

RE DtSCAftDCD, DATE :

_BOREHOLE DATA_
« - C O O R D I N A T E  133,463*130 

T - C O O n O ' N A T E  146,967 R93 

F L C v AH O N  I C O U  AR ) 234-637 

CLFVAT10N ( R O T T O M )  134-777 

r i N A L  D E P T H  9q Q6 w

I N C U N A T I O N  TROM 0 o
VI Rltr Al
PE ARIND

LOCATION U » »  r t

KEY
i JOtN ilÓuCrHNCSS

DRILLING

?4/Z

6J

9*3?r&

J4fl

ro?

L2«
S tt!

P*i áoj

'441
i/ yí|

D37

R.4I
7 /"

3
5

o
Z

V Ñ a v iry  ragqft 
6  a ra u q *  
S R a tlIqM ly  rouqlt 
8 i i n t a Á

MECOVERY

L  CORE,*• ■ -1 RECOVEN Y (%

W  « .« .o  n u

TESTS

0 6

rrjfil

106

i 01

í̂»x<r

I 04
r¡Vi

i 04

\ k*¿

*■

JOINTS

n o o o c
y i o o o

**?“ f
I « o 3 o *

b o 

í l

II

I I

SL

R

o
4
*

ll

PERMEABILITY
*  _ 
 ̂ •

4,
OK

0 .0

3 0 3

6 10

M.H

14.11

17 26

2 0 4 2

24.47

?6 31

a
f
&
oi -

3 0 3

6 >0

9 13

14.11

17 26

2042

24 47

*6 31

- •  O»
W c
4 ^O ow» «

1  02 •s §
S c

i
3
6
3
I

I

3
6
3
I

I

3
6
3
I

I

3
6
3 - 

I

I

36
3
I

A
0

t  Z

\ nil

►NIL

5 .2  
5 .7
5 e
6 .3
6.0

21
2 7
3 3
3 3 
3 I

>Nll

} NIL

i
■ >•

> 3o  3N 3
5 i
■» mK

K =

K s

K =

í?

0.0

0.0

o o

o o

RECOVERY
*
>

>ou

oo

o  O
5 -

/

/

/
a '

/

5A - T - 55

100

!

'•  «A J

A

/

/

J01NT SEPARAT10N
V ligU «O-lnwi
T arlqhf , 0 .1- I  Omn
MO*<ndtrf|t Opan l,0 '3 ,O m n 
O aspan >  3 Onwr»

OTHER 6YM 60L8
7 L.|U p«ln1  laatf «tranqth 

Indfi
U.C.9 ■unlaaiol «ampratfiva 

•Irinqtl)f
W

■ flu í fround valar 
■ raed * ampia 
• votar inmola

WEATHERING
toll : uncanaaiídalad 
mofarlo!

eamplataty

Mqhly

modarottly

i i iq M lf

fra th

GENERAL DESCRIPTION
ro ck  typ e  , co lo u r , g ro in  s ize  , 
ta W u re  ond  s tru c tu re  ( r r u m iv e ,  
d e a v e d  , fo t io te d ,  lin e o le d  , f lo w  
h e n d e d , g n e isso se  , p o rp h y r it ic ,  e le : 
se ole os fo r  ¡o in t s p a c in g ) ,  
w e a th e r in g , o l le ra  ( io n  , m in o r  
li lh o lo g ic a t c h o r a c te r is l ic i  , 
s tre o g th  f ¡o in ts

p u  ^ - J S H E E T  OI
___ J_Z_1PF 04
ROCK STRENGTM

MN / •
A

C

« 1 .0 0
1 . 0 -  3 .0 0

3 .0 -  23 OO

O-J

zA

TOP S01L . BL ACKISH CLAVE Y SAND

cose  le (weathereo biotite ígneissi

COBBLEl WÉÁTHEREO ÁlwPHiROUtÉ 7

WASH SAMPLE (COARSE SANO)

COBBLC — (WEATHEREO BIOTITE 
GNCI9S I

O
|Á

WASH SAMPLE ( G R A V E L )

WASH S A M P LE  ^COARSE SAND )

RESIDUAL SOIL.LIGHT BROWN 
BROWN SILTY COARSE SAND.

GREVISH WEAK ROCK WITH TRACES 
OF BIOTITF..

• • " •* * •-V 
*•

z
<

///
Ou.RICH BÜTITE GNEISS.LIGHT COLOUREO, 
MEDIUM ORAINEO, MAIN COMPONENTS 
Ouf FOf 81.

FBOM I0S 4  TO 10.89 CLOSELV SPACED 
SILCKENSIDED JOINTS CHLORITlCtZED 
< 60® . TECT0N12E0 ZONE

AT 11.06, H.24,11 29,1143 J /2 5 °

AT 13.72 F 3 /6 0 °

Á ¿ ¿ ¿

CHARNOCKITIC GNEISS»GREY, MEDIUM TO 
COARSE GRAINED , MAIN COMPONENJS 

FD, Py
AT 17.26 F J /6 Í»

RT 17.3, 10.0 CHL J /e O 0

AT 19.30 CALC1TE FILL (.Vnm) j / 6 0 °

AT IB .2 3 ,18.43CHL F j/7 0 °

AT 2 )3 0  C H L .J /7 0 *

HORNPLENOE- BIOTITE GNEISS . DARK 
GREY . MEDIUM GRAINED

CHARNTCKITIC GNEISS, GREY MEDIUM »0 

COARSE GRAINED, MAIN COMPONEIS 
Ou, FD, Py^

FROM 20 32  TO 20 70 j / 7 0 °

AT 2 1 .0  J / 5 0 ®

FROM 21.20  TO *1 .3 6  C H L J /6 0 ®  

FROM 2 3  26  TO 2 1 .3 3  C H .J /8 5 *

AT 2 3  .6 6  F j / 60®

AT 21 3 0 , 22 8 0  ü / 2 t f *  3 0 *

AT 2 3  3 ,2 3  0 6 ,2 5 .9 0 ,  2 6 .1 7  j /6 C P  

FROM 27 90 TO ? 8  3 0  j / 8 0 °

A r 27 4 4 ,7 7  6 2 ,2 7  9 0 ,  20 0 3  j /  ^

MT

'F'

'V

'4 ‘T'

JH

v>

4 P

MT

1

modftafaly llronq 2 3 .0 -3 0 .0 0  

ilrgnq 30 0400 00

*•> y llronq IOO. 0-230.00
i ln n q  >  230 .00

ENGMEERING ASPECTS
Z
O

K01
KUO

RE MAR KB

(wilh respect to 
eicovalion, grouling, 
permeohiltly, rock qualily, 
e tc .)

z
a.
MO

0 6
1 2 0

1-0

3 .0 3

4 O

3 O

6 O

9.15

10 3 7

10 59 
10 09

13 37

20.5

21.2



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB, 13

FEATURE -  KK 205 (n e w / o l d ), h e a d r a c e  (SADDLE)

J

DRILLING DATA
« i a r < I n ?4 0 2  9? C O M rtf t f  O 27 0 ? 9 ¡ 

• *« t r nnnr* Tin*m  f p A r $ l  OT 

MAfMt»)» i » r r  j o  Y

O R i L l l N G  ME M I R O  ROTA RV 

fP*»F ■ AAAt l . Af T  n y  

* n » F  M A R  I O G O C D  R r

r o o r  5 r o r t o  at

T O R F  O t S C A R P C D  , O A T f  :

BOREHOLE DATA KEY

BH KK29¡

fe-COORDINATE 1 5 3 ,4 6 3 *3 0  

v - C O O R D ' N A T r  l « s ; 9 6 TA ? t 3  

tU Í  VATION I COLl A» 1 234 6 3 t  

F L f  WATIOM f 1 0 T T 0 M Í  134 777 

«■'NAL O í  ATM 99 m

I N C I I N A T I O N  f R O M  O n
V! *;i «.AL
9 1  A RING
LOCAVION i-g '

joInT '19u2 mñcsF

R > '« n ^  
I t a i l l f M i ;  tas^h 
% ■ •« •a llí 
8Laiii*>»wi<'M<

V •*•*7  hqM 
T aiRM O . I - íO iw

opf" l.0-3.0»«" 
O aaotn *  3 0 » *

MCOVCNT

1 : ^ 1  C 0 M

m m mL

ACCOVKRTt%) 

« 0 . 0  (% )

?9 29

30 23

32.K)

DRILLING

?0fv
ns/í

am
3

3231

33.47

305*

41.30 0130
VB/\l

44 03

46 O

47.37

40. 7

30 32

31 0 3

XV 33

330

y»
HTJ

Í4G<

TG/C

47.37
m

S2.CC
ñaft

33 2

» Í I

1.33
PAO

I.3S

1.30

136

TESTS

133

Sfct]

152

I S I

’2ft

JOINTS

ni

ii

tu

tu

R
SL

■ «« ■«
ROOO«9*4000

< • • 
R O O . 

« 0 4 0 *óó-

o«&

PERMEABILITY RECOVERY
X _
t •«a ^

30.91

SZ 91

33.47

30.31

41.30

44.64

4737

90 32

a
e
6

29 20

33.47

41 30

4464

47.37

9032

3339

— O»
o  c
4  Tí 
•  O

" £ « s2 c

é
i
i

i
3
6
3

lm I2 ^ O M

2 o

Jnil

I
3
6
3
I

I
3
6
3
I

3
6
3

I
3
6
3
I

>N IL

>NIL

1.6
2.1
2 .3
2.0

1 .9

i IL

1 9
2.1
2 O 
I 9  
I. G

1 2 A
3 l 9
G 2 2
3 2 .0
1 2 .3

1 2 . 0
3 2. 2
6 2 6
3 1 .6
1 1 .5

i0
•  »•

5 I

7
►

O. o

> o  u  m* o- sK
O
u

6  90
T Í  ¥JI T»f '

y

/

iooc

JQ INT 31 PAR AVION
« O I* * *

OTMIR 1TNOOL»
t t a i  in a n ia

»»■*•
U .C .f Banioaiol t*«*Rr*aa¡«»

V ■ f i t t f  fr*w*6 »•*•*
|  ■«•efe I0*fe>f

■ ■ a tr »»«■>«

WEATHERING

m .
• • I I  : i*caa iahd a if4 
m s i f f la l

ra * fR i« iy
K l f h l f

n a M N ia tr 

I «••■

GENERAL DESCRIPTION
rock type , eolour , groin sir* f 
torture ond struclure (m a « iv e , 
cleoved , foliated, lineoled , tlow 
hended, gneíssose , porphvntic, etc : 
scale os lor joint spacm g), 
weathering, ollerotion , mioor 
lithologicol choracterisliet , 
strength , joint»

u
X4

A
/
s
'
y

A
0 . 0

0.0

/

A

s
y

/

0.0

/

/
N/
/
/

u

/
/
/
/

/

A
y

y

A

*

y -

/i

/

/

y .
' S ,

A

t 1

S

y

y

\y

A
/-

/

*

JLk

CHARNOCRiriC GNEI5S AS ABOVE 

AT 2 3 .2 9  , 31- 03 , 31 0 0 ,3 * .  10
31 30 , 3 1 5 6 , 32.14 CML F j /3 0 a 6 0 ° 
AT 31.34 J / 6 3 o 
AT 3 2 .3 0 , 32 .38  J /2 0 °
FROM 32.10 TO 3 2 .3 4  J /8 0 °

IIORNBLEHOE -  B10T1TE GNEISS 
DARK GREY. MEDIUM 6RAIME0» 
MAIN COMPONENTE Amp.BI

BIOTITC GNEI5S. LIGHT COLOURED 
IN^PLACES GARNETIFEROUS. MEDIUM 
GRAINEOi MAIN COMPONENTS F0,Oi«,BI

AT 3 2 . 5», 32.39 j / 2 0 n 

AT 32 5 3 ,  3 7 .5B J /4 0 ° 5 0 °

AT 3 0 .7 , 3 9 . 0  - J /6 0 ®
FROM 4 0 .9 0  TO 41.13 j / 7 3 °

AT 4 0 -1 ,  4 0 .3 0  , 4 0 .G6 , 41.7
¿ / 4 0 o

FROM 40.3 TO 4 0 .7 4  J / 8 3 °

WITH A CALCITE F IL L lm m

AT 4 2 .1  J / .2 S  C A LO TE  F ILL  Imm

AT 4 4 .0 ,  4 4 .2 0  J / l 3 °

A/*

u**

A/*

A /'

l / '

iy+

. GARNETIFEROUS BIOTITE GNEIS5 
( ENR1CHED WITH HIGH PERCCNTAGE OF 

j  GARNETS ) PINKISH, MEDIUM TO 
^ ’ C^ARSE GRAINEO

O’iART 2 -FFLDSPAR PEGMATITE WITH 
G hR NETS, MEDIUM TO COARSE GRAINEO

AT 46 26 J /G 0 °
FROM 4G 26 TO 46 3 3 , FROM 46 7 
TO 4 7 12 J/8</*

* BIOTHE GNFISS,LIGHT COLOURED, 
MEDIUM GRAINEO,MAIN COMPONENTS 

0 » ,F 0 ,  BI AT 4 8 .2  j / 2 3 °
X

y
AT 31-70 F J /  3 0 °

AT 33 3 0 J /? o °

AT 33 62 , 34 3 , 34 38, 3 4 .00 J/2C f 

AT 33  7 3 , FROM 33 ?9 TO 34.10 j / 7 0 °

I  AT 3 5 0  C ALO TE12m m )FlLL j / 2 0 °

BIOTITE GN5 If .s  'ÍW IT H  HIGH PERCENT 
- A G E  OF BIOT-ITE )

T

\y>

y *

\ y

WP

y *

- í  -

JLi

NGNEERING ASP^J

«Oo

■A**|
•id

REMARRt  ' |
(wíth re ipect to * 
e«covation, groulmcl 
permeahility, rock (:.* 
e tc .) °

5A -T-56



KUKULE GANGA HYDRO POWER PROJECT 
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

_______________________________________________ t______________ ______  _______________ ________
p  u  i / ’i / ’ ^ J S H E E T  0 3D.n »\r\¿:t*Qp q aFEATURE -  k k  2 0 5  (n e w / o l d ), h e a d r a c e  (SADDLE)

DRIL LIN O  DATA
2« 02 92- C O U l 'L f T f O  27.03 92 

v i r n p ' r r f 'n N *  ^ d a t S I o a

JAfMtHt t T P f  j o V  

j o i L i i N G  m f t m o o  ROTARr 

■d«r 1*a » n* i ,9*7 hv.

n n fM A N  LOCOfO 07

l í lf  « T O A f D  A 7 

\ U 9  DISCAJtPCD, DATE :

.¿03
í

BO R EH O LE DATA K E  Y
» - COORDINATE >35,463-130 

* -COORDINATE 1 9 6 ,9 6 7 9 9 3  

r i t V A T i O N  ( C O L L A R )  254*637 

11 F VA7 ION ( BOTTOM) *54 777 

r iN A l  O f P T H  9q Q6 „

tN C L 'N A TIO N  fflOM O"
V| R11( Al
BE A RING

LOCATtON l*r. i . -  I

j Ó Í Í r ?W w 5 H t l | Í t  ' r  ™ r jp IN T  SEPARATIQR
V l U f t f T  • • • 9 *
9  ■r»*ffe 
fRsillpfeitf rMfh 
9 • •«■••m

J
r e c o v i r t

■. v * - . * i  e o R t*» *« *•• I » | M C O V ( R T ( % !

tlMÉízÁ «.«.o nu

DRILLING

BU2

|TUl<

I

£5
33¿S

*86

<2J6

ttn

m
ata

«

o

a«i

X
<0
>-
UJ
or
o

<
ÜJ

o

1.58
rnft

1.39

oaA

1.8?

ay*

LB5
C&f€

2.35
iiSlí

2.38¡tó

!.59
pKÍ

258
?2*1

2.58

>20!

TESTS

•I
3

JOINTS

ii

ni

ni

..II

lll

II

R

Y
R!T

R

R T
\I

R .T
4(

Al
N

i • i
n o  O
0 4 0
O O -

t •

PERMEABILITY RECOVERY

i i

. «

X
í
m
o

•
—

5  i4 TI m o
•* mi-
•* «. 
■  V

5  §  
;  1

E

m
1  

M C
2  ^  
2  *

2  -3

§ 5  *  O

i

• >• 

*  3o  a  
i* a
O M
3  I

t 0

o
ofr.

a
o
m
A

a
o

5

Or»

36.60 /

1 2 .3 /

3 2 .7 i
6 3 3

3 2 5
/

1 1 9
59 60 4

59 60 l1 y

1 ■i 9

3 1
6 > N IL o . o
3

f

1 Ji 1

62.6

62.6

y ’
1 S

3

6 >r-)L 0 .0

/

/ '

/ '
3

/
1 )

65.6 /
63.6

/

;
l

f \

6 5>n i l 0 . 0r
3 r *

1 j /

68.6 <
08.6 s

/
i /

¡ 1
1 /

3 1
i 6 Sn i l 0 . 0 y/

i 5 A
i i
- / y

i
7L38 i—

A

70 38
i
i / .

\ s
*"

3 1 a e

-6 } n i l 0  0

3

• J <
y

74.73

74.73
/

1 3 .9 >r

3 A. 5
<

6 5 .5
/

3 4 .9 t

1 4 .8
7792 >

7792 /

1 \
í

3
G >N IL 0 . 0 P

/ '
3
i /

/
8096 y

80 96 . /
i

3 •
/

6 Sn \l 0 . 0 /

3 ' * >
1 )

3414 f

A
y

*
►

O
u
c o o- í .
o
u

'

/ '

y

s!

vi*

y

■pa\

V
A

/

too
I

/

7

/

/

. //✓

//
/

/
/
/

/ '

/

/

K

<
/
V

V a«try  hpfef « O .In h
T I l i f N  O I *1 0«Mt
M 0>«4«rf l l  ttotn 1.0-3,0**<n
O ■•p*n > 30*—»

QTWgR «TMOOL»
PL.6U |« n 1 ttv*n9fh

U.C 9 Ponía ■•«i cmv'ni íff
•lr*nqffe

Y l i í f i t  f fu f l t f  M f n
9 • » «efe tampt*
W > » o ir  ibw bO

W EATH ER IN G
ppM lancpntofctfpipd 
n a fp r lp l

c •*•*•*• hr

h ifk lf

i r  pan

GENERAL DESCRIPTION
rock type , colour , grato sire , 
tt»fure ond struclure tm ossive, 
cleaved , foliated, lineoled , flow 
hended, gneis so se t oorphvritic, ele : 
scale os lor joinf spocing), 
weothering, alterotion t mmor 
lifhologicol charoclerislics , 
strength , joinft

8 I0 T IT E  G N E IS S ÍW IT H  H1GH PERCEN- 
-TA G E OF (B I)L IG H T  COLOURED MEDIUM 
TO COARSE GRAINEDt MAIN COMPONEN!S 
« u,F D l B^__________________________

I» Í ÍnteS gne,ss-l,6MT COLOunEO* MEDtuM

?y ̂  
j  ^

CHARN0CK1TC DARK GREY. COARSE 
GRAINEO, MAIN COMPONENTS Ou,FD,Py

FROM 35.10 TO 53.70 CHL F ILL  
SU8VERTICAL J

AT 33 .2 8  J /6 0 °

AT 3 6 .9 4  , 37 27 , 37.47, 37.67 j / 3 0  

FROM 39 0  T0 3 9 .22 CHL J /7 Q °

AT 6 2 .0 4 ,6 2 .5 0  J /3 0 °

AT 6 2 .9 4 , 63 5 5 , 6 3 .8 5 ,  63 93 
63 0 ,  63.47 J / 2 3 * - 3 0 °

AT 6 3 .6 5  SL8 J / 3 0 °

AT 6 3 .8 3 ,  6 3 .9 4 , 6 6 .2 4 ,6 6 .3 0  J /25e

AT 7 3 .3 2 ,  7 6 .7 3 ,7 7  0 2 ,7 7 .2 6

7 7 7? j  /4 0  o

FROM 7G . O 10 76.20 J /p o °

OUARTZ -  F EL 0 6 PAR** B IO TU E PEGM 
-ATITE

0

FROM 77 93 TO 78 20 CALCITE 
F ILLED  (2m m l IRON S7AINFD j/6 0 ® *9 0 °  
(IRREGULAR ANGLE)

RIOTITE GNEISS. L IG IIT  COLOUREO, 
MEDIUM GRAINED, MAIN COMPONENTS 
Ou, FO, Bl 
AT 7 7 .9 3

0UART7 -  FFI D4PAR-BI0T1TE PEGMAT1- 
TE
AT 02  86 J / 6 0 P
FROM 81 40 TO 8* 60  j / 7 0 °
AT 83 33 SLS j / 4 0 °
AT 8 3 .3 0  J /4 0 o

5A - T - 57

R O C K  S T R E N G T H
« N  / •

«••fe

A

9

C

« 1.00
1 . 0 -  3 .0 0

3 . 0 -  23  OO

U
i

'Kf

do

d o

Tu

*0

X►>
<
•r
%

nu

rMj

*%*

i

d o

dO

*

'V

* v

rv _ .

• v

'V

'V

'V .

d o

I 1I !

a t«4*rpl« lf «Itanp 2 3 .0 -3 0  OO 

90-0-40000 

* t t f  ifeanf 100.0 -730 00
••tr«m««y ltra *7  >  230 00

ENGNEERING ASPECTS

X
a
v

uu
o

R E  M A R  M

(wilh respecf lo 
escovalton, grouling , 
permechiM y, rock qualily, 
e tc .)

x
•»
A
•r
O

36.60

37 63

77 .3

78.86

79.93

81 7





■M

KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENG1NEERING PURPOSES TAB. 13

FEATURE - kk  205 (new ) ,  weir axis / B .HKK3I
DRILLING DATA

lU O  0 3  0 4  9 2  C O M RLÍ T tO - 0 9  0 4  92
i
¡ÍHUPÍIONS (O A Y S l:
I
41*41 f  Y P t TONE -  TDC I 

UNG MCTMOO*. ROTARY 

BARNEL,B(T; NX 

MAN CSO LOGOLO BY;

: STORE o a t :

OtSCARDED, DATE *.

D R IL L IN G

2 O

2 0

2 0

2 O

2 O

2 0

T E S T S

2 O

»-mm*-

_i
9
m

B O R EH O LE DATA
X - COOR DIÑATE

V -COOR DIÑATE

ILE VATIO N  (C O L L A R )

CLCVATION ( BOTTOM)

FIN AL OEPTH 30.3Sm

INC LINATION FROM 4 0 *  
VLRTICAL .
BEAR1NG
LOCARON ( t ff« f,.,

JO IN T S

ui

i
ii
mi

it

ni

h

ni

v io

VIC

R

R
s
R

SL

u4

E l  |  BC
n o o o o
¿ 4 0  0 0

n o O .  
V O R O  A
6 ó -

K E Y
j OIñ í  r Gu Gh NESS JOINT SCPARAtiÓN

VR svrry rouqh 
R srntigh 
SRtflÜQhtly *ough
S «tmoath 
SL>*lickfn» id«d

V «very flgM «O.lnun 
T etighl O .I-IO m m  
MO=rnd#*-at op«n I.O-S.Omtn 
0  atipan > 30mm

RECOVERY OTHCR 8Y M B 0L8
-11,
T 7 r. - \ . . T I  CORE

■ _*J a v r o w fg v
P.L.B l.spolnt load tlrangth  

Indf *
U.C.S *tiniopial

f lt tn q lh
7 ■ f in í  ground wQl*r 
R B iock «ampia 
W «notar samol*

Vs'S .y.y. - y , ]
r  o o ( • / . )

P E R M E A B IL IT Y
X*- — 
*  I

a.
o*-

ooea.

I '

0,0

3 0

6 0

9 0

12 0

15-0

18 O

2 1 0

24 C

2 7 0

*
ot-&
g

3-0

6 0

9 0

12-0

15-0

18-0

21-0

24 C

— o* en c * £ 
m ow  at

«  at 2 ® 
s |
i i

i
3

6
3

J
I
3
6
3

I

I

3

6
3

i !
I

3
6
3
1_
I
3
6
3
*_

"l
3

6

3

I

I

3

6

3

I
I

3

6

3

nM
O

V  o

4
B

*•o >.

S Jo 1

X
s

45
125

280

124
48

N IL

NIL

22
8 0
240

75
_?g.

NIL

2 7  0

3

6

* NIL

NIL

i NIL

NIL.

1 7 -  3

14- 5

15- 9

14-4
18- 5

A

V

/

/

N IL A

/

A

NIL

8 5

9 3 
13-6

0 7 
7-7

NIL

RECOVERA

2?
>a
tal
>Ou

ou

oz
4

*

a

o

3 0  100
J l

y

m
'

/

/

✓

NIL r*
/

/
/

NlL

NIL

NIL

✓

r

' y

'

/

' >■

/
>■*

- '

/

*

/

/

/

y'

✓

7

V

,

/

/

y
/

A

*

GARNETIFEROUS BIOTITE GNEISS LlGHT 
COLOURED. MEDIUM GRAINEO. MAIN 
COMPONENTS Ou, FO.Bi

FROM 9 63 TO 9 .8 2  CALOTE COATEO 
HE ALEO j / 7 0 °

X  AT 10. 4 3 ,1 0 .3 7  CHL J / I 0 °

| ^ cV6n Í2É6 zo n é . s i í e a r e d ~áLong toliat ib

:

W EATHERING
s o í l  : u n c o p to l id o f r d  
m ateria l

com pitfv iy

hlghfy

f n e d v r f l f t l y  *

• lig h lly

fr * *h

«*at

G E N E R A L  D E S C R IP T IO N
rock type ( colour , grain size , 
torture and slructure (m ossivo, 
eleaved , fiiürjlcd, lineaied , ílow  
bcrtded, y n e isj^ sí , porphyrilic, ele 
scole os for ¡oint spacing), 
weathering, alleralion , minor 
lifhological characteristies , 
strength } jo inte

GARNETIFEROUS BIOTITE GNEISS AT 
PLACES WITH PINK COLOUR FEUOSPAR 
Qu.RlCH LlG HT COLOUREO. MEDIUM 
GRAINEO. L AY ERS RICH IN BIOTITE ANO 
GARNETS UP TO lem
AT 0 .3 3 , O 63 W E|TH. F j / 6 0 ° .
FROM O 82 T O O 9 CLOSELY S PACED 
WEATHERED F J / 6 0 °
FROM 2 45 TO 2.SB OPEN FJ/G O ®

3 No». WEATHERING PENETRATEO 
UP TO 2 em

AT 0 .3 4 ,  O 38  WETH. J / 6 0 °  
FROM O 7 TO 0 .9  WETH j / T 0 ° 8 0 °

AT 3 .3 4 , 4 13 J / 3 3 - 6 3 °
AT 5 2 ,3  3 3 ,6  O J /  3 0  - 4 0 °

AT 7 7 3 ,8 .3 3 ,8 .3 3 ,1 1 .3 3  FJ/feO °

H 0R N BLEN D E-B I0T1TE GNEISS,DARK 
COLOUREO. MEDIUM GRAINEO.

/
A

u
y

y

IIORNBL ENDE -  BIOTITE GNEISS DARK 
COLOREO MEOIUM GRAINEO
FROM I I  9 TO 12 13 C H L  J / 7 5 ®  
AT 11.93 J / I 0 °

G ARN ETIFER O U S B IO TITE  G N EISS , 
Ou. RICH W IT H  COARSE GRAINEO
GARNETS L lG H T COLOURED. MEOIUM 
G R A IN E O , MAIN COMPONENTS Ou.FD^BI, 

GA

H OR NBL EN D E -B IO TIT E  GNEISS, 
DARK COLOURED. MEDIUM GRAINEO  
M AIN  COMPONENTS H o ,B |

AT 13. B4 F j / 3  0 °C H L 0 R IT IS IZ E D  

FROM 17.3  TO 18 .53 C HL 4 /7 0 °

O
O- i
u
X
a.
4s

\s *

kS*

. AT 2 6 .8  C H L J / 3 0 ®

C H LO R IT IS IZED  JOINTS AT

2 6  B 2  J / IO ® , 26  85  J / 3 0 °  
2 7 .3 0  J / 2 0 °

VGARNETIFEROUS B IO T fT E  GNDSS WITH

. 3 É K  . ÍT O  W R iB rJ! _
Ou RICHEO BIOTITE GNEIS L IG H t 
COLOUREO MEDIUM G RAINEO

*/>

ROCK S T R E N G T H
MN /m

A

C

<  1.0 0  

1 0 - 5 . 0 0  

3 .0 -2 3 .0 0

X
4

< n o d fio l* l|i t lro n g  2 3 . 0 - 5 0  00 

ifro n g  9 0 .0 -1 0 0  00
«v*y tfrong  1 0 0 .0 - 2 3 0 0 0

•ltt>«n*aly «treng >  2 3 0 .0 0

E N G N E E R IN G  A S P E C T S

X

19

»-
en

zu
o
ae

RE MAR KS

(wilh respecf to 
excovatíon, grouting, 
perm eohílily, rock gualify 
e le . )

x
»-
a.

2. 45 

2 63

3 .9

7 .6  

6 5

9 35

* O -'93

11.23 

i i.BO

13 13 

13 U3

1 3 . 7

1 7 .7 3

IB 7 3

20 73

4 O

2 6  O

26 .6

2c.r*>

2 f 53



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES

D R ILL IN G  DATA
i  TA rt lIO  OS 04 92 COMPLETE O .09 04 92 

i n r c ü x u f i i O N S  ( O A r s i '

MACH1NI M fp| TONE -  TOC I 

Gftll LiNG U C T H O O . R O TA R V  

CORE HARREL , 8IT :  NX

•ORÍ m a m  CSO LO G G tO  BV;

CON I  STORE O AT.

CORE O iS C A R D EO , O A Tf

D R ILL IN G

i l . 2 7

303asi
»■ c

3ma
a

2(1

LE

T E S T S

I-
m

j
3
m

BOREHOLE D ATA
X-CO O ft DIÑATE

T -C O O R  DIÑATE

I L ÍV A T IO N  (C O L L A R )

IL E V A T IO N  ( IO T T O M )

FINAL D CPTM  3 0 .3 9 »

INCLINAT10M FROM 40* 
VERTICAL .
BE A RING 

LOCATION IU

JO IN T S

c o m p l

K E Y
JO lN t ROUGNNCtS

V K « » f i y  ( •u q f t  
R areuqlt 
S R aa l ígM Iy  ffluQh 
B •»*neoih

ihgfc»wndtd
RECOVERT

3
nw<

]

CORt _
R E C O V E R V (% :

R.O.D (%>

P E R M E A B IL IT Y
X
►1 •

O
«A

1)00 0 4  
g Á O O O
aó -f *4»* * *
, 4 0 0 .  VORO K6ó-

E L Ar

&
o

3
o

a
o
F-O

O

THE

v»«4

o*
c
■o
o4>

Oí 4)
» •  S £
» g
?  5
*  £

<A
O

4*

> NIL*

DEFTH

5 I
*•* 4
3 1J  a

í

N IL

RECOVERT

>
O
u

OL»
50 1001

JOINT SEPARATIQW
V > *» if H«M « 0.1» »
T s f i g M  0 . 1 - 1 0 » »
MO*mtftrBl op*n 1 .0 -5 0 » »  
O tg p fii > 3 0 » »

OTHER STM BOLl
PL.S I.ap4i*«f '«Otf «trvnqtn 

tndf»
UC S «iitiiflBial r

Y i f i i f i  frouBt •«»*»
R f  io c )
W ■■Bill IQWflU

W E A TH ER IN G ROCK STRENG~th
•  o i t  : u n e  * r t  • • ¡ d a t a d

mata* la* ^

c * » 0 l « t r t y

h i g h l y

«ro4»o**ly *

« t ig h f l y

G E N E R A L D E S C R IP T IO N
rock  type  , co tou r t g ro in  s<ze , 
te * tu re  ond  s iru c tu re  Im a s s tv e , 
c le o ve d  , f - i i io te d ,  Im e d e d  , f i o *  
h e n d e d , yneissos*» , u o 'D ^ v n t ic ,  e»c 
^co le os fo r  ¡o in l s p o e m g 1, 
w e a th e r in g , a lte ro t io n  , m in o r  
tith o lo g ic a l c h a r a c le r is l ic s  t 
s tre n g th  , io in ts

o
o

o
X
&
4

X
fr-
4M»

: w

HORNBLENDE- BIOTITE GNEISS 
DARK COLOUREO, MEDIUM GR Al NEO,
Ma in  co m po nente  ho , bi

B lO T ITE  GNEISS LIGMT COLOURED, 
MEDIUM GRAINED.
AT 2 9 .4 2  CML. J / 4 0 o

30.55 m.
y/»

EN G N EER IN G  ASPEC T

X
►-
O

V
o

RE MA R KS

íw ith  re s p e c t to  
e x c a v a b a n , g ro o lin g ^ jj /■ 
p e rm e o b d d y , rock qu¿  ) 
e tc . )  )

5A - T - 60



KUKULE GANGA HYDRO POWER PROJECT
BORÉHOLE LOG FOR ENGINEERING PURPOSES TAB. !3

F F A T U R E - k k  2 0 5  ( n e w ), w e ir  a x is

D R IL L IN G 'D Á T Á

B.H. KK32

9 t a r t c d :o 6A>t a 2 c o m p l i t i d

INTCRRUPTIONS ( 9 A T § > :

MACHINE T V P f  TONE TDCI 

DRIL L INO M tT M O D:

CORK R ARR IL.B IT: NX

v o r i  m a n : l o o o i o  « y :

CORC « T O R IO  a t :

C O R I  D l tC A R D K D ,  O A T I ;

BO REH O LE D ATA
X -C O O R  D IÑATE; 1 0 9 , 9 0 1 0 2 0  

T -C O O R  D IN A T t : 1 5 0 , 9 8 2 '4  8 7  

( L IV A T IO N  I C O L L A R ) :  

I L I V A T IO N  í OOTTOMÍ.

V IN AL  d c p t n . 3 0 *  15

IN C L IN AT IO N  FROM
VERTICAL:
m a r i n o :.

LOCATION U ft  rig

K E
, J0 l5 l 'T íÓ Ü G H N r:S S ""
VRavcry reugh 
R sreugh 
SRstlighlly reugh 
9 ■tmoelh 
9L*«licMntid«d

Y
J 01N i” SÉrÁHATlOÑ

V svtry tlgfct « 0.1 mm 
T BltgM O .I-IO m n  
MOsmderat.epen I.O-B.Omm 
0 sopen > 9.0mm

RECOVERY OTHIR 8YMS0L8

c o r e
a * C 0* * R v f%

P.L.8.!.spoIn| load «trength 
Index

U.C.8 *unloalal compr**i¡Vf
«1* erigí h

T >flrtt gteund water 
R a rock «ampie 
W «valer «amate

n .e .o  (%>

WEATHERING
«olí : unconislldolvd 
moterlol

completely
hlghly

moderateiy

lllghlly

fr*»h

REC0VERY1 G E N E R A L D E S C R IP T ION
ro ck  typ e  , co lo u r , g ra ln  size , 
te x lu re  and  s tru c tu re  (m a s s iv o , 
c le a v c d  , fo l io le d ,  linea led  , f lo w  
b a n d e d , g ne issose  , p o rp h y i i t ic ,e tc  : 
scale os fa r jo in l s p o c in g ) , 
w e a tb e r in g , o lte ro l io n  , m in o r 
lith o lo g ic o l c h a ra c te r is t ic f t  ,
s tre n g lh  f jo ln ts

b io t it e GNEISS

HORNBLENDE -  BIOTITE GNElSS, 

DARK GREY , MEDIUM GRAtNED

AT 0 *9 7 , 2 12,4  8 9 ,4  9 9 ,4 * 9 3  
FOLIA TION * JO INI S

SHF.ET OI 
OF 02

O
o-I
0
1  
& 
<s

BIOTITE GNEISS

AT 6 * 6B , 7 1 3 , 7 2 2 0 ,8  2 0  
FOL1ATION JOINTS 
ON SOME CHLORITE 8TAIN9 
A 7 -4 9  J /6 0 *

AMPIHBOLITE, BLACK, 
MEDIUM GRAINEO .
AT

BIOTITE GNEISS, GREY, 
MEDIUM GRAINEO 

AT II* 26 J /6 0 *

AT 13 9 ,14 8 7 , 19-50 J / 9 0 *

AM PHIBOLITC, BLACK, MEDIUM 

GRAINEO

AT 20 8 7 , J /B O * 
AT 23*38 J /6 0 *

BIOTITE GNEISS , GREY,
MEDIUM GRAINED

AT 2 4 *9 2  J /B O *

AT 27 7 0 ,2 7 * 8 4  J /4 0 *
CMLORITE FlLjLED.

AT 29*99 J /9 0 *  CHLORITE
FILLING

— A •  V J  p »  ■*

5 A -T -6 1

ENGNEERING A S P E C TS

X
&

ROCK STRENGTH
' M H /m*

A < 1 .0 0

«*a» O I 0-3 00
C 9 0 -29 -00

m ttf f iQ lilf  ilvong 2 9 -0 -9 0  00  

iireng 90 0-100 00

ver y «hong 100.0*290.00
entrerriel? «Irong >  290 00

X
V-
(9

K«l
X
*

g w V r V t i J > «  p V

(w ilh  re s p e c t to  
e v c a v a tio n , g ro u t in g , 
p e rm e a b tlily  f rock q u a lily , 
e tc .)

e

x
►
a
w
o

3



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES

V
'• i

FEATURE- k k  205  ( n e w )., w e ir  a x is

TAB. 13

B.H KK32

D R IL L IN G  DATA
«TAATCD:o8A>7*8 COMPtfTIO 
IffTCNAuPTIONt (WYBl:  

MACHIN t TY2« TONE TOCI 
DRILLIMO MtTHOO*.
CORK •ARftfL.SlT: NX
roMMAN: i.ooo! 0  ov:
cono OTORIO at:
CORC DIOCARDID, DATI:

B O R E H O L E  D A T A
X-COORDIMATC-: 108 ,501020  
V-COOR DINATI : 100,808*487

ILIVATION (COLLAR): 
ILIVATION ( 80TT0M):
rmAL 080TM 3 0 * 1 5

ROCK STRCNGTH
MH /m* *1%

9

A
\ 1

« 1.00 J. .'
««Qt 0 1 0 -  5 00  • I

c 5 0 -2 5  00 . i

ip to t fo t f i f  iftenq 2 5 .0 -5 0  00 l  '

itieng 50.0-100 00 ' *

v fry | lt« n | 100.0-25000

i i l i f in K y  t»ron$ >  250 OO j

SHEET V;: 
O F ____ Qk

5 A - T - 6 2



% y
KUKULE GANGA HYDRO POWER PROJECT

BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  k k  205 (n e w ) , d e s a n d e r B.HKK34 S H E E T  O I  

O F  O I

DRILLING DATA
• t a n t i d : c o m ^ l e t k o :

m t i a r u p t i o n í  ( o a v s i :

MACHIN! TYPE.

DRILLING M IT H O O :

CORE R A R R lL .t lT ;

f o r i m a n : l o o o k o  r y :

CORl DIRCARDID, O A T l:

í
4a‘9

O

4-0<

00

DRILLING

i

79
%

12-5)4%!

9-0

1*0
%

ÍOO

%

0.2

l.t
geo

l-OLE

TESTS

H*

BOREHOLE DATA
X-COORDINATE; 

Y-COOR DIN A T I :

CLCVATION (C O LLA R ): 

CLIVATIOR ( BOTTOM): 

FINAL D fP T H .

INCLINATION FROM
v e r t ic a l :
BIARINO.
LOCATION (• • •  Ng.

JOINTS

g

I

m

m

i

JL

m

m

3L

m

BT

COMP

T /
IMG

SR

LE

ifliai
*°8PO f QOOO

kssi

o4

o o -

KEY
JOINT R O uftM N áil

a v iiy  rough 
R srough 
S R n lIgh llf rough 8 ■ •moofh 
9L»*Hch<n»ld«d

RECOVERY

RECOVERY (%

R O O  (% )

PERMEABILITY RECOVERY
* _ 
t .

AO

A T

a
P
i

Y» c5 6m ow  u

« v9 t

O
E

I
3
6
3

I
I
3

6
3

I

I
3

e
3
i
i
3

6
3

I

I
3
6

3

I

3
6
3

;>0 0m

i
S is ^
J  ■>
m **  *n■  —1
£  o
8 p

3 0  
9  5

21 O 
100
3*4

O
O

O
O
O

O
O
O
O
O
O
O
o
o
o

o
o
o

o
o
o
o
o
oo

i
° >!

3
-J

50  too

7 7
9 6

II I
10 I

6 7

O
O
O
O
O

/

O
o
o
o
o
o
o
o
o
o

o
o
o

o
o
o
o
o
oo

JOINT SEPARAT ION
V ■«•ry llgM «O.I<nm 
T ellght O -l-IO m n
MO*>nd*ral.op*n l.0-9.0nwri
O Bopin » SOnwn

OTHCR SYMBOL9
F.L.8. l*p a ln l load t lr tn g th  

Indri
U.C.8 *un la iila l c« m p r« » lv t 

t lr tn g th
V B firs l gtound waf*r
R Broeh «omplt
S ____■■Oler »qmplf________

WEATHERING
•  olí : unconoolldatod 
o a tn ld t

eompl«t«ly

MgMy

med*rot«1y

lllg h h y

I r t ih

i.
GENERAL DESCRIPTION
rock  type  , co lou r ( groin she  , 
t« K l ure and s tru c fu re  (m a s ifv a , 
c le o v e d , fo lio te d , lineo led , llo w  
b o n d a d , gne issoss , po rpH yr¡lie , etc : 
se ole as fo r  jo in t s p a c in g ), 
w e o th e rin g , o lte ra tío n  , m ino r 
lith o lo g lca l c h o ra c te r iB tlc »  , 
s fre n g lh  , ¡o fn fs

BLACK ISM AMPMIBOLITE COB8LE9.

6ARNETIFEROUS AMPMIBOLITE , 
BLACK, MEDIUM/ COARSE 

GRAINED,

AT 110 F J / 6 0 *
a, i-e j /  eo*
AT 2 -2 9 ,2 -4 3  J /B O *
AT ¿ T 7 , 2 -86  J / IB *

AT 4 9 0 , 4 -60  J /  90*
AT 9 83 , 4*12
AT 4 -6 8  WEATHEREO, 0P E N J/20 *

GARNE TIFEROUS O U A R T Z - 
FELDSRAR GNEISS. WHITE .MEDIUM 
TO COARSE GRAINED, ,
MAIN COMPONENTS OUARTZ,
FELDSPAR , GARNET.
FROM M IO TO 11-70 BAÑO OF 
HORNBLENDE -  BIOTITE GNEISS
AT 8 -4 8  J /  8 0 *
AT 7 -7 7  J / I 9 *  -  2 0 *
AT 7* 8 0 ,8 - 0 0 ,8 - 1 0 ,8 - 1 2 ,8  1 4 ,0 -1 6 , 

8 -2 9 ,0 -3 9  J /  19* -2 0 *
AT 11-90,11 96 ,11-64 F J /7 9 *

AT 10-08,12 00 J /9 0 *
AT 9 0 0 ,9 -1 8 ,9 -2 0 ,9 -2 1 ,9  23 ,

11-00,11 10,11- 90 J /2 0 *
AT I 2 - B 4 ,12 * 6 6 ,13 -16,13 24,14 -12 

J /  5G*
AT 13-30,13-34 CHLORlTE 

COATEO J /2 0 *
AT 12-4 4 ,12-96,14 -O J /2 0 *  - 3  0*
AT 19*09 ,19-42,19-78 ,16*18 J /B O *

FROM 17-68 TO 17-98 FRACTURE 
ZONE, IRON 8TAINEDJOINTS AT 
1 - 3  Cm.

AT 19-23,19 24 ,1 9 -2 6 ,1 9 -8 T , 16*8 9 ,
17 -0 4 ,1 7 -0 8 ,IT -2 8  ,1 7 -4 2 ,1 7 * 4  8 
IT -6 7 ,IT > a B 1l 8 '0  J /1 8 *r 20*

AT 18-20  J /8 0 *

A T  1 8 -9 7 ,1 8 *0 ,1 8 *9 4 ,1 8 -4 9 ,1 9 *8 6 , 
19 9 4 ,1 9  *87 J /  7 O* -  0 0 *

FROM 18-70* TO 19 -40  FRACTURE 

ZONE JOINTS 20* -  28 * AT

3 - 4  Cm.

nrt*iAJ.nti4"

5 A - T - 6 3

ROCK STRENGTH
MN / ■ *

M k i
«•ah

A

8
C

« 1.00
1. 0 -  8- O O

9 . 0 -  2 9  OO

O
o

V
X
a
<s

X
••

1

m edvta lc ly «frong 2 9 .0 - 9 0  0 0  

tlrong  90 .0 -100  00
« * iy  tlrong IO O. 0 -2 5 0 .0 0

« v lrtm tly  tlrong  >  25 0  00

ENGNEERING ASPECTS

Xt-0 ■ m OC ► a

1

R E  M A R  K 8

(w ith  re s p e c t lo  
e xca va lio n , g ro u lin g , 
p e rm e o b ility , rock qua lify , 

|  e tc . )
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KUKULE GANGA t-IYDRO POWER P R O JE C T
B o r i l ' l  I O L . E  L O G  F O R  E N G I N E f ' R I N G  P U R P O S E S

I T . A l  U I T  : * - K K  2 0 0  ( N E W ) ,  D E S A N D E R

TAU. 13

U1IKK35 S I  I E E T  i 

O F  *

l i l i l í  I IN I'. D A IA
• I • •> * | M 14 no 09 •’ M I  ll VI 00 92
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l |  I  1  |  M f l «  |H  A l

• I ' l l l  HM* A A I'N I, I* A t • I

HOUU ICU.E ÜAIA
v ro u n  niNA * ► 
t r t irm  olMAl I

t i  M i  P I M'M I I ' H  I '

Y I V VA I l«»N l t»OM *'Ml
f iMAl. I>CC I H ?0 ?0
|NC( 'NAMMN I H»vm
VI l | l  u A»

AntNrt
i ijr A i ION 1 1 ,, I

ja iH í  ’ H K i í M t í í
w - • Hf l«üt*'
m

V ««HiPaHt
w . v *  •

_____

K r . Y
u ,  I *1 r

y «m i| <>yM dQlt**»
T « i l^ i  0 1*1 Owí"
M Q « m 4 « i « l  «**(» I O  ftOM"* 
Q t«r#» fc OflA**

"«aioiww*—
r i .  V I I* * *  •!•***(!«

• ■« « O H *  It 'l tv*
: :•■% ;•,.] m c o v «n v (% ' u . c t  ■.M.itnut* ►....i»'»»*'**iu •••4 M1

• « » Wmt

0 >0
1 O
I 40

6 0

4 . 0

s  o

o  
.  1

7.0

e  o

9
9.1

10 o

II. o

12.0
12.1

13 O

14.0

133
10. O

17. 0

10.0

19.0

2 0 . 0

DRILLING 
T f ,

á

‘l EST3

B

bu

0 1

’%5

e  o

o s

I211
%OS

K

20 2

» *
%

*v.O!

II Y
, Í V > ^
I 4

í 
tfíjf

Id

s e l : B

i*

JOIN'I G

u

11

ti

g 3 í

n

n

«f}55
r o o  *n<*t v  
r lH

i*

C

PELRMCAmUTY RlXüVEro

í*.
(I "

O

*  o

6.0

9.0

12.0

16.0

P

6.0

9 .0

12.0

IS.O

18.0

h o l í:

1

3

6
3

I

I

3

6
3

I

I

3
6
3

I

I

3

6
3
I

I

3
6

3

I

8
*\
N
P!

ti

¡
f
» 1

1. 2

3 . 1

8 . 0

3 . 0

1 . 0

o

o

o

o

o
o
o

o

o

o

o

o

o
o

o
o
o
o

o

\

' ( 
§l  i

í

r

ti

3 I
3. I

4.2
3 .0

2 . 6

O

O

O

O

O

O

o

o

o

o

o

o

o

o

o
o
o

o

o

8
1 0 O

COMPLETE: Ar 20.20m.

W F  A I I i r  R I Ñ O  R O C K  Si l  R E N O  M I
,  « a  ,  -• * * * | v
fc«JI

l l A < p l « l | l t  

f t#ih
*tu«’ •*««•**H pMtt ««'•tf*!*

r í .  „  iu m u i, «opíiís^ —•

g e n e r a l  d e s c r i p t i o n

M olí l y f i f  , m i* * »  , Q'O»" * tT*  • 
t •  11Jf <* 0*'(l A l l l i r l t l lA  (tMMftfttvH;
f l ^ O r f i i  . I ‘ l( t * t ( t" l 1 1*1 » t « , I l0 4 f 
b li l i{ ln ( l , tjMitlaf'Mv** , |iÓi|<*iY* l l lC f í t *  

Mil* riH lo t ( tilo l n n * tt lt t* |) ,  
v pn lR pi lnü  t o llfU tiM m i , tnÍMAf 
|lMM»Í0(jtF*nl I l i t l l  l l t , l * M f t l ( M  , 
A tin n g lt*  ,  |n Im IA

101» P 4 . , Ól b i.A f f  r  *5 ^**6

HA QlfiRAI 4rM| («BtHHfcM RnttWN 

I: I K V «ANO

( Ia h n b t i r r n o u f l  n io i i t l f  r n g iíb ,

l ' f t H t  <100 Vt MAnMlM ORAINBO,

i

AT FOLlATtON J / 0 0 o

AT 3 >3 j / 5 0 °

AT 2.00, 2 .2 0 , 2 .6 0 ,2 .7 2 ,2 .9 2 ,2 .9 7 , 
3.10 J /2 5 o

AT 0 .1 7 , 0 .3 5 , 0 .2 9 , 0 .0 6  J /5 0 o

AT 9 .3 0 , 9 .4 4  J /  50°

AT 12 .20 , 15-00 J /5 0 °

AT IS « 0 ,1 6 .3 4  F j / 6 0 °  

AT 17J93 j / 4 5 °

AT 10 .95  , 20. H> J /5 0 °

AT 1 0 .9 6 , 1 9 .0 5 ,1 0 .1 2  J / 50°

a

5A-T-64

EN0NF.EmNGA5PE.C15

f*
t
t
i
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KUKULE GANGA HYDRO POWER PROJECT 
BOREHOLE LOG FOR ENGINEERING PURPOSES

FEATURE ~ kk 200 , (NEW) . desanden
DUII I ING DA'IA

* M n i r n  i r / m a / o m  r t y p t  » t i  n  4 i / n 4 / o *  

r \ t«i*4 * •( n k i  % l

u a / I i i n *  * • * * !  TONfc m i ’. I

ll*tH i i *b*1 U l  I MOl) 4 0 IA N V

• nrt»  » A * f t t t  , # l t  N«

i r t m  m m t  i o o q i o  •  * ;

r O M  t t O A t n  A l '  

r o m  r i i t r A m iv o ,  O A f t t

HOUEMOLE DAIA
M ro o n  (UN A 1 1 
i  l l l O R n i N A f V

t i  t  v a 1  io n  ( r o í  t A o t

VI •  V A I  i o n  ( * n t  I f l M t

M N  •  I l l « M  M ’ 0 0

i n r i  iM A r in N  rm iM
v r n l n  *i
A V A MINO
I ni* A f l i lN  («»* I .1 I

KEY
J«l«r RSíiflíNfli ~

VR
H «inuyA
| | ff « t  l lgl i l l )  1 Hitgli

•  .............
M c o v t n t

y »

O IA

I II

9 o

17
4 O

A O

•4 n

I  OPlJ

r
f  o

■ a

1 . 1  

•  0

irt It

10 4 

’ l» O

§ o

« A

'H AA
■* A

'4 A

’A AA
, A O

•r o

1 o

I « n  
v o

O O

1 .0

2.0

*1.0

H) A

X,

JB »
yo

Vv

201

2 SC

N)4

\

I

B o.

1 F . n  1 s

6

n i* i

I •

i

4 A

ftft

j o in  ro

■$$3$
¡#

1'f.HMEAHILIT Y
Ii

P
?

1 4 .0

iro

2 Q 0

P

17.0

200

2 3 .0

W £

2|

IIe 1**  p

1

0  

6

n

1

1

a

ñ

3

1

3

6

3

I

9•1
*-i

R o o  IM .»

HFCOVEKY
*
6

o

o

o

o

o

o
o

o

o

o

o
o
o

o

o

\

' n
A
I 8

II

i
no

n

O

>

lo o

«Mil 1 on»»H#*|li lfcl»it  
H tr i lv iU I

h lg lily

U lth tlV  

I ( Mh

.s® ;s f  ~ s i ? s w  ÁTíSa ~
V M fM  « I I  | ' mw
V « llfh l 0 1*1 Ó*tMr»
M O *"i4 « in t I 11 AOitim
O Alltum

P | Á j *|tll|l<l iHMll k ltfM |||h
1*1 »t • p

M il 4 • i in l t t t l i l l
■ l i  • i. 'jll*

f  a inu 'iit m n lli
4 l i n r l i  l(*n>|>U
f*  « m |l« l tlMIlbU . „

GENEIIAL DESCttlPI'ION« f>if b  -■ — t+. A* AM*«b W«1 i.lilKrfl "* ^
IM I h fy j iA  , r n l i i iu  , ( j t i l l l l  t i » *  ,
| « ■ l i l i  4 M ili) o || i | i l i l i »  f l t id 'U lK i l  ,

1 I m IIm I a i I ,  l l t in t i lA ' l  , M h m

, | t in | i i« y  1 l i l i * ,  olí* 
u n ir *  11*1 fu i in ln l i | * iu  Im p ,  
p't*ii|li|> f l i » l , Mllwt n l ln n  , m il Hit 
l l | l i ( i l ( i i ) l r t i l  1 I k i i  m i I a i In l l r e  ( 
f l h f u u j lh  ,

w i .a  11 ll-.UING

IAB. 13

RIIKK36|üfEET
* !■ « # » ■ I * •* *

OIOI

ihi* o<n, nnnwN a  bypv tiAfiii
nrO lhK A l «MU AtlMMAM ll f lMWN 
r r i A / t r  I a n h

Wt A l l í  KAMI I1AAHI n r t u m i t  NOPM

wtAMivntn oorH
(W A O f l  A A M M t l

n a u n »M riM iiH iii e n o m p  o o t ic q ,  
( i n r i  , M t i i iu M  n n A iN ih .

P O l *** u n *

'1
V
A
An S

NOCK ?VlHtNCrH
MN / m p4 _** i'TW ■ *
A ■  1 olí

« *« l i  4  I 11 A 0 0

Q 4 11 m  m i ■

in«4#tn l« lp  ■ 11 m i t  2 4  f l  41* MI» 

AO A il iMMM 

v * i f  i i< ( i i t |  itH* l i  P 4 i» u n

M l i l r t H l l  t l i l i l í 4 ■** 2411 l ’ l l

r.NOINF. F.UINQ ASI T.C J «

L ' ^ j

4 *  M AN  N 4

<wll>l lA A f iA f l  to  
i»b i itvn lW iM , (j im m I I iw ) , 
pA i in » M l( il l ly  , rn ' U * | i i ' i l l I y , 
A l* ' )

M 14

I . A

9 O

17

4 .4

*
IM 4

14 44

tft «A

14 4 0

h o l i: COMPLE"E:i: 2 3 .0 0 m .
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE r  k k  205 (n e w ), d esa n d er

DRIl.UNG DAJA
!, f.iHf El>:09/06/92 C UMPL t  T E D 114/06/92 

.•i i t hRUP I IONS (Ü A V S I 

WíCMINL l > P I  TONE TOC I

imn i tnc m l i m u l ) r o t o r y

Ci 1HE B A M H tL .fllt, NX

• u n (  m a n : l o c g c o  b y :

■ : o 4 f  b t o r e o  a t :

• o r e  u i s c a r o e ü , d a t e :

BOREHOLE DATA
X-COURO IN ATE. 

r -  COOR OINATF. 

CLEVATION (C O L L A R )  

CLEVATION ( O O TTO U) 

FINAL 0EP1H

INCl (NATION f ROM
V IR  TU'. AL .
BE ARING
LOCATION (ir»  i . j

KEY

OIS
0-33

>1

-?

2 9

-A

3
3 33 

6
6-13

DRILLING

ia-io
%

7 »5
f t

-10

•I l

-12

-8

-9

06

I 3

I 4

-13

l 6

17

; 17-93
IB

- 19

ll_4
%8

13 4p
V)

18-6

20

0«

20 21

OG

30
oe

2
va5■
30y
aki*-1
ds

TESTS

O
(A

S P r

S P T

10

2 6
4

4-0
n

J01NTS

u

«I
sa  i  a s
n o o o o
UMQOO
50 —I I I

n o Orq *n o  a
ob-

PERMEABILITY
I  _

SiO

0.
o►*3
O

3e
►-o
o

— cr(A r* £«  O
a  Ov u
®» c 0i 5

0i
••
O

HE

IT-

m

n
!m

MC
MO

rioJé

S O

6 0

90

12-0

1 3 0

l B*0

6-0

9 0

12 O

I
3

6
3

I
3

6
3

I

I
3

6
3

I

13-0

IB O

20 23

COMP

3 

6 
3 

• I

I

3
6
3

1

l
3
6
3
I

LE

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
oo
o
o
o
o
o
o
o
o
oo
ooo

ED

$I
a >-
-3
2 i19 u
3 ■J  CE

K

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

AT

77

RECOVERY
*
>
ou

ou

a
z«

9 0

a

o

100

/ /

'

V
s

V
/
/

*2

/ "X

/

/'

/y

t i '
/

A Y
A

'

A

/

/

/Y

7

i
7:
/

V'1
é

y

'

Y/7

o
o
ooo

JOlWT H O ü ó M M fé i JOIMT S ÍPÁRATIO N
V R s v tiy  «augn 
R srBug*) 
S R s iiigh ily  m«gh 
S a in iae lh  
SL««t>cbrntid*d

>Y «v*ry tlgbf * 0  lir^n 
T » llgh i 0*1 "1 0 * f* ' 
M 0 :m 4 irr t ' spm  l.0 -3 .0m iK  
O *8p#n *  S.Onw

R tC O VeRY OTHER S Y M 80LS  _

T7>.- - '.— CORE
R f C O V IR Y ÍV b!

P L.8  l.xpBit’ » lafld • n t ' ig ih
Ing r «

UC,S c o » "n tf ii 'V r
tlr to q lK

V ■ tíry t qtound 
R B r nr fc lOfPOlf
yy »a>noi«■ R.O.D ( % )

BHKK37
WEATMERING

I
• o ti ! uncinitlide lfC  
mgtrrlal

SHEET 0¡
O F ... . OI

ROCK STRENGTlí J '
MN /•** ' '

£em0l*i*ly
higMy

mod*»ditly 

ilIqMty 

f r**h

GENERAL DESCRIPTION
rock type , co lour , qroin slze , 
te « tu rc  ond s truc tu re  '.m u^s ivo , 
c leoved  , fo lia te d , Ünsatcd , Maw 
hende d , ■:) neis sor.* , p o rp b v n lic , ele 
-.roie os fo r jo in f ip o c in g ) ,  
w e a lh e rin g , a lle ^ o tio n  , m m or 
[itho log icn l c b o ro c te r is t ic s  , 
s fre n g lh  , jo in ts

tó p 's b T u  c l Z v é y  S ano
CIATE Y SANO

RESIDUAL SOtL, 0ROWN CtAYEY 

SANO.

AMPHIBOLITE , DAR* GREY MEDIUM
e

GRAINEO.

(COMPONCNTS HORNBLENOE , 

DARK COLOURED FE LD S P A R S , 
PYROXENES)

AT B 63 WCATHEREO j/ l3 °

AT 8-63 WEATHERED j/ 6 0 °  
AT 8 66 J / 6O0

AT 13 8 3 , 16 09 j/3 0 °
K.

AT IG 6 8 ,1 6  6 9 , 17-30 j/60 °

AT 14-32 , 14 28, 1 4 -6 2 ,1 4 -8 2  J/20°

AT 13 0 3 ,  13-73, 13 73 f 13 79 

16-03, 17-02,17-48 

17 62 J/13°

l l

AT 16-0 J / 6 0 o 

AT 19 8 8  j / 4 3 °

AT 1 9 -8 3  j / 2 0 °

)

O
a

u
X44
«KS

• ♦ O h

A

c

OZ

XHOt

f l n o d t r o l t l y  t l r & n g

«denf

**ty Utaoq
t t r « n q

* 1-00*' 
1 -0 -3 .0 0  

3.0-23.00 ’ 

23 0 -30 OO

30 0-400 00 !■* \
1-¡100.0-230.00 í í

>  230.00

ENGNEERING ASPECTS

y-
19

KOO

RE  M A R  R S

(w ith  re s p e c t lo  
e tc a v o tio o , g ro tjíinq  , 
p e rm e o h ili ly , rock oua lity , 
etc. 1
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB 13

FEATURE — KK 2 0 5  (N E W ), HEADRACE INTAKE BHKK39
DRILLING DATA

s t a r r r o :  e * /o f^9 2  c o m p l e t e  o : 20/ 00/02
t N T E R R I i P T I O M R  ( t > A Y R ) :

MACHINE TYPE TO N E  TOC.I 

OniLLINH M ETHO D'. ROTOR* 

co n r B A flR rt.B tT - NX 

ro n rM A N *  t o o o f o  e v :

r o n f  S To n F D  a t :

CORE DISCARDED, DATE :

BOREHOLE DATA
X - COORDINATE

y - c n o n  OINATC

El fVATION ( C O L L A R ) 

E LE VAT ION ( BOTTO M ) 

TtN A t O E R TH

in c l in a t io n  rnoM
Vr Otl« AL ■
RE ARINR

l  OCATION ( u -  i , |

K E Y

¿OrtiT fcttj&MMtU JÓIRT ÉÉRARATIOÑ
»*uph

R «iDul*
tR **h4h" r  ••vfi» 
V lamas** 
SLi*1»* ****••••<

V a*iry li|k l m 0 1**
T BlipM O 1 *1 0 "»

tpf* 1.0-3 O***** 
0 anptft >  SOfnw

RECOVERY other ctmrolb

~>»"T ".1 CORE
-1 ■IC DW IR Y X*JL\

E L . I I W ' 1 i»a« n<*"fih 
inAri

U.C 8 tuniatigi 
Itianprh

T a fín ' ao>i‘
R ira caicrput r o o  r%)

WEATHERING
a#H

law p ifith

*»»•»«

SHEET OI 
OF OÍ

ROCK STRENGTH
MM / ■ *

A

c
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

B.KKK421ofEET, í

S T iR T fD  09.05.92 C O M P ltM O : 

*Nt fHPuPTlO'19 ( « A Y O) :

m a c h i n e  T ^ r e  j o v  

p r i l l i n c  m e t m o o ;

fORf 9 ARAIL ,f*IT .

roncM Atr. loooeo ot :

c o r e  ¿ t o r e o  a t : 

roñe d is c a r d e d , d a t í :

K-COOR DIÑATE.

Y-COOR DIÑATE '

ELEVATION (C O L L A R )  2 3 0 * 9 0  
CLRVATION t 9 0 T T0 M )

f in a l  d e p t h  230*07
IN C L IN A T lO N  f r o m  
v e r t i c a l :
«CARINO .
LOCATION U *t f 1 9

.. R.O.D (•/«)

GENERAL DESCR1PTI0N
rock typc , colour , groin si?e , 
f«*ture  ond siructure tmassivc, 
clco/ed , foMoted, Imeoted , How 
bm ded, aneisso.‘.e , po 'pbv i'tic , el: 

os Inr ¡oint spocm o', 
weolPeringf o ite io tion  , rninor 
Mhologicol choraclerístics , 
strength , iomls

RFSIOUAL s o il , rcooish  BROWN 

CLAYEY SANO.

c o m p l e t e l y  w catm erco

ROCK .

CHARN0CKIT1C CNEISSt
«L ACklSH' MEDIUM ORAINEO 
l
SfcT 9,T WEATHEREO 4 / 6 0 a

AT 9 4 , 0 .5 ,9 .5 5 ,  9-65 . 
WEATHEREO J / 2 5 *

AT 1 2 .6 ,  12.68, 12.70 WEATHEREO 

J /1 5 o- 2 5o
FROM 12 6 TO 12.B HIOHLT 
WEATHEREO.

AT 14.6 WEArHCREO ZONE i / l O 0

AT 17.16 J / 5 0

AT 14.66 WEATHEREO j / Í O # 

AT 17. 67  r f / lO *

FROM 19.05 TO 19.56 HIOHLY 
WEATHEREO ZONE WlTH CIO SEL Y 
SPACED FOUATION JOlNTS.

AT 21 .05 , 21 66 J / l 5 ° - 2 0 #

<9
O-I
O
X
a
4

ENGNEERING ASPECTS

X
V-<

(A

Xo
o

-fifi'

:?£$& ;-
> 1 r-
; & s r
. .# V v
m
; A ^

■ -M <?V» ■
1 ■$">

RE MAR K 8

(w ilh  re s p fc t  lo  
e t c n v a h o " ,  g ' O ' j I i n g  , 
oef m e o b 'lily  , tocW «ua ldy 
etc 1
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KUKÜLE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES ' TAB. 13

FEATURE . - K K 2 0 5  ( n e w ) ,  surge  s h a f t

DRILLING DATA
c i g a r r o  0 0 .0 9  02 -c o m p l Et i d : 

i*rfnaupriONS (SayS): 
HACMiar t v r r  jo y  

p a u l in o  m e t m o d : 

cn a r 0 * a í lL  ,8 it 

r o a ( M * N :  lo o o c o  í y :

roac fTOAtP at:
Toar DftCAADlD, date*.

*-!9

5*1
%9

99 0 f

DRILLING

m
V>S

13 2*

•7-4!

1161

T E S T S

B O R EH O LE DATA
a-COORDlNATC. 
r - COOR DIRATC
ELI VATIO* (COLLAR) 230*90 
ILIVATIOH I OOTTOM)
FIN AL DiPTH 230*07
IRCLIRATIOR FROM
v e r t i c a l  .
OIARtNO .

K E Y

yasvrrf i « h^
R arauv*
|R i|iif*M | *»u|h 
|  atmaaft*

V i t f r f  t i f fc l
T ttigM

ai

NtCOVERY

JOI N T S PER M E A I3ILIT Y

dw
►
man
h-
W
Ó**

ai«n
mtax
soK

■O
*-
a«
a.
tn

O
m
tJ«Aai

18 SnOO

noi o n
OO
r

Z*-A
mt
O

1 — O"
s  1  ^  n

V
3c

M F
s  ^
J talAta
ai >J
S s9

^ -

•
-!e

O V

. 3
£ 3o 5
“ I

r

A
I I  ®OO h OO y

o
i .  •

3o►-
a-O

Oa-

30-19

w  «1 w.

B «1
n  *E 1 ? c f  O“■ t

_ _

3
6
3
1

0
0
0
0
0

0
0
0
0
0

30-19 1 0 0n R T
3 0 0
6 0 0

n i R r 3 0 o
1 0 0

33-06
33-Of 1 0 0n R T

3 0 0

6 0 0
m R T 3 0 0

1 0 0
36-1

361 1 0 0
3 0 0

6 0 0

3 0 0
1 0 0

39*07

i R T 39-07 É 1 7 - 7 8  6

n R T ai
X 3 8  5 5 - 7

5 6 9 - 7 4 -1m R T *  /  Ui
m R MC

-11- 3 8 8 5 9in. tal»- 1 8 6 9 0
e 42-lJ a

« /i R T z 3 10-8 3-6

E R T oz 6 12*3 2-5
Ul_J 10 15 5 2- 1m R T 1-(4 6 14-9 3- 1tal»_

3 14 3 4*8
J 49-22

49-22i R T 3 0 0

TI R T 6 0 0

10 0 0
n t R T 6 0 0

3 0 0
48-43 _

[40-49 3 0 0
6 0 0 l

10 0 0

6

3 °00 0
0

91-69
bi-89 3 0 o  !

6 0 0
10 0 0
6 . 0 0 1
3 0 o  •

94*78
94-78 1

i
1

CORE
NECOVIRY U C I

l*aaa

attangifi

;,V \ r.o.d r%>
T
i

•  lita* |iavnd «alar 
■ rae fe «oraría

«r OaQiv aetaiir

RECOVERY

O o

/

/

/  '

'  t

90

X

J01NT SC PAR ATION

O aof>*n

a O Imm
0 l - l 0"w
1 0-3 0*"

> s o * *

OTMfR s t m r o l s
^ L .II*V » n> taaa i'rt^g ih

WEATHERING
iaí>
ngfrrifl

« • t t fa i f i f

a lifh tif

*»»!•'

G E N E R A L  D E S C R IP T IO N
rock lyp i*, coiour , g'om 4:70 , 
feM uie ond M rurture (mcissive, 
ele o ved .(cm otcc. Itníoied . Ho*' 
bn<dedt gneiss*..*: . porp^vnhc, ele 
« r o ' í  o-- f p r  i c m l  s p o e t n u ' ,  
weo^enng ( o ltc o lio n  , mmc' 
Mhoiooicol cho»o tlpns lies , 
sirengíh , ¡ornts

/  /
CHARNOCKITIC GNEISS, BLACKISH, 

MEDIUM GRAINED FROM 90-0 TO

31-10 OUARTZ— RICH BtOTlTE GNEISS 
LAYER.
TROM 34-10 TO 34 90 AND 
FROM 39 20 TO 39 -80  OUARTZ’  
FELOSPAR PEGMATITE.

AT 30-19 J/60®

AT 3* -10 J/39®

AT 34 29 J /7 0 ®
34 19 J/90®
3 9 - 9 3 ,  33-88  J/69®

AT 3 4 -3 9 , 3 4 40  , 3 4 -8 8 ,3 4 -8 ,  

3 4 -8 8 , J /39®

/

OUARTZ RICH BtOTlTE GNEISS 
L1GMT GREV.COARSC GRAINCO.

AT 41 R6 FOLIATION J /4 3 °
AT 40 8 J/BO®
AT 39-9 , 3 9 -9 4 , 4 0 -1 4 ,4 0 -8 3  J/19®

FROM 41 -90 -41 -9 8  CLOSELY SPACED 
JOINTS J/19®
AT 39-73 IRONSTAINED J/19®
AT 4 2 - 9 ,4 - 9 4 ,4 3 - 9 4 ,  43 -98  , 

43 -6 4  FOLIATION J /3 9 ®
AT 4 2 -11 J /4 0 ®
AT 43-20  J /2 0 "

AT 4 4 -1 9 ,4 4 -2 2  FOLIATION j/4 0 ®  
AT 4 9 -0 7 ,4 8 -1 9 ,4 8 -2 7  j / 7 0 °

FROM 48 2 TO 48*49 J /90®
AT 1 4 -3 ,4 4 -4 9 , 44 72, 49-7  ,

4 8 -1 6 ,4 6 -2 4 , 4 8 8, 4  7-19,
47-39, 47-91 , 47 - 9 7 ,  47 -8  3 
J/19® -  29®__________________________

/

GARNETIFEROUS BIOTITE GNEISS, 
LIGMT GREY.

5A-T-69

oo
- i

V
za<ao

SHEET 02 
OF 09

R O C K  S T R E N G T H
MR /a» r

« t lk

A

D
C

*  I -O© 

I 0 -9  OO 
S.O-23 OO

1

maffioltly 29 0 -3 0  DO

itro"9 90 ° *WOO°
•ar y ilranq IOO. 0-290 OO

• alt****i| iltanf 250-00

ENGNEERING ASPECTS

O
m

Iwtlh respec* lo
eicovolioTi, troultn-g . 
D f» m e a t': l* i\ , c u a liiy
etc 1



KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13
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r KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE feOG FOR ENGINEERING PURPOSES

FEATÜRE > K K 2 Ó 5  (NEW ), SURGE SHAFT

D R ILU N G  DATA
S tA R Tí 0 .09 . 09.91 COM^LtTVO 

iN T fm u ^ T IO N *  'R A T tC

m a c h i n e  r v » r  j o t

PRILL'NO M ftH O O .

core 9 ar r i L . i i i :  

r O M M A N :  l OOOCD V t;

COR1 IT O R fD  AT:

COA» DTSCAROtD, O ATI :

•  9

98

D R ILU N G

W 2I

Ifcs

M

1

*0

91

92

p

^4

19

»e

>7

18

>9

,00

01

02

03

04

0 9  

08  

DT 

08 

39

10 

II

98-2 f

iz-s:

J%=

17-41

% 9

OOP

103*

i

07-8p

\

IIH)

ti

T E S T S

BOREHOLE DATA
•  -COORDINATE.

T-COOR OIGATE ■
ELEVATI08 ( COLLAR I 2 3 0 * 9 0
E L I VATIO* í 90TTOM)

rmAL oepth 2 3 0 * 0 7
m e iiN A T iO N  rnoM
v e r t i c a l :
•  CARINO .
LOCATION (M * 9,o

JO IN T S

j Oim T R ouáH N ib f
V M a * t i |
R
IN a ii ip if i f  'au|A 
9 »aw***i»i9L«a»»»t"ai<t<

R tC O VfR T

CORE _ 
REC0VCRV(%1

m

P E R M E A B 1LITY

os
»-
man

V
5

man
w
9Xsocr

9
O
a»
«
*
*
*MVI

o
m
ü
*■i

I f  ■ 81n o o o c
Q r t O O C

[*> -■ **

<S 3!¡<
o e a i

X*-&
w
O

• — o»
S S« -o m cw  %>%
"  i. *  «1
** C 
«  §
r *=*  c

£

w
1

M
3  w •* *)

:  5
«  B
•  O

•
s*
f

1** ► H
> a
§  3

3 i

. . 1

A.
1 H
! a
1 o

*
—

ao►-*-om

o9-
-------

89 28
89-28 5 0 0

1 0 0 0

JT R T 15 0 0

1 0 0 0

3 0 - 0

86 22
88 23 5 0 0

10 0 0

1 5 0 0

1 0 0 0

5 0 0
9**99

91-38
8 0 0

- 1 5 0 0

• 3 0 0 0

1 5 0 0

6 0 0

94-4
94-4

8 0 0

m R T
/ 1 5 0 0

2 5 0 0

1 5 0 0

8 0 0

97-4
97*4 8 0 0

15 0 0

m R T 2 5 0 0

1 5 0 0

e 0 0

10001
100-CM

8 5 5  5 18  8

1 5 5 0  2 9 * 9

i R T 2 5 4 3  1 4  5

1 5 4 3 * 3 8  5

8 4 2  7 1 4  5

<09-14
103-14 8 0 0

15 0 0

2 5 0 0
m R T *

1 5 0 0  '

8 0 0

108*18
108-18 8 0 0

1 5 0 0

2 5 0
i

0
n R T 1 5 0 0

8 0 0  -

109-31
0992 8 . 0 0  ;nR T 15 0 0  -

2 5 0 o :

m R T 15 0 0

8  , 0
0  :

■
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KUKULE GANGA HYDRO POWER P R O JE C T
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB 13

BKKK42 SHEETO 
OF

M2- R6
US

114

US

- USl»9

M6‘8 
I I7

DRILLING

i*e.

119

M9- a120

121
-121-3

122

123

124

129

129

127

129

129

ISO

131

>32

133

134

139

139

137

136

199

140

18*71

R¡

I23*<

H3 7

279 i

[M í
>0/  -'o(

E

TESTS

9m

JOINTS

n

n

n

m

£ * 3 t
«•  tnOOOO
y i o  oo
n o 

n o  óvo*nO 
o o  -  

H f l

O*
*

PERMEABILITY RECOVERA GENERAL DESCRIPTION
* _

%O

H2-93
112-93

119-71
11971

118-76

121-es
121*69

124*91
I24-9!

127*93

>30*96

134-1

>3609

9O►-»-om
©

o
«n
•»

C7>
C*6
o*> «n

O

* O

118*76

12793

I30 9 ii

134-1

1366 5

139 9 I

e
15
25

15
e

8
15
25

15
8

8
15

2 5

(5

8

8
15

2 5

15

O

8
( 5

2 5

15

8

8
15

2 5

15

8
8

15
25
15
é

8
15
30
15
8

8
15

2 5

15

8

0
0
0
0

o
o
o
o
o

o
o
o
o
o

o
o
o

o
o

o
o
o

o

o
o
o
o
o

o
o
o
0
1
o
1
01
¿I
ó
¿

■ f

f* V

K

*■

rock tyoé ’ , c o io ir  , grcnn M?e , 
te i t l i r e  ond s lru c lc re  Im oss ivc  , 
d e o v e J  , Wneded , l io »
te n d e d , g n e is s " i.“  , o o r r ^ v i l i c ,  etc 
i 'o -e  o* lo r iom1 s p a c m g ', 
w eofnering , o 'te rn h p n  , mine^ 
l'rlho iooicol c h o r o t le r is t i t *  , 
s lre n o lh  , iom ts

100

✓

/

/

/

/  GARNETITEROUS 910TITE 
’ GNElSS

/ CARNET-R1CM AMPMIB0L1TE , 
, BLACK1SM, COARSE ORAINED.

GARNETITEROUS 8I0TITE GNElSS, 
COARSE 6RAINED

H0RNBLEN0E-B10TITE GNElSS , 
COARSE ORAINED

AT 117 *03 , HB - 80 J /  30°

AT 1 1 9 -5 6 , 119 * 99 , 120 *30 J /4 0 °

*

OUARTZ-  RlCH BlOTlTE GNElSS

AT 129 -86 J /  9 0 °
AT 128* 86 J / 4 0 °

GARNETIFEROUS RIOTITE GNElSS 
WITH COARSE ORAINED CARNETS

AT 121-92  Ó /  8 0 °

/

/

ENGNEERING ASPECTS:

©
OJ
U
í

e
V
w
X*-
«l9

AT 134-23 J /9 0 °

AT 139*99 J / 2 0 o

X
©

KU
O

. -

H t  MAR R 8
íw itn  re s p e c t to 
e ^c o v o tio n , o 'o u lm g  .
o e 'm e c i'’ ('l> , fo t *  ouo ii'y , 
e tc .. '

1}
*  i
,r.h t* .-

■it ■

iT*
H

. ¿
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES ¡TAB. 13

FEATURE >KK2(fe (NEWJ, surge shaft
DRILLING DATA

s i A t t r r D  OB.O9.02 -fQMttLCTCD: 

l*«Tf tt t t lfFTIONS (% A T « ) :  

HACMIttC T T P f  JOV

n t t iL L ' t tO  ta rT H o o :

COttV BAtttttL ,017: 

fO t t tM A t t :  LOOQCO 9T*.

c o r e  t T O t t i o  a t :

T O tt t  D l tC A R D tD ,  DAT* :

BOREHOLE DATA
H -C O O R D IN AT K .

T-C O O tt DIÑATE *

(LCVATION I C O LLAR ) 2 3 0 - 9 0

CLCVAT10N ( 0OTTOM)i
F INAL O fP T W  2 3 0 - 0 7

INC LtNATlOM PROM
v e r t ic a l :
M A R IN O . .

LOCATION (■•• r ,9 >

A l

42

49

44

13

18

IT

18

19

49 Oí

47*4 |

>9l*Bi

1*9
4

DRILLING

$6e

u
V
a

999 4

98-tB
%<

616 >

6011

T E S T S JO IN T S

ir

m

M

O
5ü

n o  O 
r o ñ o  o ó -

K E Y
j B Ín T KouOHN ÍM  

vn *«» » r 
R a re u fh9NB*li9*iti| rwgh 8 ■ • * • • •►

RtCOVfttT

JOINT SIPAWATIOW 
V a v tr f  t ifk l « O l im
T X 19M O I - I  O "»
M O *«#ira i «ti*A 1 .0 *5 0 " "  
O ••*»•" k 5 0 " "

OTHttt 8TMB0L8

2 u h d co”
p .l .8 i*** int »,***a»

RCC0V8RT(% Iu.C 8 ■ umOttQl
l l i t n g f h

T « f i n í  9 * o w n d8 ■ K (k  ia " r M
tt____appl*1 loirpl»

R.0.0 f%)

B.HKK42||fEET o í
W EATHERING

■ •H . une•••■baaivd 
" g l i r l f l

C*«"»t*1**T
hiqhlf

"•tffSltiy

■ llfM ly

P E R M E A B IL IT Y RECOVERY G E N E R AL DESCRIPTION
X►*A 8

— o- 
n  c «1 *

Ní
O 5 -ó c c

A
5 ?

1
"i O 

tt
t *

*
0►
O

Ot-

w «lk_
«  w. m tt
n  *£  E£  c  £  c  
*  c

1

m E
s  ^
J  A*

i  5
5  B
9  0

to*■ >•

*  i

i  9 
3 !

t

O09C 0 0 0

1 5 . 0 0

2 5 0 0

1 5 0 0

V

'«.*03

8 0 0

>4303
8 0 0

1 5 0 0

2 5 0 0

1 5 0 0

6 0 0

14602
146-oa

B 0 0

1 5 0 0

3 0 0 0

1 5 0 0

8 0 0

■49-36

149-6*
8 0 0

1 5 0 0

t 3 0 0 0

1 5 0 0

8 0 0
192-92

>92-92
8 0 0

15 0 0

3 0 0 0

1 5 0 0

8. 0 0

199-9-
1999-

8 0 0  .

1 5 0 0

3 0 0 0

1 5 0 0

8 0 0

I98-9Í
I9B9S

8 0 0  .

1 5 0 0

3 0 0 0

■61-64

1 5

8

0

0

0

0
1161-64

8 0 0

1 5 0 . 0

3 0 0 0

1 5 0  ■ 0

8 0 0

164-6-
164 6- •

8 0 0

15 0 0

3 0 0 0

1 5 0 0

e
1

0 0

«762

rock ty p ¿ , coiour , a ra n  «170 , 
to r tu re  and s lru c tu re  (m ossive  , 
c lca ve d  , t ^ m ie d ,  lir»eyied , f lo w  
t>r:>ded, u n e is s " !.*  , p o rp H vn lie , e l:  
t - y i r  o- (a r (Oinl 5P0C»nL' 
w e a in e n n g , a lle ra h o n  ( m*npr
h tho iop ica i c h a ro c te n s t ic s  , 
s tre n a th  , jo tn ls

/

GARNETIFEROUS 0IOTITE GNEIPS 
WITH COARSE GRAINEO CARNETS.

/
/  A

/
/

/

y > .

/
AT 1 8 4 1 0  J / 7 0 *

BIOTITE GNCtSS

GARNETIFEROUS B IO T ITE  G N EIS8

AT 167-82 j / 4 0 °

OUARTZ-RICM BIOTITE GNE1SS.

O
O•J
u
x
a

RO CK S T R E N G T H
■  N / « *

r rtW-' . ■ A «  1 DO

m V;
«••fe  9 1.0 - s  004 .i 

f r c 9 0 - 2 9  00

M «0* | 0I» I |  l lrg n q 2 9  0 - 9 0  00

É l • *r«ng 90 0 4 0 0 0 0

i «««r «<••"• 1 0 0 .0 -2 9 0  0 0

f l U itfo n g >  2 9 0  00 
—

JLl. .  „

ENGNEERING A S P E C TS

Vu
oa

RE W A R tt 8

tw ttn  r e s r e c t  to  
e ^ c o v a h o n . a ro*jl(ng  , 
o e *m e ch  1*1 y 1 r s :v  líu o i'iy ,  
e tc  '

I 67 -3-



KUKULE GANGA HYDRO POWER PROJEC1
BOREHOLE LOG FOR ENGINEERING PURPOSES

RECOW ftTf% :

y  R.O.D t W

174-1

TAB. 13

¿QUI T S t P A f tA T t O* *
V «*«r j I1||I «o
T t t l fM  O • “ * O»»'
H O im « i f a i  e p r "  I 0 * 3 0 " ’ " ’

WEATHERING

mal** fot

s h e e t ;  «,.

O F  » (

P M I O l t
**.L .•»  ■»•*"* 'ooa •*••«911-

Inflft
U,C I  ■«•to**ct f****r»**i**r 

»»••** o** 
r  
■

■ »•*** 
■ fO(k líH 'fK

ROCK STRENGTH
« I I  / »

»**•*

Yri cfi'

189 51

192 4;

0 ••
3 <c s

2 £r \  
5 **

O >• MJ ¿i
m ~ « 3

2 3mi -J o *
« £  9 o

5 3J a
£

0 0
0 0

0 0_

0 0
0 0

0 0
0 0

0 0
0 0
0 0

0 0
0 0
0 o

0 0
o 0

0 0
0 0

0 0
0 0
0 0

0 0

0 0

0 0
0 0

0 0

0 0
0 0

0 0
0 0
0 0

0 0

0 0

0 0

0 0
0 0

0 o
0 0
0 0
0 0
0 0

0 0
0 0

■ 0 0
0 0
0 0

RECOVERA GENERAL DESCRIPTION
rock lyp iy , COiour , groin st?c 
te*lu re  and tíru d u re  Imosstvc , 
cípo / p J . f-kMnrcd Imeoied , fio»  
r r i id e d , 'jrieiss0!.4- . yo»p 'tv ihc, pil 
r.T'i*c 0^ for lomt spocm'j ,
wpo,nering, oiiBf a lton , mir.cf 
l'thoiogicol choracferis lics  , 
strenofh , ¡omls

OUARTZ— RICH BIOTITE GNEISS.

AT 170 6 0  J /  60*
AT I T 1 I I J /6 5 *

AT 1 6 7 -9 5 .1 6 8  66 ,168  96 
16 9 02 J / 3 0 a

■ t a i  8

C

m a tfrro to lf t lra « «  2 3  0 - 3 0  0 0  

90 0*400 OO1 
» t r r  t ira n *  1 0 0 .0 -2 3 0  OC’
•  a t'tm a iy  •!*•*• 9 >  2 3 0  O0 _

ENGINEERING ASPECTS

A t  M AR  K t

• * t lh  ré s p e d  lo  
e » c o *o h o :i.  O 'Oultng .
3erm ecM «1> . C’JOÍtfy,
•  | r  '

HOnNBLEHDE- BIOTITE GNElSS, 
PARSE GRAIMÉD.

FROM 173 -3 TO 173 8 TIGHT 
JOINTS 60a- 70* AT 1-2 Cm SPACIMG

OUARTZ - TELDSPAR FEGMATITE, 
COARSE GRAINEO
AT 172-78 , 173 25 , I7 J -44 J /6 0 *  
AT 172 98 J /7 9 *
AT 172 7 J / 3 0 *  __

HORNBLENOE -  BIOTITE GNEISS

AT 174 8 2 ,1 7 4  6 4 ,1 7 5 -9 6  

J / 6 5 *

OUARTZ -  RICH BIOMTE SNEIS3. 

AT 170-70 J /6 0 *
AT 177 -70 , 178-16 J /3 0 *

AT 179-30, 179-80,179-60 J /4 0 *

HORNBLENOE-BIOTITE GNE|SS.

AT 180 3 , 180 53,181 08 , 
101-15, 18164 J /5 0 *

AT 182*8 , 183-20 J /  70*
AT 182-0 , 183 05 J /4  0 *

O U A R T Z - FELOSPAR GNEISS 

AT 1 8 6 -77  FOLIATION J /6 0 *

AT 104 6 3 , 1 8 4 - 7 4 ,  J /  5 0 *

AT 183 -40 J / 2 5 *
AT IBS 4 8  J /S O *

i*■

AT 186 66 J / 7 0 *

AT I 8é 0 0 ,1 8 9  0 6 ,1 8 9  IB
J / 5 0 *

195-e;

HORNBLENOE— BIOTITE GNEISS 

AT 189 18, 171 9 J /G O *

AT 192-28  J /6 5 *

OUARTZ -  FELOSPAR GNEISS

AT 192 7 7 J /2 8 *

A T 198 7 , 198- 9 ,1 9 6  08 

1 9 6 -6 8  J / 6 0 *

C A H



KUKULE GANGA HYDRO POWER PROJECT
„ -BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE KK 205 (NEW), SURGE SHAFT B.KKK42
DRILLING DATA

«TANTEO 0 9 .0 9  92 •£ 0 M 9 L C r« D :  

t * r iR R u P T io * i t

■ a c h ir e  t t p e  j o t

DRILLING MCTHOO 

C O M  I M M I . I » .

'O R I  M AR. LOOQtD 9T*.

C O M  t  TORf D AT:
CO « l 0 I9 C A R D ID ,  DATE t

l«7

198

199

200

201

202

tos

[O K I

%

204 »4< 9
)1

209

206

207

206

206 9 

209

j 210 

211

212

219

2t4

214.4

219

2t6

217

217,9

216

219

220 

221 

222

223

DRILLING

9761

í

*07
5T

905!
% 7

[13 41

[16 I

%

o

<4—

120 * S í

X

224 .EU

t

TESTS

-J
D

BOREHOLE DATA ’.KEY
t -  COOR 014A T I .

Y-COOR DIÑATE -

CLVVATION I COLLAR) 2 3 0 * 9 0  

ELEVATtON ( 9 0 T T 0 » )

7 IN AL. D I7 T H  2 3 0 * 0 7

INCL1NA7I0N FROM
VERTICAL ;
91 ANIMO .
LOCATION U f t  r.g I ______

V R aw tf '*ug*>
4 i 'e v v *1

l« v ^
■
SL»»1

RECOVEN?

JOINT SEFARATlON
V«f»ry ftg ll « O I * *
T « ligh t O I - I  Omn
M Q i w l i ' t l  « p i k  I 0 - 5 0 « n <  

O t e p i i *  > ao«wi

QTHER 1TM 90L»

" ? • C O M
PL.9l**«t*>1 ■•ranglP-

________ t a t M
RE COVIN V f% ! UC 9 mwntB*«ei

ft O.D f % )

Itifng lh
■ lu í "  « g tf i
f  tg rk  le irp if 
«w flir ipmpi»____

WEATHERING
l i l i

« Q l v r i g l

TUgMj

•Itghftf

I t f tP

JOINTS

SR
S L
SR

II S L

S L

SL

SR T

II

*■  9 99n o o o o  
g rtO  OO
D O -n « iI I •

« l o e ,  « 0 * ) 0  * 
O O -'

PERMEABIL1TY (RECOVERY GENERAL DESCRIPTION

i j
O

19062

>96.71
19671

20174
20174

¡ESOS
ZOOfP

20623
7062?

21133

21444

217.5

22059

►
O

211.33

214. 4<

217.3

m  er« c
4  TJ 
*  O

B  t i

•* C 
•* |  
■  C

*  E

8
15
S O

19
8

8
15
30
15
8

8
15
30
15
8

8
15
3 0

15

8

8
15

3 0

15

8

8
15

3 0

15
8

8
1 5

3 0

10
8

22099

8
15

3 0

1 5A8

e
1 5

3 0

15
8

« >-

3

rock ty o ¿ , c o io ir  , grom « i? f , 
1e * tu ie  ond «W uclure ( m a s w e . 
c leoved  , lo iin te t i . kneoied , l i o *  
b rn d e d , gneisso*,* , tíorn^v»«lie. e tr 
*co ie  os lo r  iomt « poem a1, 
w eoirkering, o lte ro t ip n  , m m c* 
liIN o log ica l c h o ra c le r is lie s  , 
s lre n g lh  , jo in ts

22395

✓ .

« ✓

/
/
/

OUARTZ- FELOSPAR GNEISS .

AT I 96 . 30 , I96 63 J /  70°

AT 1 9 6 -63  GLICKCNSIDCO J /  70 °

AT < 9 6 .9 0  

AT I 9 7 . I .

J <  3 0 °

I9 7 . I3  J / ? 0 °

AT 2 0 1. 33 , POI I2  J/GO°

AT 199. <2 , 199-13, <99 >9 J /4 0 °  

AT 201 10, 20133, 201.64, j / 2 0 °

M0RN6L ENDE -  6107 ITE GNEISS, 

Bl a c k , m é d iu m  g r a i n f d

AT 201 .77 J / 7 0 o 2 mm
C H L O R IT E  FILLING.

AT 202 32 J/S O " CHLORITE.

9. AT 204 J3, 204 4 3 ,2 0 4  33,204.7 3

204 93 CHLORITE STAlNEOSLtCKENSID* 
-ED J /6 0 °

f
•■FROM 202.78 TO 204 .9 3  

FOLIATION SHEAR 2 ONE

2 0 2 .7 8  TO 203 8. 2 -3 m m  

CHLORITE FILLING ALONG 
SLICK E NSIOEO JOINTS /  70 °
AT 203. 38 J /  3 0 °  SLIOCENSIDEO 
AT 207.48, 207 63 J /4 3 °

CARNET IF EROUS 8101 ITE GNEISS. 
GREY, MEDIUM 0RA1NED

, V

y  •

AT 212.08 FOLIATION J / 3 0 o 
AT 212 22 FOLIATION J / 6 3 °  
AT 2 1 2 .3 ,  212.7 SILICA COATlNGS 
J /  7 0 °
AT 7 1 2 .9 9  J / 4 5 °  SILICA COATINGS

HORNBLCNOE- BIOTITE GNEISS . 
BLACK.

t

G ARNETIFEROUS BIOTITE GNklSS. 
GREY, MEDIUM GRAlNED.

OUARTZ- RICH BIOTITE GNEISS, 

GREY, MEDIUM GRAINEO.
BAÑO OF H0RN8LCNDE- 

8 I0T IT E  GNEISS FROM 219.1 TO 
2 2 0 .3 .

AT 2 17. 2 J /4 3 °

A T 2 1 4 .6 2  , 214 B3 J /  3 0 °

AT 220 .7  J /4 3 °

SHEET 0 6  
OF 09

ROCK STRENGTH
MN / ■ '

«9
O

u
X
&
4

5A-T-75

A <1  DO

9  l O -  3 0 0

C 3 .0 - 2 3  0 0

« • t f f i a l f t )  « tt«ng 2 3  0 - 3 0  OO 

, i*or»q 90 0 -*00  OO

| lfg n |  1 0 0 .0 * 7 3 0 0 0

« t i i r m d )  i l i« p q  ^  7 9 0  OO

ENGNEERING ASPECTS

R f  MA R K B

i* r ith  re s p e e l lo  
e *cO vo tio :i, C 'Oulm g ,
D Í 'm e O l"H  V . r3 '>  GJOtily,
etc. '

197

196

199

200 

20! 

202

203

204 

203 

206

207

208

209

210 

211 

212

213

214

213

216

217

218

219

220

221

222

223 

2 74



F E A T U R E  -  p o w e r  h o u s e

KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENG1NEERING PURPOSES TAB. 13

B.K KK43

DRILLING DATA
tT A R T lD :9 2 -0 7 -IB  CO M PLITID !

in t ír r u p t io m b * ( B a t í ); 

MACHlfff r v n  
DN1LLIN8 MVTHOO’ ROTANY 

CON! ■ANN|«.a* lT :  MX 

PONI MAN: LOOOtO W*.

CON! «TORIO AT:
CON! DIOCANOID, OAT«:

V&T*

’SfíJ

«í i;

26-96
26-61

29

29-66 
30

30-9
31
3 < 03

32

.39
33-03

94
34-26

39

36

3?
37-23

38

39

40

40-42
40 - 70
41

41- 47

42

43

43-49

44

45
49 01 pafn 
49*94 
8

48-49
\

T

4 8

4 9

4 9 -49

9 0

D RILLING

TUi:

■91

92

•92-79
93

9 4

93

99-81

3Vfc

H-0»

12 «

I2 «

>2-91
*00

W

T E S T S

fl«

12 M

1299
Y/T

b-
J
O
*>

1 R T

II R T

III R T

1 R T

II R T

BOREHOLE DATA
X-COORDINATC.

Y -COOR DlNATt *

IL IV A T IO N  (CO LLAR).

IL IV A T IO N  ( BOTTOM)

PIÑAL O tP TH
m U I N A T I O N  fROM O 9 
VERTICAL l
9IAR IN0

LOCATION (*•*  r i f _____

JO IN T S

ti

ii

1 R T

11 R T

MI R T

!  8 fl 8 !

U
N

88S

«OfA O ^6o -

K E Y
JOINT ROuOHNÉfti

VRavary *augA 
R a t p u g h  
8R tnuQh
9 ■ im f tp l l i  
« L » » U c f c g n > l d t d

RCCOVfRT

co B fRCCOVCRYl%1

33SSSI..».» r».
P E R M E A B IL IT Y RECOVERY G E N E R A L DESCRIPTION
X
tw
0

1
«.  cr
5  .E
2 s

» í  *» 5
s °í  0

J§

0

ím f
3  H
m nw *J
t  0  S• 0

*

1
• >• 
9 J
0  3w 3 
0  J 3 IJ a

K

A
e
aO

*

a
Ot-

28-19
3 0 0
6 0 0
1 0 0 0

6 0 0

3 0 0
31*03

31-03

3 0 0

6 0 0

1 0 0 0

6 0 0

3 0 0
34-26

34*26
3 0 0

e 0 0

1 0 0 0

6 0 0

3 0 0
37-23

37-23
3 0 0
6 0 0
10 0 0
6 0 0

3 0 0
40*4;

40-4? *
3 0 0

6 0 0
10 0 0
6 0 0
3 0 0

43*45
43-4 5

3 0 0
6 0 0
10 0 0
6 0 0
3 0 046-4!

46-45
3 0 0
6 0 0

10 0 0
6 0 0
3 0 049-41

46-49

3 0 0
6 0 0
10 0 0
6 0 . 0
3 0 0

52*75
32*75

3 0 0
•

6
9

0 0

1 0 . . 0 0 '

;6 0 0

3, 0 0
59*81 1

/

*
X

>
Ou

o
u

O o
X
«  I» 

ac
90 100

/

/ f

/

M -
j o i n t  91 P A R  ATION

y u t r f  HgM ^4.l«'fl<
T üligh» 0 1-1 Onwn
M O «*n4*ro l opgr* 1 .0 -9  Omm 

O «opto * SOwfn

O T HIW «YM80L1
P l O Ispel^l ir>ol ati tnqih 

In d f  ■
U C I  *uftla«1ol 

• tr«*>qih
f 
Nm

•  g round  » n * * r• roe h •-impla
■ M i* ' H itip ll ____

W EATH ER ING
• sil * unc*n**l¡*10l id

SHEET 05a
OF 05

ROCK S T R E N G T H
MN / • '

r«Ofc

rock type , colour , groin sííc  ,
nnri struclure (mcnsixo,

rleovpd , fn lio led , , How
bunded, qneissos- . po rp liy iil¡c , ptr 
-,rfil<? (pr joint spocintj), 
weotheiing, a lte io lio n  , mloni 
l¡tbolo.glcnl cb firnc le ris tic»  , 
Atrenalh , ¡olnfs

HORNBLENDE BIOTITE GNEISS AS 
ABOVE _________________________
Ou RICH BIOTITE GNE18S- FINE TO 
MEDIUM GRAINED 
AT 2 8 -9 0  FJ/48®
AT 2 9 -2 0  J /6 0 *
AT 2 8 -8 8  J / 33°____________________
HORNBLENDE BIOTITE GNEISS DARK 
COLOURED, MEDIUM GRAINED

Qu RICH BIOTITE. GNEISS UGHT 
COLOURED MEDIUM GRAINED 
AT 3M 0, 3 2 * 8 3 ,3 2 * 6 8 ,3 2  70 ,3?  87, 
3 2 -9 5 ,3 3 -1 0  F d / 4 0 ° - 5 0 o 
3 1 - 9 2 - 3 ?  12, 32*34 -  32 -93  j /7 0 ° - 8 f  
AT 32 8 0 , 33-10 d / 6 0 °

HORNBLENDE BIOTITE GNEISS DARK 
GREY MEDIUM TO COARSE 
GRAINED.

AT 3 9 *8 8  f J /6 0 ®

AT 36* 0 J /G O *

AT 36*93 FJ/49®

AT 3B 40 FJ/40®

AT 40*20 J / 6 0 ”

/

Ou-RICH BIOTITE GNEISS LIGHT 
COLOURED. MEDIUM GRAINED.

AT 4 0 - 7 2 ,4 0 - 8 9 ,  4 0 -9 2  , 4 1 -0 7 , 
4M 2  , 4 1 -2 3 , 41 2 8 ,  41-36 
J / 6CP -  70®

AT 4 1 -9 3 , 4 2 -3 0 ,  4 2 - 7 4 , 4 2 - 8 ,  
4 3 -9 8  J /6 0 ®
FROM 42-42 TO 42-R  j / 8 0 °
AT 42 36 J /3 0 ®
AT 4 3 - 9 4 ,  47*79 F j / 5 5 * o * \6 0 °

Ou -  RICH LIGHT COLOURED 
RIQT1TE GNEISS ENRICHEO WITH 
C O lR S E  GRAINED GARNETS AND 
INTERCOLATIONS OP HORNBLENDE 
BIOTITE GNEISS LAYERS UP TO 3 0 cm 
THICKNESS.

A.T 4 4 -1 2 , 4 4 - 2 3 ,  4 4 -4 6  , 45 2 4 , 

4 9 - 3 4 ,4 9  98  J /6 0 ® - 6 5 °

AT 4 9 -0 4  F J /9 0 ®

AT 92*04 J/90®

<§
O

y
f
a4
8

A

B

C

« t -00
1. 0 -  9 OO

5 .0 -  75 DO

m i l t i a l d f  i l i « n |  7 9  0  5 0  0 0  

•  t rpng 5 0  O IOO OO

v»ry lh«Af

X
X
4
W
*

• t l f f m c lg .  «tfsng

100.0 79000 J 
>  *90 00 ’ >

ENGNEERING ASPECTS

X
X
t»

8

R E  M A N  R l

(w ilh  re s p e c t (o 
e x c o v ñ lio n , g ro 'ifin g  , 
p e rm e o h il i ly , tnri> f|tio1i ly ,  
efe. t

5A - T - 78

I

X
►
&
m
o-1

29*3 i
26

29*86
30 !

J31 -kr<

32 *

38

3 *
34-21

A39

l t
se

I
•2lj ^

‘ í

i
9

37
37*2

39

39

40 
40-42 .
40- 7<3 *
4 1 *

4 1 - 4T V

« ¡ r

43

43*49

«« .i:
49

■1.

48 t j !
t

46-49-1

47

48

49

50

91

92

93

94

59

i1 1

,



K U K U LE GANGA HYDRO POW ER P R O JE C T
~h£T.

BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  p o w e r  h o u £ e
' •* B.K kk4Sj

DRILLING DATA
•  TANTe.o:e?-o7 10 c o m f l i t i d : 

i n t i r r u p t i o n í  (R a v í ):t
MACHINA T V P f

o r i l l i n o  m a t h o d : r o t a r v  

CORK l A l l l l I l t l I T :  NX 

'O R I N A R :  L 0 6 0 I 0  i r :

CON! t f O R I D  AT:

COR! O IR C A R O IO ,  DAT !  :

L 96-9 4 
ÍS T

v a r e  1• 38

P9 

r39-49

60

61 
-61-09

61 99
62

63

64

69
69 OI

66

er
67-21

66

69

>40

70
T0-09

71
71-34
ri-6B
»2

73

74
74*14

M -90 
79

76
76-47

77

76
76-02

79

80

81
81-28

62

82*61
83

DRILLING

E6¡

iS

X A

)Vbt

ese

2 9SE

255

259

296
raOi

2K
Ylftf

TESTS

F--J

BOREHOLE DATA
X" COORO IR A T I /

Y -COOR OtHATI

IL IVAT10N  < COLLAR).*
v

f  LIVATION I 90T T 0M )' 
PIRAL D IP T H

INCLINATION FROM 0 °
¥281104^.
M A R IN O '
LOCATION (• • •  Fi,

JOINTS

h

ii

ii

KEY
i s r u r u s s a  a n u a

VRavtry («Wfh 
R «iftiifh 6R««ll4h<ly 
8 *imaHh 
f f i l lc h >"» U i<

- R Í C O  V Í  A Y

T í r r r r n c o MR IC O V IR V  ( %

R.O.D (% )

P E R M E A B I L I T Y

X
:  *  5  «
o  o

•W
a  Z

M

•
i 1

2
*  A.
• • 5  S88S ;

~ ' T  S

ó -

TO
 

OO
TT

OM

-  e
:  t9  7  
M 7
f l  5
s  °*  o

E

■  - i  8 w 
h.

*  3w —1 
¡¡ O
i  o+ -

® >• 
■ J
o  aM 2
»  3  

*

S9-BI

. . . . 3 0 0

6 0 0

10 0 0

6 0 0

3 0 0

61-99

61-99

3 0 0

6 0 0

10 0 0

6 0 0

3 0 0

87-99

S799

3 0 0

6 0 0

— . - M 10 0 0

6 0 0

3 0 0

74-14
74-14

o o

6 0 0

10 0 0

6 0 0

3 0 0

79-78
79-78

3 0 0

6 0
»

0

10 0 0

*6 0 0

3 -,
1 0 0

RECOVERY

/
>

>O
u
« o °
s  5 -
°  _o  *

lo 90 100T

/

/

✓

-

/

J OINT 8 IP A R AÍ ION
« O.lmmV ■ «•ry liqfct 

T Bt lghl  
M0"m«|trn1 i»
O »»»p*n

O I - I  Oiw i 
I.O-S.Omn* 

> SOmin

__  0 7 HIR 8YM60L9
P L . 8  I , P***ri* ' « * 4  « f r« r * q |h  

indr»
U.C.6 ■u*,lo ■ lal rempr ••*'«•

i t i  «r tqfh
t
R«r

■ Tita! qreund mi»* 
mt oí V aamplt 
»FQi»r lamgH_____

WEATHERING
>«t11 ; unrnnoolldatf4
ffwitai l a l

r o m p l a l a l y

H l f M y

nmillinttly 

• I tq M ly  

f lB«h

GENERAL DESCRIPTION
rock type , colour , groin size , 
16’ ture and s lruc lu ie  (m a<*iv8p 
cleavpd , fo lio le d , lineoled , How 
bandee!, qneissos* , porphvt itic , r lc  : 
•¡rale 03 for joinl spoc iiv j), 
weolbeiing, o lle ro lio n  , rninor 
litbologícol ch n rc ic le r is tic i , 
x trrn g lh  , joirtfft

BIOTITE GNEISS AS ABOVE

AT 56-33 , 5 7 -8 7  , 50 10 
F j / 4 0 * -9 0 *

AT 5 7 -6 4  , 57- 74 J / 6 5 w

AT 6 7 -7 5  F J /4 0 *

O u-R tC H  BIOTITE GNEISS MEDIUM 
GRAINED. LIGHT COLOUREO.

AT 70-98  J / 6 5 °

Qu^RlCH BIOTITE GNEISS LIGHT 
COLOURED, MEDIUM GRAINED WITH 
COARTE GRAINED GARNETS,

AT 75-8 0 ,7 6 *  0 8  ■ 7 6 - 2 0 ,  7 6 - 5 7  
F J /6 5 ®

AT T 6 - 4 6 ,  7 6 -7 2  F J / 6 0 0

AT T 9 -0 6  J /6 5 ®

SHEET 03 
OF os

ROCK STRENGTH
MN /m *

«•ai

-na d a* • l a l i

«
O-I
u
X

'-'Y*

X
»-
R

■ lf «nf 

«•ry ihan| 
lilffmily «lionf

< I OO

i .o  - 5 no

9 O 75 OO

r s  o so oo 

so o-ioo on

100.0 750 00 

> 2 3 0  00

ENGWEERING ASPECTS

X
F-
10

S

2

RC MAR R9

twiin respect lo 
« x c o v o tio n , g ro i j l io g , 
p e r rn ^ o M ity , rock nno lily , 
f i e . )

se®**
57

59

39

39-49

60

61
6I-0R

62

63

64

65
65 OI

66

67

68

69

70

7 I
7 I 34

72

73

74

74 9 '  
73

76

7 7

79

79

80

61

82

82 'A1
03

5A - T - 79



«•*«-* « * # a  *

KUKUI.K GANGA IIYDRO POWFN PROJI-.C!
HORKI lol. It I.OG I'OH I NC.INI .11RING l ’U H I'O M -S TA0. 13

i »«» * i  ** I ww »i
SI HiET I

OF 09 5
*  »  W .  « . .  «  . -  H

I Ir AI ÜRI- -  I
DMII I INU HAIA .

4 i Alt t r f i  ti  j  m  i  l iMfM t  t % I» 

l<l II* i* A Mf  i I n N  1 H i  4 v 1 1

U A l ' i t m t  * '» V P

IIKM | I> |0  M f t h f i H  H i H A j f O

f i t R I  R » R H t l  , IH* N»

i i tAV M A M '  i n i l U P t l  o 1» ‘

I M « P  % I OA» fl Al  * 

t f|NI |M*l» ARttftt, hAT $ •

Al 
R 4 4M

MR 
Nh *11
«f

Al*
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KUKULE GANGA HYDRO POWER PROJECT
oBOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  Po w er  h o u s e B.K K K 4 3

DRILLING DATA
t i A n r f n :  9 2 -0 7 - ii^ c o m p l e t c d : 

i n t rn q iin T io N S  ( o a y s í : 

m a c h in e  t v r e

A4H.LING ME THOO' ROTARY

m ar. b a r b e l  , b i t : n x  

fO R fM A R : LO O Ct o b y :

CORE STORED AT:
CORE D*9CARDED, DATE :

O *»p>n

JOIRT SC PAR A l ION
V •*#»y i i |H  * O I m i
T Bttghl O t - I  Ox«p

1)1 ( tprn 1, 0 *5 0 * ^
> 9 Onwn

QTMfW STM SOLt
P L .S l'P ®*1'1

Indri
U C .t •un lí* in l to inp im i» *

t t f
V fioimd •« * * '
R t i g r l  •en 'p lf
W t  w Qt» icmali

WEATHERING
• «•I 'une»N |«M gl*d  
mol»1 mi

c o** (*"'«>>

hipM f 

• n a t f t ' O l f l y  

•Üqttllf 

I *»ih

GENERAL DESCRIPTION
rocV ly rv  , co lour , q*nin s i* r , 
lG * lt ir r  onrl stfuctfif*  U n u íS K R , 

■ cleovpü , f * l'otcd, , f io *
Ibonded , qnc<;r.o'.*» , ttoM 'i'V ¡t ic , H r  
jsr.nle o í  lor (oinl r.pc ic¡n ij\ 
|w ro lh p iin g ( a lt» iQ liC M  , minor 
I líHu itog icn l c h o r n c le r is t ic í  t 
s tr ro Q lh  , jo inf*

BIOTITE GNEISS A9 ABOVE

AT 114 ■ 70 t J / 4 0 °

AT 117- 26 ( j / 4 5 °
é AT 117-90, 117-9,118 0 2 , HB OC J /5 0 °

Qu -  RlCH BIOTITE GNEISS ENRICHED 
WITH COARSE GRAINED CARNETS 
LlGHT COLOURFO
n e -ie -  ne  -32 j /  79*
AT lia  • 32 J /6 9 °

BIOTITE GNEISS FINE TO MEDIUM 
GRAINED, LlGHT COLOURED AT 
119- 9 9 , 120 05  F J /  90®

AT 123 -9 0  j / 6 9 °
AT 1 2 4 -8 0  J /4 0 *

FROM 129-8 TO 129-93 j / 8 0 °

AT 126 ■ 92 J /6 0 *

BIOTITE GNEISS, LlGHT COLOUnEO 
WITH COARSE GRAINED GARNET8

HORN0LENDE BIOTITE GNEISS AT 134-22 
j/4 9 ° ,  AT 134-25 SUCKENS1DED J /« 0 °

Qu -  RlCH BIOTITE GNEISS MEDIUM 
/(GRAINED WITH COARSE GRAINED 

CARNETS, LlGHT COLOURED

HORNBLENOE BIOTITE GNEISS MEDIUM TO
OAR$e_GRAiNED.______________________

Ou -  RlCH BIOTITE GNEISS MEDIUM 
GRAINED, LlGHT COLOURED WITH 
COARSE GRAINED CARNETS ® 
INTERCOLATION OF HORNBLENOE 
BIOTITE GNEISS LAYEOS UP TOISem

SHEET Q5 
OF 05

ROCK STRENGTH
MN / • *

O
O-I
u
3r
*
4

’»t«h

A

C

« 1.00 
r o  -B .oo  
9 .0 -2 9  OO

|M»A| 2 5 .0 -9 0  00
• Irpftf 90 .0400  00

y IOO. 0-290 OO
i t i t n f  >  250 00

ENGNEERING ASPECTS

KU
O

R E M A R  K «

fw ifh  r o tp e c t  lo  
• tC O vo lm n , q rou lin g , 
per mpnl»tlt|y , rocV ouo lily , 
F ie  *

117-17

M3

II 4

H5
M5-IR

MR

117

HB 
118-37-

119

120

121 
(21-44 -

122

123
123-67

124

125
125 31

126

127

128

129

ISO

IB l -

131-43 
W -351
132

132 -15-

133

134

135

136

137 

13761

138 •

139

140



F E A T U R E  -  k p  d a m  a x i s

DRILLING DATA
s tar i f n *  g i- io -0 7  ro M n  r t e o ‘ 9 t-n-03

iw T rn n n r t in n n  ( o a y s )* o »t

m a c h ín ? r f r  f
nuil i. imh Mrrnnn rotary 
cnnf p a w l .rh nx 
ro»7MA«: tnnnro nv;

CORE fTO*»ÍO A»:
COR V OISCARDF.D, DAT E *.

003
0 -  64
1- 00 
* 40

20 0
9 30

3 i i
3 4 i

4-41
4 71

3 91
8-H
6'00 
7-10

9 10
8  4 0

9 06 

9-96

1 0 9 6  

11 26

12 26 
12 3fl

13-1 7

DRILLING

37/V

ll/Y>

12/10

!^0

is/to

13 39

17-94

20-69

21-69

22 94

23 73

26-13

27 20
27 32 
27 73

36*

»V

4Ag
127*

«/to [7540
13 *71

oA o

?\Ao

6)G
n?-í

S/to

TESTS

S P T

3
V)

N = 9

S P T N = 13

S P T

SP T

9 P T

5 P T

S P T

>• |¿íc0c
o

S P T

vio

ftf.'ÍW

II-1
i íÍÓ

10-7

0 2ñJñ

0 46

6 P T

5 P t

Ns 17

N= 33

N = 2 7

Ns 16

Ns 13

N = 14

Ns 46

N « 44

KUKULE GANGA HYDRO POWER P R O JE C T
D O R E I I O L E  L O G  F O R  E N G I N E E R I N G  P U R P O S E S  T A B .  1 3 ______________ •

B H K P 3 f e TC
KEYB üR E IIO LE  DATA

X-COOO OINAT i  I3 I I 6 9 1 -4 3  N

y - r.oon niNAt7 131, 7 7 7 - 3 3 2

f i r v A I I O N  I f f l U  ñ n l  2(7-12 

r iP v A T IO H  ( P 0 T 1 0 M Í  (66*92 

r in a i n i n  11 so- 2
INC UNA n o  N O *
r aort vertical ;
RE A RIÑO
LOCATION U - r  f 1

IR « * « « 0 ^  
S M a * i iQ h t i |  i i v g h
S
S L » * ' 1* s * , l “ * * í

V ■ • • r y  1i | k l  *  0 • • w  
T s i t o * *  0 1 ' *  
R O i g i i i ' a *  i p i "  1 . 0 - 3 0 " *

O ■ D r * n *  S O " "

R f C O V l R T ' O T M lP  S Y Ü B O L t

~ T > - ^ — H  CORE
-J n i c o v t R Y  t % !

R . L . 6 l * 7 a , v  ,saA «>*• '*91*'
i n d t l

| ) C  1  •u-*tO«*0' f * " P » M » ' * P
| l l t A f l P

1 « | i t | *  f 'O b n 0
9 B r g f l i e n T ' f  
W i » g i r -  l o w i »

'11 I R O O  ( • /• )

JOINTS

I
JL
ir

I R 0
n R MC
nr R 0

i R 0
ir R 0

se e anooou34 0 00
-•Ó-rt

I * I«1004QIOO
d o -

T
T

MO

ve

Mo
MO
r

o
X
o

r

P E R M E A B IL ITY
X
H
o.
u to

ao
*oar

22-23

23 23

zo
»-o
m

01

23-73

01
3a

*3 1 ID l  
IA o M c
í  °

o
UI I- 3o
blX
UJ

z
UJ
blm
UJ

3X
(OwÍOblI-

t
-J
m
UJ
za:
UJ
o.

«tV)o

bl _
*- 24 "« •

l 6 0 5 * 9 2

4 10-2 7 0 4

5 1 6 0 9- t 3

4 11 2 7 - 7 2

3 7 8 6 * 7 9

t 0*2 0 -4 1

3 0- 1 0 0 9
6 NIL 0 0
3 NIL 0 0
1 IŜIU 0 0

*
2

o b
3;o  a

:S - 5= a

RECOVERY GENERAL DESCRIPTION

o*

w>ou

ou

c"
o

o

30 tOO

r
¥

í;

WEATHERING
- rs- T-— 3 ■" t*•11 b**t ••••k4S**4 
mglti 101
t i m f l r l f i f

highif

«tiOMi*

rock ly p e , colour , gro*n si7e , 
f«vtu ip cp»6 sNucture Irn o s m e , 
cieoved , fo iidc tí imeoied . fio*-' 
tended, oneissoi»* . t<o'r*ivi«tic, etc
■; i  *ne o ' fnr |omi spocin*;*, 
*'pclneMng( oMerolton , mino? 
fifhoiogtcol th o ro d e n s lie s  , 
strenal*' , joints

ROCK S TR E N G TH

«•Ok

un /m‘
A

e

1»
o

u
X
A
4
KO

E N G N E E R IN G  A S P E C T S

sjOP SOIL ^f>JLAS.K'3i!
O O
A ° n r

RESIDUAL SOIL -  REDDISH BROWÑ 
\pLAY£Y SANO

1

PINK COLOUR CLAVE Y WlTH (a/* . -
WHITSH CORE 8 TONE 9
RESIDUAL SOIL' RF.ODISH BROWN • ■
SILTV CLAY
COMPLE TELY WEATHEREDROCK WITH

CORE STONF.S PINK TO WHlTlSM v><* V

»✓ * V " /

^* l/*
p v/'

vx»
COMPLE TELY WEATHERED /

VkRNETIFEROUS ROCK, V*
PINK TO LIGHT BROWN

V/*

PÍNK COI-pUR CLRiEY SANO, WASH UI*
• SAMPLE OF COMPLETE WEATHEREO 

ROCK -  _ _J
COMPLETELY WEATHEREO OARNETIPEROUS
ROCK, PINK TO LIGHT BROWN V/»

COMPLETELY WEATlIERED MICACEOUS
ROCK WHIT1SH TO LIGHT BROWN

V "  «✓ *

COMPLETELY WEATHEREO ROCK, 
REODISH BROWN

\y» -
\y*

. lâ l
COMPLETFLYWEATlIERED ROCK, WMITISM V/»
TO PINK AND REODISH BROWN *

v «  V* /

* * - . WEATHEREO GARNETITEROOS
- • • GNEISS , OIS COLOUR ED V "

* . . ŷ*

. . vy—

. ■ . . * Vy*k Vy"

- . - ■ • iy-

GARNETIFEROUS BIOTITE GNElSS «y*
* , DISCOLOUREO, FINE TO MEDIUM GRAINED —  —

. FULLY OEVELOPEO GNElSSlÓ TEXTURE \y—
• 1 MAIN COMPONENTS Ou, Td, Bt ---  —
* , FROM 16 49 TO 20 24 WEATH «y"

FRACTURED ZONE
AT 20-24, 20 44, 20-69 WEATH 
F/J vy»

^y"

\y-

/ Ví /
✓ /' í7 7  T .
4 ✓  . i ~  —

/ y
f  < 4

é * 
/ * \y*

*« á r. 7„/ 1 J 1 *
/ * 
/ ' . ! AT 21-73 WEATH J/03® *

t . m . 
4 „ AT 21-69, 22-90 r / j

\y>

• jr / / . rnOM 22-70 -  2 2 -94  J/B0°
4 4 , * \y» -

f  \ * t ■
é

d ,J
> AT 2 3 -2 4 ,2 3 -2 9 ,  23-94 , 2 5 - 2 3 , v y

4 1é
/ 23-70 WEATH F/j

' P AT 2 2 -3 0 ,  24-13, 23-2 7 F/j

‘ / -*• ^ • AT 23 80 , 24 03 WE J/13* .
iy-

X 4' - ✓  y0 9 AT 23 31 , 23-77 J/20 ° “ ■
• í %/*

t ; * J é , M
- i • íT . vy*
■ / C r. • _ *

1 AT 23 9 0 , 26 67, 2T 0 0
/ J . , .1 SL. WEATH T/J y*
/ * 4 § 4 « / 4 * FROM 27-0 -  27-23 WEATH J/TO —  —

• , / *
' í - vy*

' * *' 9 ¥ ‘f AT 2 7 -3 ,  27 73 F/J _
í I i t vy*

1 í £ ;• F Í

5 A - T - 8 4

X  ►- 
4 W9

«n»tfvtaf*iy «tfo*9
i b « n g

a*»y (
• s l r t r p « l |  « I tong

« I 00 
( . 0 —3 OO 

9 0 -23  OO

t s  0-30 ob

90 .0 -4 0 0  0 0  

(OO. 0 -2 3 0  Óo 

> 230.̂ 0

«A
1Cuo

RE HA A 9 8

Iw ilh  re s p e c l to  
e x c a v o lio n , g ro u íifig  , 
o e rm e a h ilily  ( roc^ oua liíy ,
e t c . )

¡





KUKULE GANGA HYDRO POWER P R O JE C T
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE -  KP WATERWAYS

DRILLING DATA
9  tan  t e  0: 19. 10. 9i c ó m e l e  t e  0 :31. 10.91 
i n t e r r u p t i o n s  roJfcv« I : -

MACHINE TYPE J OY 12 9 

DRILL IR íl MPTMDO: ROTAR Y

NX
lo g o e d  9 v :

CORf 0ARREL ,B IT ;

FORf m w .Í *OSO
COR! «TO RVO AT:

CORI DI0CARDVD, DATC:

BOREHOLE DATA
X-CO O R O IHA Tf 

V-COOR DIÑATE

ELVVATIOR I CO LLA R í 36 . 463 

VLVVATION ( BOTTOM ) 6 .3 5 9  

PIÑAL D EP TH
OlN4t!0l» 4 0nWTOfflB

BE ARING.
LOCAVION Urt r

DRILLING

O  97 

I. 45

a.49

3.71

4 97 

4 93

19.10

B. 79

9.06

9 05  

9.93

•1.25

12.75

2Q4C

72fiD

14.23 

14 77

0 .7 7

17. 31 

17. 72

19. O

20.42

21.94

HMO

23.37

2 4 . 6 7

26.27

27 57

MÍO

SUc

4.91

y

Km75

TESTS

2.7Q

!34C

S»9
23K

307
a*

306
? ? A t

303
7S M .

301
254C

SOI

295

2W1

j
D

JOINTS

U
4&

ce« «•(lOOOO
D**IOOO

t’T
r o o« o * io ‘
o  o -

KEY
75TÑ7 rouo m n ks$
V R if i r f  roupA 
R «r«u9h 
BRxhgMly teugA 
0 ■tmeoRt

RtCOVlRT

V-vTTTn co"«R l C O V V R Y ( %

^ ¿ M '3  r . o. o (*/•»

PERMEABILITY
í - 
¡ i
o

0.
oI-
a
o

a
o

n
m

n

ni

i

m

s
s
sni

R

R
R
R

MC

fl

B.OG

LL

3.06

11.23

— cr
v» c  * £ < E■  Ow •*

u  4>
•> c" g
í  C

«I
3c

*> i
© Y»

2 _j

5 59  c*

C
*n >.

o  a  
w 3  
o  w
3 I

K?

e.oe

II.2E

14.23

17.31

2043

233 i

z e ? i

1423

1731

20.4:

RECOVERA

►
Qt
MI
>
Ou

a
o  
o

10 50

£

too

01
03 
06 
03 
O I

OI

03 
06  
0 3  
O I
OI
03

06
0 3

O I

01
03
06

03

OI

OI
03

06
03

OI

OI
03

66
03
t)l

23 31

262

03

06
03
OI
O 1
0 3
0 6
0 3

47.5

502
47.0 
52.2
54.0

54. I

43.6
23.0
32.4
39.5

SNIL

49.3 
62.9
62.3

59.7

442

>NIL

7 4 . 3  

5 4 . 7

4 2 . 4  

3 6 . 0  

5 8 6

21.6

22.6

17.6
2Ó.5
25.1

2 1 . 7

21.8
13.1
1 9 .9

121. 79
52.29 
24.86 
54.37

138-46

139.45

43.30 

11.44 
30.77 

95.24

00

160.7
60.0

.44.3

64.6 

143.5

0 0

794.26 

51.5

22.01 
57.3 

I 52.6

57.29
i

23 60  

9.74 

21.42 
66.5

58.56
23.18

7.29
21.15

~ --

JOlwV _ fe jpAWATION
V «vfiy  tlgfcl *
T ^lighl, O .I- lO w »
MQiifitfrrai •••** 1 .0 -5 0 » *  
O •opt** * 50**'**'

O T H i f t  V T M P O L »
P.L.B.I lea*In e r ■
U.c 0 «unió*«al

ilftnph
f  BfiMt gtownd *«»»»
0  B io ck  t o f p 1*
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AT 1 9 .2 6 ,(9 .4 6 ,1 9 .6 5 ,2 0 .0 8  J / F

I .
F / J  TECTONIZCO ZONE 
FROM 2 2 .4 4  TO 24.14

TROM 25 .37  TO 2 4 .6 7  BlOTITE 
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KUKULE GANGA HYDRO POWER PROJECT
BOREHOLE LOG FOR ENGINEERING PURPOSES TAB. 13

FEATURE KP WATERWAYS

DRILLING DATA
«T A fiT po ioe . i i .9 i c o M P tf re o : n .it.O í

INTRftRuPnOHS ( 0 * 7 9 ) '  
ft

MACHMP T iP Í  JOY 12 0

d r il l im o  m c t h o d : r o t a r *

CORA BARRIL ,BIT : RX

p o r » m a r : lW  l o o o i d  » t :
O.SD

COR» «TOM O M :
COR» BIBCAROIO, OATI :

DRILLING

0 - 6  

i ?. 

i-t  

? 4

3 91

9-4* 

6*99 

7-99

8 69

9 90 

9 8 4

i l l i

13-M
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1809

19-22

20 02
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,ñt
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l|/i|

1-45
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10/il

4 82 ¡Í7ñ
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•i3«I

boreiiole data
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ILtV A TIO R  I COLLAR ) Jl 897

clcvatioh i BorroM) M « ? 7

PIÑAL O I P T H  

^ ¿ T . O I .  FR0M 

BIARINO
LOCATION ( « "  f ig )

j Oi n t  ' r o u Oh ñ I bV
KEY;

VR*«f»y »euflh 
R a'Qufft  
S K i H i g h i l f  f p u g h  
f  ■•mopfb

RtCOVtRY

TTV ."r-7';-j Cork

¥* ? m u

P.L.B I i b04 *lr*«glh 
w „ l adra 
RCCOVCRY (% f u .C  S «unioiiol tomfin»!*»

• tr« nflth
V B f n | i  qtovad w o if r
R Br o r  k «omplt
W »>nin Bornoi»

R.O.D í % )
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n
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■

I R

n R T
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m R T

holi:

o.
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X  _¥•
£ •O
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&»
o

<- c*(4 C* -K «4 Tí0  Ow V
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V

i
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J r

í  2
*  o

o ►

O w
3.1

k

RECOVERA GENERAL DESCRIPTION

►
>ou

«oo

O O X

90 tOO

■*

TIE DE

¿ t

JOINT ..SEPARATION
y  i « f r |  l i g k l  « O  I b*
T Btiqhi, O 1-1 Onw
MOoiritfvini bp»p 1 .0-9On*"»
O iop«A k 9On«n

OTHtR SYMBOL»

SHEET O i 
OF OI

WEATHERING ROCK STRENGTH
«•II : vncofttoUdafttf 
maltrlll

e«ifpi«l*ly 
h l g M y  • * 

medito***}

«ligMly

*»*«**

MN /m*

3i®ÉíS

rock fype , colour , grain si?c , 
tq-UjrP and slructure (mossive, 
clcoved , fo lio tcd, liueoled , Mow 
hended, gneísso:-** , t>Of n 'iyn lic , etc 
i r Mie cr- tnr jomt spocing), 
weatliermg, aMe»alion ( minor 
lithologieol characteristics , 
slrength , ¡oinls

RESIDUAL SOIL -  YELLOWISM 
BROWNISM CLAYEY SAND 
RESIDUAL SOIL -  REODISM BROWN 
CLATEY SAND

BOULDER _______
RESIDUAL SO~L -  DARK BROWN 
CHARNOCKITIC GHF.ISS, LIGUT 
GREY, PREDOMINANTI.Y MASSIVE, 
GNEIS5IC T EXTURE IN PARTS» 
WEATHERING PENETRATED ALONO 
jUiNT PLANES OCCASIONALLY,
FROM 4 04 -  4- 75 WEATHCREO 
J/70"

FROM 9*69 - 10*98 WEATH 
J/BO*

FROM 10 06 — 11 - 11 WEATH(02 No*.I
J/89*

FROM 12 86 -15 -18 F/j 60° 
7ONE WEATH

AT 16*09 1 00 %

FROM 17-30 ~ IB 27 COM. 
WEAnifRF.D FR. 70NG Fj/CORE 
LOSS 62 tm.

10-13 -  19*06 J /6 9

2 0 - 0 2  m .

I»O
u
Xa*t tee

a o o 
a • 

o o o 
o o 

a o o 
o a

o * o
o A*
•o°o
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\
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\
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ENGNEERING ASPECT-S
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TABLE 15 ( 1/4 ) PERMEABILITY TEST RECORDS

¿ A - * 'r 1 S ♦ i .

• ■ 1 •" '
K K 2Ó5 DAM SITÉ (NEW)

PERMEABILITY Vs. DEPTH

DEPTH M.

TABLE :15 (1/4)  PERMEABILITY TEST RECORDS 
KK205 DAM SITE (NEW)
hole no DEPTH M. Permeability m/min.
KK36 1.50 9.291916E-07
KK37 1.58 6.385027E-07
KK39 1.50 > 1 .858383E-04
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TABLE : 16 RESULTS OF ANALYSIS OF WATER OBTAINED
FROM DRILL HOLES AT KK 230 DAM AXIS

'
SPECIMEN 1 

from
drill hole KK2

SPECIMEN 1 
from

drill hoto KK3

Sodium( as Na), mg/l 7 7

Potassium (as K ), Mg/l 4 .4

Calcium ( as Ca), mg/l 16 16

Magnesium (as Mg), mg/l 4 4

lon( as Fe), mg/l 0.5 0.6

Manganese (as Mn) ,mg/l 0.03 0.03

Chloríde ( as Cl), mg/l 7 7

Bicarbonato (as HCQ3 ), mg/l 26 26

Fluoride (as F ) at 25 °C, mg/l 0.03 0.13

Sulphate (as SO4 ) ,mg/l 11 13

Total hardness (as CaC0 3 ) ,mg/l 137 138

Electrical conductivity at 25 °C, |i.s/cm 300 300

pH at 25 °C 7.1 7.2

Acidity (as CaC0 3 ) > mg/l less than 1 toss than 1

Total alkalinity (as CaC0 3 ), mg/l 42 42
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-V1JAYAN COMPLEX
(Predominantiy amphibolite faciea rocks)

J rT T v n  Auger g ra to

W ’ |̂ & > .  * s .jg n e is a

Chhcnockito (hypblri^qpe, diopaide gneiaa or 
bearíng homblende, bktáiU/sqarnet);

□  « » « •  « W  hom htand^iott.

1 /* »

and granitic in parta 

| | Quartzita
*# *

Calo-granuKta or gneiaa, minor marble 

| 1 j Undiffarentiated mataaedimente

HIGHLAND SERIES
(Predovninantiy granulite

| | Undffferentiated HIGHLAND SERIES: Iritorbanded
------- quartz-fétdapar-gamat granulite, quartzita, intermedíala

and acid chamockite, gamet-aiHimanita granuda,, 
gamet-aiHimanita-graphita achiat, gamet-ailfimanite  ̂
biotite gneiaa, gamet-biotite gneiaa, cordierite-bearing 
granulite or gneiaa, graphite aohiat, cryatalfine limeatone 
(marble), cajo-granufita or gneiaa, baaic chamockife, 
gamet-diopaide-homblende granulite, pyroxene amphibolile

Marble, commonly dolomitic; calo-granuRte or grietea 
(diopaide-acapolita mainiy, woHaatonite-bearing inS.W.)

|------- 1 Quartzite

| | Chamockite (hyperathene, diopaide gneiaa or granulite
bearíng homblende, biotite, gamet); chamockitic gneiaa

| [ Qamet-biotita gneiaa (siNimanfte may aometimea Be preaent)

Cordierite-gqmet granulite or gneiaa

Homblende gneiaa, hombtende-biotite'gnetee, biotite gneiaa

Mainiy baaic rocks (baaic chamockite and pyroxene amphibolite) 
aaaociated with quartzita, intermedmte chamockite and gamet- 
biotite gneiaa

Granitic gneiaa

1 AAuvial and lagoonal deposita, 
day, añt, aand

Beach and duna aand, 
brown, grey aand

I I Red, radbrawn earth,
*------- red and brown aand

Gravel, partly fémiginized 

| [ iaffna Limeatone, Minihagalkanda B

Tabbowa Bada, Andigama Bada

INTRUSIVES
GranHe

Intruaive chamockite 

| j Carbonatite 

Serpentinite

PR1 DoWto

LEQEND
Lkhologic, intrusive boundary.

Lithostratigraphic boundary...... ...................

P®uh, joint ............

Provincial capital ...... ...........

River .......................•

Tank .........* .........................

INDIAN OCEAN
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POLAR EOUAL A R EA  PROJECTION LO W ER H EM ISPH ERE

71 REftDlNGS

15. 4  %

11.2%

4 . 2  %

>  1 . 5 %

FOLiATtON : 0 6 0 o - . 0 7 6 ° / 5 9 a- 7 6°

JOINT s e t  i : I 6  8 ° -  1 8 8 ° /  4 0 ° -5 8 °

JOINT 3 0 5 ° -  3  2 4 V  3 4 ° -4 9 °

KUKULE GANGA HYDROPOWER PROJECT
Govcmmént of Sri Lanka 

Ministry of Pbwcr and Energy
Ceylon Electrklty Board

Jolnt Ventare Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

FIGURE . 14 ( 1 / 2 )  •
Sfructural Diagroms - 

DIstri butlon of Foliatfons and 
KK 205 Dam Sito (N ow ) -

«Jolftto
* .j
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270'
-  90

ISO

0R1ENTATI0N : FOLIATION 060°-076°/59o- 76°

JOINT SET I I 6 S°- I 88°/ 40°- 58°

JOINT SET 2 305 - 324°/ 34°-49°

KUKULE GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electriclty Roard

Joini Venture Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

FIGURE: 14(2/2)
Structurot Diagrama 
Greot Cirela Diogrom of 
Discontinuitiea
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POLAR . EQUAL AREA PROJECTION LOWER HEMISPHERE

IZO READINGS

> 12 %

.M IC » , >  7 .2 %

>  3 .6 %

FO LIAT IO N

JOINT SETI 

JOINT S E T I A 

JOINT 8ET 2 

JOINT SE T  2 A

0 5 2 * “ O7 4 ° / 4 6 ° - 6 8 °

2 2 4 * - 2 6 0 ° /  3 3 °—5 0 °  
I 7 2° -  I 94°/ 6 5 ° - 9 0 °  
3 4 3 o -  360*/ 7 0 ° -9 0 °  
2 9 8 ° -  308°/ 70°- 80° 
1 1 0 °- 12 CP/ 35°- 65°

KUKULE GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
. Ccylon Electrldty.Board

Jolnt Ventora Kukule Ganga 
NK, EWI & LI

CECB, TEAMS. RDC

FIGURE I 8
S truc tur o! Dlagrams

Distribution of Foliotions and Jofnts 
KK 205 Dam Site (O íd )
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POLAR EQUAL AREA PFfÜJECTION LOWER HEMISPHERE

IOO READINGS

>  10 %

5 •/•

3 °/«

I #/«

/

FO LIAT io n  : 054°*- 079° /  4 4**- 72? 
FOLIATION : 227**- 2 5 3 ° /  3 2 a-  45°

JOíNTSETi: I 8 8 ° - 2  0 8 °  /  5 6 #- 75° 

JOINT SET2 : 2 8 7 a -  3 1 6 ° /  4 3 * -  63°

KUKULE GANGA HYDROPOWER PROJECT FIGURE .2 0
Structural Diagrams 

Distrlbution of Poliatións and Joints 
KK 230 Dam (Eliminated)

Government of Sri Lanka 
Ministry of Power and Energy

Jolnt Venture Kukule Ganga 
NK, EVVI & LI

Ceylon Electridty Board
i

CECB, TEAMS, RDC ______ _____ __________- J
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Diatribulion of Folíotioiis 
K P  Dom Sita
(Potar Equal Arad Pro|ectionLMrarHainisnh«f*)|

N

29 RCAOIRS3

| i l > l 3 - 0 « / o
m

!̂ ^ |> io o°/o

! I> s o0''®
□ >  J

T7 READINOS

2 7 0 r90

Distribuí Ion of Jalnta 
j KP  Dom S ita  |
| (Potar Equol Arad Projaettan Lowar HamtapMT*]

2 7 0 *
o

9 0

Diatribulion of Follotiona 
K P  Tunnal
(Polor Equol Atoo Projaetton Lowar Himfapharal

OI RCAOIN8S

¡ i l i > “ -0 # /°

»»«>I2 0 %
| | > 9 * 0  %

I |>  I ■ 9 %

2 7 0  -I

‘ DI atribuí ion of Joinía 
K P  Tunnal
(Putar Equol iroo Projaetion Lowar Hamtspharaj

2 7 0 -

1 A DI NO 9

> 1 6 - 0  %

ü¡>8-° %

- 9 0

feo 180

KUKULE GANGA HYDROPOWER PROJECT
Oovemmcnt of Srí Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Doard

Jolnt Venture Kukule Ganga 
NK, EWI A  LI

CECB, TEAMS. RDC

FIGÚRE : 24 
Sírucíurol Diagroms 
K-P Plan
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6 EOLOGIC LOG O F T E S T  P IT  No. I
L O C A TIO N - KK 205  DAM / DESANDE R

O
U i ±

Scale— I !50
J

i +

B

B

I. BLACK CLAYEY TOP SOIL

2 YELLOWISH BROWN CLAYEY GRAVELLY SAND ( ALLUVIUM )

( ROUNDED GRAVEL 5 -2 5  mm )

3. SUBROUNDED
WEATHERED BOULDERS ( 30 Cm -  lm )
OF GARNETIFE ROUS GNEISS WITH ROUNDED GRAVEL ( ALLUVIUM)

ULE GANGA HYDROPOWER PROJECT
icntof Sri Lanka 

of Power and Energy
Electridty Board

Jolnt Ventare Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (1/24) 

Geologic Logof Test Pit
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GEOLOGIC LOG O F T E S T  P IT  No. 2
LO C Á TIO N  -  KK 2 0 5  DAM /D ESA N D ER

± i
Scale — I ! 50

B

1. BLACK CLAYEY TOP SOIL
2. YELLOWISH SANDY CLAY

3. REDDISJH SANDY GRAVEL WITH COBBLES OF WEATHERED GNEISS

4. MODERATELY WEATHERED STRONG GARNETIFEROUS BIOTITE GNEISS

5. CORE STONES

KUKULE GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Bóard

Joint Venture Kukule Ganga 
• NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (2/24)

Geologic Log of Test Pit
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G E0L06IC  LOG OF 
LO C A T IO N - KK 2 0 5

l»

1

T E S T  P IT  No. 3
D A M /D E S A N D E R

9 1 2 3
<- I I -  » 1 -  i I

Sco le -i:50

8

B C

1 BLACK CLAYEY TOP SOIL WITH HUMUS

2 RESIDUALSOIL , YELLOWISH/ REDDISH BROWN CLAYEY SAND WITH GRAVEL

HARD MO DERATELY TO HIGHLY WEATHERED GARNETIFEROUS BIOTITE 
GNEISS WITH FRESH CORE STONES

4 COMPLETELY WEATHERED ROCK (REDDISH BROWN CLAYEY SAND)

Government of Sri Lanka
Ministry of Power and Energy

Ceylon Electridty Board

Jotnt Venture Kukule Ganga
- NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (3/24)

Geologic Log of Test Pit
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6E0L0G IC  LOG OF T E S T  P IT  No. 4
LOCATION -  KK 205 DAM/ DESANDER

S J

0 I 2 3
l  I I >■ I I  1

Scole — I ; 50

B C

I . 8LACKISH CLAYEY TOP SOIL WITH HUMUS
i  .

2. RESIDUAL SOIL, YELLOWISH BROWN CLAYEY SANO, 

MEDIUM GRANED

3. COMPLETELY WEATHERED AMPHIBOLITE 

(YELLOWISH BROWN CLAYEY GRVEL WITH COBBLES)

KUKULE GANGA HYDROPOWER PROJECT
•w

Government of Sri Lanka 
Ministry of Power and Energy
i Ceylon Electrlcity Board

Jolnt Venture Kukule Ganga 
.NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (4/24)

Geologic L¿g of Test Pit
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G E0L06IC  LOG O F T E S T  P IT  No. 5
LOCATION -  KK 2 05  DAM/ DESANDER

0 1 2  3
1 i 1 -  ■ i <------ 1

Scale — 1.50
i ‘

B C

B C

I. BLCK CLAYEY TOP SOIL WITH HUMUS

2. HARD HIGHLY WEATHERED ROCK WITH FRESH AMPHIBOLITE 

CORE STONES

3. RESIDUAL SOIL CLAYEY GRAVEL

KUKULE GANGA HYDROPOWER PROJECT
Government of SriLanka 

Ministry of Power and Energy
Ceylon Electrlcity Board

Joint Venture Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (5/24)
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GEOLOGIC LOG OF T E S T  P IT  No. 6
L O C A TIO N - KK 2 0 5  D A M /D E S A N  DE R

í
0 1 2  3 .

---  I I i H I   <
Scale- I : 50

i*

í

B C

O

1. . BLACK CLAYEY /SILTY TOP SOIL WITH HUMUS

2. - RESIDUALSOIL YELLOWISH BROWN CLAYEY SAND/GRAVEL

3. BROWNISH RED HIGHLY WEATHERED ROCK , HARD

KUKULE GANGA HYDROPOWER PROJECT
Government of SriLanka 

Ministry of Power and Energy
Ceylon_Ele€trhrIljnBoárd

Joint Venture Kukule Ganga 
•"NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (6/24) 
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GEOLOGIC LOG OF T E S T  P IT  No. 7
L O C A T IO N - KK 2 0 5  D AM /D ESAN D ER

Scale -  I : 50

3.

RESIDUAL SOIL YELL0W6H BROWN CLAYEY COARSE SAND / CLAYEY 
GRAVEL WITH COBBLES

REDDISH BROWN/ REDDISH COMPLETELY WEATHERED GARNETIFEROUS ROCK

WITH HIGHLY WEATHERED CORE STONES . WEAK < CLAYEY SAND / COARSE 

GRAVEL WITH COBBLE UPTO 30 Cm )

KUKULE GANGA HYDROPOWER PROJECT

Ceylon Electrlclty Doard

Government of Sri Lanka
linistry of Power and Energy

Jolnt Venture Kukule Ganga
- NK, EWI & LI

CECB. TEAMS. RDC

Figure 27 (7/24)

Geologic Log of Test Pit
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G E0L06IC  LOG * OF T E S T  P IT  No. 8

LOCATION -  KK 205 DAM / DESANDER

O I 2 3 ' ‘
i I —  i I i I

Scale — 1=50

1.
2.
3.

4.

I -  2 cm CLAY FILLED 
FISSURE

RELICT OF FOLIATION

RESIDUAL SOIL BROWN VERY CLAYEY COARSE SAND /GRAVEL

REDDISH LATERITE - WEAK

REDDISH BROWN COMPLETELY WEATHERED GARNE TIFEROUS
( VERY CLAYEY SAND/GRAVEL WITH WEATHERED COBBLES 30

ROCK 
40 Cm )

Government of Sri Lanka
Ministry of Power and Energy

Ceylon Electrlclty Board

Joint Venture Kukule Ganga
‘ NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (8/24)
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6 ÉOLOGIC LOG OF T E S T  P IT  No. 9»
LOCATION -  KK 205 DAM /DESANDER

0 1 2 3  
t= == » -1 l -4... -< . ,

Scole -  l ! 50

B C

C D

BLACK CLAYEY TOP SOIL WITH HUMUS

2. BROWN CLAYEY COARSE SAND WITH COBBLES, 

PLANT ROOTS

3. HARO REDDISH LATERITE

4. REDDISH BROWN VER Y CLAYEY SAND

5. WEAK COMPLETELY WEATHERED GARNETIFEROUS 

ROCK

KUKULE GANGA HYDROPOWER PROJECT
Jotnt Venture Kukule Ganga 

NK, EWI & LI
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlcity Doard CECB, TEAMS, RDC

Figure 27 (9/24) 

Gcologic Log of Test Pit
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GEOLOGIC LOG OF T E S T  P IT  No. 10
LOCATION -  KK 205 DAM/DESANDER

O I 2 3
1= r-  l i l i  ■■■< I

Scale -  I : 50

1

B

A

C

D

)

1. BLACK TOP SOIL CLAYEY SANO WITH ROOTS

2. REDDISH LATERITE

3. YELLOWISH BROWN VERY CLAYEY COARSE SAND/CLAYEY 

FINE SUBANGLAR GRAVEL

KUKULE GANGA HYDROPOWER PROJECT
Government of Srí Lanka 

Ministry of Power and Energy
Ceylon Electrldty Board

Jolnt Venture Kukule Ganga 
* NK, EWI Si LI

CECB, TEAMS, RDC

Figure 27 (10/24) 

Geologic Î og of Test Pit
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GEOLOGIC LOG O F T E S T  P IT  No. II

L O C A TIO N -D E P R E S S IO N  A T  PANGALAELLA
9 - 1  2 3
*=- 1 I I t. I Ú

Scale — I : 50

¡

B

A

C

A B C D
1

2

I. BLACK ’ SILTY TOP SOIL

2 YELLOWISH BROWN SILTY F INE/ MEDIUM SAND

Government of Sri Lanka 
Ministry of Power and Energy

Ceylon Electrfcity Board

Joint Ventare Kukule Ganga 
NK, EWI & U

CECB, TEAMS, RDC

Figure 27 (11/24) 

Geologic Log of Test Plt
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GEOLOGIC LOG OF TEST PIT No. 13

LOCATION -  DEPRESSION A T  PANGALAELLA

Scafe -  I ! 50

B C

D

1. BLACK CLAYEY TOP SOIL

2. YELLOWISH FNESAND / SILT

JKULE GANGA HYDROPOWER PROJECT
"emment of Sri Lanka.

F

of Power and Energy
a Etectr id ly Board

Jolnt Ventura Kukule Ganga 
NKyEWI & U

CECB, TEAMS, RDC

Figure 27 (13/24) 
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GEOLOGIC LOG O F T E S T  P IT  No. 14
LO C A TIO N  -  DEPRESSION A T P A N G A L A E L L A .

Scole -  I : 50

B

!

A

1. BLACK CLAYEY TOP SOIL

2. CLAYEY GRAVEL

COMPLETELY /  HIGHLY WEATHERED ROCK

(COBBLES WITH YELLOWISH CLAYEY SAND 8 0 %  COBBLES 30Cm.)

YELLOW HIGHLY WEATHERED

KUKULE GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Board

Jolnt Venture Kukule Ganga 
. NK, EWI & LI

CECB, TEAMS, RDC

ROCK, STRONG

Figure 27 (14/24)

Geologic Log of Test Pit
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6E0L0G IC  LOG O F T E S T  P IT  No. 15

LO CA TIO N  -  DEPRESSION A T  P A N G A L A E L L A

B

— ■-------------- 1 ~  ---------------- 1

2

3

1. BLACK CLAYEY TOR SO

2. REDOISH ' CLAYEY GRAVEL .

3. MOTTLED REDDISH YELLOW
( WEAK LATERITE )

GRAVEL.. ( 2 -  150 mm ) WITH RARE COBBLES

KUKULE GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Board

Jolnt Venture Kukule Ganga 
. N K .E W I& L I

CECB, TEAMS, RDC

Figure 27 (15/24)

Geologic Log of Test Pit
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GEOLOGIC LOG O F T E S T  P IT  N a  16
LOCATION- DEPRESSION AT PANGALAELLA

f
h

B

A B C D
—-------

/__

WT
2

1. BLACK CLAYEY TOP SOIL

2. YELLOWISH CLAYEY GRAVEL WITH RARE COBBLES

KUKULE GANGA HYDROPOWER PROJECT
Figure 27 (16/24) 

Geologic Log of Test Pit
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Board

Joint Venture Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC
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GEOLOGIC LOG OF TEST PIT No.18
LOCATION -  SWITCHYARD AREA

I 2 3
' l i l i

Scale- I : 50

L. TOP SQL CONTAINING ROOTS 0RGAN1C MATTER . VERY SLIGHTLY CLAYEY 

SILTY GRAVELLY SAND WITH PEBBLES. BLACKISH

2 PEBBLE , COBBLES , BOULDER LAYER IN A MATRIX OF CLAYEY SANDY GRAVELLY 
MATERIAL I PREDOMINENTLY COARSE MATERIAL - MAX . SIZE OF BOULDERS -  0-6 m  )

KUKULE GANGA HYDROPOWER PROJECT
Govemment of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Board

Jolnt Venture Kukule Ganga 
NK, EWI & LI

CECB. TEAMS, RDC

Figure 27 (18/24) 

Geologic Log of Test Pit
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GEOLOGIC LOG OF T E S T  P IT  No. 19
L O C A T IO N - SW ITCHYARD AR EA

o I 2 3
)= ■  I I » I t - I

Scale -  I : 50

1. BOULDERS AND PEBBLES MAX. SIZE -  15-20 Cm. IN A MATRIX OF

VER Y SLIGHTLY CLAYEY SILTY SAND WITH ROOTS. DARK BROWN

TO BLACK ISH

2. RESIDUAL SOIL. YELLOWISH BROWN CLAYEY SAND WITH OCCATIONAL
CORE STONES

3. COMPLETELY WEATHERED ROCK

4. HIGHLY TO 
OF THE

MODERATLY 
PIT. BIOTITE

WEATHERED ROCK EXPOSED AT THE BOTTOM 
GNEISS

KUKULE GANGA HYDROPÓWER PROJECT Figure 27 (19/24) 

Geologic Log of Test Pit
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electriclty Board

Jolnt Venture Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

5 A -F -5 6



0 I 2 3
1  1 1 t 1 1 = 1
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GEOLOGIC LOG OF TEST PIT No. 20
L. OCATION -  SWITCHYARD AREA

1. TOP S01L WITH ROOTS VERY SLIGHTLY CLAYEY SILTY SAND WITH PEBBLES
AND ORGANtC MATTER.YELLOWISH BROWN TO BLACK

2. VERY SLIGHTLY SILTY SAND MATRIX WITH GRAVEL YELLOWISH BROWN

3 . COMPLETELY TO HIGHLY WEATHERED ROCK

KUKULÉ GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Board

Joint Venture Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (20/24)

Geoíogic Log of Test Pit
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GEOLOGIC LOG OF TEST PIT No. 21
LOCATION- SWITCHYARD AREA

0 I 2 3
fc=-- i i i i - t------ 1

Scale — I : 5 0

B c

1. TOP SOIL WITH ROOTS DARK BROWN TO BLACKISH CLAYEY SANO

2. COARSE SAND TO MEDIUM GRAVEL IN A MATRIX OF
SILGHTLY CLAYEY SILTY SAND. OCCATIONAL BOULDERS ( SIZE O- 2 -  0  3 m . )
ROOTS PENETRATED DEEPLY. YELLOWISH BROWN

3. COMPLETELY WEATHERED ROCK . YELLOWISH BROWN

KUKULE GANGA HYDROPOWER PROJECT
Govcmmeht of Sri Lanka 

Ministry of Power and Energy
Ceylon Electrlclty Board

Joint Venture Kukule Ganga 
NK, EWI & LI

CECB, TEAMS, RDC

Figure 27 (21/24)

Geologic Log of Test Pit
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GEOLOGIC LOG OF T E S T  P IT  No. 2 3  

LOOATION- OUTFALL AREA

o I 2 3
L ■ 1 i i i i

Scole — I ; 50

I . TOP SOIL WITH ROOTS -  SILTY SANOY GRAVEL WITH ORGANIC MATTER - 

BLAKISH

2. PEBBLES IN SILTY SANDY MATRIX YELLOWISH BROWN

3 . HIGHLY TO COMPLETLY WEATHERED ROCK

4. MODERATLY WEATHERED ROCK -  8I0TITE GNEISS WITH GARNETS

KUKULE GANGA HYDROPOWER PROJECT
Government of Sri Lanka 

Ministry of Power and Energy
Jolnt Vcnture Kukulc Ganga 

NK, EWI & LI
11 Ceylon Electrlclty Board CECB, TEAMS, RDC

Figure 27 (22/24)

Gcologic Log of Test Pit
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GEOLOGIC LOG OF TEST PIT No. 24
II

LOCATION -  OUTFALL AREA

0 I 2 3
1 ■ » I l — I - i  1

Scole — I : 50

A B C D A

1. TOP SOIL -  WITH ROOTS PEBBLES B COBBLES IN A CLAYEY 
SILTY SANDY MATRIX BLACKISH

2. BOULDERS 8  COBBLES IN A MATRIX OF SILTY SANO BLACKISH TO 
OARK BROWN BOULDER UP TO O 5m

K *
/

3. COMPLETELY TO HIGHLY WEATHERED ROCK

AT THE BOTTOM OF THE PIT HIGHLY TO MODERATLY WEATHERED ROCK IS EXPOSED

KUKULE GANGA HYDROPOWER PROJECT
Government of Srí Lanka 

Ministry of Power and Energy
Ceylon Electridty Board

Joint Venture Kukule Ganga 
NK, EWI & LI

CECB. TEAMS, RDC

Figure 27 (23/24)

Geologic Log of Test Pit
________________________________________________________________________
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1.1 Petrographic examination



Appendix A - 1
Petroqraphic Examination and Drill Hole loa 

Dam Site Ouarrv (No. KK4\

Drill hole loa

Deoth(m) Description Section Samóle for
Petroqraphic
Work

0 - 9.74 Weathered Soil 
overburden. 4 A

9.74-11.70 Garnet quartz feldspar 4 B Piece No.19
rock.(Garnet granulite). for
Not weathered petrographic
Not fractured work at
Foliation not developed 11.70 m
Granular rock. depth.

13.80-17.01 Hornblende biotite gneiss 4 C Piece No.31
with charnockitic bands. for
3 types of fracture petrographic
planes. Occasional work at 15 m
pegmatitic layers. depth.
Foliation developed. 
45° dip*

17.01-19.56 Charnockite, 4 D Piece No.56
Fractures not found. for
Foliation not developed. petrographic
Coarse grained pegmatitic work at
layers found. 18.36 depth.

19.56-20.21 Garnet biotite granitic 
gneiss.

4 E
• Fractures not developed. *

Foliation well developed.

* Considering the drill hole is vertical.

5B.1 - 1



Petrographic Examination

Dam Site guarry (No. KK4) 

No. of samples tested = 3.

Depth (m) Sample No.
11.7 4B / 19
15.00 4C / 31
18.36 4D / 56

5B.1 - 2



Sample No. 4B/1Q

Rock type:

Colour : 
Nature :

General Description

Garnet quartz feldspar rock (Garnet granulite)
Light Colour.
Heterogeneous rock. Médium grained.

Mineral Content
Model Analysis: (500 grains)

Quartz - 
Feldspar -

34 % 
38 % (Microcline 18%, Orthoclase 12%

Garnet 16 % Plagioclase 8%)
Biotite - 
Fe ore -

6 %. 
2 % (Magnetite & Hematite)

Accessories 4 % (Apatita, Sphene, Monozite, Rutile)
Calcareous or highly
soluble minerals - No CaC03 or other highly dissolvable

minerals.
Clays - Except few grains of sericite and

chlorite no clay minerals are found.
Flaky minerals - Biotite is the only flaky mineral found

with approx. 6 % in the total rock. 
Very low flaky mineral content.

Arranoement of grains 
Grain Size

Minor fractures

Médium grained. Well interlocked. 
Garnet appear as pokioblastic grains.
none.

Cataclastic/Sheared grains - none.
Foliations/Schistosity - not well developed. Granular

rock.

5B.1 - 3



Samóle No. 4C/31

Rock type: Hornblende biotite gneiss.
G e n e r a l  D e s c r i p t i o n

Colour : Dark Colour.
Nature : Homogeneous. Fine grained.

Mineral Content
Model Analysis:(500 grains)

Quartz 30 %
Feldspar - 28 %
Biotite - 18 %Hornblende - 12 %

Pyroxenes 6 %Fe ore - 4 %
Accessories - 2 %

(Microcline 12%, Orthoclase 7% 
Plagioclase 9%)

•(Magnetite & Hematite)
(Calcite, Sphene, Apatite, 
Monozite, Muscovite)

Calcareous or highly
soluble minerals - CaC03 occurs less than 0.25% of the r

Clays - none.
i

Flaky minerals - Biotite is the only flaky mineral f¿
8 % of the rock.
Fairly high content.

Arranaement of arains
Grain Size 

Minor fractures
fine grained. Well interlocked. 
none.

Cataclastic/Sheared grains - none.
Foliations/Schistosity - Well developed foliation.

Altérnate layers of Biotite, 
Hornblende and Pyroxene with 
Quartz and Feldspar make the 
foliation.

5B.1 -4



Samóle No. 4D/56

Rock type: 
Colour : 
Nature :

G e n e r a l  D e s c r i p t i o n

Charnockite 
Dark Colour.
Heterogeneous rock. Coarse to médium grained.

Mineral Content
Model Analysis:(500 grains)

Quartz
Feldspar

Pyroxenes 
Biotite 

Hornblende 
Fe ore

30 %
36 % (Microcline 13%, Orthoclase 10%

Plagioclase 13%)
14 % (Mainly hypersthene)
10 %
6 %
2 % (Mainly Magnetite )

Accessories 2 % (Calcite, Apatite,
Monozite, Sphene )

Calcareous or highly
soluble minerals - Calcite contains less than 0.25% in the

rock.
Clays - Few sericite grains are found. No clays.

Flaky minerals - Biotite is the only flaky mineral found.
Content is approximately 10 %.

Arranaement of arains
Grain Size - Coarse to médium grained.

Very large grains of Biotite occur as 
pokioblasts.

Minor fractures - 1 minor fracture was found for 2 cm2
area of the thin section.

Cataclast.ic/Sheared grains - none. 
Foliations/Schistosity - not developed.

5B.1 -5



Power House O u a r r v  fNo. KK5)

Drill hole loa

Depth(m) Description Section Sample f o r
Petroaraph
Work

0 - 3.30 Soil overburden 5 A

3.30-12.50

12.50-13.20

Hornblende biotite 5 B
gneiss. Weathered rock.
Highly fractured.
2-3 well developed 
joint patterns.
Well developed foliation 
with 70° dip*
Rock same as 5 B. 5 C
Not weathered and less 
fractured compared to 
5 B.

13.20-20.13 Biotite gneiss with 5 D
occasional garnet patches.
Not weathered. Fractures 
not well developed.
Vertical fracture pattern 
exist*. Dip at 70°
Flaky mineral content 
(mainly biotite) is less 
compared to 5B and 5C.

Piece No. 
f o r
petrograpb 
work at 
12.90 m.

iPiece No.6 
for
petrograpl 
work at 
19.00 m 
depth.

* Considering the drill hole is vertical.
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Petrographic Examination.

Power House Quarrv (No. KK5 ")

No. of samples tested = 2.

Depth (m) Sample No.
12.90 5C / 34
19.00 5D / 60
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Samóle No. 5C/34

Rock type: Hornblende biotite gneiss
Colour : Dark Colour.
Nature : Homogeneous. Fine grained.

Mineral Content

G e n e r a l  D e s c r i o t i o n

Model Analysis:(500 grains)
Quartz 28 %

Feldspar - 27 % (Microcline 10%, Orthoclase 7% 
Plagioclase 10%)Hornblende - 14 %

Biotite - 20 %Pyroxenes - 5 %Fe ore 3 % (Magnetite & Hematite)
Accessories 3 % (Calcite, Sphene, Apatite, Monozi

Calcareous or highly i
soluble minerals - Calcite content is less than 0.1 %. No

other minerals.
Clays - none.

Flaky minerals - Biotite is the only flaky mineral foii
20 % of biotite content. This is ,hig¿ 
and effects the flakiness of the rock

Arrancrement of grains
Grain Size — Fine grained. Well interlocked.

Minor fractures - none.
Cataclastic/Sheared grains - none.
Foliations/Schistosity - well developed.
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General Descriotion
Samóle No. 5D/60

Rock type: Biotite gneiss(quartz feldspar gneiss)
Colour : Light Colour.
Nature : Heterogeneous - Médium to coarse

grained.

Mineral Content
Model Analysis:(500 grains)

Quartz - 48 %
Feldspar - 42 % (Microcline 22%, Orthoclase 12%

Plagioclase 8%)
Biotite - 6 .%

Accessories - 4 % (Sericite, Magnetite, Muscovite,

Calcareous or highly
Apatite)

soluble minerals - none
Clays Feldspar grains alteration into clay 

has been observed. However clay 
content(Kaolinite) is less than 1 %.

Flaky minerals 

Arrancrement of arains

Biotite is the only flaky mineral found 
6 % of biotite. This is very low and 
does not effect the flakiness of the 
rock.

Grain Size - Médium to coarse grained. Well 
Ínterlocked.
Edges of feldspar grains show 
alteration into clays.

Minor fractures - none.
CataclaStic/Sheared grains - none.
Foliations/Schistosity “ Foliation not well developed.However occasionally biotite 

rich layers show foliation 
pattern.
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1.2
1 . 3

Specific gravity and Absorption 
Unit weight of drilled core
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1 . 4 Unconfined compression test
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Appendix  A -  4

Elastic Moduli
ASTM Standard : D 3148 - 80
Project : Kukule Ganga Hydro Electric Proiect FeasibilityStudy.
Sample Type : A (for drilled cores)
Test Date: 0 2 - 0 4 - 9 2
Rate of Loading = 160 N/s or 1 tonne/min 

Physical Description : Refer to Annexure A-l

Moisture Condition : Laboratory air - dry 
1. Location: Dam Site Ouarrv Borehole No. KK4

Depth (m) : 9.75 - 12.15
Specimen diameter

height = 54.5 mm
= 126.0 mm

Applied Load Stress Axial
(tonne) (MPa) (̂ um/m)
1.00 4.21 88
2.00 8.41 149
3.00 12.62 198
4.00 16.82 256
5.00 21.03 312
6.00 25.23 386
7.00 29.44 514
8.00 33.64 663

Stress Vs Axial Strain curve is shown in figure A.4.1. 
Ultimate Strength = 35.24 MPa 
Young's modulus

Average Modulus
for Linear Portion = 78.6 GPa
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D epth (m) : 13. 80 -  1 5 . 8Q

Specimen diameter = 54.
height = 119

Applied Load Stress
(tonne) (MPa)
1.00 4.14
2.00 8.29
3.00 12.43
4.00 16.58
5.00 20.72
6.00 24.86
7.00' 29.01
8.00 33.15
9.00 37.30

10.00 41.44
11.00 45.58
12.00 49.73

Stress Vs Axial Strain cur 
Ultímate strength = 53.87

mm 
5 mm

Axial Strain 
(^m/m)

93
163
223
288
356
428
488
530
572
619
674
721

is shown in figure A.4.2
í

MPa.

Young's modulus.

Average Modulus = 64.4 GPa
for Linear Portion
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Specimen diameter
height

Applied Load Stress(tonne) (MPa)
1.00 4.192.00 8.383.00 12.574.00 16.765.00 20.956.00 25.147.00 29.338.00 33.529.00 37.7110.00 41.90

Stress Vs Axial Strain cu
Ultimate Strength =

54.6 mm 
= 125.8 mm

Axial Strain 
(p.m/m)

35
84
135
177
223
274
316
363
405
447

e is shown in figure A.4.3 
1.81 MPa.

Young's modulus

Average Modulus = 90.1 GPa.
for Linear Portion
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Depth ( m )  : 15. 80 17. 80

Specimen diameter 54.6 mm

height 125.7 mm

Applied Load 
(tonne) Stress

(MPa) Axi^l Strain 
^um/m)

1.00 
2 . 0 0  
3 . 0 0

4.19 1448.38 27412.57 540

Stress Vs Axial Strain curve is shown in figure A.4.4 
Ultimate strength = 25.14 MPa.
Young's modulus

Average Modulus = 29.1 GPa
for Linear Portion
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Specimen diametér
height 54.6 ram

125.4 mm

Applied Load 
(tonne) Stress

(MPa) Axial Strain 
Oüm/m)

1.00 4.19 702.00 8.38 1263.00 12.57 1814.00 16.76 2375.00 20.95 2816.00 25.14 3357.00 29.33 3918.00 33.52 . 4379.00 37.71 47910.00 41.90 526

Stress Vs Axial Strain curves is shown in figure A.4.5

Ultimate Strength = 77.26 MPa 
Young's Modulus

Average Modulus = 79.1 GPa
for Linear Portion
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Deoth fnü 17. 80 20. 20

Specimen diameter = 54.4 mmheight = 125.2 mm

Applied Load Stress Axial St(tonne) (MPa) (f-im/m)

1.00 4.22 332.00 8.44 653.00 12.66 1054.00 16.88 1445.00 21.10 1796.00 25.32 1957.00 29.54 2608.00 33.77 3029.00 37.99 34410.00 42.21 38111.00 46.43 42812.00 50.65 463

Stress Vs Axial Strain curve is shown in figu

Ultimate strength = 81.04 MPa.

Young's Modulus

Average Modulus = 106.0 GPa
for Linear Portion
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Specimen diameter = 54.5 . mmheight = 126.0 mm

Applied Load Stress Axial Strain(tonne) (MPa) (fjim/m)

1.0 4.21 1212.0 8.41 1953.0 12.62 2704.0 16.82 3915.0 21.03 693

Stress Vs Axial Strain curve is shown in figure A.4.7

Ultimate Strength = 28.60

Young's modulus

Average Modulus = 56.4 GPa
for Linear Portion
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54.6 mm
125.4 mm

Specimen diameters
height

Applied Load Stress Axial Strain(tonne) (MPa) JUm/m)

1.00 4.19 702.00 8.78 1353.00 12.57 1864.00 16.76 2425.00 20.95 2936.00 25.14 3357.00 29.33 3778.00 33.52 4149.00 37.71 45110.00 41.90 48811.00 46.09 52112.00 50.28 55313.00 54.47 59514.00 58.66 670

Stress Vs Axial Strain curve is shown in figure A.4.8 
Ultimate strength > 83.80 MPa

Young's modulus

Average Modulus = 102.2 GPa
for Linear Portion
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2 .  L o c a t i o n :  Power H q u r p u a r r v  B o r e h o le  No. KK5

Depth (m) ; 14.5 - 16.5 .

Specimen diameter
height

54.5 mm 
125.4 mm

plied Load Stress Axial
(tonne) (MPa) (/J m

1.00 4.21 60
2.00 8.41 105
3.00 12.62 158
4.00 16.82 193
5.00 21.03 237
6.00 25.23 270
7.00 29.44 305
8.00 33.64 340
9.00 37.85 377

10.00 42.05 414
11.00 46.26 456
12.00 50.46 502
13.00 54.67 549
14.00 58.87 595
15.00 63.08 651
16.00 67.28 684
17.00 71.49 735

Stress Vs Axial Strain curve is shown in figure A . 4.9. 

Ultimate strength -= 74.68 MPa.

Young's modulus

Average Modulus = 110.0 GPa
for Linear Portion
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D e p th  (m) 1 8 .5 2 0 . 0

Specimen diameter 54. 3 mm
height 125 .4 mm

Applied Load Stress Axial Strain
(tonne) (MPa) (fjm/m)

1.00 4.24 326
2.00 8.47 567
3.00 12.71 753
4.00 16.94 916
5.00 21.18 1070
6.00 25.42 1216
7.00 29.65 1398
8.00 33.89 1647

Stress Vs Axial Strain curve is shown in
t

Ultimate Strength = 43.i63 MPa.

Young's modulus

Average Modulus = 27.5 GPa
for Linear Portion

4 .1 0
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Stress vs Axial Strain

Fig. A. 4.1
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Stress vs Axial Strain

Fig.A.4.2

Axial Strain (pm/m)
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Stress vs Axial Strain

Fig. A.4.3
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Stress vs Axial Strain

Fig. A.4.4
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Stress vs Axial Strain

Fig. A.4.5
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Stress vs Axial Strain

Fig.A.4.6

Axial Strain (pm/m)
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Stress vs Axial strain

Fig. A.4.7
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Stress vs Axial Strain
Fig. A.4.8
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Stress vs Axial Strain

Fig. A.4.9
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Fig. A.4.10
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1.6 Potentia! reactivity (chemical method)



Appendix A -

Potential Reactivitv (Chemical Method) 

Sample Type = A (Using drilled cores)

ASTM Standards = C 289 - 81 

(1) Dam Site Quarrv (No. KK41.

Depth (m)
Concentration of Si0 2 m mols/1

I II III

10.37 13.653 12.987 6.660

17.5 22.64 11.32 29.637

19.9 35.631 23.976 32.634

14.78 14.319 37.962 23.976

Power House Quarry (No. KK5)

Depth (m)
Concentration of SÍO2 m mols/1

I II III

16.35 5.382 9.657 3.663

17.0 2.664 8.325 4.329

19.0 6.993 1.665 2.999

14.19 10.656 8.658 16.317
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R e d u c t i o n  in A l k a l i n i t v

Dam site Quarrv (No. KK4)

Depth (m)
Reduction in Alkalinity mmol/1

I II III

10.37 360 390 165

17.5 185 265 320

19.9 245 1 70 420

14.78 280 ' 180 150

Power House Quarry_____(No. KK5)

Depth (m)
Reduction in Alkalinity mmol/1

I II III

16.35 420 370 310

17.0 460 365 590

19.0 245 1 70 420

14.19 260 270 480
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Interpretation of results

When the three valúes of Re, Se are plotted on the semilog graph 
provided, for each of the eight samples, it can be seen that the 
points are all lying on the innocuous side of the solid curve.

Thus the samples from both the dam site and the power house site 
from the depths mentioned in the report can all be considered in— 
nocuous in respect of their degree of alkali reactivity.

(Mr ayake,
Sénior Lecturer.
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1 . 7 Clay lumps and friable partióles



Appendix . B - 1

Soft Rock Amount

Sample Type = B (Blasted rock packed in bags) 

ASTM Standard = C 1 4 2 - 7 8  

(1 ) Dam Site Quarry (No. KK4).

No. of samples testad = 01.

Size Fraction (mm) Percentage of Friable Partióles

4.75 to 9.5 0.22 %

9.5 to 19.0 0.15 %

Percentage of soft (friable) partióles = 0.22 %

(2) Power House Quarrv (No. KK5) 

No. of samples testad = 01,

Size Fraction (mm) Percentage of Friable Partióles

4.75 to 9.5 1.14 %

9.5 to 19.0 2.08 %

Percentage of soft (friable) partióles = 2 . 1  %

Note: (1) Test samples were obtained by breaking the rock samples
supplied. The quantity of samples was sufficient to 
obtain only two size fractions (4.75 mm to 9.5 mm and 
9.5 mm to 19.0 m m ).

(2) No elay lumps were present in the test samples.

(3) As grading of the samples was not available, the 
largest percentage of soft partióles in the two size 
fractions tested is given as the percentage of soft 
partióles in the sample.
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1.8 Abrasión test by Los Angeles method



Appendix B - 2

Abras i on Test by Los Angeles Method

Sample type : B (using blasted rock)

ASTM Standard : C - 131 

Grading : A

(1 ) Dam Site Quarrv (No. KK4)

Test No. 1 2

Los Angeles 
Abrasión Value(%) 36.0 37.9

(2) Power House Quarrv CNo. KK5)

Test No. 1 2

Los Angeles 
Abrasión Value(X) 85.8 85.6
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Addltional Testina

Kukule Ganga Feasilbilitv Studv 

Abrasión Test bv Los Angeles Method

Sample Type : A (using material from drilled core)

ASTM Standard : C-131 

Grading : A

Power House Quarrv (No. KK5)

Depth : (15.31 - 17.35) m

Los Angeles Abrasión Valué = 59.7 %

t ■í>3 . ~K ■ —
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1 . 9 Soundness test



Appendix B 3

Soundness Test

Sample Type = B (Blasted rock)
ASTM Standard = C 8 8 - 8 3 .
Solution used = Sodium Sulphate Solution 
No. of Oyeles = 5
Test samples Obtained by breaking the rock samples supplied.

(1 ) Dam Site Quarrv (No. KK4)
No. of samples tested = 02

(a) Sample 1

Sieve 
Si ze 
(mm)

Grading of
Original
Sample

Percentage Passing 
Designated Sieve 
after test

Weighted
Percentage
Loss.

37.5 to 19.0 45.2 % 1 .04 0.47

19.0 to 9.5 33.1 % 1.14 0.38

9.5 to 4.75 2 1 . 6 % 0.40 0.09

Máximum percentage loss = 1.14 %

Weighted percentage loss = 0.94 %

Qualitative examination of partióles larger than_19.0 mm

Excessive splitting, crumbling or cracking was not observed.

No. of partióles before test = 71
No. of partióles after test = 72

83- 1
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( b )  Sample  2

Sieve 
Si ze 
(mm)

Grading of
Original
Sample

Percentage Passing Weighted 
Percentage 
Loss.

37.5 to 19.0 45.2 0.77 0.35

19.0 to 9.5 33.1 0.72 0.24

9.5 to 4.75 21 .6 1.80 0.39

Máximum percentage loss = 1.80 %
Weighted percentage loss = 0.98 %

Qualitative examination of partióles larger than 19.0 mm

Excessive of cracking, splitting or crumbling was not observed 
Number of partióles before test = 71
Number of partióles after test = 71

(2) Power House Quarry. (No. KK5)

Number of samples tested = 02

(a ) sample 1:

Si eve 
Si ze 
(m m )

Grading of 
Ori gi nal 
Sample

Percentage Passing 
after the test

Weighted
Percentage
Loss.

37.5 to 19.0 32.9 2.36 0.78

19.0 to 9.5 32.1 1 .25 0.40

9.5 to 4.75 35.0 2.53 0.89

Máximum percentage loss = 2.53 %
Weighted percentage loss = 2.07.X

Qualitative examination of partióles larger than 19.0 mm.

Excessive 
Number of 
Number of

splitting, cracking or 
partióles before test 
partióles after test

crumbling was not observed 
= 57
= 60

5B.1 -41
i



( b )  Sample  2

Sieve
Size
(mm)

Grading of
Original
Sample

Percentage Passing 
after the test

Weighted
Percentage
Loss.

37.5 to 19.0 32.9

<

2.1 0.69

19.0 to 9.5 32.1 1.61 0.62

9.5 to 4.75 35.0 2.40 0.84

Máximum percentage loss = 2.40 %
Weighted percentage loss = 2.05 %

Qualitative examination of partióles larger than 19.0 mm.

Excessive cracking, splitting or crumbling was not observed.
Number of partióles before test = 5 2
Number of partióles after test = 58

Note: (1) The máximum percentage loss given above is the largest 
percentage loss of the three size fractions tested.

(2) The grading of the original sample was based on the 
total weight of each size fraction after the rock samples 
were broken.
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1.10 Ten percent fines



A p p e n d ix  B -  4

Ten Percent Fines Valúa

Sample Type = B (Blasted rock)

British Standard = B S 812 : Part 3 (1975)

Test samples Samples of standard size (10 mm to 14 mm)
obtained by breaking the rock samples 
supplied were used.

(1) Dam Site Quarry (No. KK4) 

No. of samples tested 

Ten percent fines valué

01 .
150 kN.

(2) Power House Quarry (No. KK5)

No. of Samples tested = 01

Ten percent fines valué = 35 kN.
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Ten Percent Fines Valué

Surge Shaft Site (KK 7)

Sample Type : A ( for drilled Cores)

British standard : BS 812 ; Part 3 (1975)

Test Samples : Obtained by crushing drilled cores.

No. of samples Tested : 02.

Sample 1 :

Depth = 4.75 m to 6.90 m.

Ten Percent fines valué = 140 kN

Sample 2 :

Depth = 9.5 m to 11.0 m

Ten Percent fines Valué = 100 kN.
t
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Power House Quarry

Sample Type 

Depth

British Standards 

Test Samples

Results

Ten Percent Fines Valué:

(KK-5)

Sample A (drilled cores)

135 812: Part 3 (1975)

Test samples were obtained by breaking 
drilled cores.

Ten percent Fines valué = 70 kN.
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1.11 Results of quality control tests

on

concrete aggregates during construction .

of

the Samanalawewa Project



Table 3.4.6 Tests Results of Quality Control on Aggregate

Test Item Gradation Range

1. Specific gravity 0 - 5 mm 2.71 - 2.81
5-20 mm . 2.75 - 2.85

20 - 40 mm 2.78 - 2.89
40 - 80 mm 2.81 - 2.88

2. Absorption (%) - 0 - 5  mm 0.91 - 1.28
5-20 mm 0.54 - 0.96

20 - 40 mm 0.23 - 0.58
40 - 80 mm 0.13 - 0.19

3. Washing valué (%) 0 - 5  mm 3.30 - 5.49
5-20 mm 0.69 - 1.33

20 - 40 mm 0.53 - 1.09

4. 10% finess valué (kN) 65- 120

5. Los Angeles abrasión (%) A 40- 66
B 38- 70

6. Flakiness índex (Average) 0-20 mm 19.7 - 25.3
• 20 - 40 mm 15.0 - 25.6

7. Fineness modulus (Average) 0 - 5 mm 2.42 - 2.62
5-20 mm 6.50 - 6.79

20 - 40 mm 7.81 - 7.95
■ 40 - 80 mm 8.62 - 8.95
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TEST RESULTS OF MONTHLY QUALITY CONTROL

ON

CONCRETE AGGREGATES
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Annex-5B.2

Embankment Materials



THREE BASINS PROJECT -  KALU GANGA (ECI)

KUKULE DAM BORROW AREAS MATERIALS
tu •

SUMMARY OF LABORATORY TESTS
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Annex-5B.3

Water Quality Test 
for Concrete
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ANALYSIS ÜF OPJE SPECIMEN 

GF WATER

Report No. TS : C -  6300
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F e a s ib i l i t y  S tudy,
Ceylon  E le c t r l c i t y  Board,
Neu K e la n l B r id ge  Roadv 
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í

REFERENCE : C l i e n t 's  l e t t e r s  o f  18th  Feb rua ry  1992 and 22nd A p r i l

1992 (u ith  re fe re nce  DGM(GP)/KFS/3D) confirm ed  on 27th 

A p r i l  1992.

SPECIMEN : A t o t a l  o f  app rox im ate ly  DG l i t r e s  o f  u a te r  con ta ined

in  tuo p l á s t i c  c o n ta in e r s  each la b e l le d  a s  f o l l o u s :

CEB

KUKULE

The contenta  o f  th e  tuo  c o n ta in e r s  ue re  m ixed and tre a te d  

a s  one specim en.

METHDD OF 

AN ALYSIS

S u i t a b i l i t y  f o r  m lx in g  concre te
i
A

The a n a ly s i s  u a s c a r r ie d  out a s  pe r B r i t i s h  S tandard  

Methods to  t e s t  f o r  u a te r  f o r  making con c re te  ( in c lu d in g  

n o te s on s u i t a b i l i t y  o f  the  u a te r )  BS : 3 1 L0 : 1980.

C o n td ...0 2 / .

The specinien/^ testal xvas/wwe submitted by the Client. It w is / Thjat-w«f« N O T  ¿ampled by
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<4j«so ŝuff,¿).S(«qní¿S Quujífld)
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• •

.. Continuaron Sheet
02/.

. S. I. R,

C - 6300

RESULTS

A g g re s iv e n e ss  to  concre te  s t r u c tu re s

The a n a ly s i s  was c a r r ie d  out as per Ir id ian  Standard  Code 

o f  P ra c t ic e  f o r  Treatnient o f  Water fo r  i n d u s t r ia l  c a o lin g  

system s, I S  8180 : 1976.

A g g re s iv e n e ss  f o r  t u rb in a s

The a n a ly s i s  uas c a r r ie d  out 

1 o f  C l ie n t 1s  le t t e r  dated 18th

S u i t a b i l i t y  f o r  m ix in g  concre te  

Appearance

C o lou r

□dour

pH at 20 "C

E le c t r i c a l  c o n d u c t iv it y  a t  25 "G 

T o ta l d is s o lv e d  s o l i d s  a t 18D"C 

Suspended s o l id s  a t  105 "C  

C h lo r id e  (a s C l)

Su lp h a te  (a s  SO ,)

A l k a l i  Carbonate (a s  CaCO,) 

A l k a l i  B ica rb ona te  (a s  CaCO^)

a s d e ta ile d  in  Appendix 

February 1992.

-  C le a r  u iith  s e t t la b le  

m atter

30 Hazen U n it s  

Unobj e c t io n a b le

-  5.U

UQ uS/cm 

35 mg/1

-  26 mg/1

-  10 mg/1 

11 mg/1

-  M i l

-  8  mg/1

C o n td ...0 3/ .

N B"
The specimen// tesled wu/wwe submitted by the Client. It w«s/Th«Mm t NOT sampled by 
C. I. S. 1. R. officers. The report is therefore limited epecifically to this/.theec specimen/^.
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C. I. S. I. R.
t  « *

TS : C - 630Ü
Coniinuaiion 

0 3 / .1

A gg re s lve n e ss  to  concrete  s t r u c t u re s

pH a t 2D“C - 5 .4

T o ta l re s ld u a  at 180°C - 67 mg/1

Calclum  ha rdne ss (a s  CaCO,) - 8 mg/1

T o ta l a l k a l i n l t y  (a s  CaCO^) - B mg/1

Ryznar Index a t  2 0 "C (c a lc u la te d ) - 14.41

L a n g a lie r  Index  a t 2 0 -C ( c a lc u la t e d ) - -  4.51

A g g re s lv e n e ss  f o r  tu rb in e s

Tota l d is s o lv e d  s o l i d s - 35 mg/1

A lk a l in l t y  to  P h e n a lp h th b le in  

(a s  CaCO,)

- N i l

A lk a l in l t y  to  M ethy l Orange 

(a s  CaC0~)

- 8 mg/1

T o ta l h a rdne ss (a s  CaCO,) - 12 mg/1

C h lo r id e  (a s  G l) - 10 mg/1

Calclum  (a s  Ca) - 3 mg/1

Magnesium (a s  Mg) - 1 mo/1

Sodium and Po ta ssium  (a s  Na) - 4 mg/1

Free Carbón d i  o x ide  (a s  C02 ) - 2 mg/1

Su lphate  (a s  SO ,) - 13 mg/1

C o n td . . .04/.

n .b:
The spccimen//! tested was/w»re submitted by the Client. It waa/Thsy.mxrc NOT sampled by 
C. I. S. I. R. offícers. The report is therefore limited specifically to this/these-specimen/#:
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< t » Continuaron Slieeti  I. S. I. R.

TS : C -  6300

Residue  l o s s  an ig n i t io n  at 55CTC 

pH at. 2D‘C 

T o ta l I r o n  (a s  Fe)
M

S o lu b le  I r o n  (a s  Fe)

Suspended s o l id a  íncJ.udinn 

sedim ente

Hardness o f suspended s o l id a  

( in c lu s iv e  o f  sed im ents) (a s  CaCO )

COMMENTS : S u i t a b l l i t y  f o r  m ix in g  concre te

The specim en o f  w ater a n a ly se d  meets the  requ irem ents 

a s  s p e c if ie d  in  B r i t i s h  S tan d a rd s Methods o f  T e sts  f o r  

water f o r  making concre te , BS 314B : 19B0 u it h  re sp e c t  

to  a l l  param eters te s te d .

A g g re s iv e n e s s  to  concre te  s t r u c t u r e s

The L a n g e lie r  Ind ex  and Ryznar Index  in d ic a t e s  th a t  the  

w ater has c o r r o s iv e  te n d e n c ia s.

04/.

11 mg/1

-  5.4

1.3 mg/1 

0 .3  mg/1 

26 mg/1

-  2 mg/1

m m m m m m j r n *  • • i  ■  ■  •  ■

M. Fernando, 
TECHNICAL ASSISTANT.

MFiNMPínmg, 
920507.

X \ .  N i v * .

Dr. N irm a la  M. P ie r ia ,  
HEAD/ANALYT1CAL CHEMI5TRY 5ECT I0N .

N.b :
The specimen/^tested was/were submitted by the Client. It was/T-hwMwere NOT sampled by 
C. I. S. I. R. officers. The report is therefore limited specifically to this/thwe specimen/^?
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CEYLON INSTITUTE OF SCIENTIFIC AND INDUSTRIAL RESEARCH
&). G) L J. 7 S 7

í?, I wTT ffy j?i Co 41 * ̂  T 617 ft íT .
Q

3 (1 c C  7 S 7

j r .

§ l- srn-

P. o. Bo
363. Bauddhalo« 

Colombo 7. :>n'

Zcf c jiúl c 2 c 11: c 2c>ll í  /?> íiíii>
Cables J CISIR
Telex 21 208 -  HPT -  CE

22151 -  HPT -  CE 
Attention C.I.S.I.R.

Q&rr%ñ'(Su$' ¡* 
Telephone l

AIMALY5I5 DF DIME SPECIMEIM 

GF UATER

Repcrt No. TS : C -  6538

í

r

REPDRT TD:

Kuku le  Ganga Hydro E le c t r i c  P rc je c t  
F e a s i b i l i t y  Study,
Ceylon  E le c t r i c i t y  Board, 
l\leu K e la n i B r id ge  Rcad, 
üJe llam p itiya.

□M;h June 1992

7me renor i? issued 
ins wrttten authonp

io r the Information o' the clienl. It shall no*, be puhirshed in to ta ’ or n  Dan withou* 
o ' th* Directo- CISIR

The specimen ? tested was w w  subrmíted bv the Client It was.iXh™» sÂ orr NOT samolsd b\ CISIR 
ofíic^rs. The reDoms therefore hmiteri soecificallv to this 'trv**' spec im en^
Whne ?n*:- Instituís vy?.*z\*e: everv care m respect of wod entrusted to r. bv clients the Institute ie 
no: 11£= bic lo ' anv ios: o ‘ damaa* howsoever caused to persor- o- brocen^ mciudmc oroDern en- 
trusted o, clients to bv In^m utr whether such.loss, damope or dela\ mav have been caused o Tht 
neohoenc^ or disnonestv oí th?- emDlovees of the Instituto-or otherwise

An\ Doisor o" nn\ uíirt\ who alters or adds or dcletes or interpólales any provisions oí words o* 
l-’íiers or f mui es sh.il' be hable to legal action ■

“8̂30; & £9 73)t)ó <5fO»rsíe @t>za iScjjSj zs*g. cqqjS"
' ’ 7¿g>ii8evé) Q & r r  L-rTij&(ep,es>L-tuevrí G lu tu r f lw  *

"PLEASE ADDRESS ALL ENVELOPES TO THE DIRECTOR"
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0 c sa 3  8c^2sJ0í5y tas
« * ®s«iwí5)® (níisijsjtTfjr «¡na;ájQa5rTi/3ls\) îjniiiáffl nj&üujib

CEYLON INSTITUTE OF SCIENTIFIC AND INDUSTRIAL RESEARCH
/B. Qu. 787

3 6 3 ,  Q u e r r ^ f i d e i n m  ion*ig,cs¡/Bt 

Q&aq^mL-i 7, y¡¡ corós/r

ai. ®e. 787
SG3, ®Sfl¿jQ3CTQÍS5 ©300, 

o»3gS) - 7, <§ («.si.

P. O. Box 787 
363, Bauddhaloka Mawatha, 

Cotombo 7, Sri Lanka.

EgS a&gO
4? A©Cables
Telex

Q «S í? tf3 e»&
9  g} ercrú 59 ,*jif 
C T S  I R

21248 M IN IN D  CE Attention C. I. S. I. R.

gda&drja 
Gpn¡uQu& > Telephone J

9 3 8 07 
5 9 8 6 2 0

ANALYSIS DF ONE SPECIMEN 

DF liJATEft

Report No. TS : C -  6538

CLIENT : Kuku le  Ganga Hydro E le c t r ic  P ro je c t
F e a s i b i l i t y  Study,
Ceylon  E le c t r i c i t y  Board,
New K e la n i B r id ge  Road, 
ü le llam p lt iya .

REFERENCE : C l i e n t e  le t t e r  o f  25th May 1992 ( u i t h  re fe re n ce

KFS/30) confirm ed on 01s t  June 1992.

SPECIMEN : Approx im ate ly  D5 l i t r e s  o f  water con ta ined  in  a p lá s t i c

c o n ta in e r  w ith  no la b e l.

METHDD DF 

AN ALYSIS

S u i t a b i l l t y  fo r  m ix in g  concrete

The a n a ly s i s  was c a r r ie d  out a s  pe r B r i t i s h  Standard  

Methods to  t e s t  f o r  water fo r  making concré te  ( in c lu -  

d in g  no te s on s u i t a b i l l t y  o f  the  w ate r) BS : 31AB 

: 1980.

C o n td ...0 2 / .

The s p c c ir n e n /n  tested w a s / s u b m i t t e d  by the client. It  was/Tbej' were N O T  sampled by 
C. I. S. I. R. officers. The report is therefore limited specifically to this/tjifiee specimen/#?

- ••Qt3£>® 68 toDcJ tfOsssfi» «Do <p®8ft§s> me a*?S”
***S S 0  /E L firé )*<g$(&  Q u tu d ii i

•'PLEASE ADDRESS ALL ENVElOPLS TO THE D IRECTOR"
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C. I. S. I. R.

TS : C -  6530
.. ■ Continúate *

0 2 / .  '

A g g re s iv e n e s s  to  concre te  s t ru c tu re

The a n a ly s i s  uas c a r r ie d  out aa per In d ia n  Standa: 

Code o f  P ra c t ic e  f o ?  Treatment o f  Water f o r  industrií:. 

c o o l in g  system s, I S  8100 : 1976.

A g g re s iv e n e s s  f o r  tu rb in e s

The a n a ly s i s  uas c a r r ie d  out a s  d e ta ile d  in  Append^ 

1 o f  C l i e n t 's  le t t e r  dated 10th Feb rua ry  1992. Jl

RESULTS : S u i t a b l l l t y  f o r  m lx in g  concre te

Appearance C le a r  u it h  se t t la i
I

m atter

C o lo u r 15 Hazen U n it s

Odour (Jnob jectionab le

pH a t  2 5 ’C 5 .9

E le c t r i c a l  c o n d u c t iv it y  -  

a t  20 "C

*»□ uS/cm

T o ta l d is s o lv e d  s o l i d s  -  

a t 100’C

30 mg/1

Suspended s o l id s  a t 1G5’C - 12 mg/1

C h lo r id e  (a s  C l) 0 mg/1

Su lp h a te  (a s  SO ,) - le s a  than  1 mg/1

A lk a l i  carbonate  (a s  CaCCL) N i l

A l k a l i  b ica rb on a te  (a s  CaCD^) - 0 mg/1

C o n td ...0 3/ .

n .b :

The specimen/^ tested was/^ere submitted by the Client. It was/ThejMvere NOT sampled by 
C. I. S. 1. R. officers. The report is therefore limited specificatly to this/theaa-specimen/^

5B.3- 8



■ a

C. I. S. I. R.

C -  653B

.. ■ Continuation Shet

□ 3 /.

A g g re s iv e n e s s  to concrete structurEs
pH a t  2 0 “C -  5 Bg

T o ta l re s id u e  a t 1B0"C  -  z»a mg/1

Calc ium  ha rd ne ss  (a s  CaCO,) -  9 mg/1

T o ta l a l k a l i n i t y  (a s  CaCO,) - Q mg/1
Ryznar Index at 2 0 "C -  13 .50

(c a lc u la te d )

L a n g e lie r  Ind ex  a t  20 "C -  -  3 .B 0

(c a lc u la te d )

A g g re s iv e n e s s  f o r  t u rb in e s

T o ta l d is s o lv e d  s o l i d s  -  30  mg/1

a t  1B0"C

A l k a l i n i t y  to  P h e n o lp h th a le in  -  

(a s  CaCO )

A l k a l i n i t y  to  M ethy l Orange -  

(a s  CaCO,)

T o ta l h a rd ne ss  (a s  CaCO,) 

C h lo r id e  (a s  C l)

Ca lc ium  (a s  Ca)

Magnesium (a s  Mg)

Sodium and Po ta ssium  (a s  Na) -  

Free  carbón d i  o x id e  (a s  C0_) -  

Su lp h a te  (a s  SO ,)

N i l

B mg/1

12 mg/1 

B mg/1 

3 mg/1

1 mg/1

2 mg/1 

6 mg/1

l e s s  th a tn  1 mg/1

C o n td .. , 0 V .

n.b:
The specimen/ftested was/were submitted by the Client. It was/Tbefíwere NOT sampled by 
C. I. S. I. R. officers. The report is therefore limited specifícally to this/Abase specimen¡$.
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C. i. S. I. R.

TS : C -  6530

Continuatü,

Residue  lo s s  on ig n i t io n  -  10 mg/1

at 550 "C

pH a t 20*C  -  5 .g

T o ta l I r o n  (a s  Fe) -  □ .4  mg/1

S o lu b le  Ir o n  (a s  Fe) -  0 .2  mg/1

Suspended s o l id s  a t 105°C -  12 mg/1

( in c lu d in g  sed im ents)

Hardness o f  suspended s o l i d s  -  2 mg/1

( in c lu s iv e  o f  sed im ents) (a s CaC03 )

COMMEIMTS : S u l t a b i l i t y  f o r  m lx in g  concre te

The specimen o f  water ana ly se d  meets the  requirement 

a s  s p e c if ie d  in  B r i t i s h  S ta n d a rd s  Methods o f  Test 

f o r  w ater fo r  making concre te , BS 31 AS : 1900 w i t , 

re sp e c t  to  a l l  param eters te ste d .

A g g re s lv e n e ss  to  concre te  s t r u c t u r ^ s
I

The L a n g e lie r  Index  and Ryznar Ind ex  in d ic a te s  thejf 

the  w ater has c o r ro s iv e  te n d e n c ie s.

S .K .D  S a ra th  Kumara, 
TECHIMICAL ASSISTANT.

SKDSK:IMMP:nmg,
920604.

HEAD/ANALYTICAL CHEMISTRY SECTI0N

N.b:
The specimen//^ tested was/wp* submitted by the Client. It was/Thayw rc NOT sampled by 
C. 1. S. 1. R. officers. The report is therefore limited specifically to this/tjiese specimen/j:

5B.3 - 10
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(2n23>J 0<j,Xi3SVS)23> SD3 2S>3íÜÍ©25> C3Ca't3Íii£3-3Só c|’3ü33525>C3
aTt̂ ŝ nnri í3>*.á,QfliiTi/ló) aj/jrjinifil n7</n)uii'c

CEYLON INSTITUTE OF SCIENTIFIC AND INDUSTRIAL RESEARCH
S i

<¿ rá^íf'wíc ( - Í ío c jc rv  £iCn£.(&-7. <3 (̂  z>)L

P. O. Box 787
363, Bauddhaloka Mawatha, 

Colombo 7, Sri Lanka.

Zc.0 C3Í?,ÜC

Cables

Telex

iz  t : 2  o * *  c .3 f:
£J «7«fl> £9

CISI R
21208- H PT- CE 
22151 -  HPT -  CE 
Attention C.I.S.I.R.

Ó s r T & v G u P  1 693807 -  9 
Telephone- J 698620-3

ANALVSI5 DF ONE SPECIMEN 
OF WATER

Report No, TS : C - 67BA

REFORT T0:
Kutcule Ganga Hydro Electric Project 
Feaalbility Study,
Ceylon Electrlcity Board,
Neu Keleni Bridge Road, 
WaHampltiya,

Ofcth July 1992

This report is issued for the Information of the Client. It shall not be published in total or in part without 
the wfitten authoritv of the Director. CISIR.
The specimen/y teslcd vvnŝ vft/ore submitted by the C lie n t It was 'Thíjy-wwe NOT sampled by CISIR 
officers. The report is therefore limited specifically to this'tb&w*~specimen^
While the Instituí? exercises every care in respect of work entrusted to it - by clients. the Institute is 
not liable for any loss or damage howsoever caused to person or property. including propertv en
trusted by chents to the Institute whether such loss. dama ge or delay may have been caused by the 
negligence or dishonesty of the employees of the Institute or otherwise
Any person or any party vvho alters or adds or deletes or interpolares any provisions or words or 
letters or figures shall hr liable to legal action. *

•‘Bcap; © 0 8  S)B<5 q Q s s f» ©fcJ» ©caa§ » £
" T ' f r t r d s i i i  Q & n  L-rrLf*<!*n)aii— UjQjrT Q u tu if iá \  er 

"PLEASE ADDRESS ALL ENVELOPES TO THE DIRECTOR"
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CEYLON INSTITUTE OF SCIENTIFIC AND INDUSTRIAL RESEARCH
# .  G .u .  7 8 7

8 C 3 ,  G.uerTj&jEQsvrite Lañen rfsr./r, 

GéSfr(ipÚLj 7, yrf eamisa

»i* ©a. 787
363, ©K)fl¿jQ3©0ía5 ©aOm, 

ex»©©- 7, <§ e.aai.

P. O. Box 787 
363, Bauddhaloka Mawatha, 

Colombo 7, Srl Lanka.

ffgg 3̂ igQ
Cables

Telex

S e?3 tfitS tyS «J3Í5
9  g> crero  g ¡  r % t  
C I S I R

2*248 M IN IND  CE Attention C. I. S. I. R.

g¿ss*d-r«ís 9 3 8 07
■ 7 / s a h  v l u &  y  
Telephone J  5 9 8 6 2 0

ANALYSIS OF ONE SPECIMEN
" 11 """" 1 1 ■ f ■— ■■ ■

OF WATER

Report No. TS : C -  67B4

CLIENT : Kuku le  Ganga Hydro E le c t r i c  F^roject 
F e a s i b i l i t y  S tud y ,
Ceylon  E l e c t r i c i t y  Board ,
Neu K e la n l B r id g e  Road,
W e lla m p it iy a .

REFERENGE : C l ie n t * s  l e t t e r  o f  22nd June 1992 con firm ed  on 07 th  J u ly  

1992.
- -i*

SPECIMEN :f A pp rox im ate ly  D4 l i t r e s  o f  u a te r  co n ta in e d  in  a p l á s t i c

c o n ta in e r  la b e l le d  a s  f o l l o u s :

Kuku la  Ganga 

CEB 

Water 

2 3 .0 6 .9 2

METHOD OF : S u i t a b i l i t y  f o r  m ix ln g  concre te

AN ALYSIS
The a n a ly s i s  idas c a r r ie d  out a s  p e r B r i t i s h  S tan d a rd  

Methods to  t e s t  f o r  u a te r  f o r  m aking co n c re te  ( i n c l u -

d in g  n o te s  on s u i t a b i l i t y  o f  the  u a t e r )  BS : 3148  

: 1980.

C a n td . . .0 2 / .

The specímeo^ tested was / ’vert submitted by the client. It was/Tlw? trere NOT sampted by 
C. I. S. 1. R. officers. The report is therefore limited specifícally to this/lbesé specimea^i.

“ Bese© G8 »D <í q Q a t s f m  ©Da «̂ ©jjígis» sa© 9 ^ 3 ’ ' 
*'#©«9 punéj&feryih Quuirflá) er(lp0e¡ft2)̂,

"PLEASE ADDRES5 A L l ENVE LOPES TO THE Ó IRECTOR"
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9 9

Coníinunlion SliecC. I. S. 1. R.

C -  67B4

RESULTS

A g g re s iv e n e s s  to  concre te  s t ru c tu re

The a n a ly s iB  u a s  c a r r ie d  out a s  p e r  In d ia n  Standard  

Cade o f  P ra c t ic e  f a r  Trestm ent o f  lilater f o r  i n d u s t r i a l  

c o o l in g  sy stem s, I S  6188 : 1976.

A g g re s iv e n e s s  f o r  tu rb ln e s

The a n a ly s i s  u a s  c a r r ie d  out a s  d e ta i le d  in  Appendix 

1 o f  C l i e n t e  le t t e r  dated 1Bth Feb ruary  1992.

S u i t a b i l i t y  f o r  m ix in g  concre te

Appearance - C le a r

C o lo u r - 6  Hazen U n it s

Ddour - U n ob je c t ion ab le

pH a t  25 *C - 6 .9

E le c t r i c a l  c a n d u c t iv it y  a t  2D*C - 30 yUS/cm

T o ta l d is s o lv e d  s o l id e  a t  1B0*C -
/

23 mg/1

Suspended s o l id a  a t  1Ü5"C - 2 mg/1

C h lo r id e  (a s  C l )0
- 1 mg/1

Su lp h a te  (a s  SO-,) - le s a  than  1 mg/

A l k a l i  carbonate  (a s  CaCOj) - N i l

A l k a l i  b ica rb o n a te  (a s  CaCG,) - 23 ng/1

i

Conttí...0 3 / .

N.B:
The specimen/^ tested was/^££#e submitted by the Client. It was/ThcV Wcn NOT sampled bv 
C. I. S. 1. R. officers. The report is therefore limited specifically to this/tbese specimen

5B.3 - 13



• •

C. I. S. 1. K.
• '  *

C -  6784

Continuaron S'i ;
1 A

03/.

f lg g re s lv e n e ss  tp  concre te  s t r u c t u r e s

pH e t 20*C - 6 .9

T o ta l re s id u e  a t  160 *0 - 28 mg/1
Calc ium  h a rd n e ss  (a s  CaCO,) - 18 mg/1
T o ta l e l k a l l n i t y  ( a s  CaCO,) - 23 mg/1
Ryznar Index  a t  2 0 *0  (c a lc u la te d ) - 11 .50

L a n g e lie r  Ind ex  a t  2D*C 

(c a lc u la te d )
0

a

-  2 .3 0

•

A g g re s iv e n e s s  f o r  tu rb in a s ■

T o ta l d is s o lv e d  s o l i d s  a t  1B0*G - 23 mg/1
A l k a l i n i t y  to  P h e n o lp h th a le ln  

(a s  CaCO )

- N i l

A l k a l in i t y  to  M e th y l Orange 

(a s  CaCO,)

- 23 mg/1

t

T o ta l h a rdne ss ( a s  CaC0_) - 21 mg/1
C h lo r id e  (a s  01 ) - 1 mgA
Ca lc ium  (a s  Ca) - 7 mg/1
Magnesium (a s  Mg) - lesa then 1 mg/1
Sodiura and Po tB ssium  (a s  Na) - 2 mg/1
Free  Carbón d i  o x id e  (a s  C0„) - 2 mg/1..
Su lp h a te  (as SO ,) - leas than 1 mg/1

■

C o n td . . .0 4 / .

N.B:
The specimen^rtested was/yj^ie submitted by the Client. It was/JPhejfrwere NOT sampled by 
C. I. S. I. R. officers. The report is therefore limited specificallv to this/!£«*e specimen¿4.
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C. L. S. I. R.

TS : C -  6784

... Continunlion Shc 

O A/.

CDMMENTS

R e sidue  lo a s  on i g n i t i o n  a t 550*C  

pH a t  20 *C

T o ta l  I r o n  (a s  Fe)

S o lu b le  I r o n  (a s  F e ) '

Suspended s o l i d s  a t  1D5’C 

( In c lu d in g  sed im ente)

Hardneas o f  suspended s o l i d s  

( in c lu s i v e  oF sed im ents) (a s  CaC0_)

6 mg/1 

6 .9

0 .4  mg/1 

□ .4  mg/1 

2 mg/1

1 mg/1

S u l t a b i l i t y  f o r  m ix ln g  concre te

The specim en o f  w ater ana ly sed  meets the  requ irem ente  

a s  s p e c if ie d  in  B r i t i s h  S tan d a rd s Methods o f  T e s t s  

f o r  w ater f o r  m aking con c re te , BS 3148 : 1980 u i t h  

re sp e c t  to  a l l  param eters te s te d .

f lg g re s iv e n e s s  to  concre te  s t r u c t u r e s

The L a n g e l ie r  Índex  and Ryznar In d e x  in d ic a t e s  th a t  

th e  w ater ha s c o r r o s iv e  te n d e n c ie s.

S .K .D  S a ra th  KumBra,
TECHN1CAL ASSISTANT.

HEAD/ANALYTICAL CHHMISTRY SECTION.

SKDSK:NMP:nmg,
920704.

N.B:
The specimen^f tested was/jj/ere submitted by the Client. It was/They-wcre NOT sampled by 
C. I. S. I. R! officers. The report is therefore limited specifically to this/tlies«•specimen//X,
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Annex-SB .4

Inspection Report
on

Alkali-Aggregate Reaction
in Concrete Work



KUKULE FESIB1LITY STUDY PRQJECT  
INSPECTION REPORT

SUBJECT Alkali-aggregate reaction in concrete work

DATES OF INSPECTION: 22.04.92 to 24.04.92

PARTICIPANTS: Mr. T. Aída, consultant Material Testing Engineer 
Mr. R.M. Sunil Shantha, Civil Design Engineer, CECB

LOCATIONS: (DCanyon
(2) Laxapana
(3) Polpitiya
(4) Kotmale
(5) Randenigala
(6) Victoria
(7) Polgolla, Ukuwela
(8) Bowathenna

RESULTS ON INSPECTION

i

(1) Summary of the inspection results is shown in Table-01. Photos and the answerS 
to the inquines by the personnels incharge for the operation and maintenance of 
the respective project are alsó attached.

(2) In conclusión, some seepages are observed in some locations , mostly through 
the construction joints.
No electrical and mechanical troubles were reported in relation with probable 
cause of deformation in concrete works.
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Project Year of Inquiry Results of Inspection

Ñame Completion i 2 3 4 5 &  Discussion

Canyon 1983 No No No No No ft was obscrvedthal some seepage

of water is cxperianced through the

concrete walls in the M IV  floor. But

these are ihrough the horizontal and

vertical construction joints.

Old/New 1950 No No No No No Nothing to comment..

Laxapana 1974

Polpiliya 1969 No No No No No Nothing to comment.

Kotmale 1985 No No No No Yes In the power station, in few locations some

seepage of water is expcrianced through the

• concrete walls in the turbine floor which are

through the horizontal and vertical construction

joints.

In spillway structure and plinth of the dam9some

diagonal cracks are visible in concrete surface.

4
Most of the cracks are through horizontal

construction joints.

Randcnigala 1986 No No No No No In the power station, in few locations some

seepage of water is cxperianced through

concrete walls in M IV  floor which are through the

horizontal construction joints.

Vicloria 1984 No No No No No It was observed in few locations some seepage

of water is cxperianced through the horizontal
-

construction joints in M IV  floor of the power

— — -----------------------

station.

Ukuwela 1976 No No No N/A N/A Nothing to comment.

Power Station
■

Polgolla Dam 1976 N/A N/A N/A No No Nothing to comment.

Bowathenna 1981 No No No No No ll was observed that some seepage of water

is cxperianced through the horizontal construction

joints in the M IV  (loor of the power station.

Notes:

i Longitudinal cracking of generator floors of the power house.

2 Out-of-round distortion of turbinc opcnings in power house.

3 The need for frcquent realignment of units in the power house.

4 Jamming of gates in the spillway.

5 Cracks in dam or weir.

T /*0 U ?  -  OI
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Canyon power station - white 
joint of the basement wall.

leakage gel from the construction

Canyon power 
joint of the

station - white leakage gel from the construction 
basement wall and column.
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Canyon power o+-=»+. • — —
basement Wall. ^  ' Whit* lea*age gei from cracks

(3) Canyon power
basement W a l l .station - «hite
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(5) Canyon power station 
are visible.

penstock and anchor block some cracks

Kotmale power station 
joint on the wall.

leakage gel from the construction
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(7) Upstream slope of kotmale dam.

Randenigala power station - 
vertical construction joint

white leakage gel from the 
on the basement wall.
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(9) Randenigala dam — spillway chute, some cracks are visible 
along the horizontal construction joint.

(10) Victoria power station - white leakage gel from cracks on the 
wall of MIV floor.
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(11) Ukuwela Power Station- Penstock

(12) Spillwav chute of Randenigala dam.
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(13) Bowathenna Dam

f

(14) Downstream view of Polgolla Weir

(15) Spillway gates of Kotmale Dam. 5B.4 - 9



Inqutry Sheet

H y d ro  P la n t  Ñame: i Ce n -uc q . D a te : 9 ^  / * y - / jL 2

We are carring out a inspección on Che Alkali—Aggregate Reaction 

in the existing concrete structures of CEB's power plants. 

Therefore, you are kindly requested to reply the following 
inquiry.

1. Do you have the following troubles in your powerhouse?

(1) longitudinal cracking of generator floors

(3) the need for frequent realignment of units

y
no

(2) out—of—round distortion of turbine openings — yes no

✓
no

2. Do you have a trouble in spillway?

(1) jamming of gates no

3. Do you have any cracks in dam or weir? —

( Please reply 4, 5 and 6 if your reply is y e s .)

no

4. Where is the location of cracks or trouble if you have?
H/a

5. What is the reason of causing cracks or trouble?

6. when did you find cracks or trouble?

Thank you for your cooperation

J o i n t  V e n tu r e  K u k u le  Ganga
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Inqutry Sheet

H y d ro  P la n t  Ñame.: O ^ Lj- * £ ) a ^ e :  2 l , - ^ - S v ,

We i'áre carring^out ’.á irispeétid*í on the Alkali-Aggregate Reaction 

in the exist'irig concrete Estructures of C E B ' s power plants.

Thereforef,' ¿you ! a r e ' k'i'ndly requested to reply the following 
inquiry.

1. Do y o u ihavé”¡thé--íbllowiri,g troubles in your powerhouse?

(1) longitudinal cracking cff-!generator floors

(2) éfut—df-^round distPrtiort- of turbine openings

(3) the ríéféd for fre'qiíétit -réal-ignment of units yes (no^)

2. Do you have a trouble in spillway?

(1) jammincf of gates — yes

3. D o 1 y o W :háve any cracks in dam or weir? - yes ^ho

1 • t"'Kldásé1 reply‘•4# 5 and 6 if your reply is yes.)

4. Where i’S^thd'iocátiórí o f  cracks or trouble if you have?

What is the réástifi -óf ’caüding cracks or trouble?

6. when did you find cracks of 'trouble?

Thank you for your coóperation.

J o i n t  V e n tu r e  K u k u le  Ganga

I
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Inquiry Sheet\

H y d ro  P la rv t  Ñame:• mr..>•■>'Jr- fpo ij?«U j>.. :• .y; ?Á' '̂ .,2-, ; ■

£[ (.or'> 1 (A* -1
We are c a r n n g  out: a inspection on the Alka-li—Aggregate Reaction rc^fi 

in the existing concrete structuresoof* CEB tj£3 - psQwer- plants¿

Therefore t you are kindly requested t o ■r,eply tthe-following 
inquiry.

1. Do you have the following troubl<e?s in. yourr - pov^erhpuse?

(1) longitudinal cracking of genera-tor. floor.s .t  i yes • X no J

(2) out—of— round distortion of turbine.openi.ngs ¡ .¡i,-, .yes

(3) the need for frequent realignment-;)of v ■ •■yes |^no)

2. Do you have a trouble in spillway?. ■'7 /  }. O  í j t  ;• i '. ' .

(1) jamming of gates <:r-, - yes, .-..no

3. Do you have any cracks in dam or:,weir? - . — yes no.

( Please reply 4, 5 and 6 -if youi^ !.r*eply, is .yes.)

4. Where is the location of cracks or >troubi?e ¡ifryou >have?

5. What is the reason of causing cracks-o r ;trouble?

6. when did you find cracks or trouble?

Thank you for your cooperation.

Joint Venture Kukule Ganga
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P V  / V io  1/1 T £ - ) f Cort- (%

í '  i ■ i  ' J-InqiiV ry S h e e t

Hydro Plant Ña m e : | vi'r'*4¿ Date 2 2  /  OH

i .. i -■ ‘

we are carring but á inspection' on the Alkali-Aggregate Reaction
> . * /• -  . ■ * ■ *5/  • 1 ‘.!1 1 *' » • *;  , . . .

m  the existing concréte structures of CEB's power plants.
s. i

Therefore, you are kindly requested to reply the following 
inquiry.

; »r * .

1. Do you have the following troubles in your powerhouse?

- * * f

(1) longitudinal cracking of generator floors yes

% i* i « • . i

(2) out—of—round distortion of turbine openings

. ’ ' *" ■ V i . f í ('
(3) the need for frequent realignment of units

2. Do you have a trouble in spillway?

yes

yes

&

€ >

(1) jamming of gates yes no

3. Do you have any cracks in dam or weir? - yes

( Please reply 4, 5 and 6 if your reply is yes.)

no

, .

4. Where is the location of cracks or trouble if you have?

* * *

5. What is the reason of causing cracks or trouble?

6. when did you find cracks or trouble?

Thank you for your cooperation

J o i n t  V e n tu r e  K u k u le  G anga
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Inquiry Sheet
• i  ~ ; .  ; i

Hydro Plant Ñ a m e : ±l¿JL Daté:
* r,j - - - 1 ~ ■ ' 1* i . t > /

We are carring out a inspection on the Alkali—Aggregate Reaction
' .  ■ f  * D : . ‘ . ’ f- v  <:\i  r .■ r- ■ > i • ;  :

in the existing concrete structures of CEB's power plants.

Therefore, you are kindly requested to reply the following
■ ■■ -i ’■ ‘i ■ r. v.

inquiry.

1. Do you have the following troubles in your powerhouse?
M 1 . • <■ ! * : ' y.- ' • ‘ ■ : •, ■ '

(1) longitudinal cracking of generator floors — yes
r' ■ * *. ^ i : : ;  • ■ -v * ■ ■ t'* r *

(2) out—of—round distortion of turbine openings — yes (no¡)

(3) the need for frequent realignment of units .— .yes frío )
. ‘ i t.-. .* ¡ ’ *=> • .> r v - i  ~  *  i .  ■ ;  I

2. Do you have a trouble in spillway?
i  i “ I I V»* ( • f

- ,? u, *. ■*..

(1) jamming of gates - yes
r'J- ’ ( j '.  ¡ ■■ - 1 ’ V

no

3. Do you have any cracks in dam or weir? — yes no
... . ' ■ :r; r ) i  . • i

( Please reply 4, 5 and 6 if. your reply is yes.)
. - ' j - . f  4 N \ r j ; - s: t . i ; - ' ' ;  ■

4. Where is the location of cracks or trouble if you have?■* : ; • *; *"*v í*?" < 1

5. What is the reason of causing cracks or trouble?
4  ̂X I „J \

; - \ JV 1*\ *1 - 1

. when did you find cracks or trouble?
• 't  » ..

Thank you for your cooperation.

Joint Venture Kukule Ganga

/) 1 ' J C ' *1t- f i ^  r< 

)z$
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Inq,uíry Sheet

Hydro Plant Ñame: \/¡¡chope*. Date: -j-? Aps-lSL

We are jcarping q u t . a • inspectiont on the Alkali—Aggregate Reaction 

in the existi^pg - jconcreté structures of CEB's power plants. 

Therefore* ¡ you, ¡are. kindly requasted to reply the following 
i n q uiry.

1. Do you have¡í th© fo-llowing troubles in your powerhouse?

(1) longitudinal cracking, tof-generator floors

(2) out— ofrrround distortipn ofir.iturbine openings

(3) the need for freqüent ?reaiignment of units

yes /no) 

yes

yes

2 . Do you have a trouble in spíilway?

(1) jámmirig of gates yes no ̂

3. Do yqu háve any cracks iri dám or weir? yes no

(• ’-Pleáse reply 4 r°"5 and 6 if your reply is yes.)

4. Where is‘ t:he ; lbcátióri ibf^cra'Cks or trouble if you have?

5. What is the reasóh of  cáusing cracks or trouble?

6. when did you find cracks o¿? ̂ trouble?

Thank you for your cooperation.

Joint Venture Kukule Ganga

s r  A  _ . <;



Inquiry Shé&ir

We are carring out a inspección on th¡e AÍkali-Aggregate Reáction 

in the existing concrete structures!;of 'CEB'á péwefplarits:

r̂ ere^ OI~e r you are kindly requested t ó  ̂ re¡piy tlHe  foli ówi ng 
i n q u i r y .

H y d ro  P la n t  Ñame: _  p ,  S.D a te : ¿ rr¿

1. Do you have the following troubíeS7'iri ryoü#'%>c^er’h'ousfe? • IV

(1) longitudinal cracking of generador  ̂ *flooris#*• r\ * v■ i

’ ( 5 >

(3) the need for frequent realignmerít.-vof tumi fes*

2. Do you have a trouble in spillwa.y?: ^.•'I,-"- i"1"" T *'

(1) jamming of gates

PoQSfô L̂
**íí ■ -3. Do you have any cracks in dam or -W^iiT?

( Please reply 4, 5 and 6y-rif yqur vu

0 , ” -yes 
á s  y e s .)

4. Where is the location of cracks o r  trqvxble- ri?f you have? i ■ ■

5. What is the reason of causing cracks or trouble?

6. when did you f ind cracks or troubley

Thank you for your cooperation. 

Joint Venture Kukule Ganga
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Inquiry Sheet

IVV W p£n

C»». I?, C M t / . ' i

H y d ro  P la n t  Ñame:

We are carring out a inspection on the Alkali—Aggregate Reaction 

in the existing concrete structures of CEB's power plants. 

Therefore, you are kindly requested to reply the following 

inquiry.

/

1. Do you have the following troubles in your powerhouse?

(1) longitudinal cracking of generator floors

(2) out—of—round distortion' of turbine openings

t

(3) the need for frequent realignment of units

2. Do you have a trouble in spillway?

(1) jaraming of gates yes /noy

i

3. Do you have any cracks in dam or weir? — yes

( Please reply 4, 5 and 6 if your reply is yes.)

4. Where is the location of cracks or trouble if you have?

5. What is the reason of causing cracks or trouble?

6. when did you find cracks or trouble?

Thank you for your cOoperation. 

Joint Venture Kukule Ganga
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