The leakage condltlom are not much re]atcd wnh the sort of: rook exccpt for some
parts of calcareous rocks as on the left bank of the. sub- dam No.l ‘whete the developed
solution cavities and the accompanying' dccomposnlon by weathcung are obviously the
cause of very high leakage. Groundwatertables measured in the-drilling holes are all
higher than the water level of the Amban Ganga and rising toward both banks, This'is a
~negative evidence to possﬂnhty of such solution cavities as to caunse serious water lefikage

and deformation of gloundwater regime in the damsne :

1233 F\cwahon Lme .
() Foundatmn of concretc gravuy dam and 1mpew10us core zone of ﬁl! type dam

Excavatlon hnes are determmcd from the suength of rock and the pcmleabihty or its
treatability. In the ;ock clasmﬁcauon in Table L.1.1, the intensively weathered zone
and the moderately- wcathered zone are not applicable for fotindation of ‘conérete
dam and impervious'core because of theit insufficient stablhty Pexmeabxhty in’
those zones are not only so high as 50 Lugeon unit but also difficult to improve by
groutmg bec,ause of intensive deterioration of the. rocks The slightly: ‘weathered
zone and the fresh rock zone are acccptable in the aspect of strength; as clarified in
Sub-section 2.3.1. In view of Ieakage the upper part of the slightly- weathered
zone is highly permeablc w1th more ﬂlan 50 Lugeon unit; - However, considering
that this leakage is obviously thmugh open, cracks in hard rock, it'can be rather
easily improved by grouting. In consequence, the foundation excavatxon shall be to
the surface of the slightly weathered Zone.

‘The rocks surroundmg the selutmn cavities will have to be excavated dceper than
the other parts, because they are mtenswe}y weathered to a considerable depth along -
with the development of the cavities and because it is’ deemed Tather difficult and
uneconomical to treat them by groutmg or conmete replaccment as expiamed in
Sub- SCCIIOH 234, _

The proposed excavation hnes for the damsues are shown in Geologlcal Profile of
the Damsue

(2)  Foundation of shell zone of ﬁl.l'_!ype dam

Organi¢ top soil and- residuéi soil in 1 to2 m of thickness should be removed for
the foundation of shell zone. In the other words, the excavation line it shall rest on
the surface of the intensively weathered zone.

1.2.3.4 Foundatlon Treatment

If the intensively weathered zone and the modcrately weathered zone are excavatcd
no dlfﬁculties are seen in treatment of the slightly weathered zone by: groutmg for
consolidation and leakage cut-off in the reach of high pcrmeablhty Tleatmcnt of the
solution cavities is the only problem ' :



Test grouting was performed on the left abutment of the sub-dam No. 1 through the
calcarcous Tocks to examme effecnveness of gmunn g for the cavities and the surroundmgs

By the gtout hole GH3 whwh was drilled fxrst to 38 m of depth it- was conf:rmed
that cavities and high leakage zonc were located within 26 m of depth. On the other hand,
~ the zone to 14 m is so mtcnswely weathered that it is, no doubt, the subject to excavation.
Consequently, interest is concentrated to the section between 14 m and 26 m. -

Depth

L L Leakage
Ty Geo]oglcal_Condmon (Lug.unit)
- 0-15 I:iietjsi?efy_weathcred zone with cavity

(Decomposed rock) 7 More than 100
14-26 Slightly-iyeathcrcd zone and fresh rock zone,
' occasionally with cavities 35-62
26-38  Fresh rock zone less than 1

Cavmes were enwuntered in the dcpth fmm 10 m to 2(} m, and some open ﬁssurcs
-were also found at 1 to 2 m intervals in the depth from 10 m to 26 m. These open fissures
seem to be connected with the cavities. The fresh rock zone between 26 m and 38 m is
solid, massive and watertight.

Grouting was carried out by injecting neat cement-water mixture and partly fluid
mortar into five gaoui holes, in order, by stage as follows:-

The 1st stage 485 - 140m
The 2nd stage = 14.0 - 185
The 3rd stage - 185 - 230
The 4th stage - 230 - 275

'T'_he depths of the stages were subject to modification depending on the actual rock
- condition encountered in the grout holes. The tested spacing of the grout holes were
2,15m and 1.23 m. (See Table 1.2.7 and Fig. 1.2-4).

Grout takes in each of the five grout holes were as follows:-



Hole No, - _Groﬁting Section (h})- e GmutT'lke (kg/m)

GH3 | 14.85-28.90 . | ‘803 7j
GH!1 - 13,80-27.45. 1189.9°

- GH2 S 13602745 1333
G4 " 12.65-2745 211
GH5 | 12.95-27.70 3517

-Average grout takc _ s 339.3 kg/m

The effect of groutm g was exammed by Lompanng the lcakagc in (,heck holé GH6
after grouting with that in grout holes prior to groutmg In this compauson leak'tge rate in
Lugeon unit decreased from 61.5 to 44.3 in the 2nd stage, from 38.8 to 17.9 in the 31d
stage and from 35.4 to 25.5 in the dth stage, (Test in the 1st stage was renounced ‘becaise
this stage was within.the intensively weathered zone that was inevitably to be excavated )
Improvement of peimcablluv is clearly seen but not sufﬂuent

As mennoned in Sectmn 2.2, the cavmes observed in the adit. No 8 were narrow
openings of crevice type at widths from 20 ¢m to 50 cm, wluch were sub-vettical or
inclined and filled with loose sandy- loam It seems that the injected grout was. likely to be
more Or less isolated into small pockets in this sandy 10am w'mch was neither penetmted
nor washed out. - ' : : Co :

All of the above knowlt:clges lead to the followmg strategy for treatment of the
cavities: : : _ 3

- The fact that 1mpr0vement of permcabﬂity was not sufﬁuent thh 1. 23 m of
grout hole spacing would not always mean that the hole spacing was still too
large. On the contrary, it seems very probably that any shorter hole spacmg could
not result in remarkably better effect. Thorough washmg out of thc f}llmg
material in the cavities is essential. '

- The narrow crevice-shape ef the cavitics as observed in the adtt No.8 renders it
very difficult to make any manual ‘work inside, such as for washing or concreie
_phcmg In view of conceivable difficulties-in washing for groutmg, construction

.. of deep concrete cut-off wall by excavatlon of trench or adns Is a mclhod worth
consideration. :

Principle for gcnerai foundatlon treatment for the area w1thout cavities will be as
follows:- .

- The foundatzon treatment shall comprlsc curtain grouung, consolldallon grouting

for concrete gravity dam and blanket grouting for fill type dam. Dramagc holes
shall be drilled for up hft pressure relief.
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- Grout curtain to decrease leakage should be deep enough to reach the fresh and
. watcrtlgh_t zone with permeability lower than 5 Lugeon unit, that is, 20 t0 30 m
deep from the excavation line. _ : '

- Depths of consolidation and blanket groutings for the purpose of tightening the

-+ surfacial zone of the foundations for concrete. gravity dam and impervious core
~-zone of fill dam shall be 5 or 10 m. These works can be concentrated only to the
* parts of frequent cracks. ' |

~=In view __Qf_ fligh; solidity of the rocks, with very s.pars'e.joints and high shear
strength, fairly high grouting pressure, if necessary, can be applied with little risk
- of damaging the foundation,

| 1.2.4 'Fouﬁdation 6f Divcfsion Weir Si.te

L -The contemplated diversion weir site is located about 200 m downstream from the
damsite:. .Thg_-axes of the weir are across the Amban Ganga and the western channel of the
sub-dam-No. 1.

The bed rock is gneiss with garnet and foundation conditions are very similar to
- those in the damsite.. Acceptable firm rock of the slightly weathered zone (2.0-2.2 km/sec
in P-wave velocity) is reached at 10 to 20 m of depth, through the intensively and
moderabely weathered zones overlying it. Unconsolidated residual soil covering the slopes
is only.1.or2 m thick.  The bottoms of both the Amban Ganga and the western channel are
filled with river deposit, composed of sand or sandy silt, at 7 to 10 m thickness.

No low velocity zones were detected in seismic exploration along the dam axis,
suggesting no serious fracturing or weak zone in the foundation.

L2.5 -Geo!o.gj" of the Rescryéir Area

The reservoir area covers approximately 40 km? (depending on the high water
level) within about 20 km upstream from the damsite. In this area the Amban Ganga flows
meandering from west to cast, with tributaries Ma Oya and Kalugalatta Oya from north, and
Kambarana Ganga and Galboda Oya from south. These tributaries trend nearly north-
south, reflecting the geological structures. Ridges at 1,000 to 1,500 m in altitude, around
and across the reservoir area, also show north-south trends. Along the Amban Ganga and

. the tributaries develop narrow cultivated lands, and the rest parts are covered by jungle.

Topographically, this area shows characteristics of the valley in late mature stage.
By developed side erosion the valleys are wide open, though slopes on the hillsides are
fairly steep.

-Geologically, the bed rocks in the reservoir area are gneisses of various mineral
composition, charnockite, quartzite, calc gneiss and crystalline limestone, all of the pre-
Cambrian Highland Series (See Fig, 1.2-5). Quaternary unconsolidated deposits, such as
‘river sand and silt, residual soil from weathering of rock and talus deposits, are rather thin.



The rockbeds strike N- S to N4OOE and dip horizontal 1o 400 wcstward in genex al, except in
foldings. :

Very gentle warping folds are found to {hc north "md to the south of the danmte,
with axis roughly stretching north- southward. Faults with NE- SW trend .and the others
with NW-SE trend are assumed geomorphologically in'the area of Kambaraua Ganga,
Galboda Qya, Mt. Moragahakanda cmd the damisite, that is, in the eastern area of the
ICSGI'\’OII' S

Duce to the mcnnoned thmness of unconsohdated Quatemary dcpoqm and thc hu,h _
solidity of bed rocks, no possibility is ‘conceivable for land sliding. As for possibility’ of
water leakage from the reservoir, the solution cavities in calcareous rocks should be drawn
to aftention, Those calcareous rocks, i.e. crystalline llmestone and calc gneiss, are
ordinarily solid, scarcely cracked and watertight, if they do not bear those solution cavities
as observed in drilling and aditting on the left bank of the sub-dam No.l. The cavities,
formed by solution of-calcimm carbondtes into water during a long’ geologlccll span of time,
develop so irregularly that it is not easy to trace their stretchings and it is extremely difficult
to obtain a comprehensive picture of their exact development’ and distribution in & certain
arca.

What can be said about [hiS problem in this reservoir ared is thc followmgs

(1) Developmem of calcareous rock beds is limited in certain localmes in thc reSerVOir

_area, that is, two strata at-about 300 m of thickness in the area upstreain from the

confluence of Ma Oya and one through the sub-damsite to the western slope of the

right bank ridge along the Kambaraua Ganga, all of which beds stretch in the north-

south direction. - Thickness of the watershed in the north and south where these

calcareous rock beds pass out of the reservoir area is more than 500 m at high

water level. Only in the sub-damsite and on the eastern sIopc of

Mt. Moragahakanda, a calcareous rock bed runs out from the reservoirin a short

distance. The calcarcous bed in the sub- damsuc will be treated as det‘.cubed in Sub-
section 2.3.4.

(2)  Development of cavities is rather limited in certain localities in the calcareous rock
beds, and not prevalent in those beds. In geological investigations carried out so
far, cavities were found rather rarely,; only on the left bank of the sub- damsite No.1
and on the eastern slope of Mt. Moragahakanda The former were encountered by
drilling and aditting. The latter are exposed on the ground surface; one'is thin
crevice-shaped openings with 20 to 30 cm of width around EL. 190 m and
another is a group of developed narrow cavities at the zone far higher than the
planned dam crest. Vertical development of the cavities is within 35 m, in so far as
known about those in the sub-dam No.1. '

(3)  In drillings at the damsite, no- extraordinary disturbance or depression of
aroundwater table was observed in spite of those cavities as mentioned above. On
the eastern slope of Mt. Moragahakanda where some cavities are found, drilling -
DM39 from EL. 352 m for research of quarry revealed that the groundwater table



(4)

was about 100 m higher than the contemplated high water level. All of the above

‘;uggeqt that those cavmes are not so influential as to cause serious water Iedkdge

.Wlnle sonc C'wmes are encountered as menuoncd above, no kharstic topography

worth notmg is observed in the reservoir area, Neither noticeable water springs are

. SCGI‘I

Th_e above situations releave fairly the fear of water loss from reservoir through the
solution cavities, Foundation treatment in the damsite will be the only work

: required for the problem of cavities.

Blbhogi dphy

1...

2.

, The Geology of Ceylon (The national muscums of Ceylon)

Food and A gr jculture organization of the United Natlons and Trrigation Department

~of Ceylon. "Mahaweli Ganga irrigation and hydro-power survey (stage 1) Volume

IV, Engineering geology" (Colombo 1968)
Food and Agriculture Organization of the United Nations and Trrigation Department

of Ceylon "Mahaweli Ganga irrigation and hydro-power survey (Stage II), Volume
IV, Engineering geology” (Colombo 1968)
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L3 C()NSTRUCTIO\J MATERIALS
131 ()uilme of Inveshgﬁtmns

Topogr \phxe clnnctensncs of the Moxagahakmda damsue necessitate two subdams
besides the main dam. As the construction materials, the proposed Concrete: Gravity Type
Dam will need fine and coarse aggregates while the proposed Rackfill Type Dam will
require impervious core material, filter material and rock xmteml where'ls earth material
will be necessmry for the pioposed Earthfill Type Dam :

The mqtenql investigations were ccmducted in oxder to collect the clvuldble data of
previous investigations conducted on these construction materials since 1961 and to eianfy
the available quantity and the characteristics of each of these construction materials based on
the results of field investigation and laboratory tests and malysis of the results of previous
SuTvey. :

All the fxeld tests and labozatory tests in mvesngatlons were conducted by the staff
of the Material Testmg Laboratory of the Irrigation Department of Sri Lanka

Materxal investigations for Moragahakanda Dam were conducted at four different
stages including the initial survey made by UNDP[FAO in 1961 and the investigation
conducted by JICA in 1978,

Therefore, the study consisted of the collection and analysis of the available data of
the previous investigations and the additional field investigation and laboratory tests to
confirm and supplement the previous mvestlgatlons :

All the available'data collected in 19’78 are as listed in Table 1.3.1.

The field investigations added 4 test pits and 28 auger holes for soil materials, 6 pits
for the extraction of samples for filter materials and for the fine concreie aggregates, 4 holes
of core drillings (DM29, DM39, DM40 and DM41) and blasting at 2 points for the
extraction of samples for rock material and coarse concrete aggregates.

The laboratory tests conducied on the semples extracted in this way are shown in
Tables 1.3.2, 1.3.3 and 134,

Large Scale Shearing Tests on rock materials using an adit in the damsxte were also
carried out in 1978.

1.3.2  Soil Materials

1.3.2.1 Available Quantity of Soil Materials and the Selection of
Borrow Areas

Borrow areas of impervious core materials for the rockfill dam and earth materials
for the earthfill dam were investigated in the upstream and downstream areas within reach



-of about 6 km from damsite. In the first investigation conducted in 1961, an area in the
upstream within a fadius of about 3 km from damsite was investigated with 49 test pits
allocated at intervals of 400 m. Although the detailed data of investigations could not be
collected during the investigations in 1978, the Summary Report, shows that the upstream
borrow. areas cover 5,600 m? on the left bank and 2,400,000 m? on the right bank and the

- effective thickness of the layer of earth material overlying the decomposed rock stratum is

- about 1.5:2.5m. The soils are composed mainly of SC material (by Unified Soil

Classification) and a smail quantity of GC material and CL material. Except for a very
small amount of CL material with a high clay content, all these materials are suitable as
impervious corc material and earth material. The quantity of soil materials available in the
upstream borrow area was estimated to be about 2,500,000 m3.

The .second investigations were conducted in 1965 under the advice of UN
‘Engineering Geologist Dr. J.B. Auden. In this investigation, importance was given to the
downstream borrow area where 9 test pits and 97 aunger holes were distributed. At the
- same time 4 test pittings and 29 augerings were also made in the upstream borrow area.
Although detailed results of laboratory tests are not available, the downstream borrow area
covers more than _1,_6_00,000 m?2 and the average thickness of soils was estimated to be
- 2.4 m according to the Sammary Report. Almost all of the soil samples were classified as
- SC materials and the available quantity of earth materials was estimated to be about
3,800,000 m3, o

© The ‘third investigations were started in May 1978 by the Material Testing
Laboratory of the Irrigation Department, This investigation was conducted in the
downstream borrow area to confirm and supplement the results of the second investigation
made in 1965, 45 test pittings and 25 augerings had already been made while gradation
tests of 31 samples, several tests for the determination of the specific gravity of soil
particles and several compaction tests were completed.

According to their results, the downstream borrow area consists of mainly $C
materials though some CL materials and GC materials could also be seen. All these
materials are suitable for impervious core material and earth material. The thickness of soil
layer is about 1.5-2.5 m and the soil types agreed well with the results of the second
investigation,

In the investigations, field survey was limited to 4 test pits and 28 auger holes to
confirm and supplement the investigations conducted so far, while detailed tests were
conducted with emiphasis laid on soil test. '

“The soil types agreed well with the results of the previous three investigations with
_the majority covered by brown or reddish browa SC material, and small quantities of
reddish brown GC material (Quartz gravel mixed) and light brown CH material.

Since the borrow areas proposed in the four investigations cover a wide extent in
both downstream and upstream of the damsite, hereinafter they are referred to as follows.
Upstream borrow area on the left bank is divided into Borrow Area A and B, while that on
the right bank is divided into Borrow Areas C; and Cp. Downstream borrow area on the
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right bank is denoted as Borrow Area D while those on the left bank are dmded into
Borrow Arcas B, [y, Fy, F3 and G. : '

The cdetails of each bOI’lOW arca are gwen in Tdbie 135,

Accmdmg to Dr, J.B. Auden (196‘5), wxlh rugmd‘; to the Borrow Areas A B (‘1
and Cy, since the base rock is limestone, the selection of borrow area in the upstream and
the removal of natural blanket in the reservoir basin can'lead to futmc leakage of reservoir.
Although this is a problén of possibility, it is 1ot nécessary to persist on the upstrcflm
borrow areas when the same type of materials can be obtained under the same conditions in
both upstream and downstredm borrow areas. - '

'1he downstream Borrow Axraa D is located on ‘the rlght b'mk ‘md the h'\ulmg
distance can become extremely large depending g on the site selected for the bridge over
‘Amban Ganga. Moreover, sinceit is very close to the river and is relatively a low area at
EL. 145 m - 150 m, this area canmot: be considered ‘suitable as a borrow area when
con31der1ng the pmblems such as dxamage dunng the ramy season. :

Borrow Area Gis too fflr from the damsuc and partly has a low lymg area where
drainage will be a problem, Considering these factors, Borrow Areas'E and ‘F are
considered the most preferable. Out of these, specially Borrow Area F) is located in a short
distance (about 1.4 km) to the damsite and has a gentle slope throughout its area with
favourable drainage condition. Therefore, Borrow Area Iy can be considered as the most
suitable borrow area. : . : :

- The next favourable borrow area in a reasonable distance to the damsite is Borrow
Area E although outcrops of limestone is seen here and there. If this area is further extended
to Borrow Area by, itis possible to collect 3,500,000 m? of soil materials.

However, problem is that clearing of the thick jungle and removal of topsoil will
largely influence the unit price of excavation since the layer of soil materials is very thin.
But, as better areas are not found within‘a radius of 5 km from the damsite, Borrow Areas
F1, F; and E can be the most suitable borrow areas in the region.

Thc typlcod geologlcfil profile of these borrow areas is shown in the DRAWINGS
1.32.2 Physxcal and Mechamca! Pro pert:es

The laboratory test results in previous invcstigations-and the present ones (Figs.
1.3-1, 1.3-2, 1.3-3'and [.3-4 and Tables 1.3.6, 1.3.7 and 1.3.8) clearly show that the grain
size and physical properties of each soil type are almost the same in Borrow Areas A, B, C,
D, Eand F. Therefore, the soil material in the borrow areas within a radius of 6 km, both
in the upstream and downstream of the damsite, could be represented at large by three soil
types; SC materials, GC materials and CH, CL matcna}s
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e nmemal is w1dcly dxstnbuted ihroughout this region in larg,c quantmes It is
_ generally brown or reddish brown in colour and has a grain size distribution with
20-30% clay content, 10- 20% Silt content and 50-70% Sand and Gravel content.
The specific gravity of soil particles is about 2.66. 1t is very plastic owing to the
- high clay content and has a fleld moisture content of 12-20% and a plastic index of
12- 27%

'.T hc mechamcal propertles of SC maternl are represented by MK-51 (in Table 1.3.9
and Fig. L 3: 5(3)) These Tables and Figures show the results of tests conducted to
verify the vanauon of mechanical propertics of soil with the change of moisture
content, within a range of about 4% from the Optimum Moisture Content.

f‘he 1esults of tests conducted in the investigation in 1978 show strength
characteristics somewhat differ from those in the previous investigations (see Table
1.3.7). However, this is due to the fact that new triaxial compression tests were
conducted i Saturated Consolidated Undrained condition while the previous tests
were conducted in Non-saturated Unconsolidated Undrained condition,

As cleal from Flg 1.3- 5(3/3) the compaction of SC material is very effective
snowmg a dry density of 1.78-1.87 t/m3 within a range of £3% of the optimum
moisture content, that is 14% and is shghtly on the dry side of the field moisture
content :

The compression tests show an angle of internal friction ¢' of over 30° and a
cohesion C' of over 2 t/m?. The coefficient of permeability is not very much
affected by the density of compaction due to the high clay content and is very low at

108 cmy/sec. showing that this soil is a very impervious material suitable for core
material.

GC Material

GC material is distributed only in some parts of the upstream and downstream

 borr ow areas, at depths comparatively close to the topsoil. It is generally reddish
brows in colour and is composed of 15-25% Clay content, 5-10% Silt content, 15-
45% Sand content and 15-50% Gravel content. The specific gravity of soil particles
is about 2.66, The soil is plastic with a field moisture content of 8-12% and a
Plasticity Index of 12-33%.

The n.lc:chéz.niéal properties of GC material are represented by MK 50 (in Table 1.3.9
and Fig. I3.—S(2/3))

As shown in Fig. 1.3- 5(2/3), compaction of GC material is extremely good with a
~dry density of 1.81-1.92 t/m3 within a range ‘of 3% of the optimum moisture

content, The optinum moxsture content is 13% and is about the same as the field
‘moisture C_ontcnt



This material hias an ’mglc of internal fI‘lCthIl $' of over 30°and a cohesion of over
3 1/m2. The coefticient of permeability is very low at 10 8 m/sec, owing to the high
content of clay. This mateual is the mmt ‘;urrabic for core nntcual

CH. CL, Matérial

This material is widely dcmibuted in the upatream and downstreany bmrow areas at
relatively shallow depths in moderate quantity. Itis generql]y brown or light brown
in colour and has a grain size distribution of 25-55% Clay content, 10- 30% Silt
content and 15-40% Sand and Gravel content. The specific gravity of <;011 ‘particies
is about 2.68. The field moisture contént has a wide range of 17-31%, but the soil
is plastxc w1th a plasnclty mdex of 11-33%.:

The mechamcal properties of CH CL ma{en‘ll are represented MK 49 in Table 139
and Fig. 13 5(1/3) ' :

The dry density in the compaction test w1thm a range of $3% of the optimum
moisture content is comparatively low at 1.61-1.71 t/m3." The optlmum moisture
conient is 18% and is on the dry side of the field moisture content.

Within the satie tan ge of moisture content, the angle of int’crna_l friction ¢' is over
170 and the cohesion C"is over 2 /m2. The coefficient of permeability is not

_affectéd by compaction due to high content of clay and is 108 cm/sec. This very
impervious material can be used as core material, but its strength is comparatively
low.

1.3.2.3 Suitabiiity as Impervious Material

“Judging from the physmal and mechanical charactcrxstlcs of C'lCh soil type, GC
material is rated as the best suited soil material to be used as impervious core material i in the
rockfill dam or as earth material in the eanhfﬂl dam, followed by SC material and CH. CL
rnaterial in that order.

Out of the abovc three soil types, even the mf&nor CH. CL material is not
necessarliy judged as not smtable for the impervious core ‘material or earth material. Its
1mpermeab1hty is excellent and moreover, the field moisture content is very close to the
optimum moisture content. In the compaction test, dry density show an increase when the
‘compaction energy is raised to 300% of the standard compautmn energy, showing no
problems due to overcompaction (sce Figs. 1.3-6 and 1.3-7). With an average plastlcny '
index of 25, this material has sufficient resistance against piping. The strength is somewhat
low, nevertheless, this material could be rated as sufficiently suuable for a dam with height
less than 70 m. ‘

Among the three soil type:,, the available quantlty of SC matenai is the 1argest while
that of GC material is the smallest. Moreover, since GC material is distributed very close to
the ground surface, it is difficult to depend on this quantity. Therefore, when Borrow
Areas E and F are selected, SC material becomes the main material accompanied by some



CH. CL material. Anyway, since these soils are distributed only within a small depth
making it necessary to collect the soil material from a wide area, it is virtually impossible to
differenciate the soils of those three categories in the site.

. Therefore, the various design criteria for the basic design of the dam should be
determined with respect to the inferior CH. CL materials.

- Considering that the moisture content is controlled within a range of +3% of the
optimum moisture content, the minimum values in this range are taken as the design values
of the CH. CL material. ‘However, since all the new triaxial _'cofnpressioh tests were

-conducted in saturated condition, the strength in the unsaturated condition was estimated at
C = 4.0 t/m?, or twice the value in'saturated condition, after thorough consideration of the
resulis of previous triaxial compression tests conducted in unsaturated condition. The
design values are summarised below (see also Fig, 1.3-5(1/3)).

Moisture Content =  21%
Specific Gravity of Soil Particles = 2.66

. Dry Density _ = 161 t/m3
Bulk Density .~ = 1.95t/m3
Cohesion (when Saturated) C'sat =  2.0¢ym?
Angle of Internal Friction ¢’ = - 17e
Coefficient of Permeability k = 107 cm/sec

3.2.4 Maftters of Special Attention

The major part of soil materials selected for impervious material will be SC material.
However, CH. CL material will aiso be mixed in large quantities. Therefore, development
- of high pore water pressures, which is detrimental to the stability of the dam, could be
expected during compaction. However, it is difficult to observe the actual behaviour of
‘pore water pressure in the trixial compression tests conducted in the present investigation
since the pore water pressures are not measured completely,

- In order to overcome the possible development of high pore water pressures during
construction, it may be necessary in the design, to take suitable measures such as the
limiting of the thickness of impervious core in the case of rockf{ill dam and the instailation
~of Chimney Drains, etc., in the case of earthfill dam.

Moreover, prior to the detailed design, it is also necessary to determine the
appropriatc type of rolling equipment, the number of turns of rolling, the thickness of
spreading and the working moisture content, etc., by conducting field compaction tests.

Since the impervious material required has to be collected from a comparatively thin
tayer of soil extending to a wide area, the use of power shovels in excavation can not be
considered due to extremely low efficiency. Moreover, when considering the severe
irregularities on the surface of base rock, bulldozers are considered more suitable than the
scrapers for excavation and collection of soil material. Therefore, a combination of
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bulldozers with whcel loaders, etc., for loading and dump trucks for the transport of
material is COHbldCILd appropriate for this site. : '

In the proposed bmrow areas, the cxplmtabie soil material is. covered by a
comparatively thick layer of topsoil. Therefore, excavation and removal of & tremendous
volume of topsoil becomes inevitable: It is an effi icient and econotuical pr ocedure to refill
an already excavated area with disposed topsoil flOlIl the other area whlch is excavated
later. _ :

The stagnation of rain water, etc., in the borrow area can largely affect the quality of
soil material. Since the proposed borrow areas are- spec:ally w1de, it is neccssary to pay
special Attentlon on the dramage in borrow areas durmg construcnon

133 Filter Material and Fine Aggregates_ for Concrete
1.3.3.1  Availability and Exploitable Quantlt}'

Wlth respect to filter mat¢rial for the fill type dams and fine aggrcgates for thc
concrete dam, mvesﬂgduons were carried so far on the riverbed dep031ts of Amb'm Ganga.

The first investigation of the riverbed dcposn was conducted in 1966 along with the
investigation of borrow areas for earth material. In this investigation, the thickness of sand
at the riverbed was measured by penetrating a metal probe into the riverbed deposit.
According to this survey conducted in a range of 3 km upstream and 1.3 km downstream,
the average thickness of riverbed deposit was about 3 m.

Assuming thé average thickness of riverbed depdéit at 3 m and the average width of
the river at 40 m, about 520,000 m? of riverbed deposit could be expected in the 4.3 km
stretch of river mvestlgated above. S

The second investigation was conducted from July to Sepiember 1978 on. the
riverbed deposit of Amban Ganga in the upstrean of dam site. According to the results of
this investigation (see DRAWINGS), about 100,000 m3 - 150,000 m? of sand is
deposited for every kilometer lcngth of the tiver in the mvcsngated section.

As above, anCSUgdthHS had been conductcd twice in the past on the r1vc1bed
deposit and the volume of deposit does not differ very much in them, Therefore, in the
present investigation, laying emphasis on the. physical and mechanical propetties of this

- material; tests for specific gravity, gradation and relative dens1ty and moreover, triaxial
compressmrl tests (at Dy = 65%) were conducted : ‘

Riverbed materials are deposited also in the low- -lying. areas other than the riverbed,
for example, in the Borrow Areas C; and D. However, the results of reconnaissance and
auger borings conducted in these areas show ‘that the content of silt and finer material is
relatively high with about 10%-30% and therefore, these materials could not be considered
suitable. On the other hand, the riverbed material deposited under the water which is
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naturally washed and cleaned through the long years could be considered the most desirable
material.

_ The sand suitable for filter material in the fill type dams and for fine aggregates in
the concrete dam is available in Amban : Ganga as riverbed material deposited to an average
depth of 3 m. It is reasonable to consider a volume of about 100,000 m3 per kilometer of
river length. - '

- Possibility of alternative fine materials to be obtained by crushing the rocks
available in the damsite was examined by laboratory tests, similar to those conducted on
river sand, on the samples from the adit in the damsite.

1.3.3.2 'P'hysical'an(! Meclmnical._Prog)e;‘iies

In accordance with the results of the tests conducted in 1966 on riverbed deposit of

Amban Ganga,while those of the tests conducted in the present investigation area shown in
Table 1.3.9.

River sand collected from Amban Ganga is very clean, and as clear from the grain
size distribution curves shown in Fig. 1.3-8, is a fairly coarse sand with an average
Uniformity Coefficient of 2.64. This sand has a Fineness Modulus of 3.40 on the average.

Alth_ough there is a slight variation in the specific gravity of sand in the previous
investigation, this variation is very small in the present investigation, In the dry basis, the
average value of specific gravity is 2.55 and in the saturated surface dry basis, this value is
2.62. S '

Also in the absorption test, the results in the two investigations differ largely.
However, in the present investigation, the average absorption is 1.20%.

From the above results, specially in the present investigation, the riverbed deposit
of Amban Ganga is suitable both as a filter material for the fill type dams and as the fine
aggregate in the concrete dam. -

Further, in order to grasp the mechanical properties of riverbed deposit, triaxial
compiession tests are being conducted using sand with a relative density of 65%.

The grain size distribution curve of rock blastings obtained from the adit is shown
in Fig. L3-8 (curve MKF-28). Since the content of silt and finer particles is over 30%, this
material is hot considered suitable for the filter material or for the fine aggregate.

1.3.3.3  Suitability as Filter Material
: .'I'hc river sand of Amban Ganga is the only material available in the close proximity

of the damsite and suitable as a filter material for filltype dams and as a fine aggregate for
the concrete dam. The test conducted on rock blastings obtained form an adit in the damsite



prove that rock blastings cannot substitute the river sand due to the very high content c:t" silt
and finer grains, which exceeds 30%, in the former. :

The river sand is found to be clean and homogencous tluoug,hont mc area
investigated. Its relationship as a filter material with respect to the impervious ‘material is
excellent satisfying the condmons Fys, 5B;s and Fis 5Bgs (see g, 1.3-9).  Moreover,
with practically on par ticles passing No. 200 Standard Sieve, this sand satisfies all the
conditions of a fnltm material, including the condition; Fs 0.0075 mm. The only
shortcoming of this river sand is that its grain size distribution curve is not parallel to the
grain size distribution curves of impervious material but rather steep. Even this would not
be a problem if the width of the filter is taken larger than 3 m. - :

The design 'vnlues of the filter matenal are cstabhshed as follows based on Table

1.3.9.
- Moisture content w - = 0%
Specific Gravity of Soil Particles = -2.62 -
Dry Density ¥d = 180 ¢/m?
Bulk Density ¥t ' = 1 ;91 {fmd
Cohesion C : o= 0
Angle of Internal Friction ¢ = 300

- Since the lesuhs of the tests for ihe determmanon of dcnslty and the results of
maxml compression tests conducted at 65% relative density are yet to be obtained, the
generally used values are adopted here tentatively. The angle of internal friction of sand is
generally in the range of 30°0-35° and the lowest value of 30° is taken here as the design
value. -

1.3.34 Suitabilify- as a Fine Aggregate for Concrete

The fine aggregates for dam concrete should be clean, excellent in hardness and
durability, of suitable particle size and should be free form harmful amounts of dirt, mud
and organic material, ete, In this respect, nverbed material of Amban Ganga is very clean
and practically does not contam any harmful amounts of or gamc material, etc.

I‘he most appropr:ate grain size distribution of fine aggregates for dqm concrcte 18
said to be within the range shown in 'I able 1.3.10, which is established with long pracllcaI
experience. Particles finer than 0,15 mm are very important both in reducmg the bleeding
of concrete and improving the workability, However, the. riverbed material tested in this
investigation, practically has no particles finer than 0.15 mm and on the other hand is a
relatively coarse sand with an avcrage fineness modulus of 3.40.

'Ihereforc, this xiverbed mdtemal alone. could not p]ay the role of fine dggregate
satlsfactonly However, it can be used satlsfactorily as a fine aggregate for dam concete by
adjusiing its grain size distribution using fine sand available in the sands of the river or
using the fine matenal obtained by crushing the rocks available in the dams1te



.. Next, w:th regards to thc use of quarry rocks for a fine aggregate for dam concrete,
the tests condueted-in this investigation prove that this material is not desirable for this
purpose due to its high content (38%) of pdrtlcies finer than 0.15 mm. Moreover,
considering the shape of crushed particles which has a large influence over the strength of

“concrete and the large costs necessary for croshing plants, etc., river sand is remarkab]y
supetior to the rock blastings in many ways.

L3.3.5 _Mu[tt;rs of Speciai Attention

In collecting the material, since it is necessary to dredge the riverbed material from a
relatively long stretch of the river, the use of pump dredgers are considered desirable rather
than drag lings, etc., from the view points of movability and efficiency. However, in this
case, considerable turbity of river can be expected due to tarbulance at the riverbed and it
. may be neceSsary to take suitable precautions. :

134 Rock M*ltenal 'md Coarse Aggregates for Concrete
'1.3.4.1 Avaxlqblc Quantlty and the Selection of Quarries

. In the mvesngahons conducted in 1963, after reconnaissance of the vicinity of
- damsite, 4 spots were considered as the possible quarries to collect rock material for the
rockfill dam and coarse aggregates for the concrete dam. According to the report on this
Ainvestigation, Quarry No.1 is located 3.5 km north of the damsite and consists mainly of
crystalline limestone. Quarry No.2 is located on the left bank of the river about 2.0 km
upstream of the dam site. This too, has crystalline limestone as the main rock type. Quarry
No.3 is a small hill located on the left bank near Elahera Anicut in the downstream and
consists mamly of charnockite. Quarry No.4 is located on the right bank about 6 km
- downstream and consists of charnockite.

In the present investigation, reconnaissance of these proposed quarries was made

~once again and it was found that Quarries No.l and No.4 are not preferable for long

distance of haulage, while Quarries No.2 and No.3 are both small hills and not sufficient
for a massive requirement,

On the other hand, the hill with its peak at about EL. 355 m, proposed by the
_Japanesc Preliminary Survey Team as a prospective quarry, is located on the right bank
about 1.2 km upstream of the damsite.

_ Geologically, this area consists of gneiss, charnockits, crystalline limestone, cale
gneiss, etc,, of the Pre-Cambrian Highland Series. All of these rocks are in fresh condition
hard and homogeneous with very few cracks, qualifying this site as an excellent quarry for
rock materials and coarse aggregates. Results of Boring DM-29 show that rocks above
EL. 225 m are gneiss and charnockite while those below this elevauon are mainly
crystalline limestone and calc goeiss.

"The strike of the rocks varies from N-§ to N 40°E. Dip is about 10°-30° to west.
Fault structures donot exist in this area.



Quaternary deposit covering these: baserocks is only top sml not exceeding 1 m -
2 min thickness. Talus deposits are rather rarc The flat areas clo‘;e to Amban Gﬂnga are -
covered with river deposlts - -

In Boung DM 29, lhe thlckness of weather ed zone is about 15 m. tlm wcathel ed
zone is in'a condition where relatively fresh blocks remain- among decomposed-rock,
Rlocks of fresh gneiss are very hard and sultable as aggmgates for concrete. '_; SERRER

By- selectmg the area above EL. 200 m of tlus hill for quarry, it wﬂl be. casy to
construct a road for the transport of materials to the right bank of the damsite. This
proposed quarry, which isreferred to as. Quarry Q- 1, has a haulage distance of only about
1.5 km. By the adoption of Bench Cut Method, it is possible to obtain sufficient cut face.
This proposed quarty meets in every way requirement of a massive production of material.
Sufficient material is available here only by cutting a small part of this hill (see Fig. 1.3- 10).

With regards to the rock material for the rockfill dam, Moragahakanda Hill which
makes the left abutment for the second sub dam is considered suitable for a quarry as
proposed earlier by the Japanese Preliminary Survey Teain. This area. hereinafter referred
to as Quarry Q-1Lis geologically very much similar to Quarry Q-L In Boring DM-39, rocks
‘above EL. 280 are scen to be gneiss and charnockite while those below this elevation are
calc gneiss, crystalline limestone, etc. Both drillings DM-37 and DM-40 encountered
crystalline limestone or cale gneiss, ‘As in the case of Quarry Q-1, all the fresh rocks are
hard and homogeneous with very few cracks.

The strike of the rocks is almost in the N-S dlrectmn and the d:p ranges from 15910
the honzontal :

Quatt,ma:y' deposii distributed over the baserock is only 'top'sbil of thickness not
more than 1 m - 2 m, while very thin layers of talus dep051t are observed rarcly

TthkﬂESS of the weathered zone is about 4 m in DM 37,9 m in DM-39 and 2 m
in DM-40. The thickness-in DM-39 is deemed cominon on the slope, ‘whereas thin
weathered zone as is seen in DM-37 and DM-40 is exceptionally characteristic for the
terrace which had undergone intensive erosion in the past.

ththered condition is very much SImllar to that i in Quan‘y Q-1, thh rel‘itlvely fresh
blocks contained in decomposed rock.

Considerin g the eastern side of this Moragahakanda Hill becomes the abutment to
the second sub dam, the quarry should be located on a relatively steep slope above
EL. 200 mon the southeast face of the hill, for advantagcs as follows:

- By selectmg the i quarry at an elevatlon above thc highest water level in the
reservoir, future problems of leakage through exposed rock could be avoided,

- ’I‘he soﬂ covering is thin,

- To make it possible to have cut faces as long as possible, and
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- To. bung, down the average gradient of the road for transport of materials to about
5 %.

. As.a result, the average dlstancc of haulage from the Quarry Q-II 1o the damsite is
about 1.5.km. Considering the scale of this hill and the quality of material available here,

there is no problem with respect to the quantity of exploitable rock matereial (see Fig.
1.3-11), _

1.3.4.2 PhySica! and Mechanical Properties

Quarries Q-1 and Q-1I consist of various rock types such as gneiss, limestone, calc
gh’ciss,.chm‘nOckit_e, ete., either.in fresh condition or in weathered condition. Several
samples picked up from drill cores in various degrees of weathering were tested for the
physical and mechanical properties such as specific gravity, absorption and compressive
strength. The results of these tests are summarized in Table 1.3.11.

In this table, samples denoted with DM-29 represent Quarry Q-I, while those with
DM-37 represent Quarry Q-1 The remammg samples are obtained from the drillings made
along the dam axis.

It i‘s clear from this table that fresh gneiss has a specific gravity in the range of 2.91
to a rarely high value of 3.35; and a mean value of 3.04. Specific gravity of weathered
gneiss is about 2.82 while that of calc gneiss is in the range of 2.83-2.91. Fresh limestone
shows values in the range of 2.88-2.92.

Except for weathered gneiss which shows a relatively high degree of absorption in
the range of 0.37%-0.57%, all the rock types show values generally less than 0.25%. The
average absorption for the fresh rocks of all types is 0.17%.

~ The compressive strength of fresh gneiss is relatively high with values varying from
1,111 kg/fem? to 1,832 kgfem? and with an average value of 1,542 kgfem?. Calc gneiss
shows a compressive strength in a wide range of 661 kg/cm? - 1,124 kgfem?2. Although
only two samples were tested, fresh limestone has a compressive strength in the range of
668 kgfem? - 842 kg/em?2, Tt was impossible to determine the strength of weathered
gueiss because of cracks in the boring core specimens.

As clear from the forgoing, the rocks available in Quarries Q-I and Q-1 have a
compressive strength in a wide range of about 650 kg/em? - 1,800 kg/ecm?2.

“Furthermore, tests were also conducted with blasted rock samples obtained from
~ outcrops in the vicinity of Quarries Q-1 and Q-II. The results of these tests for the various
properties stich as absorption, abrasion, soundness, density and specific gravity are
presented in Table 1.3.12. The rock types used in these tests are basic charnockite in the
case of Quarry Q-1 and limestone in the case of Quarry Q-11. These rock material obtained
from outcrops are generally weathered during the long period of their exposure o the
atmosphere.
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The %pcmﬁc gravity of charnockite in erry Q-lis about 3. 02 and that of limestone
in Quarry Q-111 is about 2.91. -

In the soundness tmt by the Sodium Sulphatc Method as. per Desrgnauon 19 of
U.S.B.R. Concrete Mannual; the percentage loss is ‘less than 4.7% in- the case of
chamockite, but as large as 15.8% for the particles passing 3/8" sieve and retained in US4
sieve in the case of weathered limestone: However, the average percentage loss of all
coarse aggregates passing 3" sieve and retained in Us- dsieve is only 2. 2% in the case of
chamockite and 7.9% in the case of weathered limestone. R

Abrasion of charnockue is 7.4% after 100 levolunons and ”:6 1% after ‘500
revolutions as agamst the correspondmg values of 22. 0% and 68 4% of weathered
limestone. . : -

The average absor ption of coarse aggiegates is 0 27% for charnockite and 0. 40%
for wedtheled llmcstOne

1.3.4.3 'Suitabiiitv as Rock Material

As mentioned earlier in 3.4.1, Quany Q-1 is meant for rock m'itenal for the rockﬁll
dam. The laboratory test of the rock samples, gwes ‘compression sirength in the range of .
650 kgfem? - 1,800 kgfem?2. The percentage loss in soundness test gradually decreases
with the increase in size for particles above 5 mm. Taking the above into account, this
material can be satisfactory for rock material for the rockfill type dam.

The design values of rock material are tentatively established as folloWs:

Moisture Content w = 2%

Specific Gravity Gs = 270
Dry Density Yd = 1.80 ym3
Bulk Density Yt = 1.84 ym?

Angle of Internal Friction ¢

40° (assumed conservatively)

Similar quality can be expected for calcareous rocks in the sub-damsite No.1. In
case that diversion channel is excavated throtigh this site, the cxcwated material can be
utilized for rock fill material. :

1.3.4.4  Suitability as Coarse Aggreg'ates for Conerete

‘Quarry Q-1 is proposed as the quarry for coarse aggregates for dam concrete. -
Results of the tests (see Table 1.3.12) show that rocks obtained from this quarry
sufficiently satisfy the following condltlons for coarse aggregates as specified in the
Concrete Manual;

0.22% - 1.0%
22% - 10% -
4% - 10%

i

Aycrage absorption
Soundness (% loss)
Abrasion after 100 rev.

i
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36.1% - 40%
3.02-2.60

Abrasion after 300 rev.
Specific gravity

il

i

By selecting rocks of charnockite and gneiss in Quarry Q-1 above EL. 200,
sufficient quantity of material suitable as coarse aggregates for the concrete dan could be
obtained. ' :

1.3.4.5 Mat_ters of Special Attention

The Large Scale Direct Shear Tests for which the preparations are being made at the
field should be conducted without fail prior to the detailed design of the dams. The results
of these tests should be taken into account in determining the design values.

At the stage of detailed design, it may be required to consider the necessity of
excavating adits and conducting blasting tests in order to confirm the thickness of
weathered zone and the variation of rock types in Quarries Q-1 and Q-IL
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Table I.2.1 RESULT OF CORE DRILLING

: . bepth inclinatibn . 7 Wéter préés. . Locatioﬁ
Hole No. " (m) " of hole “test (times) . énd remarks
DM-29 46.00 _ Vertj.c'ai | T Qua;ry site "Q»-I"'
DrM~-30 52.70 60'degrée.from | 14 .Maiﬁ damﬁite | |
horizontal '

DM-31  52.40 60 degree From . 14 Main damsite

: ' horizontal _ ' .
DM-32 12.00 . Vertical - Main dam§ite
DM—33'. ' 13.96 vertical o= ‘Main damsite
DM-34 15.60 | vertical | _ - Main aaméite
DM--35 60.95. .Vertical ' 18 . 'First_sub damsité”
DM-346 61.25 .Vertical : o 16. _ Secoh& sub. damsite
DM-37 61.60 Vertical . ' 18 Second. sub daﬁsite
DM-38 158.35 vertical _ 14 - Second sub da@site"
DM-39 91.45  Vertical - Quarry site "Q—rIH
DM~40 .91.75. ~ Vertical - '.Quarry site "Q-IT®
DM-41 _ 45 .70 . o Vertical - : Quérry site "g-1TI"
Dﬁ—l - 30.00 Vertical - Diversion weir site
DH-2 19.50 Vér&ical_ L - - Diversion weir site

14 holes 713.15 ' 94
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Table I.2.2 ‘RESULT OF SEISMIC EXPLORATION

Exploration

Length

Location

Remarks
- line {ini)
ca 800 Main damsite Parallel with dam axis
éé'.. 355 Main damsite Parallel with dam axis
cc 305 Main damsite Vertical with dam axis
CcD 305 Main danmsite Vertical with dam axis
CE 205 Main danmsite Vertical with darm axis
RA 800 First sub damsite Parallel with dam axis
RB 3090 First sub damsite. Verticél with dam axis
EA 605 First sub dansite Vertical with dam axis
EB 405 First sub damsite Vértical with dam axis
EC 505 Second sub damsite Parallel with dam axis
NCP-A 355 Diversion weir site Vertical with river
NCP-B 335 Diversion weir site -
1z linés 5,305
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Table T.2.3 RESULT OF TEST ADLIT

Length

No, Open cut {m) Tunnel {m) “Total {m) - Location
1 7.20 - 25.80 23,00 Right bank of main Gamsite
2 5.00 26.50 35.50 "
3 9.75 48.75 58.50 "
4 7.00 : 29.00 36.00 Left bank of main damsite
5 4.50 40.50 45 .00 "
6 15,00 30.00 45.00  Right bank of first sub damsite
7 65.00 A 65.00 +d Left bank of first sub . damsite
8 16,00 21.00 37.60 "
133.4% 221.55 +d 355.00 + &
Note: No.7 is not completed.
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Table I.2.4 RESULT OF TEST GROUTING

Depth of grouting

1- 38

rilling
‘Hole No. ‘VdeDth_(m) section {m) Remarks
GH-1 27.45 11,05 - 27,45 Grouting hole
GH-2 27.45 13.60 - 27.45 n
GH-3 38.00 4.85 ~ 38.00 "
GH~-4 27.45 12.67 - 27.45 Check and grouting hole
GH~-5 27.7170 12.95 - 27,70 Grouting hole
GH~6 27.45 Check hole
6 holes 1?5.50
Location: Left bank of first sub damsite
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Table £.3.1 . LIST OF DATA COLLECTED ON PREVIOUS SOIL SURVEY

1.

2.

3

4o

5e

¥ap of Dam Site and Vicinity with Location of Soil Survey,
Soale: 1/10,000.

Roporﬁ-on the Praliminary-Soil Investigation: for Moragahakanda
Reservomr Progaot, Oct. 1960,

2.1, Looation Map of ‘Auger Holes.
. 2-2.- Field Noles and Summarized Data on Logs of Auger Holes, 31 holes.
~ 2-3. Summary of Laboratory Test Results.

Report on the Investlgatlon of Barth Materials for the Moragahakanda
Reserv01r Scheme, 1961,

3-1, ‘Location Map of Tesat Pits; 49 pits.
3<2. Summary of Laboratory Test Results.

Report on the Subsoil Investigation of Moragahakanda Reservoir, 1966.
4~1. Location Map of Auger Holes and Test Pits.

‘4--2. Loge of Upstream Test Pits; 4 pits.

4~3. Logs of Upstream Auger Holes; 29 holes.
4-4. Togs of Downsiream Test Pits; 9 pits,
4-5. Logs of Downsiream Auger Holes; 97 holes.

Horagahakanda Dam Axis Soil Investigation, May 1978.
5-1. Loga of Auger Holes; 25 holes.
Horagahakanda Borrow Area Soil Investigation, Jul.--Nov. 1978,

6-1. Skeich of the Location of Test Pits

6-2. Logs of Test Pits; 44 pits.

6-~3. Resulits of Laboratory Tests,

6-4. Summary of Laboratory Test Results.

6~5. Results of the Investigation of Riverbed Material.
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LABORATORY PESTS GONDUGTED FOR INVFSTIGATIONS BY JECA (1978/79)
Table T.3.2  NUMBER OF LABORATORY TESTS CONDUCTED ON

IMPERVIOUS MATERIAL

BORROW AREA ~ |, | g ¢ fe2 | D! B | F |fotal
TEST ITEHM R . N
o W lw el lwi sl e & 1wl
digldieldieldiaidleld aidied
pih BBk RO SRS R Y8
81218 4)8)4)2\4 )84\ & 28| 4 &
Specific Gravity 3 b Pl sl el 13l g sl ojzles 3
B Fleliy_olsture Contixitﬁ*‘ 3. 3‘ 3 3__. __i_,"‘iw 101 3 2—8'Lj
Gradation 3 3013 3 3 31410 3___2; 3
| Avtorverg lmits 31 31 130 [3] 3] |3 10j3)28 3
Compaction Ec=100% . : 3 N I __'M . 13 b 3
Bo=3005 .| | | | ] | 3] ]3]
) at 0.M.Co | | T HE IR
| : e B e
Permeability |Dry at 0.M,Co-4%| | Lt | 13 3
: Wet at O._B'I..C-.'l._'ﬁr% ’ : _; ' li 3 3
Triaxial at 0.M.C. HNERE | 3 3
Compression |Dry at O.M.C.—4%{ | : ; . é"u, 3 3
( scr ) Wet at 0.M.C,+4%| | } 3 3
at 0.M.C. 3|13
Congolidation|Dry at O.M.C.—4% 3 3
| Het at 0.M.C.+4% § 3 3
Table T.3.3  NUMBER OF LABORATORY TESTS CONDUCTED ON
FILTER MATERIAL AND FINE AGGREGATES
'h“‘““==m::;:;‘&\i_ﬁ - LOCATION | ;;S%ream |
TEST ITEM . TTe— Riverbed
Specific Gravity ? T B
Gradation | R N
Dengity ( Maximum, Minimum and Relative) 2
Triaxial (S0U) at 654 Relative Density | 2 ]

1=
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Table 1.3.4

-'T“‘—.'—v-.__ i

T —
TEST ITEM

'LOGATION

Spébific'Graﬁity

NUMBFR OF LABORATORY TESTS CONDUCTED ON
COARSE AGGRFGATES AND ROCK-FILL MATERIAL

Q-

Q-1

" Boring Core 10
Blagtings 2

Abéopiion

Compressidn _

_ So&ium Sﬁlphaie Soundness

Los Angéles Abrasion

VBorlngGorelo

BorlngCorolo

Borlngéore 2

Boring Core 2

Boring Core 2
Blastings 2

DAM AXIS

“Boring Core 9

Boring Core

Boring Core 9

Boring Core

Boring Core 9

2
2
| Boring Core 2
2

Unit Weight

Boring Core 2

# In addition to these, Large Scale Direct Shear Tests are conducted

for Rock Materials.
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Table 1.3.8  SUMMARY OF LABORATORY TEST RESULTS (JICA-1978)

renaining samples are oxiracied from auger holes.
. 2) .8ee almo Table 2.5. for ths resulis of mechanioal testa
conduoted with samples MK 49 -~ 5l.

| Consiatenoy Gradation
-"sﬁﬁ
~ B A E
é: g * H .g ol _E ~ g
el 2 'uag ~Eh IS A S .
ey (8% 11°18]3|3|% g% g3
.o il H L P 1o § el
I R I B | PN o b Rl B R
; . . N | wl el s |
SIS S S A I AR R B T RN R
s (Al 4 Bl e | 3 N B D Bl e Y
B : ‘g 2 | 28 o3 o el w|H ol @ ? ? ﬂ'g
® % PR BRSSPI I+ (R S| e . B Rl |l d gl dd
- al ol & " - i A ot _%;aa e 3 L ALl B RS
o ] H'ﬂﬁ‘{ép 1~ E __ﬁs,nuaeﬂvl
. L e N : o
g g%g wgp g 330:@&@338&&. &E
momlR A = N B SRS R R N A N S N
WK 49| ¥|TLI1.0-2,0[CH|17.1]50.8|24.2 |26.6 [42] 7|16]20133] 2]-0]100[49 2.8
HK 50| P{T72|0,5=1.0/GC|12.5146.9124,.2 {22,719} 2| 1] o|23]55{ 0] 88|z {2.70
X 511 PiT311.0-2,018C|20.4{ 27.4{12.9 N4.5|21]10{21{28|11| 9| 0} 94]32{e.66
| MK 528 Pl oX(1.0-2,0 CH|23,4148.0|24.6 (23,4 {44113|11 {16114 2| 0{100|58|2.62
MK 531 P| 41 0 «1,0100012.3131.2{128.9112.3 /18] 7! 8]13122]32| 0]100]25/2.66
KK 541 ¥ 511.0-1.518C116,6136,0{16.9 19,1 {1712 11 {18/32/10| 0{100}30 (2.85
MK 551 Fj 6{1.0-2.0|CH|31,0[61.0/32.3 [28.7 52(25]| 810] 4] 1| 0]100|78 |2.66
MK 56! Fl1011.0-2,0(CL|28.3] - | 38150112114] 6| 01 0]100{702.668
WK 57 P11311.0.2,0(80117.5{29.1{16.2 12,9 18{202225[13]| 2| 0}160]38[2.61
ME 581 Fi1711.0-2.0{5C|12,4[42.9i21.9 21,0 (25| 6| 5[10(|29{25] ©{100{322.75
HE 591 Fi22| 0 =1.0}30{17.8{37.1;21.6[15.5 (22 |26112|19{17] 41 0]100]49 [8.60
MK 60| Pl24| O ~1.0:50{20,6|31.7(15.216.5 181819 |19]16]10| 0!100|38(2.64
ME 61| Pi25| O ~1,0(3C|27,7|86.6/24.2 [22.4 [30|34119 1221 4] 11 0|100|71|2.62
RK 62| Pi2611,0-2,0(CH(23,8/59,8126.8 [33,0(53]12} 9115!20{ 1] 0]100(6% [2.61
| M 63 A] T]1,0-2.0[3C[16,5[29.8(14.9 (14,9(25120{35[19] 1| 0] O 100[472.63
KE 64| Ki 2] 0 ~1,0/CL|23,1144.8]21.9122,9135/22137133[301 3] 0[100(63 2,63 .
WK 65 B 111.,0-2,080115.8135.2 17.4 [17.8 |27 {18117 {24]12] 21 0[100[46]2.64
HK 66| B| 2]1.0-2,03C|10.9|27-2{14.8 12.4119[10]19(26{19] 7| 0[100}30|2.64
67 31020-24015C 12,5/ 27,2(32,3 (14,920 133 2* 128]18] 2] 01100:31 (2,65
MK 68] Al 3] 0 =2,0{CH|18.9 - AT171181141 3] 11 0110016%(2.64
MK 691 B] 1| 0 -2.0|CH|21.9]49,7(22,6(2T.1[61] 6| 7(12]22| 2| O[100(67|2.62
MTOA] B 2)70+0,75]30{18,3,40,5/20,1120.429119/12]14{15/11] 0]100|50}2.64
WP | B! 210.15-2.0{3C0{18.8;28,1117.3(10.8(23 29124117 6| 1| 0:100|61|2.67
MK 7118 3| 0-1,25i5C|14.2137.9/19,3118,6(25]11110114124|161 0]100|37]2, 71
MK 721617 11 0=0.75SC {142 - | - | 35 51 3| 6]15°36] 0|100[40[2.61 "
HK 73|C1]| 2§ 0 «2,0{8C|15.,3]34.,0{17.1]16.9[22{11]13{14124{16| 0]|100}34|2.68
| MK T41C1t 3| 0 ~1.0{58C[13.91507124.126,6:34! 9 1| 6 30l20; 0[100{40[2.62
+ MK 750D 170 -1.5(SC110.2144,0{21.6(22.4129] 5| 2| 020,44 0:100735[2.67
JME 761 DY 2| 0 ~).51S5C[14.5]39.2[16.5122. 732 |17{33!21iaT] 7| 01100]43[2.60
| MK 77) D} 3| 0 -0,680112,8]38,8|22.2]16.6(32124! 9116,18]11] ©0{100/46]2,6]
MX T81¢2] 1] 0 ~1,5]CL[2C.0[50.6]21.7 8.9 42| 8116;14,16,10| 0[100;50|2.66
HX 791C2| 2| 0 «1.5/0C| 8.1156.4123,1133,3130] 1| O} 1{23{45; 0;100/31|2.61
- MK 80102} 31.0.wl.5i0L123,0050.0{22,6]27.4[471 .7 614121 5 0]L0Q!54]2.63 ..
Notes: 1) Samples MK 49 -~ 51 are extraoted from test pits and all
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Table I.3.12 ~ LABORATORY TEST RESULTS OF ROCK SAMPLES
| FROM BORING CORE

SAMPLE _ LOCATION OF| ROOK MYPE | SPEGIFIC |ABSORPTION [CONPRESSIVE
Wo. = | EXTRACTION GRAVITY STRENGTH
B fsrm\pm?‘rﬂ(ﬁ) | ~ [s.s.D|DRY \ (%) (Xe/om?)
DX 20-83 |Qmeexy £ ] 14,5 [Woathered |2,817]2.807| 0.374 - W
DK 2985 | ® | 14:5 |Gneles 2.832]2.816 | 0,570 T - x
| on 29-227) 19,0 |Fresh Gneisa | . | . - 1832
DN 29-128[ % [19.2 |  w 2.914| 2,912 | 0.064 1492
DM 29-133| - " 20;8' " I - 1542
| oM 291390 | 20,9 " 2,997] 2,986 | 0,377 1200
DK 29155 % | 233 " 3.164/3.162| 0,080 1813
DN 29-162 " |.24y5 n 2.803| 2,797 0,202 1536
DK 29-162)  * 2.5 " 3.353[3.349| 0,134 1536
DK 29-17¢] " | 261 " - - - 1818
DN 29177 * 26,2 " - - - 1111
{oM 29-188 * | 28,8 |Calo Gnedss  |2,834]2.827 0,251 1124
DN 29-220 - * | 377 v |2.847]2.842] 0,185 661
DX 29-254 " 45.3 |Freshlimestone|p,880!2.874| 0.233 668
PE 37-16 (Quawy W} 2.6 |Calo Gneiss  |5,934(2,913| 0.038 713
DK 37-37| ™ | 6,8 |Freshlimestone{s,9232.919/ 0,107 842
DX 6-2 = |Dmakeaj 11,7 |¥Fresh Gnelss |3.055/3,054] 0.037 1996
¥ 7-18 " 1L.5 " 3,063|3.061| 0,021 1847
DE 16-77 | *® 15,7 n 2,917 2.916] 0,045 1268
DX 16-86 | *® 18.2 " | 2.927|2.926] 0.043 1792
P 19-28 | & | 13,1 |Pfystaliine 1, 89602.8911 0.149 473
PM 2023} 7 "~ 7.0 |Guelss 3.180[3.106| 0.052 1889
DK 7325 | " 15.8 |Cale Omeims  13,915/2,911 0,163 1132

 Hoter # Unable to determine ths ocoupressive sirength dus to oracks

in ths rook samples.
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Normal stress - shear stress graph
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ANNEX-J - OPTIMUM SCALE OF DAM AND POWER

STATION

J.1 OPTIMIZATION CRITERTA

With the water released for irrigation water requirement and head created by the

dam, certain power is generated. Further if more effective reservoir capacity is provided by
a highe_r_'dam,_ more power will be produced due to higher head and more discharge
available. In such case, more cost will be borne naturally. A study aims to find out the
optimum scale of dam incorporating power generation,

(D

@)

&)

@

®)

The optimization procedure is mentioned as follows:

The optimization of development scale of dam and power station were principally

based on the net benefit (B-C) maximization criteria under 10 per cent discount rate.

In order to simplify the study, the net incremental benefit is estimated for

comparison. The incremental cost, which consists of incremental dam cost and cost

of power facilities including indirect cost, and the incremental benefit borne by the

power generation,

Net benefit (B-C) = Incremental benefit at present worth
: - Economic incremental cost at present worth

The estimation of the construction cost for the comparative study was made
applying the unit prices as mentioned in ANNEX-L and the work quantities which

- were calculated based on the preliminery design, They are expressed in February

1988 price leval,

The economical incremental cost at present worth was calculated, assuming
econotmic life of the Project for 50 years, discount rate at 10 per cent per annum

~and operation and maintenance cost at 0.5 per cent of the total construction cost for

civil work and hydromechanical works of dam and 2.5 per cent of generating
equipment and transmission line. The economic cost was assurned to be 85 per cent
of the financial cost. '

The estimation of the incremental benefit at present worth was made based on the
unit poiwer benefit as mentioned in Sub-section G.2.2, and the dependable peak
power and firm and secondary energy, which were calculated based on the result of
reservoir operation study as stated in Sub-section G.2.3.



J.2 SELECTION OF ALTANATIVE SCALE OF DEVELOPMENT

There are the following two alternatives for selection of development scale:
1) Reservoir capacity altermtlves and 2) lustalled c‘apftcny altel n'mves of powerphnt

As for the reservoir capacity altermtlve%, the to]lowmg three (3) cases were
selected: : : , % :

as HW.L(EL-m) Operat W L (FL —m) LW.L( ED;~m) : _ Z

i 1880 1540 1540
2 195.0 1744 170.0

3 200.0 .1828 1750

Prior to the selection of mstalled capacity alternatives, the firm power potential was
worked out for éach scale of the reservoir according to the operation rules as mentioned in
Sub-section G.2.3. The results are as follows: :

Case | o H.W_.L (EL.m) Firm power Potcnﬁal ka)
1 188.0 | 0
2 195.0 6,000
3 200.0. _ 10,000

The selectlon of mstaHed capa(nty alternatwes was made according to the followmg
concepts :

(1) One concept is to lmnt the maximum dlscharge capauty of turbme at 56 6 m3/s
which is the maximum intake capacity of the Elahera diversion weir, in order to
eliminate the construction cost of afterbay,

(2) The other concept is to mstall a larger capamty of powcrpiam than thc above, w1th'
afteibay construction to meet the daily peak demand. The peaking hours in the CEB
system is around 3 to 4 hours and the plant factor ranges between 0.125 and 0.167.

In addltmn to the above concepts the followmg design condltlons and criteria of
powerplant were applied to obtam the installed capacity :

(1. in case of the aIternatlves based on the former concept 1ated water lcvel of the
reservoir is set at one-third level of the total drawdown from the high water level. In this _
case, turbme can discharge water amounting to 56 6 m3/s at the low water level One unit
installation of powerplant is taken,

(2) In case of the alternatives based on the latter. concept, rated water level of the

‘reservoir is also placed at one- third level of the total drawdown from the high water level.
In this case, two units of powerplant are installed.

¥-2



| ‘Based on the above concepts and design criteia, the following five cases of the
alternative arc obtained ; '

H.W.L Installed Capacity Max. Plant Discharge

oG (@BLem) MW) (/%)
1-1 188.0 0 0
1-2 188.0 23 56.6
21 195.0 26 56.6
2-2 195.0 42 91.7
31 200.0 28 56.6
3.2 200.0 69 138.1

. The principal features of the above alternatives are shown in Table J.1.1 and
illustrated in Fig. J.2-1 for Cases 2-1 and 2-2, and Fig. J.2-2 for case 1-1 and 1-2.

J-3



13 ELAHERA REGULATION DAM

As stated in the previous section; the Cases 2-2 'md 3-2 reqmre constluctlon of an
afterbay to regulate the chscharge released from the power etauon during the peaking time to
56.6 m3/s corlespondmg to the maximum capacuy of the existing Elahera - Minneriya
Canal. The afterbay weir will be constructed immediately downstream from the existing
Elahera diversion weir, : :

The outlines of the afterbay weir are as follows :

_ Case 2-2 Case 3-3
Regulating Pond: N : _
F.W.L.(EL.-m) 146.7 147.9
H.W.L.(EL.-m) 1424 1436
L.W.L.(EL.-m) 138.7 - 138.7
Net storage capacity (106 m3) . ©1.87 2,89
Weir: o
Crest EL.(m) 150.2 . 1514~
Crest length (m) 1,100 1,250
Max. height (m) 20.1 21.3
Type of spillway Non-gated,free overflow type
Design flood (m3/s) _ 3,400
Irrigation intake Overflow type with 1-flap gate,
. 20 m wide x 3 m high
Construction cost (US$106) _ 10.81 13.5

A sketch of the afterbay weir is presented in Fig.J.3-1.

J-4



'J.4  COMPARATIVE STUDY

Based on the above mentioned conditions and criteria, the economic costs and
- benefits were estimated and their relevant outputs are shown in Tables J.4.1 to J.4.3.

SER As seen in the Table J.4.1, it was resulted that the optimum development scale of
dam and power station was given to the Case 2-1, in which the highest net incremental
benefit would be obtained,

The major features are shown below:

Reservoir

H.W.L EL.195.0m
LWL EL.170.0m
* Operation W1, EL.174.4m
Dam & Spiliway Main 1st Saddle 2nd Saddle
Crest EL. 199.0m 197.5m 199.0m
Crest length 490.0m 3%6.0m 490.0m
- Max.height 72.0m 62.5m 42.0m
Volume 2,430x10%3m3 376x103m3 430x103
Spillway Overflow type and stilling basin
Design flood inflow 4,650 md/fs
outflow 3,400 m3fs
Penstock :
Diameter 3,900 - 3,200 mm
Length 87 m
Power Station
Installed capacity 26 MW
Turbine 1 unit, vertical sheft, Francis
(Generator 1 unit, 30.5 MVA
Rated head ' 548 m
Max.discharge 56.6 md/s
Dependable peak power 16.1 MW
Annual energy: 145.3 GWh
Firm energy | 66.4 GWh
“Secondary encrgy 78.9 GWh
Transmission Line
Voltage _ 132 kV, single circuit
Distance 16 km






 TABLES






Table J.1.1 COMPARATIVE STUDY OF PROJECT DEVELOMENT SCALE

U Ttem . Case Case Case  Case Case Case
o - -1 -2  2-1  2-2 3-1 3~2
1.:Reéetvoirz
HOW.L, (BLi~m) ~ 180.0 188.0.195.0 195.0 200.0 200.0
 L.W.L. {EL.-m) . 154.0 154.0 170.0 170.0 175.0  175.0
Operation W.L.. (EL.-m) 154.0 154.0 174.4 174.4 182.8 182.8
Net storage capacity {MCM) : 606 606 £86 686 686 802

2. Dam

Crest EL. {m)
Main & 2nd saddle dam “192.

oy NN o

; 2 199.0 198.0 199.0 204.0 . 204.0
1st saddle dam 1890.7 190.7 197.5 197.5 202.5 202.5
Crest length (m)
‘ Main & 2nd saddle dam : _950.0 950.0 980.0 980.0 1,020.0.1,020.0
: lst saddle dam 371.0 371.0 396.0 396.0 421.0 421.0
3. Power Generation
Installed capacity (MW) - 23.0 26.0  42.0 28.0 69.
Dependable peak power (MW) - 0.0 16.1 22.8 16.5 40.
Firm energy (GWh) - 0.0 66.4 66.4 91.6 91.
Secondary energy {GWh) - 104.4 18.9 78.9 85.1 B5.
Annual energy {(GWh} - 104.4 145.3 145.3 176.7 176.
4. Construction cost 117.1 147.6 163.6 186.8 184.1 219.2
(US$ million)
5. Economic Bvaluation .
' (US$ million) in discount
rate of 10% S
Economic incremental cost - 27.1 40.8 60.8 59.3 88.6
Economic incremental benefit - 30.8 81.9 88.1 92.1 114.0
Net incremental benefit - 3.1 41y 27,3 33.8 25.4
Benefit~Cost Ratio - 1.14 2,00 1.45 1.58 1.29
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