Geological characteristics and provisions at the proposed dam axis

consist of the following items.

a} Stratum which ecomprises the dan 'site vicinity is
QOkhalhadunga Phyllite, :

b} Foundation roek_at the dam axis consists of phyllite-
quartzite conglomerate in the lowest 1layer of the
Okhaldhunga stratum.

¢} Strike and dip of the stratum at the dam axis is ENE-
WSH/U0 - 609,

d) The Dudh Kosi Fault extends along the strike-trend of
the stratum in the riverbed.

{1) Considerations

The main difficulty at this site is the existence of the Dudh
Kosi Fault and a detailed check of shear zone scale, etc., 1is
therefore necessary. The étratigraphy is 'quite complex with
alternate layers of phyllite quartzite and conglomerate. As the
strike-dip is ENE-WSH and 40 - 609N, the left bank slope will be

. suscepiible to sliding during excavation.

In view of the above items, selection of the dam axis between
the Dudh Kosi Fault and the Dudh Kosi River, which runs parallel to

the same, is undesirable.

2.5 Field Investigaficn for Irrigation Diversion Plan
Irrigation water for irrigation development in the Terai Zone will
be supplied by diversion from the KXosi Basin. Diversion has been

considered in several areas for maximum water supply, including diversion
from the Sun Kosi No.1 site to the Kamla River, from Kampu Ghat in the Sun

Kosi lower stream to the Trijuga River, from the Kosi High Dam reservoir

to the Sapt Kosi lower basin, and from the Tamur River to the eastern Sapt

Kosi.

Of the above plans, geologicéal conditions for tunnel routes were

generaily studied for the following:

- Sun Kosi Diversion Plan
~ Sapt Kosi West Piversion Plan
- Sapt Kosi East Diversion Plan
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The Master Plan for the diversion scheme and distribution of tne
Main Boundary Fault is presented in FIG, 3-35.  Geological con51derablons
which are essential to tunnel planning are summarized in TABLE 3-18 below,

TABLE 3-18  GEOLOGICAL SURVEY ITEMS FOR TUNNEL PLANNING

Geological Survey Iten ' Purpose of Study

Surface deposits to check landslide and collapse near
the planned tunnel entrance and in the
thin space of the overburden

Rock quality to cheék aggregate and determlne
: construction method
Geological structure to chack eharaeterlstics of alteration
zone, folding structure, fault shear
zone, ete,
Surface water & groundwater to determine leakage oceuring within
the tunnel

As .tnere is no. detailed plan drawzno of the tunnel exit or
entrance, study of the just p01nt was not p0351b1e However, fleld survey
of rock quality and geology along the tunnel llne was carried out and
study of ‘the Main Boundary Fault whieh concerns the entire tunnel
diversion ecneme Was partieularly emphasized. The said fault was studied
at the followlng 3 locations. .

Location 1. Barakshetra dormstrean from the Sapt Kosi High Dam

Locaﬁien 2 Kampu Ghat in the lower Sun Kosi

Location 3 Upper Tawa Khola, an affluent of the Kamla River

(1) Schematle Geologioal-Condition'of the MR

The MBF at LoeétiOns 1 and ‘2 ‘has a strong shear zone
aceonpanied by clay. At the former, there is also intrusive basic
figneous rock which follows - a weak line. Partlcularly at Location
2, the MBF is wider than 100m and the sandstone of the Siwalik
layer below is consequently fractured and interbedded ﬁith'elay 50m
in width. In addition, a small landslip is visible on the left
bank of the Sun Kosl River extending for U-5km., The Siwalik layer
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at the footwall of the MBF has a shear zone of  several 100m
accompanied by a small Fault along the footpath in downstream
Barakshetra (FIG, 3-36), '

At Location 3, where the Maruwa Khola branches from ‘the Tawa
" Khola in the Kotari Village, the width of the MBF is extremely
narrow, Bounded by the fault, the footwall is formed 'by the
Siwalik layer (fine to medium grade sandstone) and is a well-
consolidated hard iayer. The hanging wall is formed of black
phyllite with chert and has a strong fold. The maximum width of
the MBF at this point is estimated at about 10m whieh is much
narrower in comparison with that at the other 2 locations. (See
FIG 3-37) '

The above observationa indicate that, although the MBF_'.is
formed by S-N stress, there are variations in stress absorption
depending on the location. In Location_s 1 and 2, tension action is
strong, resulting in the intrusion of ignebus rock through the

“opening in a wide shear zone,

In Léca‘.tion‘ 3'-, on the other hand, compression stress creates
an absorption zone in the form of lateral siide and consequently
width of the shear zone is narrow. (See FIG 3-37) A schematie
drawing of the above is presented in FIG. 3-38 below.

Tension /
/ o
2
\
{wide sheare zine) (}O@Q
P
rd
’/
FIG, 3-38 FAULT SYSTEM

In summary, the MBF has a combined structure with both
tension and: ¢ompression zones depending on 1location, and is
considered to be an echelon fault series.
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(2)  Considerations in Diversion Planning

The Sun Kosi Diversion tunnel route is located along the
compression zone of the MBF and width of the shear zone is a narrow

10m,  Potential influence of the MBF on diversion btunnel planning
at the intake site for the Sun Kosi No.1 dam is considered slight.

The Trijuga Diversion scheme consists of intake of water from
the Kosi High Dam reservoir at a point near Kampu Ghat whieh will
subsequently be conveye& by tunnel to the Trijuga River and used to
irrigate'thé Sapt Kosi west bankg ~The MBF main structure, with a
wide'élay and shear zone, is distributed'aldng the Sun Kosi left
bank, and is expetted to have negligible influence at the intake
site. However, comparative study of direet intake from the Kosi

High Dam should also be undertaken.

Intake for diversion to the Sapt Kosi Bast downstream area,
exeluding direg£ intake from the Sapt Kosi High Dam, will be from
the Tamur River. Existing dém pléns' include the Mulghat Dam
Project and a series of other bléns for Témuf'Dams. Study of the
intake tunnel routes of the same “indicates that thorough and
careful planning will ‘be required in anticipation of numerous
faults which cross the tunnel route (including the MBF), complex
stratigraphy, and substantial distance between intake and

irrigation sites which will require a long tunnel extension.
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TABLE 3-1} ESTIMATED GEOLOGICAL CONDITIONS
OF SEISMIC VELOCITY LAYERS
(at TM.3 site)

a} Dam Site
Velocity Seismic Veloecity Corresponding Geology
Layer - (km/sec)
1st 0.3 - 0.5 Topsoil and talus
2nd 0.8 - 1.1 Talus gravels and sands and/or
1.1 - 1.2 - loose gravels and sands
3rd 1.6 - 1.8 Middle weathered zone, little
1.8 - 1.9 consolidated gravels and sand
Lth 2.6 - 2,8 Well consolidated gravels and sand
and/or lower weathered zone
5th 4.2 - 4.3 Basement rock (Fresh layer)
4.5 - 4.6 7
Low veloeity layer and/or shear
Zone :
b) Powerhouse
Velocity Seismie Velocity - Corresponding Geology
Layer “(km/sec)
ist 0.3 - 0.5 Topsoil talus
2nd 0.6 -~ 0.8 Talus or upper weathered zone gravels
t.2 and sands
3rd 1.6 - 1.8 Middle weathered zone and/or little
consolidated gravels and sands
Lith 2.6 - 2.8 Lower - weathered =zone and/or well
consolidated gravels and sands
Sth 5.0 Basement rock: fresh layer

Low velocity layer and/or shear
zZone
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Examples of Quality Classificalions of Reck in Dam Foundations
(1)
Classification Charactecistics
Rock formmg mineeals’? are fresh and not weathered or altered. Joints and
A cracks are very closely adhered with ro weathering 2long their planes. A
‘clear sound is em’lted when haromered.
Rock- forming minerals are ueathercd slightly or p-ama'lly alteced, the rock
B being hard. Joints and cracks are clozely adhered. A cleer sound is emitted
when hammered.
Rock-folminé fpinera!s are weathered but the rock is (airly hard. The bond
bétween cock blocks is slightly reduced and each block is apt to be exfoliated
[ ™ .;1_0:\3 joints and cracks by stiong I\a_mn-.ering; Joiats and ¢racks zometimes
contain clay and other material which may be coloured by limonite. A
.'yl_ighlly dull sound is emitted when hammered.
Rock-forming niircrals are weathered and the rock is slightly soft. Exfalia-
Cy tion of the rovk covurs 2loay joints and cracks by normal hamniering.  joints
and cracks sometimes contain clay and other material. A somewhat dull
sound is emitted when hamatered.
Rock-forming mitecals are weathered and the rock is soft. Exfoliztion of
Oy, the rock occurs along joints and cracks by light hammeding.  Joints and
cracks contain clay. A dull sound is emitted whea hanm’-.er;d._
Rouk'—fnrmir’\g_ mirerals ace weathorod, and rovk is very soft. There is \'irlually*
D no bond between rock blocks, and collapse’ occurs at the stightest hammer-
ing. Joints and cracks contzin elay. A very dudl sound is emitted when
hammered.

1§} : Except quastz
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A cracks are very closely adhered with
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Rock-forming minerals are weathered
B being hard.  Joints and cracks are o
whea hammered.

Rock-forming minerals are weathered
between rock Blocks is slighily reduce
Cy alonys Joints and cracks by strong han
ceotain clay and other maturial whi
shightly dull sound is emitted when ke

Heck-forming minerals are weathered

¢ tion of the rovk oovurs along joing a
N

and vrcks seimetimes vontsin clav as

sovd s emitted when hanmered.

Kok forming minerals are weathered
Uy the niwk wecurs alony joings and ora

vracks ednian elay. A dol soand s

Rock-fogming minerals are weathorad, ;
B o botd between rock blocks, and cot
g Juints and cracks contain clay
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. : kmn ] .
1s1 03~0.5 /sec| Top soil ond Jolus
2nd 08~ 1 kﬂkec Tolus end Gravels and Sand and Zer
{.1~1.2 Upper weothafing zone (W—1)
1.6~1.8 kn Little consolidoted Gravels and Sands
3rd 1.8~1.9 7| andar Middie weothering zone (W -2}
km Well consclidated
4th - ) nsolidated Gravels and Sonds
2.6~2.8 fset and for Lower weathering zone (W-3)
_ 427473 “gec Bosement Rock {Fresh Layer)
i - 4.5~4.6 -
51h —- : . —_
V4 Low velocity layer and/or sheared zone
Examples of Quality Classifications of Rock in Dam Foundations
( 1)
Classification Characteristics
Rocl. forming minerals®™ are fresh and not weathered or altered. Jom(s znd
A facks are very closely adhered with ne weathering along their planes. A
c]car sound is emitted whea hainmered.
Kock-ferming minerals are weathered slighily or pattially altered. the rock
R being hard. Joints and cracks are closely adhered. A clear sound is emitted
when hainmered.
Rock forming minerals are weathered but the rock is faielv haed. The bond
between rock blocks is slighily reduced and each block is apt to be exfoliated
Cy along joints and cracks by strong hammering.  Joints and cracks semwctinves
contain clay and other material which may be coloured by Hinonite, A
slightly dudl scond is emitted when hammered.
Rock forming minerals are weatberod and the rock ix slightly soft. Exfolia-
Cx tiom of the rack eccers along joints and cravks by normal bammeriog.  Jomis
andd wrucks somctinies conlain oy and wther material A semewhat dull
soond is emitted when hamured. !
Reck-forming minesals are weathered and the reck s soft.  Exfoliation of
O the ek tvvuss n!m_'.;: joints and aracks by lght hamimering Jednes amd
cracks contain elay. A dutl soond is emitted when hammerat
Rock-Jurming orinceats are weatherod, and rock is veey sofi. There is viriually
D e bond between sock Mocks, 20d collagea eacurs at the shightest hamaer-
. Joiats and erachs vontain dhiy . A very dull seund is emitted when
hamimesed.

) 2 Encept guagty
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