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CHAPTER 3. FIELD INVESTIGATION

General

The first step for undertaking precise feasibility study is to clarify
~the topographical and geological-conditioné in the project. area espe~

cially around the main structures, Prudent studies on selecting the
sites and areas were made in order to perform the field investigation
works effectively, Since the different dam and powerhousersiﬁes were
proposed in the “"Master Plan Study” and the "Prefeasibility Study”, it
was required to set up the work plan upon assessment of the advantageé

and .disadvantages. of those sites. Before concentrating the field.

. investigation te particular site, the alternative sites for dam. and

powerhouse were assessed in terms of surface geology, previously per-
formed sub-surface geological 1nvestigation and topography. The

regults of assessment are given in the followlng paragraphs,
(1) Dam Site

The upstreaﬁ dam site isrprefefaﬁle_in‘view df.better topeographi~
‘cal_an& geological féapures around the same., One of the méjpr
reasons for selection of the upstream dam site was the presence
of wide degradation at the middle 1each of the Num Khola which
joins with the Arun river 1mmediate1y upstream of the downstream
dam site. The very steep_gradient of the Num Khola was observed
Lo be.bringing large scale landslide. This would have subjected
dam, desanding basin and other structures of the downstream dam

“site to derious damages.’
(2) Powerhouse Site

The upstream 240 MW scheme (Solakhani site},andithe downsiream
400 MW scheme (Kaguwa site) were proposed in the "Magter  Plan
'StﬁdY" and the'"PréfeasIbility:StudY"lreSpEctively;' In addition
to the'préGioué révieﬁs'offthese schemés in the "Prefeasibility
'Study", the above two schemes were agéin reviewed on the basls of
tbpbgrﬁphic maps, load dEmand forecast and other factors and the
_'dOWnstream 400 MW scheme was judged to be superior to the

upstream one.



(3

For the downstream scheme, ‘there are two alternatives; the
Pikhuwa site proposed by the JICA team .and the Kaguwa site
already proposed in the "Prefeasibility Study". Baseﬂ on the
topographic features and anticipated 'ggological conditions at-
these two sites observed during'the:first reconnaiséanée, the
Pikhuwa site was judged ‘to require less éonstructioﬁ cost and

have less risks in construction operalton, and proposed accor-—

dingly. THowever, due to additional head gain of 15 m between

these two sites at:proximateiy 1 km distance from each other, ﬁhe
Kaguwa site was supposed to have larger benefit. Hence, it was
decided that the proper decision on selection of the better site
should be made upon comparative studies based on the designs of
various structures and cost estimate induced from the detailed

topographic and geblogical field investigation works.
Scope of Investigation Works

Upon careful studies stated above, it was decided that the field
investigation works - including topographic'survey,.1evelling and
geological survey by means of core drilfing, seismicﬁprospeqting
gshould be performed in the area covering the ﬂpsﬁfeaﬁ dam site

and both the Pikhuwa and Kaguwa powerhouse sites,

3.2 Topographlc Survey and Mapping

3.2.1

Aerophotographic Survey

Topographic maps of afgas covering dam, powerhouse and other struc-

tures as well as access road were developed on the basis of existing

aerophotographs of the area in the scale of 1/20,000,

(v

‘Danr — Powerhouse Area

Mapping for area covering dam site (inciuding reservoir areé)

to powerhouse site (both Pikhuwa and Kaguwa sites).



- (2}

Mapping area : 36 Km?
Scale : 1/5,000

Contour : 5 m

Access Road Area

Mapping for area covering access road connecting Hile and the

Arun 3 project site (Alternative plan A & B).

Mapping area : 180.5 km?2
Scale : 1/10,000

Contour + 10 m

3.2.2 Ground Survey

(D

(2)

Dam Area

Mapping for area covering dam, diversion tunnel, power intake,

desanding basin, borrow area, etc,

Mapping area : 210,000 m?
Scale : 1/500

Conkour ' t 1lm
Powerhouse Area

Mapping for area covering downstream part of headrace tumnel,
surge tank, penstock, powerhouse, tailrace, switchyard, borrow

area, etc,

Mapping area : 287,000 mZ (Pikhuwa)

96,000 n (Kaguwa)
Scale s 1/500

Contour - 2l m

It is to be noted that field survey operation at the Kaguwa
site was performed by the NEA's surveyers and mapping by JICA

team in Japan,



3.2.3

Levelling

The levelling survey work of 15,7 km between dam site and powerhouse
sites (Pikhuwa and Kaguwa) was carried out and five bench marks as
illustrated in Fig. 3-1 were constructed. at the locations shown in

Fig. 3-2 and the detailed point descriptions are also given 1iu

‘Tables 3-1(1) to 3-1 (5).



~ Fig. 31 Sketch of New Monumentation of Bench Marks
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Fig. 32 Location Map of Bench Marks
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Table 3—1

{1} - Point

Description

Statiori N'o. SR

BM1

N ]survey no. /YST-1 -

Operatad by

Checked by

MR SHRESTHA

MR. TOYODA

) Da_te

MAY 25 86

:_m_,§Q856

M_ﬂké;;;“ANo o Coordmates of Statlon
_-,,_..._ .45 R ,___k,_lil____,.,_..h.#,,ﬂ. ,,,,,,, E ..............
- EEmpﬂﬁ _m”3048554(ﬁ’J 52979049
Eccentric Point |- . - .
QQm;myﬁﬂig;;:Q_jl *”:fm“

e L. ... -

Sketch map of Station and Nalghborhood




Table 31 {2) Point Dascription

|opereted by | MR, PRASAIN

Checkad by | MR. TOYODA
|survey no. P14 | DPate  |MAY 25 786

Zone No. Coordinates of Station

45 N € H

Main_ Point

~Station No.

- 3040 971.99 |- 528 622.32 |- 1 330.58

Eccentric Point |- . . | . . B
Supplementary Point . A _ .

Sketch-map of Station and Neighborhood -




Tabte 3—1 {3) 'Point Description

| Operated by MR.PRASAIN |

Station No. - : '

T R ,C-h?qked, b‘} MR, TOYO DA

CBM 3| - TOYODA
..--..__-.-_'_;-,ﬁs;_‘ o dsurvey no. P12 | Det | MAY 26 86

Zone No. Coordinates of Station

— _45_ RSN N . : - ”

- 71.318.38

[73046 188.24 - 524

Eccentric Point - - . .

Main _Point_

o
R |
s
N
I
|
|
1Y

Supplementary Point |-- . .

Sketch-inap of Station &nd Neighborhood | - ‘Photograph of Station ~




Table 3—1 {4) Point Description

Station No. Oporated by | MR, PRASAIN

|| cnecked by | MR, TOYODA
_H_'_MB M__.?__‘..-_H _Isurvey no. P9 Dste | MAY 21 '86
Zone No. : ~ Coordinates of Station

45 N E H

- 3043 332.24 [° 521408:51 [~ 1566.83

Eccentric Point |- - .-

. . - ) - . Vo

Main Poaint

Supplementary Point |-- B -

Sketch-map of Station and Neighborhood Photograph of Station

e m———n
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Table 3—1 (5} Point Description

swtion No. | Opsreted by | MR, SHRESTHA

| Chocked by | MR, TOYODA

Isurvey no. S1 Date | MAY 29 '86

Zona No. - - Coordinates of Station

45 4+ N.. . E

_ Main Point |- 3043 748.03 | 519434.63 |©  574.66

Eccentric Point |-

* . - . . L)

- . AR - - -

Supplementary. Point.

** Sketch-map of Station and Neighborhood
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3.3

Subsurface Imvestigation

In order to clarify the thickness of overburden and a certain fault
zone:thfough the dam foundation as well as the geological conditions
of vrock foundation on which the main civil structures are to be
construqted,-cofé drilling was executed. Locatidns, lengths, etc of
drill holes are shown in Figs. 3-3 — 3-5 and Table 3-2. In addition,
descriptions of test holes drilled during the Prefeasibility Study are
shown in Table 3-3 for refereace. Geological logs of drill holes are:

illustrated in Appendix A-1,

The results of Lugeon test performed at drill hole UDH-7 located in
the dam area are shown in Appendix A-2. 1In these figures, the records:

of injection pressures, unit infiltration volumes and Lugeon value

_induced therefrom at each section are indicated. Lugoén values at
'driilsholé-UDHélupétformed:during the Prefeasibility -Study are also
éttachéd for - reference, . making adjustment in consideration of

underground water level.

The main equipment used for the above core drilling works are as shown

below.

Tone boring machine_(UbS).; 3 units

Acres - : 1 wnit

3-12
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Table 3-2 Record of Core Drilling_ Works (F/S) |

L

EL

Direction

Location | Mo, (m) | (m) [Tinclination Remarks
UDH-6 | 40,0 | 793.74| N30°W/-45° |Riverbed = -
_ 7 80.0 | 884,57 | Vertical . | Desanding basin .
Dam site -8 '27.8 | 830.8l§ N75°E/-20° .| Folding zone at intake
9 20,2 | 831.211 s15°E/~40° | Folding zone at intake
Sub- P : '
Total 168.0
P-5 60.0| 546,70 ' $70°E/Hori | Bedrock at poweihoﬁse
| Power- 6 50.0 | 667.95| Vertical: Bedrock at penstock
house 17 20,0 808.30 vVertical Bedrock at pensotck
(Pikhuwa) [ . 8 C60.0[-869.34 | Vertical Bedrock at surge tank
Sub- ' ' : T
Total 190.0
P-9 . 85.0] 862,46 | Vertical Bedrock 5; éufge tank
Power- 10 25,0 736.82 [ Vertical . Bedrock at penstock
house 11 - 30,0} 630,89 | Vertical Bedrock at penstock
‘(Kaguwa) 12 . 60.0 | 830 Vertical Bedrock at surge tank
' - Sub- ' ' - '
potal £200.0 |
Total | 558,0]|°

S 3-16



Table 3-3 * Record of Core Dfiﬂing Works (M/P & Pre. F/S)

. ] L ] Direction
Location No. (m) Toclination Remarks
Upe-1 45,0 " Vertical Riverbed
2 40,0 Vertical Riverbed
‘ 3 -100.2 1-60° Right bank
Dam site 4 50,0 . Right bank
.5 25,0 _ Right bank
DDH-~1 50.0 VYertical Riverbed (D/S scheme)
Dp -1 40,35 Vertical intake {(D/S scheme)
Sub~ - .
Total - |- 350.55
Powerhouse P-1 45.0 Vertical (At terrace
(Pikhuwa) 2. 22.9 Vertical At terrace
' : Sub- |
“Total 67.9
Powerhouse -3 1 25.0 Vertical At terrace
(Kaguwa) . | P=4 28.5 . Vertical At terrace
Sub-~ o o :
Total $3f5
Powerhouse | B-1 20,0 Vertical Bedrock at penstock
{Solakhani) | ' B-2 : 30.0 Vertical Riverbed
' Sub- : . :
"Total" >0.0
Total | 521,95
3.4 Seismic Prospectingr

In parallel with the direct geological investigation by core drilling
survey, seismic prospecting was also carried out in order to clarify
the continuous geological conditions of foundation rock on which the
main structures are to be constructed. The arrangement of survey

lines are shown in Figs. 3-3, 3-4 & 3-5, and the time-travel curves

~.and cross section by seismic survey are shown in Appendix A-3,

Outlines of seismic prospecting works performed for the Feasibility
Study and the previous "Prefeasibility Study" are shown in Table 3-4

and Table 3—5,'rgspectively.

Seismic _prospécting was carried out at an interﬁal of 5 wm between
détectors'and 50 m between blasting points, with 6 to 7 (5 at minimum)
blasting points per one spread. The main equipment adopted for

seismic prospecting are as follows,

317



Fieldgraph : 24 channel, recording paper speed 30 cm/sec
Amplifier i 24 channei, Gain %0 db -
Geophone : Vertical moving coil type, 14 H=z
Table 3-4 Record of Seismic Survey Works (F/S)
Location Line No. L (m) Remarks
A 340 Inﬁake ~ desanding basin .
Dam site B 440 Desanding basin
C 200 Inlet of diversion tunnel
D 320 Right bank above dam axis
Sub-Total | 1,300
A 550 Main line along penstock
Powerhouse 1 220 Sub-line at surge tank
{Pikhuwa) 2 200 Sub-line at peastock
3 220 Sub-line at powerhouse
Sub-Total | 1,190
A 460 Main 1line along penstock
B 400 Main- line aleng penstock
Powerhouse ‘o - .
(Kaguwa) 1 210 Sub-line at surge.tank
2 200 Sub-line at junction of A & B
3 230 Sub-line at powerhouse
Sub-Total 1,500
Total 3,990
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Table 3—5 Record of Seismic Survey Works {Pre. F/S)

Locat ion Line No. L {m) . Remarks
. 8LbU-1 65 Dam foundation
: 2 65 "Dam foundation
3 80 Pam foundation
4 165 Left bank terrace downstream
5 385 of dam
) 45 "
7 380 |- " '
Dam site SLI 1 - 215 Tunnel inlet (downstream scheme)
2 i43.5| Tunnel inlet (downstream scheme)
3 75 Tuunel inlet (downstream scheme)
SLD 1 115 Downstream dam foundation
2 141 Downstream dam foundation -
3 158 | Downstream dam foundation
4 . .155 Downstream dam foundation
5 155~ Downstream dam foundation
| Sub~Total | 2,342,5
SLp -1 492.5| Pikhuwa powerhouse site
' 2 .375.5] Pikhuwa powerhouse site
3 385 | Pikhuwa powerhouse site
: 4 327.5| Pikhuwa powerhouse site
Powerhouse 5 225 - |- Pikhuwa powerhouse site
o .6 :257.5| Pikhuwa powerhouse site
SLPU 1 115 _Solakhani- powerhouse site
o7 ' 122.5 Solakhani powerhouse site

© Sub-Total | 2,282.5

Total’ 5,625

3.5 Laboratory Test

3.5.1

Rock Mechanical Test

Rock :me¢hanic31. test‘ was carried out taking specimens from rock
coré§ callected;by'the core drilling works, The test results of
theée{specimepé.arejlisted in Tables 3-6 (1) and 3-6 (2), and the
avefége:vélues.fof-the dam area and powerhOUQE'area are shown in

Table. 3-7.
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3.5.2

Table 37 Physical Characteristic of Foundation Rock

Zone

Physical Damsite Powerhouse Site
Propertles
" Rock Augen gn ? Augen gn Gr
" Natural 2.71 2,67 2.66
Bulle -
Specific Dry 2.70 2.66 2,65
Gravity . : :
Saturated 2.70 2.67 2.66
Absorption (%) 0.7 2,72 0.5
Net porosity (Z) 1.3 2.72 1.4
Water content (%) . 0.3. 2.72 ' 0.5
Unit weight (g/cmd) 2.72 2.72 2.65
vp (km/s) | 2.91 3.45 | 2.87
Velocity _ — —
of Vs (km/s) 1.85 1,99 S 1.42
Supersonic : _
Wave (10{‘1‘;@2) 5.41 2.50 | 1.46
Kin/s g : ; : -
- Dc 0.21 0.27 0.34
Unconfined '
conmpressive gtrength 156 422 599
(kg/cm?)
Note: Ede : Dynamic modulus of elasticity

De : Dynamic Poisson's ratio

Drilling was not conducted in main formations of mica schist.

In

cagses where mica schist was intercalated in gneiss, only short core

- fragmentary samples wére.obtained which were not suitable for

testing.

Sieve Analysis:

In order to éxamine the availability of alluviél deposit existing in

the project area for concrete aggregates, sieve'analysis was carried

out. Total 7 samples (3, 2 and 2 at.dam site, Pikhuwa site and;'



3.5.3

3.5.4_

Kaguwa site, respectively) were taken from alluvial deposits exist-
ing aiong the Arun river on left bank. Tests were performed at the
Nepal Engideering Institute, Pulchok and the results are as shown in

Appendix A-4.

Water Quality Analysls

Water quality analysils of samples taken from the Arun river near the
dam site was made at test laboratory in Japan. 10 samples placed
for water quality analysis were taken during the period from March

to July 1986 covering both the dry and wet seasons,

The results of water quality analysis are as shown in Table 3-8.
The item indicated as discharge in this table is the river flow
méééured-at the Tumlingtar gauging station and water samples were
taken corresponding to the river discharge adequately dispersed in
the range of 119'm3/s to 943 m3/s. Analysis was made in accordance

with the provision of the Japaneseé Industrial Standard (JIS).

No particular problems were observed, except for rather high:value
of Cl™, The value of PH ranges in neutral reaction zone, then it is
ekperieﬁtial;y judged that the water quality will not cause any

prdblém for tunnel lining concrete and steel liner in the future.

Component Analysis of River Deposit

Component analysis of the river deposit collected near the dam site

. Were carried out by_X—ray and electron microscope examinations., The

'rgsﬁlts;of analysié are as shown in Table 3-9.

_ Samplés are= gneiss rock  system cbntéining minerals 1ike quartz,
_féldsbér_and mica, The Mdhs"hafdnesses of these minerals are 7, 6
.-and.Z?S, respectively and the wgiéhted average. hardnesses of samples
" tested are 1n_thé faﬁgé of'ﬁ.l to 5.5. Furthermore, no sulphide was

-'detected from rock samplesrby:chemical analysis,
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Table 3—-9 Results of Compenent Analysis of River Deposit

Sample Number
it . Hardness No. 1. No. 2 No. 3
netra (Mahs) Compo- | Hard- | Compo- | Hard- { Cowpeo- | Hard~-
nent ness x | nent ness x | nent ness X
(% Compo- | (%) Compo- | (%) Compo-—
nent nent ) nent
Quartz 7 5.6 39,2 57.9 | 405.3 55.6 1 389.2
K feldspar 6 4.4 | 26.4 1.2 7.2 ~ -
_ |
Plagioclase 6 35.5 | 213.0 1.0 60.0 - -
Biotite 2.5 11.3 28.3 1 21.3 53,3 - -
Muscovite 2.5 43.2 1 108.0 9.6 24,0 4.4 1 111.0
Total - 100.0 {414.9 |100,0 | 549.8 |100.0 { 500.2
Average of Hardness 4.1 : 5.5 5.0

3.5.5 Microscopic Examination

In order to check the rock quality, microscopic examination was
carried out, Total 7 samples {Augen gneiss 1, Gneissosed granite 1,

Micaschist 3, dmphiobolite 2) were examined.

The results of the examination are shwon in Appendix A-5.

3.6 GCeological Mapping

Schematic geological map indicated below was prepared based on the
result of the field geological survey.

Scale : .1/500
Geologlc map_around the dam sife
Ceoiogic map of Powerhouse site (Pikhuwa)
~ Geologic map of Powerhouse site (Kaguwa)

- Scale : 1/5,000
' Geologic map of the headrace tunnel route'betWEen the dam

sitE'and the powerhouse
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CHAPTER 4, GEOLOGY

4.1 Description of Topography and Geology of Eastern Nepal
[l' ..1 - 1 Topography

‘ Thé Arﬁn 3 hydrdﬁowér scheme site is situated in éastefﬁ ﬁeﬁél betf
ween east longitudes 87°12' - 88°20' and north latitudes 27°307 -
27°35%, Within this reglon are found the Kosi and Arun rivers which
flow south ward from headwaters écross_the border in China, as well
"as the Tamur river situated in the easternmost extreﬁety of Nepal,
These rivers jbin near the vicinity of Tribeni to form a single-flow
referred to as the Sapt Kosi, The Sapt Kosi subséquently courses
south iﬁto India to empty into the Ganges river. The total catch-
ment of the Kosl, Arun and Tamur rivers at Tribend is 61,000 kn?, of
which 26,450 km? or 43% lies on the Chinese side of the border in
Tibet, - |

- In sequence from the west, the Kosi river is fed by the tributaries
. Indrawati, Sunkosl, Tamakosi, Liku Khola, Dudhu Keosi, etc. The
headwaters of these tributaries are 7,000 m peaks at the Himalaya

range and their catchments lie within Nepal.
Eastern Nepal may be broadly 'gfouped into three topographical
classifications: ' ' '
Mountain area
Hill area
: Terai“dfeé

A simple topographical cross-section of eastern Nepal is presented

in Fig. 4-1,



Fig. 4—1 Schematic Topographical Profile of Eastern Nepal
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Mountain Area

Mountain. area. encompasses terrain over 3,000 m in elevapion and
ranges in a 30 - 40 km swath in width from the Himalsya peaks along
the Chinese border southward, Steep tobography consists of high
mountains and deep valleys. Cultivable land is extremely scarce,
and population density is accordingly very_low. Peaks in excess ofA

5,000 m are perpetually snowcapped.
Hill Area

Hill area includes the southerm slopes of the Mahabarat aund Himalaya
‘ranges as well as broad and relatively gently undulating midlands,

Elevations range 300 - 3,000 m,

Climate is subtropical and population density is comparatively high,
Rapid deforestation for fuelwood and expansion of cultivable land as
a result of ever increasing population poses serious ecological

threats of soil erosion and landslide,

Terai Area

Most of the rivers of the eastern Nepal region flow sbuﬁhward”frbm_”
the Mahabarat and Siwalik ranges. These rivers bear sediments:ﬁhibﬁ
have formed the alluvial Terai plain, Elevations of‘the plaiﬁ fange.
300 - 60 m with a north - south tilt of 1/300 - 1/500. .The plain is

situated at the northernmost extremety of the Ganges plain,



Until about 15 yeérs ago, the area was largely forested.

However,

with commencement of a campaign to stamp out malaria in 1958, as

well as

greatly deforested,

increasing development of farmland,

At preseunt,

this area has been

the Teval area is being transformed

into a major grain producing region with a corresponding continuing

decrease 1in forested area,

4,1.2 Geology

(1) Stfatigréphy

A simple peological map of eastern Nepal is presented

in Fig,

4~2, ‘Stratigraphy is indicated in Table 4-1,

Stratigtaphy may be broadly classified into 6 groups.

Geolo-

gical ages of these groups are.given in Table 4-2,

Table 4—1 Geological Groups of Eastern Nepal

Possible.pefiod _“Group' Lithology
o _ : Recent Unconsolidated sediments
1. Cenczolc , gravels and ‘sand, (alluvium)
: Siwalik shale, sandstone, conglomerate
Main Boundary Fault
2. Mesozoie Tethys Shale and limestone
- Paleozoic -
3. Paleozolc: _'Kaﬁhmandu Mainly clastic and carbonate rock
- = Precambrian = - R _
Midland Mainly clastic and carbonate rock
- - Main Central Thrust
4., Precambrian | Himal - Gneiss and schist ]
' o (highly metamorphic rock)
Igneous.Rbék Granitéfand'parégrénite
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Tabte 4—2 Probable Age of Geological Formation

Group.

Age Paleozoie  Mesozoice | Cainozoic

Precambrian

clo|sinlctiep|T|alklP{N|Q

.jRecent

Siwalik

Tethys

Midland

_ Kathmandu

Himal

Granite

Paragranite E-

Basic Rocks

(2)

'Geoiogy'bf eastern Nepal is'composed of wvarious types of rock,

nanely slightly - highly metamorphic rock, marine and non-

marine sediments, siliceous — maficigneous rock, etc.

Distribution-

. Himal Group

Himal group * is the ‘oldest Vférmatibh, believed to have been
formed in pre-Cambrian period. The group is composed of highly

metamorphic rock consisting of principaliy 'augeh gneiss and

‘various types of schist, and establishes the sharp terrain of

" .the great Himalayan range.

This grdup is distributed aleng the Arun river, north of the

- Tumlingtar tectonic window.

Midlaﬁd Gfoub

. Ihié,group;is_ﬁ;dely distribupeﬂ_iu thg-hil}iarga and consists
_mainly of phylli;e,; limgsponé,_ Quérgzite,-.and‘ metasediments.

‘These types  of rock weather: easiiy, aﬂd topography where the

Midland group is distributed is relatively gentle,.



Where dip of bedding and dip of slope coincide, landsliding

readily occurs,

Kathmandu Group

This group is distributed from the vicinity of the Ké;hmahdu
valley to the.Mahabafat_raﬁge_south_qf the Sunkosi andiébnéiéts
mailnly of calcareous rock and clastics of the pre%Cambrian -
.Péieozoié pefiods. Ceologic age ié.appfoximaterto thét of the

Midland group.

In the Mahabarat range, the group 1s frequently intruded ' by

granite,
Siwalik Group

The Siwalik group is distributed in the Siwéiik raige which
extends east - west to the south of the Mahabarat.range at a
maximum elevatioﬁ of 1,000 m. This gréup was formed during the

Neogene period in fhe fiﬁél stage of nmjof Himalayaﬁ orogénic
movement and coﬁsists of fluvial sedimenﬁs qarrieﬂ'_from' the
Himélayé range. Léteral and vérticai variétion is consequently
marked, ‘'The group comprises a complex geostructureé with nume-
rous east - west folding and faulting. Major components are
shale, mudstone, sandstone and conglomerate. Thése'layers are

- generélly low consolidation and weak, than old formation.
- Tethys . Group

The Tethys group’ is found mainly in the vicinity of Mt, Everest
at elevation over 7,000 m, Distribution of the group in east-
ern Nepal is limited. Main components are marine pelitic -

calcarsous sediments.
Recent Group

*The Recent group consists of alluvial ‘sediments fdiming' the
Terai 4dnd Ganges plains, ~ These féediments"are"éqmprised of "

unconsolidated gravel, sand and clay.



{3) Thrust Fault

Distribution of the ‘above described geological units is
" governed by two major thrust '_faul'ts which impose an east - west

pattern of extension. Thesé thrust faults are:

MCT : Main Central Thrust
MBF : Main Boundary Fault

The MCT comprises the boundary between the Himal group to the
north and the ceantral Midland group, and blsects the hill area

‘east - west, -
.. MBF

Th-i:s thrust fault extends east - west forming the boundary bet-
‘ween the Siwalik and Midland groups. ' '

The relationship between geolog.ic'gfoup"s and thrust faults is
illustrated in the schematic geOIOgical “profile in Fig. 4-3

_below,
Fig. 4—3 Schematic Geologicat Profile
10.000™M -
S .. Mt Everest
Mohabharat Renge
Swaliks
S.GJJ
o}
0

Redent Group ‘tndica bosement

Siwalix'  Group - Tibetan basement

Tethys Group M.C.T ; Main' Centrat Tﬁiu.st L

‘Kathmoudu’ Group MB.F IMain'Bundury Foult'

Midiand *,* Group : H.F.F ; Himolayen Frout Fouit”

_Hima!  Group



(4)

Orogenic Movement and Plate Tectonics

Paleontological evidence 1s necessary to establish correlatiOn
between geologic formations.' However, in the case of old for-
mations such as the Midland and Himalayan groups, paleon—
tological evidence is 1acking due to the susceptibility of

these groups to complex tectonic movements ,

The two main thrust faults MCT and MBF from the ‘structural
lines delineating the geo—-structure of the area,  Thése two

thrust faults trans—-sect Nepal east - west and comprise the

‘ boundaries between the various geologic groups.

At - present, the neotectonics of the Himalaya _region .remain
unclear, Although there are numerous views fegarding the.
geostructure' of the area, it is currently widely accepted
according to plate tectonic theory that Himalayan orogenic

movement began subsequent to the advent of the Tertiary period.

The _series of Himalayan orogenic movements may be briefly

described as follows.

a) Upheaval of old sedimentary rocks and central axis during

the Oligocene-period

b) Maximum orogenic movement during the mid-Miocene period,

particularly beginning of upheaval of the Siwalik zone

¢) Main upheaval of the Siwalik zone following the Pliocene

perlod

d) Continuation to the present of the above described geologi-

cal movements

The above orogenic movements result from horizontal compression

generated by collislon of the Indian and'Euraeien;plates. it -

is generally accepted  that compressioﬁ _ptoduCed at the deep

portion of the Eurasian plate supplies the structural force for

orogenic movement,

Radiometric dating of intrusive ‘granite 'which is 'integraliy_

linked to the final stage of orogenic movement Iindicates a -

4-8



relatively young age'bf 15 miilion years., This bears out the
fact that the Himalayan raunge 1is comparatively young with
upheaval still in progress at present. The region depicted in |
the geological profile in Fig. 4-3 coincides  with the zcne of
direct inter-plate collision,

The mountain area is in a currént process of orgenesis. Soil
. generated in this area is borne by rivers to their lower catch-
ment areas. Sedimenf load of these rivers is large for the
fdllbﬁing reagons: 1) makimuﬁ rainfall during the rainy season
(Jurig —~ October) exceeds 2,000 mm; ii) heavy weathering of rock
occurs due to meteblogicai conditions of high temperature, high
: humidity and'heavy'rainféll; 1i1) vegetal cover of slopes is
poor :due to steep. tbpogfaphy§ iv) 'surface layer 1s uncon-
solidated sediments - weathered soil highly susceptable to ero-
sion; and v) river training works and prevention measures for

501l ‘erosion are not in effect,

. The combination of the above factors results in susceptibility

of slopes to landslide and collapse in much of the Study area.

Sedimentétion load (sqspended‘load) for the Kosi Basiﬁ studied '
by Dr, C.K. Sharma is presented in the Table 4-3.

Table 4-3 Suspended Load of the Kosi Basin
by Dr. C. K, Sharma

Catchment - Annual Sediment Toad

-Rivgr_ Area (km?) - Sediment = (suspension)
“at Tribeni (m3) (m3/kn?)
- 8uin Kosi .. 19,230 54,200,000 - 2,818
Arun 36,533 " 34,600,000 947
Tamur 5,900 29,60Q,000 5,016
Total o - | ,
{Sapt Kpsi) 61,663 © 118,400,000 . 1,920




4,2 Topography and Geology at the Project Site

4.2.1

4.2,2

Topography'

The dam site for the Arun 3 hydropower scheme {s situated 190 km
directly east of Kathmaudu. Access to the site-is,possiﬁle by_heli—
copter, or by alrcraft to Tumlingtar and the remaining 30 km from
Tumlingtar by foot, Foot trails .crissfcross the éréé, -and' the
trekking path to the dam site is a major foUte'iﬁ'éaétérﬂ.Nepal,

ultimately leading north into Tibet.

The broad highlands and 8,000 m peaks of Tibet,. referred to as.thei
"ceiling of the World", constitute the headwater of the ‘Arun river,
one of the major river of eastern Nepal. The river flows souﬁh
through the east — west Himalayan range with aﬁple;enough discharge

to continue cutting through the massive upheaval of the region,

The Arun river generally floﬁs through steep, V4éhaﬁed gorgeé with-
consequently only narrow river terrace formations exéeﬁf at points
of confluence with tributaries, Twenty five meter high river
terrace (one portion being alluvial fan) is located on thé'left bank
downstream of the dam site. This terrace area iIs relatively wide

and level., At 100 m height from the r1Verbed;:a saﬁd’and.gravel

‘layer of old terrace is present; however, erosion has proceeded to a

point where it no longer comstitutes a viable topographical ﬁnit.

To the west of the dam site, the river shifts direction to the north
and then back to the south west before reaching the powerhouse sites
(confluence of the Kaguwa Khola and Arun river). River.length bet-
ween the dam and powerhouse sites is 19.4 km, and elevation dif-

ferential is 281 m. Average riverbed gradient is 15/1,000.

Geology
(1} General.Description.

Disfribution of geological formations within the Project areéa
ts indicated in DWG.G-1 and DWG.G~2. The subject area is com- =
prised primarily of gneiss and mica schist belonging to the

Himalayan group.

4-10



Himaléyan group 1s intruded by Gfanitic rock and - amphibolite
whose ‘dip and strike ‘is parallel to the stratification of the
gneissosity of the Himalayan gneiss, Although Himalayan gnelss
is generally massive and compact, it exhibits various facles
depending on the degree of mica content, .Gneiss distributed at
tﬁe dam site is 6f higher mica content than gneisé at the power

station site,

Mica“rich gneiss is distributed in the form of both thin layers
_6f-sévefal centimetre to ﬁne_metre, and thick layers at middle
~portion of the  headrace .tunﬂei alignment. This strata 1s
. é#ténsively foliated and of high anisotropy. Foliation 1is
parallei to the general trending.of stratification.

® Geostructure

The subject area is situated on the eastern wing of the Arun
anticline. Fig, 4~4 presents a schematic geological map of
the Arun  River. The anticlinal axis extends roughly
north-south, As a result, the Himalayan gneilss of the sub-

ject area dips to the east.

Gneissosed structure of gneiss at the powerhouse site down-
stream displays strike of N20 - 30°E and dip of 20 -~ 30°,
Gneissose structure at the dam site strikes N20 - 40°E and

dips 45 ~ 70°, Dip angle increases away from the dam axis.

Apparent superposition of formations (ignoring layer defor-
mation or disorderment caused by faulting, etc.) is indicated
in Table 4-4 (successional column based on geologlcal

survey).
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The Thin Sectionsl/ are prepared for the petvological analysis

and observed. by petrographic microscope. Those results are
- attached on the Appendix.,

A schemaﬁié geological map of the Arunm Q'Siﬁe vicinities 18
presented:in Fig, ﬁ~4, adaﬁted from the geological map of a
ﬁortion ofr Sankuwa Saﬁha _and Bhojipuf districts in eastern
Nepal by P.N. Yadav. |

The structure which determines the geology of the area is the
WNW - ESE trend Ekulade fault running through Kumalgaona The
northern side of the fault is a gneiss distributed area-
belonging to ‘the Himal group, while the Arun river right bank
side is gquartz - biotite schist. In addition, the Arun fault
extending northwards from Kumalgaon in a N - § trend has also

been reported by P.N, Yadav,

1/: A fragment of rock or mineral ground to paper thickiess |
- (usually 0.03 m/m), polished, and mounted between glasses
as a microscopical slide.
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Table 44 Geo!ogicai Successionat Column on the Survey Area

Geoclogical Geological Thickness
symbol succession {m) Remarks
'; '..":Z: Talus deposit Gravels and sand
800t A Aluvium’ deposit - Clay with breccia
6.0 0a%0 61 Terrace deposit Gravels and sand
Garnetiferous 370+ |Rock facies are soft, having
mica schist lamella structure. Mica
biotite and. muscovite, garnet
im/m in average size, some
parts 30 to 50m/m -
~0~0~0~0~ |fugen gneiss 610 |Rock facies are ma_s's_ive' 'anc_l
RO hard. Augen is composed of
~O~0~0~0 porphyroblast (feldspar) and
00~ 00 very hard. Matrix® is composed
OO DO of fine mica, quartz and:
OO0 A feldspar, having strongly
xof-o~o€9~ gneissosed and anisotropic
IO structure. : .
+ + < 4 |Gneissosed 330 {This formation is a composite
_-i-+++ .++ + granite igneous mass, having weakly
4 4+ 4 }{Intrusion) gneissosed structure. Contact
-+ _|_+_4_+ + points are damaged, and -
+ + '.i"++ coristitute sheared zones.
O [ Augen gneiss 340 |same as upper augen gneiss.
+++++++ Gneissosed 370 |Same as upper gneissosed
~++ :;r*+++ granite granite. ‘
IILIFIL TS S (Intrqsmn) o |
— — ————Garnetiferous 1,700 Rock facies are soft, having
——imica schist lamella structure. Main '
minerals are two types of mica
(biotite and muscovite),
feldspar and quartz. Lenses of
= segregated guartz are included
at some locations and said part
is. slightly hard. . The'
{distribution area of the
1 formation has landslides.
+ + 3 + Gneissosed 420 |Same as above gneissoséd_
:"r'+++—1"++ granite granite. .
44 - {(Intrusion) _ _
OSO 00 | Augen gneiss 100 |Same as above gneissosed augen. | -
+ +~l- ++ ++ Gneissosed " 40 |Same as above gneissosed '
+ 4«4 4-|granite granite. :
PRSP ON fugen gneiss 415+ |Same as augen gneiss.
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(2) Landslide
General

Landslides in the Project avea are indicated in DWG G6-1, Off-
7 élide material generated by these landslides included 1arge
boulders sometimes reaching 10 m in diameter. Landslides pro-
_dﬁcing material of such size are consequéntly not concluded to

be the result of weathered or soft ground.

Geﬁerally speaking, collapse of rock slepe has been conven-

tionly classified into two types:

i)' Rockfalls (wherin material separates from a shear face),
and ' '
ii) Sliding,(which is governed by slope contour an features

of internal geostructure.)

Particularly in the case of sliding, large scale slope collapse
is possible., However, there occur slope failures which cannot
be explained accordiﬂg to the above classifications and Ashby
1/
J o~

has accordingly identified a third type referred to as
toppling. ' '

Mass movement Iin the Project area may be described as a complex

combination of all of the above three types of landslide.

Two types of toppling referfed to as flexural toppling (wherein
the cross joint is the separation surface), and block toppling

are illustrated in Fig. 4-5,

ij’ Ashby J. : "Sliding and Toppling Modes of Failure in Models
L - . and Jointed Rock Slopes”, M. Sc. Thesis, London
University, Imperial College, 1971.
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Fig. 4—5 Pattern of the Collaps Forms

.( bicck toppling .) ( block flexure toppling )

Landslides in the Project Area

Landslides are indicated on the geological map in BWG. G-1 with

area of slope failure numbered.

No,1

Location : Indua Khola left bank

Crest of slide : BL 1,040 m

Scale : 100 m width x 500 m slope length
Slope angle : averége 43°

Geology : Mica schist

Landslide 1lies near " the pondage area, 0ff-slide debris
reaches to the Khola. The landslide zone is still active
with a good likelyhood of sliding spreading -to the upper
slope, Slope gradient is stéép_at around-40°. Ground con-—

gist of low strength mica schist,

Relevance to dam Plén; Design intaké_éleyation is roughly
840 m. AlthOugh'backwatér following dém;up is dot planned
to readﬁithis 1aﬁdslide-zone; the presence of a_sourée of
potential debris entering the Indﬁﬁ_Khsla upstreaﬁidfrtﬁe
dam site in addition to the sediment load of the Arun, could
pose probleﬁs in dam operation and maintenance. - For this
reasoﬁ, relevant countermeasures are recomméﬁded'subjecf,to

further surveys.
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No.2

Location_: Dam axis right bank

Crest of slide : HL 925 ~ 850 m
Scﬁle : 30 w width x 120 m slope length
Slope angle : average 30° |

Geology : Augen gneiss overlain with talus deposits

 Laﬁdslfde is located on the right bank difectly on the dam
axte.  Off-slide materials is loose talus deposit (bed
‘thickness 5 - 10 m). Failure damaée does not exiend to
baserock. Crest constitutes a steep face of several meters

~ and appears stable at present.

_NO.S

Location * Left bank 1 km downstream of the Arun suspension
© bridge

Crest of slide : EL 1,020 m

Scale : 30 » width z 100 m slope length

Slope angie ! average 32°

Geology : Augen gneiss overlain with talus deposits

Alfhbﬁgh this landslide block is smail conpared with others,
it is currently active with dangef;of spreading laterally as
well aé-vertieally; However, the landslide has no direct

bearing on the subject hydropower scheme.
No.4 (Bhimal Pahiro)

Locatrion : Southeast élopezat Num village =

Crest of slide : EL 1,375 m (old crest : EL : 1,400 m)
Scale : 150 =~ 200 m width x 300 m slope léngth
SiOpe_angle"l average 56° ' '

Geology : Fine grained granite, partly gneissosed

This landsiide'has‘a.dlear‘érc.shapedwctest;' Type of move-
ment is mainly toppling whereby rbck'has:stripﬁed away along
-gﬁeissosed plains and dense joint plains running parallel to

the slope.

4-17



0ff-slide debris is relatively scarce at the site despite
the relative large scale of the landsiide block., This
suggests that a major portion of sald debris is waghed off
by the abundant rainfall of the region into the Num Khola
where it is. subséquently carfied downt to the Arun river,
One portion of thils material 1s assumed to have formed the
alluvial fan at the confluence of the Num Khola and the Arun
river, Sliding is believed to have begun around 1974. The-
.block is still active and can_ﬁeen expected to EXpand_both

laterally and vertically.

‘Relevance to dam scheme: As discussed above, the slide is
currently active and as 'a result there exists the danger of
expansion of slide area; The fact that debris generated by
sliding is rapidly carried downstream, as wellras'the fact
that the landslide block 1s approximately 700 m from the
Arun river, the dam axis was selected above the confluence
of the Arun with the Num Khola to limit the problem of sedi-

mentation,

No.b5

Location : Southeast slope at Khokda village
Crest of slide : EL 1,320 m B -_ 7
Scale : 80 m width x 130 m slope lemgth
Slope angle : average 56°

Geology : Mica schist bedrock overlaih'by.félus deposit

This landslide block exhibits a élearrslide crest, .Slide
damage extends to Weathered,ppntion_of.bedrbck (mica schiét)
as well as surface overburden ,(4. - 5 m. ﬁed_ thickness),
Landslide activity is in its initial sﬁage, and extent of
landslide block area may be. expected ,to_fexpand‘ in’ ﬁhe

future,

Relevance to dam scheme : This 1ah¢slid§ block is determined

to have no direct effect on the dam'scheme.;.
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Ho.6

" Location : Kharsu village slope

Crest of slide : EL 1,625 m

Scale : 400 - 600 m width x over 1,000 m slope length

. Slope angle : average 25° '

‘Geology ! Mica schist bedrock overlain by talus deposit
(See No,7 for descriptions,)

- No.7 .

_Location : East side of Kharsu village slope
Crest of slide : EL 1,625 m _
Scale 600 m width x 1,000 m siope length
Slope angle : average 25°

Geology : Mica schist bedrock overlain by talus deposit

‘Laﬁdslide blocks 6 and 7 both exhibiting large-scale are
~ shaped écarfs at EL 1,625 m., A major portion of off-slide
méterial 1s washed away exposing bedrock at the wvalley bot~
tom.  These  landslides are considered to have no direct

_effect on the dam scheme.
Ho .8

Lbhation':'Southwést'slope of ridge running northwest from

:'peak (1,775;8 m) between Eharsu and Diding villages

Crest of slide : EL 1,550 m
_ Scale : 1,000 m width x over 2,500 m slope length
.Slope angle : average 25°% - 30°

A iargelarc shape ‘knick :point is evident at around EL 1,100
m on the slope between Darbote and Kaguwa Kholas, Below
ﬁhis is a 250 m high ¢liff, The southern slde of this zZone
is largely'coveréd with talus deposits. Talus material is

' genérated from a location around EL 1,700 m.

'Although collapse at this  site  encompasses a large area,
bédrock oﬁtcroppiug 1s evident at sone polnts on the slope

" 556 in fhé-vAIIey and it is éubseﬁuehtlﬁ.poncluded that a
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major portion of off-slide material has been washed away,
As new debris has not been generated to cover the above men-
tioned exposed hedrock, at present the slope 1s considered

to be stable,

Relevance to pewerhouse plan: The slope from the surge tank
{planned at Pikhuwa) to the Arun river 1is covered with Talus
deposits above EL 775 m. .0On this talus slope are scattered
‘boulders of diameter in excess of 10 m and estimated weight
of several thousand tons. If power generating faéilities
are designed above ground, either removal or anchoring, etc. :
of these bhoulders will be necessary dﬁringﬁpenstock con—
struction. Furthermore, reinforcement of the talus slope
would be required updﬁ completion of cpnstfuction to protect

the powerhouse facilitles below.

As a result of the topographical and geological conditions
described - above, the power generéting facilities 1n this

zone are planned to be underground for reagons of safety.

4.3 Geology and Topography in the Vicinity of Dam Site Area

4‘351

‘Topography

The Arun River 1s one of the major rivers of Eastern Nepal. 1Its
headwaters are in the Himalaya mountains and Tibet highlands. The
river is a classic antecedent stream flowlng southward through the
uplifted Himalayan massif (extending east - west),  The émﬁle
discharge of the river has enabled it to continue with the help of
erbsion cutting through the still rising Himaléyan massif,

The Arun River valley .generally comprises a steep "V" shaped gorge,
with riverbed terracing occurring essentially only at confluence

points with tributarles.:

On the 1eft bank, downstream of the dam site, the river terrace
which 1is 25 m deep (one portion is in combination with alluvial _

terracing) forms a relatively wide flat. area.

An old terrace gravel bed is observed at about 100 m high from the

present riverbed in the left bank of dam site -area, However, due to
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limited distribution and extensive erosion, this formation is not

sufficiently widespread to comprise a topographical unit.

In thie area, slope fallure zones governed hy geological compogition

are widely present. These Include landsliding where slippage occurs

‘along bedding pléﬁes, toppling where slippage occurs along joint

planes, and talus slope failure of secondary sediments resulting

from the first two types of slippage.

Landslide failure 1s present on the right bank at the dam axis.
This failure cowmprises a typical example of bedding plane slippage
where the present topographical surface and bedding plane surface

are essentially the same.

Gedlogy of Dam Site

A geologic map and geologlc cross—section map of the dam axis vici-
nity are indicated In DWG.G-3, G-4, G-5 and G-6. Geological and

topographical features at the dam axis are as follows:
¢ The main.component of foundation rock Is Augen gneiss,

o Augen gneiss consists of feldspar porphyroblast (1l ecm x 2 - 3 cm),
and smaller granuled quartz, Thin mica of 1 millimetre to
several millimetre surrounds the feldspar porphyroblast., - Fluc-
tuating anisotropy exists in relation te a spec1fic amount of

mica.

- o Augen gneiss'is_intercalated with mica_schist - micaceous gneiss

along with amphibolite and granite of less than 1 m, At the dam

axis, 2 layers of mica schist are present.,

o Mica schist 1s éxtensively foliated,_exhibitlng extremely strong

_anisotropy, Rock is weak in comparison with gneiss,

‘o Llevation of the present riverbed is 780 m. Gravel bed thickness

is arpund 12 m.

_o,;Gneiésbsity*at the dam. éxis is genetally'N30°E strike and 60°E

dip. ,'Howéver, undulation results Ain some variation in strike
~(N20° -~ 40° E) and dip (50° ~ 60°E).



o Consequently, the basement apparently dips 50° from the right
bank to the left bank,

Right Bank
o Right bank basement at the dam axis consists of-Augen gneiss.

o From the riverbed to EL 805 m, slbpe'gradiéht is 70°, to eleva-
tion 850 m, gradient 1is 40° and the upper slope portion exhibits
a gradient of 25°,

o The right bank geological formation has an apparent dip angle of
50°, At the slope between EL, 810 m and EL, 825 m is covered by
talus deposit of maximum thickness 4 m and also bedrock grows

loose.

o UDH~-6 drilling indicates that milca schist distributed at a depth
of 34.00 — 34,75 m follows the right bank slope 10 m below the

surface. This bed is a source of landsliding.

o Excluding one portion, talus deposits located . immediately
upstream of the dam axis on the right bank comprise a landslide

Zone.,

Riverbed

o Riverbed elevation is 794 m, with rivef wi&th at 50 m, During
the dry season, a 15 m wide stretch of the left bank siﬂe becomnes
dry land, with the main current of the Arun River flowing along
the right bank side. (During the rainy season, this dry land

section is completely submerged.)

o Flood mark in the vicinity of the dam axis is 5 m above water

level during the dry season.

o The riverbed consists of sandy gravel comprisiﬁg.primérily gneiss

of large to small sized cobbles. -

o Basement Augen gneiss 1is both'méSsive and hard.' However, at
UDH-1 and UDH~6, 2 beds of mica schist were 1identified. -The

results. of core observation and- Lugeon testing show a Lugeon
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value (5 1Lu) trending slightly higher than that of the
surrounding vock. MNevertheless, as a dam foundation, this base-

meat presents no problem.

Left Bang

o The left bank basement consists primarily of Augen gneiss;

.0_

'From the riverbed to EL.830 m, slope gradient is a steep 75°. To

EL.850, slope gradient drops to 35°., Above 850 m, a talus slope
COQering the depressed topography of the upper left bank slope is

present,’

On the lower steep slope, massive and hard Augen gneiss outcrops

_occur. This basement presents seepage problems as a dam foun-

datioh:

At EL. 810 m, a thin bed (20 ~ 30 cm) of amphibolite is present

in 3 layers. In outcrops, amphibolite- structure is comnsonant

with that of Angen gneiss, with tight boundaries. 1In comparison
with gneiss, amphibolite is somewhat soft; however, as distribu-~

tionris“small, no problem is present,

" Geology of Intake

- The 1oéaﬁibﬁfof intake hés been selected on the left bank. Upstream

of the_ﬂém-aiis,'a micrpefblding'zone'extends from the right bank

through the Arun River - to the left bank side. On the left bank,

1'this.éone forms a small depreseion covered with talus deposits which

pfeveﬁt direct wvisual inspectibn of the rock mass condition,
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At UDH-9, the basement is_ChnCm}f ¢lass Augen gneiss similar to that
at the dam axis. Rock 1s stable. A site downstream of UDH-~9 would

be considered appropriate for the tunnel inlet,

Geology of Desanding Basin

The 'desaﬁdiag basin for the Arun-3 hydropower scheme is planned
undergtound on the left bank at the confluence of the Atun_River and
the Khotak Khela. Hiily terrain at this point extends from the
southeast to the northwest, Valley slopes arela'steep 60° or more, .

with ample space for excavation of an underground desand basin,

| 1/: The quality classifications of the foundation rock is shown on

the geologlcal sections and -profiles mentioned -below. Some
quality classifications have still to be codified but those
classification now used only in Japan.

Examples. of Quality Classifications of Rock in Dam Foundation

Classifi~ _ Characteristics
cation :
Rock—~forming minerals(l) are fresh and not weathered
VA or altered, -Joints and cracks are very closely
adhered with no weathering along their planes. A
clear sound is emitted when hammered.
Rock—forming minerals are weathered slightly or
B partially altered, the rock being hard, Joints and .

cracks are closely adhered. A clear sound is emitted
when hammered.

Rock—-forming minerals- are weathered but the rock is
fairly hard. The bond between rock blocks is slightly
reduced and each block is apt to be exfoliated along
Cyq joints and cracks by strong ‘hammering. ' Joints and
cracks sometimes .contain ¢lay and other material which
‘may be coloured . by 1im0nite. A slightly dull sound is
emitted when hammered.

Rock~forming minerals are weathered and the rock Is
slightly soft, Exfoliation of the rock occurg along
Cy joints and cracks by normal hammering, Joints and
cracks sometimes contain ¢lay and other material, A
somewhat dull sound 18 emitted when hammered,

Rock-forming minerals are weathered and the rock.is
soft, Exfoliation of the rock occurs along joints and
L cracks by iight hammering. Joints and cracks contain
‘clay. A dull sound is emitted when hammered.

Rock-forming minerals are weathered, and rock is very
goft. There is virtually no bond between rock blocks,
and- collapse occurs at the slightest hammering.

Joints and crakes contain clay. A very dull sound is

emitted when hammered.

(1): Except quartz



In this zone, test boring at UDH-7 and selsmic prospecting at A, B
were undertaken, Results of this testing are presented in the

geological cross-section map in DWG,G-6.

A folding zone is passing in the east portion slope Wth strlke N 20
- 30°E and d1p 50 - 60°E E, This zone is a tectonic zone several tens
of meters in thickness with extensive open jointing. Mica is con-

centrated in one portion forming a Weak shear zone,

-The excavation site for the desanding basin consists primarily of .
Augen gneiss distributed below EL 850 m. Geological fsaturés of the

Slte are as follows

o Excavation area on the cross-sectional line of DWG.G~6 is a 200 m

_section below EL.850 n (width: 25 m; length along axis: 100 m),

o qelsmic ﬁrospecting indicdtes that the Vp of the basement in this
" zone is 4.4 - 4.5 km/sec. Almost the entire basin can be set in

Ch_/ class rock,

o Ar the central portion, a low velocity zone (crack zone or mica-
ceoss zone) of 10 m width is distributed parallelkts the geologic
structure, The Vp velocity of'this:low velocity zone is believed
‘to be an-intermediate 2.3 -.2,4 km/sec. In comparison with the
basemeﬁt, this rock is of M2/ class with extensive jointing.
However,'rock strength presents no problem. Nevertheless, seep-

age problem remains with regards to permeability.
o Permeability Evaluation

Lugeon value trending for UDH-7 is'given,in DWG.G“G. A maximum
value is 11.8 Lugéon, minimuﬁ is 0.4 Lugeon and average Lugeon
‘valué is’ 6.5. . Lugeon value expresses the amount of water trans-
'miss16n:pér-l-m:per‘IO-kg/sz of injection pressure, . As-maxiﬁum
'”sfaﬁié water préssure of ‘the desand basin is 4 - S'kg/émz,_peru

fmsabilitY“of rock at the site presénts'almost'no problem,

-Cement grdutiﬁg will be. . performed whefe necessary to prevent
water seepage. However,. as water transmission occurs in this
~rock along joints only, grouting can ‘be- performed relatively

-'easily.

l/ 2/ See foot note on page &—24.
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4.4 Headrace Tunnel

4.4.1

4£.4.2

Topography

The entire route of the headrace tﬁnnel is through -steep hilly
terrain. The upstreamn éection above SolakhanfzvillégeIAt roughly
the halfway point along the route passeé'diagbnally'thféﬁgh.thé NE -
SW ridge axes (ridge_line runs at i,SOO - 2,000 m elevation).

On the other hand, the section downstream of Solakhani village
paéses Ehrough terrain of 1owet elevation (1,100 - 1,300 mw)
comprising the left bank of the Arun river. ' Ravines of the Suki-
khola, Rarau Khola, etec, are found on this slope.' Where the tunnel

route passes under Suki and Rarau Kholas, elevation is arbund 300 m.

Tunnel overburden is in excess of 400 m for éver'SZZ'of the entire
tunnel route, with maximum overburden being 1,050 m. Tunnel over-
burden is under 100 m .for 240 m of the upstream section in the vici-
nity of Khotak Khola and 200 m in the vicinity éuki Khola, or 4% of

the entire tunnel route,

Gedlogy of Designed Headrace Tunnel

Geological map:covering the project site is in thé attached DWG.G-1

and G-2.

The geology of the project area consists of metamorphic rocks and

intruded granite,

Metamorphic rocks are divided into two members, namely gneiss member

and mica schist member.

1

The gnelss wember is charactering - by the inciuded Augan
porphyrablast. Rock facies of the Augen gneigs_afe_massive_and com;
pact, The "Augen” (eye in German) is cqmpbsediof borphjroblast of
feldspar and rather hard. - The matrix 6f the Augen gneiss is con-
sisted by fine grained mica, quartz and feldspar etc. héving clear

gnelssose structure causing strong anisotropy.

The mica schist is less compact and. easy to be foliated, showing.

lamella structure and strong anisotropy. Mica schiét_ponsists of
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_two' mica (biotite and muscovite), feldepar and gquartz etc, aund
' invariable garnet of one millimetre in average size, 1in some places
glant garnet crystals, one to five centimetres in diameter, were
observed. = Segregation-quartz lenses are included at some locations
and said part is 1little bit harder than the schist without the
‘quartz lenses., At surface many landslides were observed in the area

of the Mica schist formation.

Graoitic rock member is fine grained and leucocratic with weak
. gneissose structure., The crystals of tourmaline occurs in the gra-
nitic- rock in éome places and observed in Augen gneiss and also
along the contact with Mica sohist. As the granitic rook nass near
poﬁerhouse site contains the low velocity =zone or shoafed zone
detected by seismic prospecting and.also proved by diamond drilling,
‘the rock mass results less stable foundation rock. The rock mass
expected to occur between 0,6 km to 4.57 km of the headrace tunnel
is accompanied by argillized zone of 1 m to 10 m thick and the zone

is commonly cobserved on the ground.

General geological structure of the area is N20 - 30°E in strike and
dipping 20° - 60° to the East, In.appearance, lower formation is
observed at' the down stream area (powerhouse site) and upper for-
mation'is-at'the-upstream-afea'(Dam site). In other words those
‘otrataisuperpose from lower formational horizon at the down stream

to the upper horizon at the upsiream.

Headrace longitudinal axis and bed strike intersect at an acute

angle of approximately 38°,

.AbOVEmentionéd ‘strata represeat typical metamorphic rock zone
(Himalayan gneiss zone) deﬁéloped along the frontal zone of the High
_Himalayan~belt; developed widely and distribu:ed continuously.

The geological profile along the headrace tunnel titled “Headrace
tunnel profile and geological section" is shown DWG.G-2,

“The following geological formations are found along the headrace
route in order of . sequence from the intake side: augen .gnelss,
gneissosed ‘granite, augen’ gneiss,_gneissosed_granite, mica schist,

gnelssosed granite, augen_gnoiss.-'Thooe relétionship ig given by



Fig. 4-6 of Schematic Geological Profile along Headrace Tunnel
Alignment. ' '

The total length of the headracé tumel is 11.4 ku, Geologically,
99.3% of the total length of the tunmel formation is occupied by
Augen gneiss, 31.4% by Genissose granite and 46,3% by Mica schist,

At contact points, gneissosed graolte exhibits-fracture zones with
clay, This is particularly evident in rock northeast of Sdlakhani
village. Such fracture zone is not bonéidéred to affect’ the design
formation of the envisaged tumnel. Length of the fracture zone is

130 m, or 3.7% of the total 3,550 m length of gneissosed granite

formation.

The above mentioned fracture zones with. clay are sltuated north of
the Arun fault reported by P.N.Yadav, and there is a strong possibi-

lity that they are an extension of the game fault.

4.4.3 Geotechnical Considerations
(1) Physical Characteriétics

Laboratory testing was conducted on. sample cores obtained ’
- through test boring. Data were gfouped into reservolr side and
power  station side and average values were-calculated. Results

are indicated ih Table 45,

Table 4~5 - Physical Characteristics of Foundation Rock

Fhysical - Zone | Dawm site* Pouverhouse site -
Properties
Rock . _Augen g Augen gn Gr
Bulk Hztural 2.71 2.67 . '2.5-5
specific | Dry 2m - 2.66 - 2.65
gravity Satursted .70 2.67 " 2.66
Absotption (1) 0.7 2.72 0.5
Het porosity (%) . 1.3 2.72 1.4
Water conteat (1) 0.3 292 |05
Unit veight (glem’) a1 Cam 2.85
| velocity | Vp {kufa) 2.91 - 3,45 2.87
of : : . : : R,
sipersonic | Vs {kmfs) 1,85 BRI 1.42
wave km/s | Edec i L
(105%g/enl) 5.4 - 2.59 | M.e6
Y : .21 8,21 0%
Unconfined ’
cowpresgive atrangh 156 442 599
(kg/eml} : - B P

Hate: Edec: Dynamic modulus of eleasticity
B¢ : Dynamic peisson’s tatio
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(2)

During the subject survey, test drilling was _t;ot conductéd in
the main formation of mica schist widely_distfibuted around
Suki Khola. Furthermore, only short core -‘fragmentary samples
unsuitable for laboratory testing wére obtained in the case of

drilling the mica schist intercalated with gnéiSs.

Gneissosed granite exhibits superlior unconfined compressive
strength with an average value of GOO:kg/cmz. Gneiss in the
vicinity of the powerhouse site shows an average strength of

2 for

440 kg/cem?, which 1is three times the value of 150 kg/cm
gneiss near the reservoir site;' This contrast in.strength-is'
due to variation in geologic structure of the gneiss and not
because of differences in _degfeé of metamorphism or mineral
assemblage. TIn other ﬁord53 the difference in strike of beds
of the two zones (in contradt to the low angle of around 20° on.
the powerhouse side, the reservoir side exhibits .a felatiﬁely'
high angle of 40 - 60°) results in a variation in unconfined”

‘compressive strength.

This highlights the important fact that rock strength may be.

anticipated to vary greatly.depending on geological structure,’
This is particularly true of nmtamorphit‘rock of high -ani-~

s0Lropy.

Strength of mica shist is considered inferior to the two types

" of formation discussed previously. Estimated wunconfined

compressive strength is a maximum 100 kg/cmz,
Geology of Tunnel Formation and Geote¢hnica1 Considerations

Classification of bed ropk for tunnelfexcavationl/ is given in 
Table 4-6. Geological distributions anticipated along the tun-

nel Toute are indicated in DWG.G-2.

Characteristics of each lithological:élassification érg giyen_

in Table 4-7.

1/ Design Criteria, Chapter 3, Section 9. ("Tunnel"),

Japan Road Publice Corporation, 1985,
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The section of mica schist occurrence (segment of thin overbur-
den, and fracture zone) requires careful selection offtunneling
‘method. . Consequently, 1t will be necessary to excavate a test
adit at the center portion of the tunnel route to accurately

identify strength and deformation charecteristics_of'the ground.
(3) Applicability of Tunnel Boring Machine (TBM):

"As stated in 10.4.5, it 1s planned to use TBM for éxcavation of
tunnel section of 7.5 km long of headrace tunnel (11.4 km in

“entire length) upstream of intermediate work adit,

It is presumed from the geological point of view . that augen
gneiss and gneissosed granite, mica schist and sheared zZone. are
“distributed in this section at percentages ‘of 55%, 367 and 9%,
respectively. Augen gneiss and gneissosed granite have their
compressive strengths ranging from 440 kg/cm2 to 600 kg/cm
according to the test results of rock specimens taken from
corea drilled and are considered to be a sort of rock bhest
suitable for the rapid. excavation .by' TﬁM; The compressive
strength of the mica schist is assuned to.be:apprOximately-lGU
l:cg/cn2 therefore it can be easily'.excevated by TBM but low
work progress is expected in the mica schist zone since some
fine grained rock material may be adhered to the cutter ‘head.,
'Consequently, it is judged that TBM application will 1ncrease
the total average excavation progress in comparison to the con-

" ventional blasting method.

However tunnelling method with TBM 1is 1ess flexible to the
change of geological conditions cbmparee with Vcoventionai
blasting method. When the undesirable conditions such as
faults, abrupt decrease in rock strength at fractured zone,
massive water seepage often observed 1n Dl—dz and E DI-c zene,
etcs which are sometimee unforeseen in advance ic” 1s a common
practice to utilize relevant auxiliary countermeasure most

sultable to each case to keep the TBM tunnelling progress.



Selection of the TBM cutter head and other wechanical options
should be finalized by the detail studies of the geotechnical

information from exploratory adit.

Detail construction plan of the tunnel ineluding tunnei 1ining

is described in 10.4.5 (1).

Many records of tunnel driving by TBM throdgh the similar rock

formation have been released.}/ -

1/° Robbins: Tunnel Machine Projects, Jan. 1981, USA
Wirth : Actual Results by TBM, West Germany
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4,5 Céoiégfsof'PQWErhoﬁse Site

4.5.1 Topography

45,2

The' powerhouse site is situated 11 km southwest of the dam site.

- Two powerhouse. sites were examined in this study., These are the

Pikhuwa site, and the Kaguwa site 1.1 km further downstream, Both
sites are on the left bank of the Arun, in the Qicinity of the
sites, the Arun River ruams roughly north-south with a thin band of
terrace plain distributed along the river course. Reiative height

from the water surface to the terrace top during the dry season is

10 - 15 metres.

On the left bank, 1andslide'zones are present on the upstream siope
_OE_the_Pikhuwa site and on the upper portion of the slope at the

Kéguwa siﬁe. The location of those landslide zones is the principal

_govérning factor in determination of headrace tunnel outlet and

surge tank position,

“Left bank slope at both power station sites features numerous small

‘tivulets which exhibit no surface flow dufing the dry season,

Geology

As with the upstream dam site, the'geology of thé area is classified

‘as belonging to the Himalayan gneiss zone, and .consists of augen

lgneiss intercalated with geneissosed granite.

Preliminary visual'inspegtion iqdicates that such formation in the
vicinity:of the powerhouse site is apparently located lower in terms

of columnar succession .of bedding than that at the dam site. Augen

'rigneiss.isriﬁtencalated with mica schist of units ranging in size

from several cm to several m.

In appearénce, fouﬁdation rock .at the sites is lower than that at

_the'dam site, and exhibits the following characteristics:

“ o In general Augen porphyroblast of feldspar contalned in the

E gneiss 1is of fine granularity. Augen porphyroblast contains
little mica, '



o Consequently, anisotropy of mlcaceous gnelss and mica gehlgt is

small in comparison with gneilss at the dam site.

o Gnelssose granite rock mass distributed concordantly with the

general geological structure of the reglon, can be called com—

posite mass or gneissose granitic comﬁlex because of the various

rock facies. Seiémic'prbSpecting'have directed many zones of low

_velocity in the bedrock and most of the zones are geologically

correlated to the sheared zones with clay in places.

4,5.3 Pikhuwa Powerhouse Site

(1)

Topography

A river terrace with a width of 180 m and a length of 500 m is
‘distributed along the Arun River at this site. Said distribu—

tion is at the lower portion of the slope with an éﬁerage 50°
gradient. River terrace consists of low depositional terrace
formed by the present river, and high terrace 15 - 16 1 above'
the river surface during the dry 5eason. Terrace is composed
of gravel bedding, with one portion utillzed for paddy cultiva-
tion and the remainder as pasturage. The high terrace is 110 m

wide and 400 m long.

In case of surface type power scheme

The power station site is located on the downstream portion'df
the terrace. Penstock line is to be routed on the slope, and
will run roughly E - W, The slope approximately 100 m upstream

of the penstock route is covered with talus deposits.

The penstock route is over an entirely rock slope of 40° mean
gradient from the riverbed, ELJ540 to EL, 770 m. -Above this to

elevation EL,140 m, average gradient is 30°,.and-covered.with

talus deposits.



(2) CGeology

Geology of the vicinity of the Pikhuwa power site is shown by
DWG.G-7. = Maximum elevation of terrace distributed at the
riverbed is 552.m. Terrace is composed of gravel containing

large cobbles.

0 According to P-1 drilling during the pre-F/$ stage, the boun-
dary between the terrace gravel bed and gneiss is at EL.
520 m,

o Seismic prospecting'indicates-a Vp velocity for the terrace
gravel bed of 2.2 - 2.5 km/sec. This 1s a higher seismic
‘wave velocity than usual for unconsolidated sediment, The
reason for this is that particularly the lower porticn of the
gravel bed is densely packed and/or is saturated with ground*

water.

o As shown in the geologic profile in DWG.G¥9, talus deposits
are widely distributed above the point (EL. 760) where slope
variation occurs. Talus consists of fine soil, gneiss'brec~

cia and fragments which are unconsollidated and loose.

o The ﬁpper part of the slope for the penstock, 800 m to 850 m
above sea level and higher, is covered by thick talus depo-

éits.

o -The maximum  thickness of the talus is more or less 30 mn
- observed at P-8 drilling point and the upper slope where the

surge tank is being planned.

o The. underground . water- level:  during the .rainy season
(September) 1n 1986 at the P-8 drilling point was ground
 level minus 43 m {GL-43-m) suggesting preferable-condition in

- excavation for construction.

"o Numerous bouldérs, some as large as 10 m in diameter, are

'scattered over the talus slope.

" 6 " Poundation rock along. slope 1s composed of gnelss at the
-~ lower: part,.and intruded with granite or gneissosed granite

at the upper’ penstock line.

437



o Intrusives are concordaat with structure, strike (¥ 20 -

A0°E) and dip (20 - 40°E) of gneiss.

o Gneissosed granite is fine grained rock exhibiting leucocra-

tic, compact rock facies, having gneissosed structure,

o According to selsmic préspecting, fresh rock distribution is
at 40 m on the lower slope, and 60 - 70 m on the upper slope.

o Results of P-6, P-8 drilling indicate that weathering and/or
sheéring the roek on the upper slope has extended to relati-

vely greater depth than that of the lower ‘slope.

o Vp velocity of weathered rock -at P-8 averages 2.4 =~ 2.5

km/sec.

o Generally, rock of Vp ﬁelocity 2.4 — 2.5 km/sec is of cmd/
class, and with proper care may be utlilized as structural

foundation,

4.5,4 Kaguwa Powerhouse S5ite

(1) Topography

Siope at this powerhouse site is gentler than that at the
upstream Pikhuwa site. A river terrace extends about 250 m
along the Arun River with a maximum width of about 80 m.
Difference in relative height of the water surface avérages
about 8 m with.a maximum difference of 16 m. The river terrace

is covered with gravel,

The powerhouse site 1s located on the river terrace. The gra-
dient of the penstock route is -relatively -steep at the
powerhouse site at elevations between about 536 m - 680fm.
Average gradient 18 40° with a slope of as much as 70° in one
portion, The bedrock is distributed directly at the surface in
.Ehe steepest section, The incline above this section {is
gentler with a slope of 15-30° and _becomes steadily more .

gentle. Talus deposits cover the slope aboﬁe_El.'éQO M

1/ : See footnote on page 4-24,
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{2) Geology -

Geology of the ﬁicinity of the Kaguwa power site is shown by
DHG.G~13, Riﬁerbed terrace deposits are distributed at about
El. 439 m. Reéults of - selsmic prospecting in the Pikhuwa
riverbed,-particularly the results of sub seismic survey line
No.3 and the P~1 drilling site, indicate a high possibility of

" terrace deposits in strata with seismic velocities greater than
boh - 4.5 km/sec, At P-4 drilling sfte, bedrock was not
reached until about EL.503 m.

As shown in DWG.,G~14, the thickness of talus deposits between
EL,710 m~ 885 m from the central area to the mountain side is
approximately 30 m, while in the valley these deposits are very
thinly distributed with a thickness of :between 3 - 5 m. _
Moreover seismic prospeéting identified six low veldcity layers

in the bedrack which has a seismie veloclty of 4.5 km/sec.

The overall rtesults of drilling at P-9 site lndicate that the
low velocity layer is composediof.a weathered of the vicinityn
of*sufge taﬁk location. zone selectively weathered by ground-
water seepage along a jolnt which runs parallel to the geologi-
cal gnelss structure. Slope of the gnéiss portion is 17° in
cross. section, The Low velocity layer in the bedrock has a
higher velocity than the 2 km/sec. of the layer above it but a
slightly.loﬁér velocity than- the 4,5 km/sec. of the bedrock,
Judging on the basis of seismic velocity alone, the bedrock is
'génetally'classified as Chl/ grade rock, although there is some
resfféiﬁt found in the surrdunding ‘rock as well as some

.Weakéﬁing due to weétheriné;

The underground water level observed at P-9 drilling point was
ground level minus 44 m (GL-44 m)., The volume of water seeépage .
ffbdﬁ;thé excdvation can be safely pressumed to be small quan—

tity and may not cause any trouble,

:l]fi:géé footnote on page 4-24,



4.5.5

4.5,6

The velocity of the upper strata of the bedrock ranges from 2.2
- 2.4 km/sec., Although the rock is weathered, the seismic
velocity suggeshs Cm grade bedrock including gome CLL/ class
bedrock. | | |

The fractured zone is extremely shallow and 2 layers or more of
mica schist or micaceous gnelss were identified by .drilling at
P-11 as shown in DWG.G-15, This layer is éomposed of granite
with a thickness of'about 15 m and an estimated slope of 18°.

The thickness of overburden, especially on the mountain slope
is assumed by the results of seismic prospecting, but not com~

firmed by any drilling holes.

Comparison of Powerhouse Sites

A comparison of the two powerhouse sites in terms of topography and

geology 1s presented in Table 4-8,

On the basis of comparison,  the Pikhuwa site is determined as
superior for construction of either an above ground or a below

ground penstock - powetrhouse scheme.

Geology for Underground Powerhouse at Pikhuwa Site

A geological profile aleng the  center line for the Pikhuwa

powerhouse construction plan is given in DWG,G-8,

Seismlic prospecting was conducted in this Zone along a main line
(550 m) and sub-line (220, 210 and 220 m) for a total of 1,200 m.
Test drilling was carrvied out over 190 m (1 horizontal bore and 3

vertical bores).

Boring data is_entered_gnVthe'geological{prqfileiiﬁ-DWG,G-B. _Said
data was ﬁrojected on the prbfilé takiﬁg in£0 cohsi&éxétien geo- .
structure (strike of N20°E and dip §f130°E); Elasfic wave velbcity'
layefs.were estimated in reference to velocity layers occﬁring'at

each prospecting line — geological profile line intersection point.

1/: See footnote on page 4-24.
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(1)

1¢))

Surge Tank

Foundation ground for the surge tank .ié generaily' fresh
gneissosed granite. Seismic wave prospecting indicates 4,4 -
4.5 km/sec values for . bedrock., Although gneissosed granite
shows some cracking, it is overall hard and relétively massive,
Laboratory testing yields unconfined . compressive .strength
values of 500 ~ 600 kg/cm? which indicate sufficient bearing
capacity.

Excavated foundation surface for surge tank 1s 1in generally

fresh rock,

Design dianmeter of tank excavation is 18 m at the top and 16 m

at the bottom.

Groundwater was observed during the P-8 drill at GL-43 m in the
rainy season. Consequently, groundwater is not anticipated as

a problem for shaft excavation in the thick talus bed.

An open cut 1is necessary at the ground'surface for the tank

-aperture, Taking into consideration the'thick‘talds bed, mini-

mization of cut dimensions would be desirable'from'thé,stand—‘
point of cost effectiveﬁess. ElastidHWave velocity of the.
talus bed within which such a c&t-wouid be made 1s 0.7 —.1.3'
km/sec and said bed consists of ungonsoiidated cohesivé soil
containing rock fragments. Slope gradient . of thé design cut is
30-35°. A cut face in such a slope is susceptible to collapse,
and as such deterrent construction works to prevent sliding are

necessary.

However, at the detalled design stage, it will be essential to.
calculate soll invariables, (cohesion, angle of internal fric-
tion and wet unit weight, etc.)-and conduct’ slope stability

study.
Underground Powerhouse

The scale of cavern excavation for the turbine chamber i{s foun-

dation elevation: 524 m; arch elevation:. 504 m; maximum height:



C 41,5 mi maximum ﬁidth: 25 m (main turbine chamber width: 18 m);
1ehgth: 122 wm. ' '

The transformer chamber is situated about 45 m on the valley
side-from the turbine chamber and is to be designed parallel to
the turbine chamber{ The scale of cavern excavation for the
transformer chamber is foundation elevation: 538 m; arch eleva-
tion: 534 m; height: 15 m; maximum width: 9,2 m; length:
122.2 m. '

Structﬁaily, the most crucial-eiement of these chambers is the
arch portion. On the basis of P-6 drilling, formation occuring
af the ﬁurbine chambet arch is concluded to be éugen gneiss.
Séid_augeﬁ gneisé is moderafely ﬁeéthe:ed_to a depth of 5 m,
but below that éoﬁsists of fresh rock of classification CHY/.
Average RQD is 88.5%, and rock is determined as stable.

_Geéigéicai-profile df'uhdérgrouhd generating facilities (from
ve:tiﬁal shaft.connécting surge tank and turbine chamber to
V.féiifaéé tuﬁnel) was identified as a result of P-5, P-6 and P-7
V_dfillings.. Seismic proébECtiﬁg was conducted (Pikuwa-A,
) fikuwé¥2 and Pikuwa—3 lines) td-aetermine elastic wave velocity
-of the ground, From these 1Investigations, the following

conglusions are drawn;

é.r Tbéﬂsubjéét'arga:is cdmprised ﬁrimarily'of 5ugen gneliss,
b."Large‘fracture zones or faults are not presént.

¢. The major poriién of undergréund excavation maﬁ be designed

to oeccur in ground -velocity layers of 4.4 -~ 4.5 km/sec

elastic wave velocity. =

d, Qne bortion of the horizontai_éﬁaf;_conheéting the surge
:tank with the vertical shaft is.éited in gneissosed gra-
nite, The upper portion of Ehé shaft would bé_located in

.- slightly weathered.ground which exhibits_élastié wave velo-

eity of 2.4 - 2.5 km/éeg. o

“He;'zoverbutden is of ample thickness at around 200 m.

:l/ : See foOﬁnote on page 4-24..

4-43



f. Principal joint systems within the envisioned range of
excavation are located at N70° - 75°F, N80° - 85°W ‘and
ﬁ45°E {all exhibit high angle dip). In addition, there is
gneiésed stracture at N30°E (dip of 30°E). Consequently,
various weak separation ﬁlains-are anticipated within the

excavation ared,
- (3) Geotechnical Considerations

No serious difficulties are envisioned in headrace tunnel and

vertical shaft excavation.,

Ground stability during cavity excavation 1s a cfucial concern
at the design stage. Imn this light; it 1s essential to iden—
tify iwnitial stress, rock deformation characteristics and

strength for the subject bed rock.

In general, where the overburden of .an undergrounq cévity is
relatively shallow ét less than 500 m, the ratio (modulus of
lateralApressure) of horizontal and vertical compoﬁents of ini-
tial stress are often over 1.0 due to effects of tobographical
and geological structure as well as tectohic and ﬁrogenic move-—

ment.

Where ground in-situ initial stress is dominant in the horizbn—
tal direction, the long axis of the cavityrplaﬁ is made to'con-
fofm to the primary principal stress orieﬁtation; and pressure
bearing on the cross-sectional axis is subsequently minimized

in order to maximize stability of the cavity.

On the basis of already known geological data on the pressure,
the primary principal stress orientation.is-estimated to be
perpendicular to the Arun anticline axis (and to the strike of
the _gneissosed“ structure), However, in  order to precisely'
clariff this situation, it will be necéssary In the futﬁrefto
excavate a test adit in the vicinity'bf the'ceiling arch tb
accurately determine ground profile, bed rock'déformation and

strength characteristics) and ipitial ground stress.

Methods for determining initial ground. pfeSSu:e'”iﬁcludeﬂ-the

overcorring method (also known as the stress ftee_method), the
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AE method (Acoustic Emission method applying the Kisgser
‘effect), ete. =~ |

4.6 Concrete Aggregate

4,6.1

4.6.2

General Déscription

Concerete aggregates (fine aggregate and coarse -aggregate)} are

necessary for powerhouse construction. Procurement of these

materials in the vicinity of the construction site is the most aco-

nomical approach.

Concrété.aggrggate shouid'exhibit the following characteristics:

a.

b,

Roék is hard and durable,
For coarse aggregate, grain size is generally 20 - 50 mm,

Coérsely crystallized rock such as plutonlecs, metamorphics, ete.
are not sultable as aggregate materlial as they may contain
cracks between coarse crystals resulting in flat shaped

fragments when crushed.

Rock Character & Quarry Sites

On the basis of geological conditions prevailing at the Project

site, terrace sand and gravel, consisting of granite and gneiss are

considered most appropriate as aggregaté material,

(1) Natural Sand ard Gravel

River terraces occurs on the left bank of the Arun river in thé
vicinity'of the dam, aﬁd Pikhuwa'and Kaguwa powerhouse sites,
.Relat1ve heights from the Arun river during the rainy season
are 25 m, 20m and 15 m, respectively. Scales of these terrace
.formaﬁions are 300 m'x 150 m, 500 m % 140 m, and 350 m x 70 m,

' respectively.

These. terraces are formed of sand and  grave1 borne from

upstream. On the basis of visﬁal_inspectidﬁ, grain size within



the sand gravel beds raunges from large cobbles to. fine silt.
However, weight ratio of grains in excess of 530 mm dia. is
estimated at over 50%. Both vertical and horizontal fluc-

tuation in granularity is great.

Weight ratio for silt, sand, and gravel components of each
terrace formation on the basis of grain size analysis of sedi-

ments are given in Table 4-9,

Table 4—9 Grain Size Analysis

8ilt % Sand % Gravel %
under 62 w{62 mo~ 2mum| 2 mm -~ 50 mmn
1 6 . 28 72
/s 2 i3 41 46
3 10 29 61
Pikuwa 1 12 40 48
P/S 2 2 48 29
Kaguwa 3 15 42 43
P/S 4 30 34 36
Arithmatic | 15 37 48
average
D/S : Dam site _
P/S : Powerhouse site

Stones in excess of 50 mm dia. were removed prior to seive ana—

lysis of test samples.
Grain distribution tendencies are as foilqws:

8ilt compoﬁént:.§ 6% - 30%; avérééé_lS%"
Sand component : 28% — 48%; average 37%

Gravel component: 29% - 72%; aﬁefage:48%

Grain size fluctuation both horizontally and 'ertically in

terrace beds 1s great,



(2y

3

On the basis of visual iuspectlion, relative weight of grains in

excess of 50 mm dia. is over 50% for each terrace,

Hoﬁever, adequate amounts of aggregate material of appropriate

grain size are not avatladble from river terraces,

Furthermoré, the terrace surfdce at each site =comprisés a
valuable flat -area which will serve as location for counstruc-—

tion yard and also for POWEr géﬁerating structures. Therefore,

_thig wvaluable flat -avea should be spared instead of ‘using. for

an_ aggregate borrow area.

CrﬁShéd;Aggregéte-

'-Caﬁditate 1QUafry 1odations' for crushed aggregate shoﬁld be

loéated'proximate to construction sites. ~Aggregate production

process includes excavation and crushing.,

Poﬁential,locations'for crushed aggregate quarries are Sﬁown in
Table 4-10, '

' Investigation results 1ndicate'that.generally'fiﬁe:grained gra-

,nitic'}bckris Best suited for crushed aggregate due to homoge-

neity;_hardness and strength of lithofacies.

Cohclﬁsions

.0n the basis of topographical and geéological conditions pre-
_ vailipg:at the site, it is concluded that granitics are. the

most apbropriate source of aggregate.

Popehﬁial éggregaté quarry sites in'thé'vicinity of the dam

'sité':éie ‘ﬁndicated' in Fig.. 47, 1In the. vicinity of the
poﬁéfhoﬁse sités'théré i? a giaﬁitic depdsitioh.thé.wesf slope
at: Diding -vfliége; however, -a idetéiled xihﬁesﬁigationr is

:”ne;éssary‘tb_determine eiisﬁiﬁg amouh£s_and;qu§lity. Aggregate

" test method should be in accordance with criteria in “"Guide and

. . Recommendation for Conerete Large Dams" as recommended by the

{:;.1964;iﬁfgrﬁéﬁibﬁal'Syﬁ?bsium én Large Dams,
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Fig. 4-7 Planned Rock Quarry Location on the Dam Site
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4,7 TBarthquakes in Project Area

4.7.1

General

The crustal movements and earthquakes in the Himalayan area
including Nepél are described in detail in "Master Plan Study on the
Kosi River Water Resources. Development, Final Report, Vol. II,
Appendix III, March 1985, JICA",

According to the said report,. the magnitude and distlibution of
earthquakes recorded in Nepal are as shown in Fig. 4~ 8,_indicating
frequent occurrence in the Western region. In the. central and
eastern regions, frequent earthquakes are oﬁserved in the area bet-
ween the Main Central Thrust (MCT) and Main.Bpundary Fault (MBF) and
also north of MCT, while, extremely few earthquakes south of MBF,
The records of seismic waves in Nepal are limited to the past 100
years and only the records of damages are reported before them..
Table 4-11 shows the records of major earthquakes took places in the

20th century.

For the study of the Arun 3 project, the magbltude and frequency_of
earthQuake expected at the dam ‘site as well as the seismic coef~
ficient to be applied to the preliminary designs are analysed base&
on the above earthquake records in Nepal and also in the Wide neigh— '

boring area.

Fig. 4—8 Earthquakes in Nepa}

82

Mo Maqn;tude of body wave (1964 ~1977}



Table 4—11 Major Earthguakes in the 20th Century

Date | Eplcenter Magnitude}/: Location and Damages
1916 { 30.00 N 7.5 Far Western Nepal
8,284 81.00 E Extent of damage unclear
19341 26.5 N 8.4 Nepal - India Border
86,5 E (Ms) Deaths: 8,519 (Nepal), 7,253 (India)
1,151 27,55 N 8.3 Houses Destroyed: 80,893 (Nepal)
87.09 E (Ms)
1936 | 28.5 N 7.0 | Western Nepal (Dhaulagiri)
5.27 | B3.5 E Damages unclear .
1966 29.6:N 6.0 Far Western Nepal
6.27] B0.B E (Mb). Deaths: 42, Houses Destroyed: 3,969
1980 29.6 N 6,1 {1 Far Western Nepal
7.29 ~81.in (Ms) Deaths: 178, Houses Destroyed: 13,258
}ji Richter's local magnitude
‘Ms: Magnitude of surface wave
Mb: Magnitude of body wave

4,7.2 S$tudy on Selsmic

Coefficient |

at Arun 3 Project

Based on the records of earthquakes took places in the project area

and also fhe nelghboring area, the magnitude and frequency of earth~

-quake expected -at the site are analysed  to obtain the seismic coef-

ficlent necessary for the preliminary designs.

The . analysis is

‘made refettiﬁg to ";he REarthquake bata File” compiled by the

National ‘Oceanic andIAtmOSPheric Adﬁinistration, Environmental Data
Service, USA,




The number of data is 964 earthquakes took places during the period
from 1963  to ‘1985 in the clrcle described  with the radius of

1,000 km centering the project site,

The earthquake distribution by magnitude and epicentral distance is
shown in Table 4-12 and Fig. 4-10.

Table 4-12 Distribution of Magnitude and Epicentral Distance of the Seismicity Data

Epiéentrél Distance [km]

Do

M _Magni;ude
1 0¢ A<s0| <100 | <200 | <300 | <400 | <500 | <600 | <700 <800 | <900 | <1000 | Total
3.5¢ M <4.0 0 0 0 0 1 1 0 2 3 2 3l 12
4.5 1 b 4 4 s| 1of 1o 1i. 21| 30 ' 53 135
<5.0 0 51 11| 10| 22 26| 49 .49 90} ‘122 | 112 496
<5.5 2 8 4 6 71 16| 22| 33| 30] - 64 58| 250
<6.0 0 0 1 1 3 41 6{ 10 9| 15 11 53
<6.5 0 1 1 1l o 0 o & 2 3 3 15
<7.0 0 of o| of o o} o of o 3l o 3
Total 3 ] 2t} 22) 38} 57| 87| 115} 155 issl 216 | 964

The maximum acceleratien of earthquake

is to be estimated on the

basis of those formulae proposed by C. Oliveria, R. K. HMcGuire, L.

Esteva and E,

Rosenblueth, T. Katayama and S. Ukamoto.

While the

probability analysis is made on assumption that the third type of

theory of extreme value 1s applicable for functioﬁal equation as

follows:




P(X) = exp (=W ~ X)/(W - W]¥]
where,

-+ Upper limit value of variable
: Characteristic value
: Shape parameter

! Log Amax

< o oo o=

" Amax ! Maximum recorded acceleration

Table 4-13 and Fig. 4-9 show the results of analysis and'according
' thereto, it is observed that the maximum acceleration for 100 years
- return pe}iod'will be in the range from 34 gall/ (C. Oliverié) to
- 231 gal (S. Okamoto)_and for 1,000 yearé return period from 65 gal

.(C. Oliveria) to 436 gal (8. Okamoto). The values_estiméted by S.
Okawoto's formula is conspicudqsly 1argéf than the.otﬁefs and the
arithmetical means of above five formulae are 88 gal and 165 gal for

100 and 1,000 years return periods, respectively,

Table 4—13 Maximum Accelerations for Five Return Periods

e units gal
Model o i Return Period ., Tr (year)
(Eq.No.) | Froposer(s) 50 | 100 | 200 | 500 | 1000
L) C. Oliveira 26 34 42 55 65
“(2) 7 I R. K. McGuire | 71 | 8 | 97 | u3-) 125
; L. Fsteva & : ' '
{3 E. Rosenblueth | 20 41 57 85 | 113
T (4) T, Katayama - 38 48 | 59 75 87
(5) | 5. Okamoto 164 | 231 | 298 | 381 ] 436

Fﬁrthér,_the maximum value that would have experiericed at the pro-

. ject*site 18 also examired on the basis of the records of the histo-

*‘rically. big ‘earthquakes in this vie¢inity. The datd composed of 8

'Earthqﬁakes (M > 7.5) aré_dotted'in the areas covering the northern
part of Burma, Assam State of India, Nepal and the northern part of

Pakistan as shown in Table 4-14.

1/ ¢ 34 gal = 34 em/sec? = 0.035 g -



Table 4-14 Earthqﬂakes of Magnitude Greater than 7.5.
in the Vicinity of the Himalaya Frontal Arc
since 1897 (After Singh and Gupta, 1980)

Date La€§;$de Lo?§é§ude Loca;ion._ Death Eﬁg:i_
12 June 1897 25,9 91.8 Assam - 1,600 8.7
4 April 1905 33,0 76.0 Kangra Valley | 19,0001 8.6
12 December 1908 26.5 97.0 Burma - 7.5
8 July 1918 24.5 91.0 | Assam - 7.
12 January 1934* | 26,5 86.5 Bihar~Nepal 11,000 | 8.4%
30 May 1935 29,5 66.7 Quetta 30,000 7.6
{29 Juiy 1947 28.5 94.0 NE Assam - 7.9
15 August 1950 28,5 96.7 Assam 1,526 8.7

Source: Bulletin of the Seismological Soclety of America, Vol, 76,
No. 1, PP205-295, Feb. 1986 :

Large Artificiai Water Reservoirs in the Vicinity of the
Himalayan Foothills and Reservoirninduced Seismicity by
H. X, Gupta and K. Rajendran.

According to the data shown therein, the maxlmum acceleration at the
gite would be caused by Bihar-Nepal earthquake on -Jan. 12, 1934 of
which the magnitude and distance from. epicenter are 8,4 and 142 km,
respectively. The maximum acceleration 1s estimated at 128 gal (R,
K. McGulre), 122 gal (T. Katayama), 32 gal to 35 gal (L. Esteva et
al, C. Ollveria).

In consideration of tﬁegresglts_of analysis .of the-probable<eafth-

quake and the recorded max{mum earthquakes, the seismic coefficieat
of 0.12 1s- selected for application to various designs, Finaliza—'
tion of the: seismic coefficient will be made in the detailed. design :

stage considering the:MCT._
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Fig. 4-10 Seismicity of All Data in 1963 — 1985
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