The Team carried out continuous measurements for one week to
obtain'flood hydrographs at gauging stations No.60l,5 and No.680 on
the Arun and Sun Kosi rivers respectively in the rainy season of

.198ﬂ. The vresultant flood hydrographs are shown in FIG, 2-15 and
2-16.

3.3  Adapted Design Flood Discharge

Based on Study,'fhe relationship between catchment area and design
flood discharge was determined"as shown in FIG, 2-17. Design flood

discharges for each dam are tabulated below.

TABLE 2-13 DESIGN FLOOD DISCHARGE

Dam C.A Design Flood Discharge
(xm?) (m3/s)
Sun Kosi No. 1 16,200 22,500
" No., 2 10,396 17,300
" No. 3 5,520 11,600
Dudh Kosi No, 1 4,100 9,800
Indrawati No. 1 980 4,100
Tama Kosi No, 3 2,753 7,600
" No. U 5,085 11,100
Tamur No. 1 5,085 11,100
" No. 3 4,000 9,600
Sapt Kosi High Dam 61,000 | h2,500

11 - 13



TABLE 2-2 METEOROLOGICAL STATIONS LIST

{1 of 5\

STATION No.1/ STATION NAME

PERIOD OF RECORD

(1) BAGMATI ZONE

——

1001 TIMURU |
1002 ARU GHAT CHAT DHODENI BAZAR
1003*  TRISULI
1004 NUKAXOT

1005 DHADING
1006 GUMTHANG
1007* KAKANI
1008 NAWALPUR
1009 CHAUTARA
1010 LATIPUR
1011 KATHMAMANDU USAID
1012 SUNDARLJAL POWER HOUSE

1013 SUNDARIJAL WATER RES
1014%  KATHMANDU I.E.

1015 THANKOT

1019 PANT PAUWA

1021 KIRTIPUR BAGBANI
1022 GODAVARI

1023 DOLAL GHAT

1021 DHUL IKHEL

1026 BUDOL BANEPA
1027 BAHRABISE

1028 PACHUWAR GHAT

1026*  KHUMALTAR

1030*  KATHMANDU AIRPORT
1031 KYANGJIN LANGTANG
1039  KATHMANDU PANI POKARI

1957
1957
1955
1956
1956
1947
1962
1959
197
1965

1954
1940 .

1940
1942
1966
1967
1963
1952
1947
1947
1966
1965

1966

1967
1949
1968
1971

- 80
- 80

- 8o

- 80
- 80

~ 80

- 65
- 80
- 68
- 68
- 69
- 80
- 80
- 70
- 80
- 70
- 68
- 80
- 80
- 80
- 70
- 80
- 80
- 80

~ 80

- 72
- 80

1972 ~ 80

1971 - 80

17 Total Stations: 27
- Climatological: 8¥
- Precipitation: 19
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TABLE 2-2 METEOROLOGICAL STATIONS LIST

(2 of 5)

STATION No, 1/ STATION NAMS

PERIOD OF RECORD

(2) JANAKPUR ZONE
1102 CHARIKOT
1103 JIRI
1104 MELUNG

1106 mwmmm#

1107 SINDHULI GADHI
1108 BAHUN TILPUNG
1189 PATTHARKOT EAST
1110 TULSI _
1111% . JANAKPUR AIRPORT
1112 CHISAPANI BAZAR
1113 THODUNG

11145 HARDINATH

1115 NEPALTHOK

1116 HARIHARPUR GADHI
1118 MANUSMA RA

1119 GAUSALA

1961

1959 - 80
1961 ~ 80
- 1959 - 80
1948 - 80
1955 - 80

1958 - 66 1972 - 80
1956 - 70 1972 - 80
1956 - 70 1973 - 80
1968 - 80

1955 - 70 - 1972 - 80
- 69

1968 - 80

1948 - 80

1955 - 80

1979 - 80

1979 - 80

1/ Total Stations: 16
~ Climatological: 3
- Precipitation: 13

I1 - 15



TABLE 2-2 METEOROLOGICAL STATIONS LIST
(3 of 5)

STATION NO.J-/ STATION NAME PERIOD OF RECORD

(3) SAGARMATHA ZONE | _
1201*  NAMCHE BAZAR 1948 - 80

1202 CHAURI KHARK 1948 - 70 1972 - 80
1203 PAKARANS 1947 -~ 70 1973 - 80
1204 AISYEALU KHARK 1948 - 70 1973 - 80
1206*  OKHAL DHUNGA 1947 - 70 1972 - 80
1207 MANE BHANGYANG 1947 - 70 - 1973 - 80
1208 DWARAPA - 1959 - 70

1210 KURULE GHAT 1947 - 70 1972 - 80
1211 KHOTANG BAZAR 1959 - 70 1972 - 80
1212 PHATEPUR 1976 - 80

1213 UDAYAPUR GADHI 1947 - 70 1972 - 80
1215 LAHAN 1955 - 70 1972 - 80
1216 SIRAHA 1947 - 70 1972 - 80
1217 KHUMJUNG 1966 - 80

1218%  TENGBOCHE 1966 - 80

1219 PHAPLU SALLERI 1947 - 62 1973 - 80
1220  CHIALSA 1966 - 80 |
1222 DIKTEL ' 1973 ~ 80

1223 RAJBIRAJ 1971 - 80

1224 SIRWA 1959 - 67 1973 - 80
1225%  SYANGBOCHE 1973 - 80

1226 BARMAJHIYA 1975 - 80

1/ Total Stations: 22
- Climatological: 5
- Precipitation: 17
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TABLE 2-2
(I} of 5)

METEOROLOGICAL STATIONS LIST

STATION No.1/

STATION NAME

PERIOD OF RECORD

(4) KOSI ZONE

1301 NUM
1302 ~ DUMUHAN
1303%  CHAINPUR EAST
1305 LEGUNA GHAT
1306 MUNGA

1307* DHANKUTA
1308 MUL GHAT
1309 TRIBENI
1310*  BARAHKSHETRA
1311 DHARAN BAZAR
1312 HARA INCHA
1313 BIRATNAGAR
1314 TERHATHUM
1315  LALANTAR
1316 CHATARA

1317 CHEP UA

1318% PARIPATLE

1319% BIRTNAGAR AIRPORT
1320 TARAHARA

1322 MACHUWA GHAT

1323% DHARAN BRITISH CAMP

1324* BHOJPUR
1325 DINGLA

1959
1947
1947
1947
1947
1947
1947
1948
1947

1947

1956
1948
1971
1972
1948
1959
1971
1971
1971
1948
1971
1954
1948

- 70
- 70
- 70
- 70
- 70
- 80
-. 80
- 70
- 70
- 70

70

- 69
- 80
- 80
- 70

- 80

- 80
- 70
- 70

1973
1972
1972
1972
1972

1872

1972
1972

1972
1973

1972

1573
1973

- 80
- 80
- 80
- 80
- 80

- 80
- 80

- 80

- 80
- 80

- 80
- 80

1/ Total Stations! 23
- Climatological: 8%
- Precipitation: i5
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TABLE 2-2
(5 of 51

METEORCLOGICAL STATIONS LIST

STATION No.l/

STATION NAME

PERIOD OF RECORD

(5) MECHI ZONE

RLIIL
1402
1403
140h¥
1405%
1406
14072
1407
1408
1109
1410
L)
1412
14913
1414
115
14164
1417%
1h18

OLANGCHUNG GOLA
PANGTHUNG DOMA
LUNGTRUNG
TAPLETHOK
TAPLEJUNG
MEMENG JACAT
ILAM BAZAR
ILAM TEA ESTATE
DAMAK

ANARMANI BIRTA
HIMAL GAUN
SOKTIM TEA ESTATE
CHANDRA GADHI
KAMACHIN

NUP

'SANISCHARE

KANYAM
JAURARI
ANGBUNG

1947
1947
1947
1947
1947
1947
1956
1966

1961
1956
1968 -
1966

1971
1949
1948
1972
1972
1973
1947

1970
1970

1970

1970

1970 .

1970
1970

-1980

1970
1970

1980

1980

1980
1951

1954
1980
1980

1980

1968

13

73

12

T2

T2

72

80

80
80

80

- 30

80

1/ Total Stations: 19
- Climatological: 6%
- Precipitation: 13
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EQUATION FORMULA

>

.TA’BLE 2-8 RATING CURVE
(1 of 3}
G.S. No. 610: Bhote Kosi
Jan. 1969'-_Dec. 1969 Q=
Jan, 1970 -~ Dee. 1970 Q=
Jan. 1971 - Dec. 1973 Q=
Jan. 1974 - Dec. 1978 Q =
G.S. NO, 620: Balephi Kohla
Jan. 1969 - June 1970 Q=
duly 1970 - June 197t Q =
July 1971 - July 1974 Q=
Auvg. 1974 - Dec. 1978 Q-
G.S. No. 630¢ Sun Kosi
Jan, 1966 - Sep. 1970 Q-
Oct. 1970 - June 1971 Q=
July 1971 - June 1972 Q=
July 1972 - July 1974 Q=
Aug., 1974 - Pec. 1975 Q=
G.3., No. 640: Rosi Khola
Jan. 1969 - July 1969 Q=
Avg. 1969 - July 1970 Q=
Aug. 1970 - Dec. 1970 Q=
Jan. 197t - June 1978 Q=
July 197 - Dec. 1978 Q=
0 =

~5.625 + 28.333H + 25,8332
~7.675 + 38.333H + 23,385H2
1.242 + 17.135H + 34.635H2
11.267 + 2,181H + 36.626H2

19.000 + 2.273H + 13.636H2

197,284 -~ 184,468 + 44, 019H2

59.270 -~ 80.633H + 28.833H2
65.480 ~ 77.033H + 27.833 HZ

-16.600 + 42.333H + U3,333H2
-385.638 + 288.012H + 4,238H2
~16.600 + 42.333H + 43.333H°
73.333 - 145.000H + 111.667H2
160.000 - 250,000 + 131,944H2

0.259 - 0.565H + 20.679H2
0.574 - 7.090H + 26.449H°2
0.493 + 1.300H + 17.667H2
-0.757 + 10,081H + 14.865H2
8.150 - U8.450H + 71.500H2
H=0.50 (m} Below

-28,606 + 68.929H -~ 16.23UH2
B = 0.50 (m) Above
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BQUATION FORMULA

TABLE 2-8 RATING CURVE
{2 of 3
G.S. No, 6U47: Tama Kosi
Jan. 1971 - Aug. 1972 Q=
Sep. 1972 ~ Mar. 1973 Q=
Apr. 1973 - Jul., 1973 Q=
Aug. 1973 -

Dec, 1978 Q-

G,S. No. 650: Khimte Xhola

Jan. 1969 - June 1969 Q=
July 1969 - June 1970 Q=
July 1970 = May 1971 Q=
June 1971 - Dec. 1978 Q=

G.S, No. 652t Sun Kosi

Jan, 1968 - Sep. 1974 Q=
Oct. 1974 - Dec. 1978 Q=
G.S. No, 660: Likhu Khola
Jan, 1969 ~ July 1969 Q=
Aug. 1969 - Dec. 1969 Q=
Jan. 1970 - June 1973 Q=
July 1973 - Aug. 1974 Q-=
Sep. 1974 - July 1975 Q-
Aug, 1975 - June 1978 Q=
July 1978 - Dec. 1978 Q=
G.3. No. 670: Dudh Kosi
Jan, 1964 - June 1964 Q=
July 1964 - Aqg. 1965 Q=
Sep. 1965 - July 1966 Q=
Aug 1966 - July 1967 Q=
0=

-22.662 + 39,156H + 34,189H2
-28.087 + 61.363H + 32,4461
0.947 + 17.486H + 41.967H

-15.871 + 6B.063H + 26.35512

1.171 + 11.300H + 16.714482
3,740 - 6.683H + U2, LoUH2
6.749 - 23.423H + 50.879H2

.21

10.613H + 45, 4B3H?

15.918 '+ 17.242H + 61,165H
5.928 + 11.674H + 62,034K2

2.219 + 8,135H + 30.168H2

-6.019 + 14,681H + 22,2101
6,263 + 0,34UH + 27.32012
48,715 -~ 102.943H + 65,104H2
1HU,572H + T1,054H2
43.433 - 93.560H + 58.669H2
4,284 - 24,136H + 38.359H2

-2,739 + 58.133H + £9.52512
0.383 + 88,6714 + 53,1271
~10.824 + 81.036K + 58.559H2
16,277 + 196,793H + 14,3932
B = 2,35 (m) Below

13.183 + 75,0241 + 56.769H°2
H = 2.35 (m) Above
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TABLE 2-8 RATING CURVE EQUATION FORMULA
(3 of 3)

Aug. 1967 - July 1969 Q= 13.183 + 75,024H + 56.769H2
Aug. 1969 - Feb, 1970 @ = 44,000 + 198.988H » 1,45H2
H = 2.05 (m) Below
Q = 812,446 - 600.872H + 208.767H2
‘ H= 2,05 (m) Above
Mar. 1970 - Sep. 1970

Q = 206.869 - 307.983H +147,114H2
Oct. 1970 - Dec. 1970 Q= 46.944 - 33,752H + 64,6571
Jan. 1971 - June 1971 Q= 8.809 + UU.NGAH + 33.78012
July 1971 - Sep. 1972 Q = 106.556 - 167.860H + 114.380H2
Oct. 1972 - Oct. 1974 Q = 83.762 - 127.128H + 86.366H2
Nov. 1974 - Dec. 1975 Q = 63.959 - 111.07T4H + 99, 12412

. G.S.'No.ZGBO:' Sun Kosi

Jan., 1966 - Nov. 1966 . Q = -17.042 - 33.955H + 59.238H2
Dec. 1966 - Apr. 1969 Q = -90.413 - 10.003H + 57.566H2
May 1969 - Sep. 1970 Q = 154,181 ~ 134.270H + 55.887H2
Oct. 1970 - July 1973 Q= -78.280 - 47.267H + 43.70112
Aug. 1973 - Sep. 1974 Q= -97.004 - *2.776H + 39,986H2
Oct. 1974 - July 1975 Q= -163.732 - 0.956H + 39,293H°
Aug. 1975 - Dec. 1977 Q = -171.543 + 32.718H + 36.549H2

. G.8, No, 690: Tamupr

Jan. 1978 - Dec. 1978 Q = 601,783 - 478.770H + 101.01912
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TABLE 2-12 MAXIMUM PEAK FLOOD DISCHARGE

{1 of 3)

i. Gauging Station No. 670 2 Gauging Stat_.i_on_No. 680 o
Catchment Area: 4,100km Catchment Area: 17,600km
River Name: Dudh Kosi River Name: Sun Kosi

at Rabuwa Bazar at Kampu Ghat

- Year Discharge (m3/sec) | Year  Discharge .{m3/see)
196X 1,540 | 1965 3,910
1965 1,480 ' 1966 5,940
1966 1,580 | 1967 i, 280
1967 1,150 1968 9,390
1968 1,450 1969 3,460
1969 1,590 1970 7,360
1970 2,450 - 1971 5,500
1971 2,000 1972 1,600
1972 1,760 1973 ' 3,830
1973 1,900 978 . 5,160
1974 2,700 1975 4,890
1976 3;620
1977 ' 3;3u0
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TABLE 2-12 MAXIMUM PEAK FLOOD DISCHARCE

{2 of 3
IT. Gauging Station No. 690 - Gauging Station No. 965 2
Catchment Area:5,640km” Catchment Area: 61.000kn
River Name: Tamur River River Name: Sapt Kosi
at Mulghat ' ' at Barakshetra
Year  Discharge (m3/sec) Year  Discharge (m3/sec)
1970 3,900 1948 13,547
164G 11,203
1971 2,450 1950 9,646
1951 7,257
1972 i, 100 1952 8,677
1953 5,420
1973 4,400 1954 245,217
1955 7,079
1974 5,450 1956 5,437
1957 7,532
1975 2,400 1958 10,562
L o 1959 5,975
1976 2,400 1960 7,192
1961 8,297
1977 . 3,620 1962 10,505
1963 7,645
1978 3,400 1964 10,760
| 1965 6,654
1966 10,816
1967 8,835
1968 - 25,853
1969 8,136
1970 13,869
1971 12,176
1972 10,709
1973 9,850
1974 11,420
1975 9,201
1976 9,481
1977 7,777
1978 9,829
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TABLE 2-12 MAXIMUM PEAK FLOOD DISCHARGE

(3 of 3)

III..Gauging Station No. 630 4 Gauging Station No. 652 2
Catchment Area:. 4,920km Catchment Area: 10,000kn
River Nameé: Sun Kosi River Name: Sun Kosi

at Panchuwar Ghat N _ at Knur Kot:
Year Diséhargé (03/s60) Year  Discharge (m3/sec)
1964 1,210 . 1967 1,890
1965 1,260 1968 5,000
1966 2,210 1969 2,660
1967 1,760 1970 6,600
1968 1,150 | 1971 5,550
1969 1,250 1972 ' 3,850
970 - 1,935 1973 3,310
1971 1,660 1974 5,000
1972 3,410 |
1973 3,770
1974 5,100
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APPENDIX III
GEOLOGY

1. TOPOGRAPHY AND GENERAL GEOLOGY

j.1 Topography
1.1.1 General

" The Study area is located in the eastern part of Nepal between
longitudes 85020'-88015'E, and latitudes 26010'-2807'N, The area can be
broadly divided into two topographic regions; the Kosi Basin and fhe Terai
~Zone. The Kosi Basin e¢ncompasses both the_Himalaya and Mahabarat mountain
ranges with a wide range in elevation from 8,000m in the Himalayas along
the Nepal - China border to 100m where the Kosi River flows into the Terai

Zone,

The Kosi Basin in the Stﬁdy'area extends 230km from east to west
and 120km frbm sbuth to north, and is traversed by the Sun Kosi, Arun and
Tamur rivers, as well as by:numerous medium and small scale affluents.
Although the catchment area of the Basin at the Nepal —.Ihdia'border is
said to be 61,000km2, the upper reaches of the Sun Kosi and its tributary,
the Tama'kbsi, as well as the Arﬁn River, are located in Chinese territory
within thé'Tibetan'piateau, and catchment area within Tibetan territory is
26,450kn? or 45% 6f the total,

The Terai Zone is located on the socuthern edge of the Kosi Basin,
extending 30-U0km north - south from the foothills of the Siwalik mountain
range at the southernmost point of the Himalayas to the HNepal - India

border, and 2l0Okm east - west over the flat alluvial plain.
Topography of the Study area, as with that of Nepal in general, may
divided into the following parallel geographic regions.

- .The Mountain Zone
- The Hill Zone
-~ The Teérai Zone

A schematic topographical profile of eastern Nepal is presented on
the following page.
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FIG. 3-1 SCHEMATIC TOPOGRAPHICAL PROFILE OF EASTERN NEPAL

1.1.2 The Mountain Zone

~ The Mountain Zone is.situated at elevations‘oﬁéf 3,000m and éxténds
30-40kn southwards from the Himalaya mountain range along the Nepal-China
border. The area is composed of steep mountaine and deep gorges, with
almost no farmland and.a very low population density. Mountains over

5,000m in elevation are covered year-round with snow and ice for an area

of about 5,700km?.

1.1.3 The Hill Zone

The Hill Zone includes 'the .southern slopes of the Himalaya
mountains and the Mahabarat mountain range, ranging in elevation from 300-
3,000m, Although thére are numerous steep mountains in the 3,000m class,
there is also a large percentage of relatively gently sloping topography.
As the climate consists of subiropical to temperate, population density is
comparétively high. This zone includes oultivated area with terraced

fields up to elevations of nearly 2,500u,

The major problem in the area is rapid deforestation from the
expansion of cultivated land which aQCOmpanies'population incerease, and
the use of trees by local residents for both fuel and fodder. Moreover,
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in proportion to the high population density, transportation networks
remain underdéveloped, and footpaths are the main type of transportation

routes in the mountain areas.

1.1.4 The Teral Zone

Hume}ous'rivers flow through the Terai Zone from the Mahabarat and
Siwalik range, sedimentation from which formed the alluvial plain.
Blevation of the said plain ranges from 60-300m with a north - south slope
of 1/300-1/500. The Terai Zone is located at the northernmost part the
Ganges Plain and until iO year's égc was covered by forest. Beginning in
1958, however, the area was opened in an effort to both eradicate malaria
and develop new farmland. At present, the Terail Zone comprises the bread-
basket of Nepal, and forésted area in the same has been reduced t6 a small

percentage of the whole,

The area has a tropical monsoon type climate énd, although rainfall
is comparatively low, the clirate is divided into rainy and dry seasons,
The majority of rainfall is édncentrated in the Fformer causing flooding of
medium and small rivers. Repeated flooding is in turn causing erosion of

the surrounding farmland.

In the upper reaches of mediﬁm-scale rivers such as the Bagmati,
Kamla, Trijuga and Kankai rivers which flow through the Terai Zone, a
basin has been formed ranging in elevation from 200-500m. This area is
referred to as the Inner Terai, and agriculture is well-developed within

the same,

1.2 General Geology

1.2.1 Stratigraphy

A geologlcal map of eastern Hepal is preseated in FIG. 3-2. The
general  stratigraphy of the area can be divided into 6 major
geo'stratigraphic groups presented in TABLE 3-1.
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TABLE 3-~1 GROLOGICAL GROUPS OF EASTERN NuPAL

r
Possible Period Group Lithology
Recent " Unconsolidated sediments, - :
1. Cenozoic gravels and sand, (alluvium)_
Siwalik shale, sandstone, conglomerate
Main Boundary Fault
2. Mesozoie ' . ' . . |
- Paleozoic Tethys Shale and limestone
3. Péleozoic Kathmandu Mainly clastic¢ and carbonate rock
= Precambrian Midland Mainly clastic and carbonate rock
Main Central Thrust.
4, Precambrain Himal Gneiss and schist

(highly metarorphic rock)

Igneous Rock  Granite and pabagranite

The geolbgy of eastern Hepal consists of stratum of various rock
types: such . as low-high grade metamorphic roe¢k, marine and non-marine

deposits, silica rich-mafic riceh igneous rocks,

1.2.2 Pattern of Distribution

The geology of the Study area can be roughly defined as follows:

(1) Main Central Thrust (MCT)
The Main Central Thrust (MCT) runs east-west between the

Mountain and Hill 2zones, marking the border 1line between the

northern Himal Group and central Midland Group.

(2)  Main Boundary Fault (MBF)

~ The Main Boundaﬁy ,Fault. (HB?) runs east-west thrqugh the
center of the Hill Zone aiong the border line between the southern
Siwalik Group and the central Midland and Kathmandu groups.

(3) MCT and MBF |

_ As the MCT and MBF are major geological “struotural lines, the
geological conditions within their vieinity are complex and various
pbéblems nay _bé 'antiéipatéd_ with regards to construotion of
engineering structures near the same,
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(4)  Himal Group

The Himal Group is the oldest stratum and is composed of
highly metamorphic rocks. This group forms the great Himalaya
ehain as well aé the stéep mountainous topography of the upstrean

Kosi River. This group is mainly'eomposed of gneiss and schist.

(5) Midland Group

The Midland Group, which is widely distributed in the central
portion of the Kosi River, is mainly formed of carbonate rock, a
type of clastic rock. The said group is easily weathered and the_-
tdpography of areas where the same is distributed has comparatively
gentle slope, Accordingly, agriculture and terraced cultivation is
well developed in the Hill Zone. Landslide and slope collapse are

also common in areas within this group.

(6) Kathmandu Group

Th¢ Kathmandu'GFOup'is distributed fronm the Kathmandu Valley
to the Mahabarat range'on the south side of the Sun Kosi River and,
like the Midland Group, is composed of carbonate rock. Although
the Kéthmandu Group was formed about the same period as the Midland
Group, the forumer is renowned for its abundance of diverse
invertebrate animal fossils, From these fossils, it 1is assuned
that the geological period of the Group correlates to the Late

Precambrian period,

Granite intrusions ocecur freguently in the Mahabarat range
where the Kathmandu Group is distributed, and such intrusions are

accompanied by schist and easily weathered fragile rocks.

(7} Siwilak Group

_ This Group is found in the southernmost part of the Himalaya
mountains. The same ‘was formed in the Neogene Tertiary Period
after the final stage of the Main Himalayan Orogency, and is
composed of sédimentary river deposits cavrried from the Himalaya
range. Accordingly, “lateral changes in the rock faces are

pronounced.
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In addition, numerous folded axes and faults running in an
~east-west trend create a complex geological structure. Main rocks
inelude shale, mudstone, sandstone -and cbnglomerates, and generally
these stratum are soft and weak with lower consolidation than old

stratum,

(8)  Tethys Group

Other than the above meantioned Himal, Midland, Kathmandu and
Siwalik groups, there is also the Tethys Group. This Group is
distributed only at elevations above 7,000m on Mt, Everest and is
thus not widely distributed in eastern Nepal, Yain rocks

comprising the same are marine agrillaceous - carobonate sediments.

(9)  Recent Group
This Group consists of alluvial deposits which form the
Nepalese Terai Plain and the Indian Ganges Plain and is comprised

‘of unconsolidated sediments such as gravels, sand and clay.

1.2.3 Orogenic Movement and Gé010gical Structure

Paleontological  content required fqr correlation is 3barticular1y
lacking in the older strata such as the Midland and Himalaya Groups, as
the same have been subjected to complex tectonic movement, The
geotectonic lines which determined the geological'structure of the area
consist of 2 major thrusting faults} the Main Central Thrust and the Main
Boundary Fault. These faults extend in an E-W trend across Nepal, acting

as the major division between formation groups.

Heotectonics in the Himalayas are presently unclear, and there are
numerous areas of debate concernirig geological Structure. However, the
theory that the orogenic process began after the Teriary Period is

becoming more generally accepted as evidenced by the recent Plate Tectonic

Theof‘y¢

The sequence of orogenic movement is velieved to be as follows:
a) Upheaval of older sedimentary rocks and the central
- axis portion during the CGligocene Period

b) Greatest orogenie movement in the Middle Miocene
Period, and partiecularly upheaval of the Siwalik Zone

c) Main_upheaval of the Siwa1ik formation occuring after
the Pliocene Perlod with ovrogeniec movement continuing
Lo the present day

111 -6



_ The source of this orogenic movement is - south—_noﬁth trend
horizontal compressive stress which arises fron collision between the
Indian and Eurasian plate. It is generally accepted today that this
stress which occurs in the depths of the Eurasian Plate provides the
structural power of orogenic movement. Radiometric dating of intrusive
'graﬂitic' rock which is c¢losely related to the final stage of orogenic
movement indicates a young agé of 15 million years. This clearly shows
thal orogeny in the Himalaya range is comparatively young and upheaval is =
presently bontinuing. The map area of the same is thus a plate to plate

collision zone., A schematic geological profile is presented in FIG, -3-3.
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The mountainous reglon is in the process of large scale orogeny,and
sediment produced from the same is ecarried by the rivers to the lower
reaches. Sedlment volume in each river is large due to several factors:
steep terrain; young. orogenic movement' rainfall "of over é,OOOmm during
rainy season (June to October) | weathering of bedrock due to high humidity
and heavy rainfall; steep river gradient; ﬁoor vegetation on the steep
mountain slopes; soil composed of easily eroded unconsolidated sediments;
and lack of river treatment and soil erosion contfol schemes in both the

mountains and lowlands.

The combination of the above factors results in widespread
landslides, slope failure, etc., which further inecrease the amount of

sediment in the rivers.

1.2.14 Geological Condikions at Proposed Priority Sites

Conditions required for dam foundatién can be summarized as
follous: '

a) suffiéient reltiable Support strength - and shéaring
strength; and '

b) resistance to permeation

As the Study area was formed from the Meso?oic to Precambrian
periods, the same has the Following geological characteristics which

require special consideration in dam planning.

a) Deep weathering occurs in the granite rock area
{including gnelss). :

b) Water leakage from underground caves 'is prevalent in
the carcareous sediment zone.

¢) Due to the arrangement of original minerals in a
uniform direction, follation occurs in the schist wnile
exfoliation along the foliation plain is pronounced and
resistance to. vertical stress on -the  said plain is
high.  Resistance to horizontal stress however, is
extremely low. In particular, gneissosity of mnica
schist is high and anisotropy is very pronounced.

d) Proliferance of faults and large fragmented portions in
the metamorphic zone exist., As this zone often follows
along the tectonic line, theré is much ‘directionality
in the arrangement of faults and folding.

e) Although not -as pronounced as 1o schist, gneiss also
has stratified arrangement of minerals and a strong
anisotropic trend, Moreover, arrangements include
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variations from silica rich type strata to strata with
nunercus stripes of color mineral. Those portions of
gneiss with accumulations of biotite are formed of
easily weathered sofi strata.

. The majority of proposed dam sites_are located in the Hill Zone
Midland Group., The three sites on the Arun River however, are located on

limal gneiss on the northern side of the Main Central Thrusb.

A}l priority sites are marked on the geologlcal map in FIG. 3-2.
Location of sites either on the two thrust lines or on the carcareous

sediment zone was avoided owing to difficulty in dam construction.

The following points should be considered in geolbgical evaluation

of each site.

a) Midland Group rocks are folding and have a complex
geological structure. Sun  Kosi No.2 site, for
example, has slipfaced layers on a folding axial
plain and numerous oracks which should be carefully
noted in plannlng. :

'b) Exeluding Sun Kosi No.3, the main'formation rock of
the Midland Group Zone site is schist formed by
metamorphism of clastic rock with some phyllitic
slate interbedded.

e¢) Tamur HNo.3 site is an example of sites where
foundation rock is mainly formed by phyllitic rock.

d) As schist is form by phyllitie rock, it is easily
broken lamellately, and permeability and rock
strength of the same is considered inferior.

e) Tama Kosi No.3 is composed of paragneiss. The
paragneiss, like gneiss and schist, is highly
anisotropic rock, which is one cause of weathering.

In addition to the above, detailed investigation for each site is
required in the next survey. At this point, however, the proposed sites

do not appear to have demerits for dam planning.

1.2.5 Diversion Project

The Sun Kosi Piversion Scheme which is the key irrigation project
in the Terai Area, consists of a 17km diversion tunnel to divert water
from the Sun Kosi River. to the Kamla River. The tunnel route passes
through the Mahabharat Range and the Siwalik Hills which are represented
by ‘Neogene formation and the Midland Group and Kathmandu Group formed
during the Paleozoie and Precambrian periods. The main Boundary Fault
divides the above two Group formations.
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The sald Fault was caused by the upheaval of the Mahabharat Range
and a wide shear zone exists in the area of the same. Accordlngly, in
selection of the tunnel route the following points should be considered.

a) Construction near . the major fault will neqpire
extensive enginecering treatment, and,

b) Faults and shear zones are extremely disadvantageous
for Foundation in tunnel formation, and the amount of
over-break and timbering required will be greatly
increased,

However, as the Sun Kosi diversion route is located on the VMBF
compression zone where the width of the faulting shear zone is Judged to
be only about 10m, the same should not present any major hindrance to plan

implementation.

In the Trijuga Diversion'Scheme;'dué td'distribution of the main
structure of the MBF and the large shear zone on the Sun Kosi River left
bank (n@bth side), faulting structure is expected to have little influence
on the intake and tunnel route. However, the diveﬁsion route from the
Tamur River, whlch is the alternatlve diversion scheme for the Sapt Xosi
East area, crosses seveéral faults includlng the HBF and accordingly,

careful planning is required.

1.3 Earthquakes and Crustal Movement

1.3.1 Characteristic Distributien of
Epicenter in and around the Himalayas

The Himalaya rezgion is an active earthquake ﬁone, FIG, 3-4
presented on the following page snows the results of the data collected by
ESSA (Coastland Surveying Department, USA) from 1961-67 on epicienter

distribution in the said region alone.
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A Ap: Mt Annopurna, Ev: Ms Everes)

FIG, 3-4 RPICENTER DISTRIBUTION OF SHALLOW (a) AND
DEEP EARTHQUAKES (b) IN AND AROUND THE HIMALAYAS
Ap: Mt. Annapurna, Ev: Mt. Everest

The above epicenter figure differs significantly in comparison with the
general wobld trend. Firstly, despite the fact that no trench exists on
either .flank of the Himalaya range, deep earthquakes are concentrated
around the same. Secondly,.distnibution of shallow earthquakes is clearly
bounded on the southern edge by the llimalaya range while the northern

béunﬂary, on the other hand, is widely dispersed and unclear.

1.3.2 Earthquakes of Mepal

Although Nepal has suffered nunierous damages due to earthquakes in
the past, selsmic observation was only begun recently, FIG. 3-5 shows
earthquakes occuring in Nebal and its viecinity from i96h—77 based on
observations of the International Seismological Center.,

From this figure, it is evident that numerous earthquakes are
concentrated in western Nepal, including the earthquake of 1966. The
epicenteb distribution of central and eastern Nepal 1s concentrated
between the MCT and MBF and along the novthern side of the MCT., In

comparison, less earthquake activity oceurs in the western vregion and
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earthquakes on the southern side of the MBF are extremely rare. Depth of
most observed earthquakes is within HOka, exhibiting shallow carthquake

characteristices,

i : i :
‘Mb: Magnitude of body wave { 19684 ~1977)

FIG, 3-5 SEISMICITY IN/AROUND NEPAL
Mb: Magnitude of Body Wave (19611—7?)

FIG. 3-6 presents eplcenter dlstmbutlon in central and eastern
Nepal for earthquakes with magnitudes greaber than 2 observed from April
1980 to HNavember 1981._ Durmg bhls period, the pal:ter’n of eplcenhr‘al
distribution for earthquakes obser-ved with magnitudes under 4 was the same
as that for magnitudes 4-6 as shown In PIG. 13-6. Moreover, close
observation reveals that comparatively high magnitude earthquakes occur
~along the MPC. In the Kathmandu Valley, on the obher hand no ear‘thquakes
were observed durlng this period, Along the Indian border - in ‘southern
Nepal, earthquakes of magnltudes greater than 5 werg not observed, It is

therefore assumed that a seismicity gap oceurs in the said area.
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(1980. Apr ~ 1981 Nov)

FIG. 3-6 EPICENTER DISTRIBUTION TN MIDDLE/EASTRRN NEPAL

(1) Historical Earthquakes

It is a well-known fact that earthquékeé occur at the saume
spot in a series of intervals, The lengh of interval, however,
differs according to location. Existing records of seismic waves
in Nepal cover oniy a 100-year period. However, based on detailed
analysis of Thistorical records of serious earthquake damage,
earthquake intér?als and future earthquake intensity ¢an be

estimated to some degree.

TABLE 3-2 presents historical earthguakes in the Kathmandu
Valley. '

TABLE 3-2 HISTORICAL. EARTHQUAKES IN THE KATHMANDU VALLEY

Year PBeseription

1242 Severe earthquake in which many houses collapsed

1255 Severe earthquake; collapse of mény temples and houses killing

20 - 30% of the population including King Abhayamalla
1255-58 King Jayedeva's reign troubleéd by a violent earthquake, famine
: and epidemics
1344 Death of King Jayarimalla in Deopatan the day after a violent

earthquake -
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eont‘

1387 Severe earthquake during the reign of Jayasthltimalla

1408 Tremendous carthquake) temple at Machindranath and all other
buildings destroyed; innunerable human beings perished '

1681 Repal Valley rocked by severe earth tremor; - number of houses
damaged uncountable, followed two days latér by a less violent
shock

1767 21 earthquake sﬁocks.in twehty—fdﬁv hours

1808 Violent earthquake destroying many houses} great temples such

as Pashupati and Taleju escaped injury but in Bhadgaon,
numerous lives were lost :

1823-24 17 earthquake shocks in 28 hours

1833 Earthquake shock towards evening followed by another at
midnight; fourth shoeck so .violent many buildings and temples
collapsed in Kathmandu, Patan Bhadgaon and villages., Similar
to catastrophe of 1408, '

~This table is based on a document recording past events written in
the HNewar Dynasty whlch ruled ‘the Kathmandu Valiey. ~ Eleven historical
" earthquakes occurlng from 1242 to the 19th century are recorded in the

Sameo -

TABLE 3=-3 presents major earthquakes occuring 1n the 20th ¢entury.
Five earthquakes of magnitudes greater than 6 were reeorded and

seismological data from the same is available for future study.

TABLE 3-3 MAJOR ERRTHQUAKES N THE.EOTH CENTUHY
Date Epicenter Magnitude v Loéaﬁion‘and Damages
1916 30,00 N . 7.5 : Far Western Hepal _
8.28 81.00 8 ~ Extent of damage_ﬁnel_ear
1934 ‘ 26.5 N 8.4 '_ Nepal - India Border

| 86,5 E (Ms) Deaths: 8,519 (Nepal) 7 253 (Indla)
1.15 27.55 N 8.3 -+ Houses Desbroyed. 80,893 (Nepal)
B87.09 E (Ms) ' s
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cont!

.?.0 Western Nepal {Dhaulagiri)

1936 28.5 N _

5.27 83.5 E Damages unclear

1966 29.6 N 6.0 Far Western Népal |

6.27 _ 80.8 E "_ (Mb) ~ Deaths: 42, Houses Destroyed: 3,969
1980 29.6 N 6.1 Far Western Nepal

7.29 81.1 & . (Ms) - Deaths: 178, Houses Destroyed: 13,258

17: Richter's local magnitude
Ms: Magnitude of surface wave
H¥b: Magnitude of body wave

Past earthquakes'in Népal are consideréd to be more ﬁuﬁerOus than
those recorded in the table. To estimate the number of previous
'earthquakes,'more_data_On historical earthquakes must be collected. From
this data and future earthquake observatidn,'theoretical understanding of

the earthquake mechanism in Nepal can be improvgd.-

General trends of earthquakes in central and eastern Nepal may be
summarized as follows:

a) The crust directly below the Himalaya mountains is

- approximately 80km thick which is extremely thick in

comparison with the 30-60km thickness found in other
 continental erusts, '

b) Eahthq&akes occur mainly to the north of the MBF

"~ boundary. o

¢) Less selismic activity occurs in central-eastern Nepal
than in western Nepal.

d) The earthquake mechanism has an angle of about 450 and
“earthquakes on the south side are caused by reversal
faulting movement below the Himalayan range.

e) According - to plate tectonics, the Himalaya range is
subjected to strong south-north trend . compressive
stress, similar to Hindukush and Burma onr the two edges
of the "India plate, by collision of the Indian
subeontinent and Urasian continent. :

f) Compressive stress: caused by movement of the Indian
~subcontinent to the south works against the front face
of the Eurasian continent to the north in the form of
large scale folding and sporadic shallow earthquakes
while at the same time absorbing stress.
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g) Almost no deep earthquakes with hypocentric depths
greater than 100km occur.

h) Earthquakes which ocecur. in central and eastern Nepal

are considered to be shallow earthquakes occurring in

. the inner intand crust. Even for magnitudes over 6,

the greatest damage is caused not by seismic movement

itself but by resultant secondary effects such as
landslides and debris flow,

i) As the above type of earthquake is known to occur in
Nepal, external stress due to earthquakes must be
considered in design of the Kosi River Plan as well,
Evaluation of ‘earthquakes 'is reéquired for earthquake
proof design based on 1location, frequency and aatual
results of previous earthquakes. The following are
methods for earthquake proof design. '

Seismic intensity method: statiec analysis

Previous earthquakes are statistically measured, maximum
aqcelevation of Lthe proposed construction site is determined and
- acceleration selected according to priority of the structure' is
used in planning. This method is based on expectation analysis.
The majority of concrete gravity dams are designed.according to

seismic intensity.

- Simulation method of seismicity! dynamie analysis

Fill dams tend to become lafger in scale eaéh'year. As the
seismic coefficient method alone is insufficient for large fill
dams, the same should be used in combination with the dynamic
analysis method. In this case, seismic wave-form input is
required,

According to Dr. Kanai's proposal, for example, microtremors
at'the'proposed site and records of strong seismic waves at sites
with similar microtremor charécteristics may be used .as seismia

waveform input.

I - 16



2. GROLOGICAL INVESTIGATION AT DAM SITRS

2.1 Existing Geological Survey Reports

During the geological survey of eastern Hepal all available data on
the Kosi Basin was collected and initially reviewed before actual site
investigation (TABLE 3-18).

2.2 Initial Survey

2.2.1 Stage Survey
. The survey waé conducted in 3 stages; A, B, and C, In stage B,
seismic survey and drilling were undertaken as part of [ield

investigation. An outline of each stage is given below.

(1) Stage A: 18 June - 30 August, 1983
Collected existing topographical and geological maps and
other data, selected the hydropower plan dam site on the map, and

made a draft survey plan for the subsequent stage.

(2) ‘Stage B: 16 November 1983 - 15 February 1984

Conducted geological and topographical field survey of the
hydropower dam site proposed in Part A with dam-hydropower
gngineering expeﬁts. Helicopters were used for all survey.trips as

there were no access roads passable by car.

(3} Stage C: 17 July - 14 August 1984

Stage C ineluded supplementary field surveys for
investigations carried out in Part B, and field reconnaissance of
the Main Boundary Fault which 1is particularly related to the
diversion route for the irrigation project.

2.2,2 Fleld Investigation

Seismic survey and boring were conducted for the sites in the table
below. These sites are among those seélected as high priority dam sites in
stages A through C, Contents of the survey are presented in TABLE 3-Ii,
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TABLE 3-% CONTENT OF INVESTIGATION

Site Drilling Works  Seismie Survey Remarks

Sun Kosi 1984/1 - 1984/2°  Line S-1 : 540 n
- No.2 50m x 3 points: 150m 5-2 400
3-3 : 400
S-4 ¢ 350
5-5 1 345 :
S-6 : 95  Total 2,130 m
Sun Kosi 1984/11 - 1984/12 Line S-1 : 510
- No.3 1om x 1 points 5-2 : 100
45m % 1 points: 86m 5-3 : 410
: 3-4 : 335
S-5 1 350
S-6 : 110 Total 2,15 m
Tama Kosi 1984710 - 1984711  Intake site
- No.3 HOom x 2 points: 80m Line S-1 : 380
: $-2': 300
3-3 ¢ 170
S-§ : 150
oo 525 1 110__(Subtotal 1,170 m)
Powerhouse
Line 5-6 ¢ 310
S-7 ¢ 150 (Subtobal 460 m)
Total 1,630 m
Arun 198571
No.3 20m x 1 point

30m x 1 point : 50m

Total 365m 19 Lines 5,875 m

Location of measuring lines for the seismic survey and the drilling

survey location map for each site are shown in FIG. 3-7 to 3-9.

2.3 Results of Field Reconnaissance and Field Investigation a

2.3.1 Sapt Kosi High Dam Site

(1)  Stratigraphy
| Stratigraphy of the Sapt Kosi High Dam Site is presented in
FIG. 3-10 and summarized in the following table,
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TABLE 3-5 SCHEMATIC STRATIGRAPUY IN/AROUND SAPT KOSI AREA

Possible Age Formation ' Lithology

Cenozoie Siwalik - Shale, mudstone, sandstone,
' conglomerate

Louer -

: Shal 31

Paleozole Sanguri hale, quartzite
Chharling . Feldspathic quartz-biotite
"Khola Schist schist

Paleczoic ' .

to Precambrian Mulghat Argillite Shale interbedded dolomite

Source: Geology of Dharam-Dhankuta, Nepal Geological Survey

The composition of the formations'listed in the above table

may be outlined as inset below.

1) Paleozole to Precambrain Period

‘a) Mulghat Argillite Formation: This formation is
composed. primarily of argillite - shale with a
" small amount of dolomite,

b) Chharling Khola Schist Formation: This formation
consists mainly of feldspathic quartz-blotite
schist with an amphibiolite sill.

2) Lower Paledzoic Period

a) Sanguri Formation: This formation is composed of
shale and quartzite and adjoins the lower
chharling khola schist formation along a fault,

The 3anguri formation is distributed from near
the tri-confluence in an east-west line along the
Tamur River to the south side. The southern
boundary is formed by the 10km zone up to the MBF
whieh follows a WNW-ESE trend along the Kokaha
Khola River which converges at Barahakshetra,

3) Cenozole Pericd

a) Siwalik Formation: The Siwalik formation is
composed of fine to medium grained sandstone,
silt stone and shale and correlates to the Middle
Siwaliks.

(2) Geological Structure

Each formation shown in FIG, 3-10 has an EW trend, while the
pre-tertiary formation which is bounded to the north by the MBF has
a complex fold structure. Major faults in the site area are as
follows:
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a) Main Boundary Fault: This is a reverse fault
(thrust) which ‘separates the Tertiary Siwaliks
from the pre-teértiaries, The general trend of
‘the same is E-W with a northerly dip of the fault
plane, Extension of the fault is shown in the
geological map,

b) Tamur River Fault: This fault has an E—H_trehd
and is found in the northeast portion of the
mapped area, o '

¢) Arun River Fault: - The said fault has a NNE-SSW
trend and runs thrrough the center of the area.

(3) Kosi High Dam Geology

The proposed dam site is planned in the mniddle of the
Paleozoic-Precambrian period Sanguri formation and 1is located

between Tribeni and Barahakshetra,

. Geological conditions of the dam axis are good with dirget
outeroppings of hard schist on both banks. Topographical
conditions are also favorable with steep.v~shaped'slopes:oﬁ both
‘banks and site location at the narrowest river width between
Tribeni and Barahakshetra. A SuﬁVey adit excavated over 30 years
ago is still visible and is located about 7m above the riverbed on

the left bank dam axié.

Based on field survey, the dam is judzed to have suitable

strength as a dam foundation for a high dam,

() Kothar Project Site

This site, which is plamned as an alternative to the high
dam; is about‘I.Skm to the south of the MBF and is thus located in
the Tertiary Period Siwalik Formation area. In the dam site
vieinity, the said formation is composed predominantly of sandstone
and some shale. The strength of the same is inferior to that of
older strata, and, in addition, the formation includes other faults
which derive from the MBF, ' |

Accordingly, it 1is Judged that various problems exist with
regards to strength and permeabllity in. use as a ‘dam foundation.
Thorough investigation of the same is particularly required for
construction of a large~scale dan,
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2.3.2 Sun Kosi No.1 Site

This site is the same as.B-Dam site studied by Nippon Koei'Co.,
Ltd, for a feasibility studyl/ in 1972, The proposed site is located in
Udayapur Garhi District in the central Kosi Basin (latitude 27939'N;
longitﬂde 869E). The confluence of the Dudhu Kosi River is about Tkm

upstream from the same.

Stratigraphy of the area including thé site according to A.S.
Narosimhan is as shown in TABLE 3-6 while a geological wap is presented in
FIG, 3-11. '

TABLE 3-6 SCHEMATIC STRATIGRAPHY OF SUN KOSI NO.1 AREA

Assumed Period Formation Lithology
Middle Miocene  Lower Siwalik Sandstone with interbedded clays
Tertiary Younger Granité :
- Complex Granite gnelss, porphyroblastic
Cambrian Bhimphedi
Upper Biotite schist with interbedded
marble and calc-silicate
Lower Biotite schist, coarse textured
with a few interbeds of
guartzite
Precambrian Suparitar Phyllite with interbedded slate

~and limestone

(1) Stratigraphy and Roek Facies

1) Suparitar formation

This formation is the bottom layer underlying the area
and is distributed in the upper reaches of the southern
Kokaru Khola, Maruwa Khola, Tawa Khola, ete., with a width of
about ikm and a WNH~ESE trend,

The main component is  phyllite interposed with
calcareous slate and limestone. The formation adjoins the
Lower Siwalik Formation through the MBF,

1/ Peasibility Study of Irrigation Development in the Teral Plain,
{Phase-II}, Nepal (Annex 1), by Nippon Koei Co., Ltd. (1972)
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2)  Bhimphedi formation

The Bhimphedi forﬁation_is the stratum direétly above
the Suparitar formation, The southern portion of the same is
mainly composed of comparatively coarse grained blotite-
schist with some . quartzite while the northern portion

consists of biotite schist with marble or cale-siltieate,

3) Younger granitie complex intrusion

This rock complex intrudes into the above mentioned
Bhimphedi Formdtion and ¢onsists of 2 rock masses; one which
extends along the Sun Kosi-Tawa Khola divlde.(1,500m -1,800m)
With an WNW-ESE trend, and one along the Sun Kosi left bank.
This Fformation has an overall gneissose texture with
tourmaline-pegmatite and aplite as well as porphyroblast i/

caused by thérmodynamic metamorphiSm.

) - Lower éiwalik formation

This is the uppermost stratum in fhe area  and is
composed of sandstone with interbedded ‘e¢lay from sediments

desposited during the Middle Miocene Period.

{2) Geology and Geological Stricture of Proposed Pam Site

The bedrock of the proposed dam site is comprised of the
upper stratum of the Bhimphedi Formation which accumulated during
the Cawbrian period. Biotite sehist is the main component of the

sane,

The formation covers a broad geological area with a general
WNW-ESE trend in eastern Nepal énd a syncline extending in the sanme
direction in thé soﬁthern Sun Kosi River. ‘The site is located on
the north wing of the said syneline and the stratum also extends in
a ENE-WSHW direction dipping.30°,SE. 'Elevatién of the riverbed at
the dam axls is approximately 310m and the site is located near the
narrowest portion of the river valley,

1/ - A term given to the pseudo-phenocrysts of rocks produced by thermo-
dynamic metamorphism, The eorresponding texture is . called
porphyroblast. Large grains or crystals ¢ommonly perfect, developed
in schists resulting from deformation of rock originally containing
pnenocrysts, ' '

III - 22



A geological prdrile of -the dam axis according to the 1972
Nippon Koel Co., survéy is given in FIG. 3-12. Topography of the
dam axis is comprised of steep SIOPes on the right .bank and
asymmetrical gentle slopes on the left bank. Width of the riverbed
is.about 130m and thickness of the riverbed determined by bobing is
26.2m,

The majority of slopes on the left bank are covered by talus-
like depris with a maximum thickaness of about 20m. Results of
selsmic survey indicate that the upper 10-20m layer of bedrock has
a seismie wave velociby of 1.5 to 1.8km/sec and comp_aratively
frequent weathered, cracked and fissured zonés. Moreover, fresh
bedrock is considered to be distributed in the deeper portions,

The right bank has a slopé of 500 and thickness of the
weathered portion of the slope, including the shallow overburden,
is estimated at about 5-8m, Faults whieh would have a direct
ihfluencé on the dam fouhdétion have not as yet been found., Fronm
thé above Faétors, Nippon Koei Co. oonelﬁded"that construction of a
150m high conerete gravity dam was possible at this site. Results
of the present field survey also indicate Lhat there is no major
geological problem to construction of the proposed 147m dam with a
HWL of 425m., However, éonstruction of a dam larger than the above

is impossible due to geological restrictions on the right bank.

2.3.3. Sun Kosi No.2 Site

The Sun Kosi No.2 (Su.2) dam site is located at latitude 27°00'N
and longitude B86%10'E in the c¢entral Sun Kosi Basin. The riverbed
elevation of the same 1s about 400m. The geology of the area has been
reported by P.K. Aryal, S.N.Jhal/ and P.N, Sharmag!. Stratigraphy of the
same is summarized in TABLE 3-7 while a geologlieal map is presented in
FIG, 3-13.

1/ Geologleal map of Sindhuli Area, Topographic Sheet No.: 72-E/16, I/4

2/ Geologiecal Map of Parts of Sindhuligarh and Ramechap Districts of
-Bastern Nepal, Topographic Sheet No.! 72-1/3
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TABLE 3-7 STRATIGRAPHY OF SUN KOSI NO.2 SITE AREA

Possible Age . Formation o Lithology

Middle Miocene Middle Siwalik 'Grey sandstone and shale
Tertiary Granite Intrusion ~ Granite and granitie gneiss -
Cambrian Bhimphedi Towakhola Fine - ¢oarse téxtured quartzF

bilotite-~schist with m§rble band

Precambrian Ypper Suparitar Crystalline limestone with
_ calecareous phyllite
Lower Suparitar Flysch_fbrmation, schistose
grit, phyllite, quartzite,
conglomerate .

(H Stratigrapny and Rock Facies

1) Precambrlan Perlod

a) Lower Suparitar Formation: This formation is the
lowest in e area and 1is divided into lower
flysch type~ sediments and upper metabasie rock.
In the northeast corner of the geological map,
both layers adjoin an E-W trend thrust fault,

Flysch  sediments  consist =~ of  gritstone
{sandstone}, phyllite, quartzite, conglonerate,
ete., and were first termed the "Flysch

Formation" by P, Ko ‘Sharma.

This formation is broadly dlstrlbuted on the léft
bank of the Sun Kosi River.

b) Upper Suparitar Formation: This formation is
almost the same as the Chandaho Khola Formation
and was named by R.K. Aryal., The lower portién
of the same 1s mainly composed of phyllite, and
limestone (dolomite} while the upper portion is
composed of garnetiferous phyllite and quartzite,
The astratunt is distributed ier the northern and
southeri sections on either ‘side of the WNW-ESE
trend syncline axis shown in the geolog10a1 map.
The southeastern area of the formation is ¢rossed
by the MBF and adjoins the Tertiary Foramation
(Siwalik F) which 1is widely distributed in the
south.

1/ The widespread deposits of sandstones, marls, shales and clays, which
lie on  the northern and southern borders of the Alps. - Although
largely consisting of sandy and calcareous shales (hence the name 1n
reference to their fissile character), the flysch also contains beds
of sandstone and conglomerate, :
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2) Cambrian Period

a) Bhimphedi Towakhola Formation: This formation is
distributed in the central portion of the area
presented in the Geological Map, and comprises
the main structure of the proposed dam site
foundation. It consists of fine to ‘coarse
textured garaetiferous muscovite-biotite schist
and a highly foliated fissile bed and 1is
interbedded with grey to greyish white quartz
vein along the foliation plane which contains
pegmatites as well as oceasional = granitic
intrusions. :

The schist in the lower portion of this formation
is comparatively coarse while that in Ethe upper
portion tends to be finer,

3) Tertiary Period

a) Middle Siwalik Formation; Middle Miocene Period:
This formation is distributed adjacent to the MBF
in the southeast, The same consists mainly of
“grey sandstone and shale. Medium to coarse,
well-bedded, micaceous friable, grey to greyish-
white sandstone occurs interbedded with grey to
greyish white shale, nodular ¢lays and thin bands
of pseudo-conglomerate and clay-stone.

4) Granite and Granitic Gneiss

a) Intrusion: This intrusion mass is divided into 2
distributions; one large oval shaped rock mass
south of the proposed dam site, and one rock mass
in the southeastern area.  The rock consists
mainly of tourmaline granite partly metamorphosed
to granite gneiss, and intruded by pegmatites and
quartz lenses.

{2) Geological Structure

Geologicai structure of the area generally exhibits a WNW-ESE
tvend._ A large syneline occurs on the south side of the SU.2 dam
plahning area and a granitic rock intrusion mass is distributéd
along the axis of the same. The MBF with the same trend as above
rans fhvohgh the south of the area and the distribution aréa of the
Tertiary Siwalik Formation is located on the southern side of this
fault,

The dam site area 1is located on the north wing of this

syncline and consequently the stratum slopes to the south,
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(3) Drilling Investigation _
Drilling investigation was eartied out during'thé dry season
from January Q-Febvuary 1984 at three 150m éxtehsion'bore holes. A
drilling core logs were drawn up after analysis of the coileeted
'cores. In addition, permeation tests were concluded for the
bedrock with a 5m piteh (FIG. 3-39),

(4) Seismic Exploration

Seismic exploration was conducted to survey weathering
econditions of the bedroock arOund-the éite. Results of analysls
were aranged in a oross-sectional analysis drawing for each
exploration line, and are presented in FIG, 3-14. Velocity Layer

Section by Seismic Exploration - SU,2,

Bedrock from- the surface layer. to the foundation rock was
divided into 5. veloeity layers in acéordanoe .with the seismic
suv#ey. _ Estimated geological conditions of the veloeity layers
based on the boring results ste. are as presented in the table

presented on the following page.

TABLE 3-8 ESTIMATED GEOLOGICAL CONDITIONS
OF SEISMIC-VELOCITY LAYERS

Veloeity Seismic Velooity “Corresponding Geology

Layer (km/see)
1st 0.3-0.5 Topsoil and talus
2nd 0.8-12 Talus, gravels and sand and/or upper

weathered zone

3rd 1.6-2.0 Few consolideted gravels and sands
and/or middle weathered zona
4th : 2.6-2,9 Well ‘consolidated gravel, and sands
- and/or lower weathered zone,
5th 4.6-5.0 Basement rock (fresh layer)
partly 5.5

Low velocity layér and/or sheared zone
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1) 5th layer (4.6-5.0km/seec, 5.5kn/seg)

| This was the highest. veloeity obtained in the Study
area and is thought to correspond to fresh rock which does
not reach as far as ground surface where it would be exposed

to direct weathering,

In the middle of this layer there is a low velocity
_zone as well as a sheared fault zone. These areas are marked

on the cross sectional analysis diagram,

2) Hth layer (2.6-2.9kn/sec)

This velocity layer corresponds to portions of the 5th
layer below, which have been weathered, and to ~well
consolidated river deposits. Distributed in both banks, the
rock itself is fresh; howefer, zone wWeathering has oeccured
along cracks .etc., and thus it corresponds to the lower
weéthered layer. In the rivérbed'portiOH, gravel and sand

~ are well consolidated and siesmic velocity is higher.

3) 3rd layer (1.6-2,0kw/sec)

This layer _réprésents weathered 4th layer roek and
consists of the consolidated river deposits in the mountain
area. Although some portions of the rock in both banks are
hard, cracks and fissures occur and some clay content is also

predicted.

by 2nd layer (0.8-1.2kn/sec)

As the velocity layer is weathered 3rd layer, the same
corresponds to the upper weathered layer and talus deposits.
Veloeity in the riverbed portion is 1.0-1.2ke/sec equivalent
to loosé river deposits.

5) Ist layer (0.3-0.5km/sec)

This veloecity layer corresponds to topsoil and talus
deposits, '

{5) Rock Teét

Core boring survey was carried out and rock saples were
taken for laboratory testing to determine the physieal properties

IIT - 27



characteristics of cock which forms the dam foundation. Results of
laboratory tests are tabulated in TABLE 3-9 while the schematic
sanpling map For rock tests is presented in FiG, 3-15,

Lelt bonk

ST
v ew
AT

Sun kKosi R

S:hist

FIG. 3-15 SCHEMATIC SAMPLING MAP FOR ROCK TESTS
- "HO.1 - NO.8; SAMPLE NO,

1) Test items

Using 8 ‘test piecces, tests were carried out to
determine apparent  specific gravity, water absorption
coefficient, net porosity, water content, velocity of super-
soniec wave, and compressive streéngth. In addition,
calculations were made for dynamic modulus of elasticity,

dynamiec poisson's ratio, static modulus of elasticity and

statie poisson's ratio,

(6) Results of Investigation

The combined results of the above surveys is presented in

FIG. 3-16, the geological cross-sectional diagram.

1) Geology o

Ceology in the dam axis vicinity ccmsiéts .mainly of
co:ﬁparativeiy highly' metamOpraio straté in the form of fine
to coarse biotite schist from the Bhimphedi Towa Knola

Pormation,
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The schistosity of the schist has a NGOW-EW direction,
dipping 30-800S. Bare rock is visable where folding with a
small pitch oceurs. An obvious folding structure of
phyllitie slate 5-10m 1in thickness is found within the
schist, indicating that the geological structure of the dam
axis is fairly cémplex.

In general, the geology of the area is comprised
predominantly of fine grained mica schist with some 10em-1m
coarse type schist (Occassionally coarse schist is as large
as 10m). Some sheets of phyllitic slate are found on the
upstream slope of the dam axis right bank. TIn some cases,
these sheets may have'been rolded.

In summary, schist with well developed schistosity is
generally distributed and numerocus folding structures occur.
In addition, the following axial plain is formed by siipping
of the fault,

2) Topography of the dam axis

The topography on both banks of the proposed dam axis
is symmetrical. Width of the riverbed at the same is about
120m, During_the'dry season, water level is very low and the
left bank'riverhed is exposed while in the rainy season water
level rises to 6-7m.  Average slope of both banks is
extremely steep at approximately 50°.

3) Drillihg survey results

The thiekness of the riverbed at drilling site B-2 was
Measured at an eéxtremely thick 29m. Bore samples in the
slope of B-1 and 3 sites, on the other hand, revealed that
thickness of the talus deposit layer is very shallow at 0,3-
t.8m,

From the perspective of rock classification, stable CH
grade rock 1s found in site B-1 (left bank) at a depth of
19120, site B-2 (riverbed) at a depth of 29m, and site B-3
(right bank) at a depth of 2250, corresponding to the
central portion 6f'the ith seismie veloeity layer. CH grade
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(1)

rock has a super sonic wave veloei;y of Vp 2 L-Skm/sec as

‘indicated by the core sample tests, and a compressive

strength of qu ! 500-1,000kg/em2, which 1is considered
suitable strength for dam foundation,

Results of permeability tests are shown in the
geological eross sectional diagram. The Lugeon value for
both banks shows an obvious decreasing trend in proportioﬁ to
depth. = The Lugeon value near the top of the left bank CH
grade rock zone is 30 Lu, while in'the'vicihity'or the hole,
Lugeon is only 3 Lu. Lugeonrvalue on the right bank from
ground - surface to GL-20m (the top of the CH grade zone)
decreases from 178 Lu to 50 Ln, while that between GL ~20 to
JM5m is 0 _to several Lu  indiecating extremely 1low
peracability, ?ermeabiliby of bedrock in the biverbed ranges
from_0-5 Lu to 50 Lu eclearly indicating that permeability”

occurs along well-defined cracks.

i) Results of seismic survey

The estimated CH grade rock line is showh:in FIG. 3-16.
In tne lower slope b0r£10n on bOth"banks, the same is
distributed from the ground surface to a depth of about 20m,
In the upper slope of the 1¢ft bénk, the CH grade rock line

shows a tendency to ihcréase gradhally in depth.

The low velocity zone in the Sth layer is delineated in
the 5th layer distribution map,

5) Rock test results

‘Average values for physiecal characteristics of the
bedroék are presented in TABLE 3-9, except for B-3 No.7.
Compressive strength of the bedrock Qas valued at 700kg/cwn”
which is greater than that for CH gradé roek.,

Geotechnical Considerations

From *the reports from first stage fleld study no serious

drawbacks to planhing of a 170m dam at the proposed site have been

discovered, 'Pveliminary"drilling and slesmie survéy both indieate
suffioient strength for high dam foundation. As for permeability,
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test results reveal that peraeability decreases as depth increases,
a very desirable trend. Thus, both topographically and
geologioally_thé site 1s considered extremely attractive.

1) Dam bype :
Rock - £ill type dam planning potential is negative in
 this zone dﬁe_to insufficient quantity 6f sultable impervious
fill materials sueh as topsoil and talus deposits.  The
conerete gravity dam has therefore been recommended as the

dam type for this site.

{8) Recommendations

Thorough geoiogieal investigation is recommended in the next
stage to ciérify geological structure of the site particularly with
‘regards to the moré complex geological features. In addition,
drilling surveys and, if necessary, adit surveys, should be carvied
out along with étudy of rock :permeaﬁility and strength
characteristics to determine the parameters required for designing

of dam foundation structure.

2.3.4 Sun Xosi No.3 Site
(1) General
‘Sun Kosi No.3 (SU-3) site is located in the central Sun Kosi
basin at latitude 27932'N and longitude B85C4T'E, Riverbed
elevation is approximately 530m. The proposed dam site is located
near Raniduh village 14.5knm downstream from Dolalghat town at the
Junetion of the Sun Kosi and Indrawati rivers, In this area,

although the Sun Kosi meanders frequently, general flow trend is
NNW-SSE.

Stratigraphy 1s presented in TABLE 3-10 and data for the sane
were obtained from .the. Exploration Development Board,
"Photbgeologiéal_ Map, Topo Sheet No!: 72-E/10,18 with additional
F111 in Geology" by J.Stocklin, K.D.Bnaftarai, S.M,Tamrakar (1982)
and "Geological Map of Nangre - Bhorle - Sun Kosi Area” by
B.B.Nadgir and P.¥.Sharma (1962). Thé'geological map is presented

“in FIG, 3-17. |
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A thrust fault runa in a NNW-SSE trend about 5km to the west

of the Sun Kosi River ahd iﬁ the same direetion as rivér flow.

This fault divides two majdﬁ.grdups;
the western Bhimphedi group and the eastern Nawakot Group.

forming the boundary between
The

sbratigraphic relationship between the two is unclear.

TABLE 3-10 STAATIGRAPHY OF SUN KOSI HO,3 SITE AREA

Possible Age Formation Group

Description

Precambrian
to Lower Cambrian Bhimphedi
~Kalitare
~Ruduwa

Paleozoic Upper Nawakob

-Robang
-Malekhu 1imestqne
-Jhiku ecalecareous

-Benighat slate

Lower Nawakot
-Kuncha

Upper - Precambrian

biotite schist and quartzite
garnetiferous bilotite and
chlorite schist gneissic, with

Chak quartzite and granitic
gneiss

'_ehlorihic’phyliite, some

quartziti¢ and calo phyllite
fine grained-siliceous and
dolomitic limestone
cale-phyllite, phyllitie
limestons and dolomite

slate phyllite with black
carbonaceous slate,

phyllite, phyllitio sandstone,
gritstone, conglomerate

1) Nawakot Group

Kuncha_rormation

This formation belongs to the lower Nawakot Group and
consists of phyllite and phyllitic saﬁdstone, gritstone and

conglomerate,

The Kuncha fbrmatiOn-is_distribgtéd in 2 areas around
the SunkosiQIndrawati_ confluence and the downstrean side
southeastern area, and forms the bedrock of the SU.3 site,
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(2)

Benighat slate

Benighat slate is an important component of the Upper
Hawakot Group and is composed of sléty phyllite with
carbonaceous slate, From the confluence of the Jhikukhola
and Sun Kosi rivers, this stratum covers' the 1en$e~shaped
Jhiku calcareocus bed {calc phyllite, phyllitic sandstone, and
dolomite),

Malekhu limestone

Malekhu limestone is a fine grained siliceous and
dolomitic limestone as reported by J. Setocklin.

Robang formation

This is the uppermost stratum of the Nawakot Group and
is composed of chloritic phyllite, some quartzite and cale-
phyllite. '

Bhimphedi group

This group consists of, from bottom to top, the Ruduwa
Formation (garnetiferous biotite and chlorite schist:
gnéissic with quartzite and quartzitic gneiss) and the
Kalitar Formation {(biotite schist and quartzite,

garnetiferous schist).

Geology of the Proposed Dam Site

1) Geology and topography

Geologically, the dam site is composed of the Kuncha
Formation belonging to the Mawakot Group which is thought to
have been deposited during the upper Precambrian period,

The dam axis is primarily comprised of sedimentary  rock
in the form of sandstone with a thickness from several
centimeters to 10cm interbedded with phyllitic slate 1m -10em
thiek. The riverbed width at the axis is i00m, The right
bank has a steep average ineline of 60° extending from the
riverbed to a height of 35m and a comparatively simple slope
of about 400 above the same. The steep eliff on the left
bank slope extends BOm”abOVe the riverbed, Topography of the
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left bank; however, is asymmetrical and the upper portion of
the same has a comparvatively gentle tercraced slope (average
incline about 20°), This gently sloped portion is composed
of a thick layer of coarse to fine grained silty terrace
sediments and talus depOSitS (maximum thickness: 20m). The
boundary face of the bed has a smail waving pitch and
comparatively large undulation while at the same time, it has
an E-W strike and a gentle 10-200 dip in the north,

Three fault structures of about Im in width were
identified in the dam axis vioinitj ineluding both parallel
and oblique faults against the dam axis, with shear =zone.
The fault which i3 shown on the éxisting geological map as
running directly through the dam axis with a NNH-SSE trend
does not appear to disrupb the geologieal strucbuve of either
the right or left bank. Moreover, the thickness of a chert
bed can be traced on the left bank and on the right bank as

well,

Finally it was-judged‘ffom:field'investigation that an
E-W trend is more likely than the NNH-SSE treénd recorded on
the existing geological map. Although more detailed study is
required in future surveys, the existence of the recorded

Fault is considered unlikely,

Topographical and geological problems which may be
expected in dam eonstruction with: regards to dam access

include:

- dlstrlbution of the silt layer wixed Wwith gravels
covering the bedrock on the left bank

~ Wweathered condition of the bedrook

- lines of structural weakness such as joints which
1nclude pérmeable layers

- thickness of the gravel layer distributed on the wide

" riverbed

In order to identify these problems more olearly, a
total of 2,115m selsmic exploration and a drilling survey of
the left bank and viverbed for QO Om and 50 Om, respectively

was carried out,
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(3) Drilling Investigation

Dbilling investigation  was carried out from November to
Decomber 1984 at two 85m extension bore holes. Drilling core logs
were drown up after analysis of the collected cores. In addition,
permeation tests were concluded for the bedrock with a 5m pitch
{See FIG. 3-39, Drilling Core Logs at 3U-3),

(4) Seilsmiec Exploration

Seismic exploration was undertaken to study the bedrock in
the dam site vieinity. The results of analysis are presented in a
travel time curve diagram for each exploration line and an analyzed
profile as shown in FIG, 3-19.

Seismie survey revealed 5 velocity layers from ground surface

to the bedrock layer. Estimated geological conditions which

correspond to seismic velocity are pfesented in TABLE 3-11.

TABLE 3-11 ESTIMATED GEOLOGICAL CONDITIONS
OF SRISMIC VELOCITY LAYERS
(at Su. 3 site)
Veloeity Seismie Velocity Corresponding Geology
Layer (km/see)
1st 6.3 - 0.5 Topsoil and talus
2nd 0.8 - 1.1 Talus and gravels and sands and/or
upper wWeathered zone
3rd 1.5 - 1.8 Little consolidated gravels and
sands and/or middle weathered zone
Hth 2.5 - 2.6 Well consolidated gravels and sands
2.7 - 2.9 and/or lower weathered zone
5th .2 - 1.3 Basement rock (fresh layer)
.6 - 4.8

Low velocity layer and/or sheared
zone

1) 5th layer (4.2 ~ 4.3 km/see, 4.6 ~ 4.8 km/sec)

This layer represents the highest velocity obtained in
the survey and corresponds to fresh roek which is not exposed
to weathering from tile ground éurface. Although a velooeity
of 4,2 - H,3km/sec was obtained in the right bank mountainous
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area, if it is assumed that the type of rock is identical to
that for 4.6 - 4.8 xm/sec, the above low velocity indicates
the existence of numerous cracks in some-pOPtions.

As velocities correspénding to a low veloeity zone and
faulting shear zones were obtainéd, the same were marked on

‘the cross-sectional analysis diagran.

2) Hth Layer (2.5 e_é.kafsed; 2.7 = 2.9km/seq)

The - layer corresponds to weathered 5th layer,
representing . the  lower weathered  stratum, and well
consolidated river deposits. Although the rock on both banks
is fresh, cracks are. assumed to oceﬁf.-. Wnere the bedrock
shows a veloecity of 1.2 - 4.3km/sec, the velocity decbeases
to 2.5 - 2.6kmn/sec and the number of cracks is considered to
be greater than where' velocity is 2.7 = 2.9xm/sec, The
riverbed is considered to consist of well consolidated coarse

to fine gravels.

- 3) 3rd Laver (145'? t.8km/sec)

This layer-éorrésponds to'weabheréd:uth 1ayer and the
central weathered' portion and riverbed corréspond to lass
consolidated river deposits, Although much of the rock is
considered to be hard, there are some cracks and interbedded

olay, -

y) 2nd Layer (0.8 - 1, ika/sec)

This layer is composed of weathered 3rd layer material
and corresponds _to the upper weathered portion and talus
dﬂposits. The riverbed corresponds to loose river deposits,

5) st Layer (0.3 - 0.5km/sec)

This layer correspohds to topsoil and talus deposits,

{5} Soil Test for Construcbich Matéfials _
A survey pértidularly ‘with 'reéards ‘to  impermeability was
eapried out to 1nVesbigate constructlon materials which is one of
the factors involved in determining dam type. In general 501l
material is composed of‘ Weathered roek “Weathered residual soil,
talus deposits,  and weathered river terrace sediments, Soil
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material sultable for dam construction has low natural water
content, optimum impermeability and required strength and
permeability coefficient,

Observation of geological distribution revealed that of the
13 priority sites only 5U.3 has a sufficiently large volume of
appropriate soil material. Lack of sufficient quantity at the
other sites indicates that the possibility of fill dam construction
at the same is very slight.

In the SU.3 proposed dam site area, the thick talus deposit
layer (mixed with gravel and silt) distributed on the left bank was
selected as appropriate soil material.

1} Core material sampling

A total of 9 soil samples were collected; 3 in Stage B
and 6 in Stage'C. chations'of_thé same aré shown in FIG
3-20, Samples 013006 and 080501 which are not on the map
were eolleeted 1;500m downstréam from the axis on the left

~ bank at elevation 655.7n

Results of laboratory testsll are tabulated in TABLE
3-12,

2) Soil test results

Aptitudes of Soil Grading Test at SU.3, FIG 3-21, and
Compaction Curves, FIG 3-22. were formulated from the results

. of soil tests,

Grading distribution and core material

"~ The general characteristies of fill dam core material
grading distribution may be summarized as follows:

a) suitable proportion of fine to coarse grain
diameter distribution;

b) inolusion of 10-15% fine grain (greater than
0.074m/m) and 5% clay (less than (,005m/m)
necessary to achieve impermeability

¢) avoidance of excessively fine grade material
to prevent developuent of high pore water
pressure,

1/ Conducted at HMG Nepal Tribhuvan University,
Institute of Engineering Consultancy Services
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Based 6n the impermeable-permeable material opt imum
limit curve (FIG 3-23) proposed by the US Deﬁaptme'nb of the
Interior Bureau of Reclamation, Sample 012905 is in the fine
grade impermeable material zone in which eracks may develop
during construction, Other sémpleé,_however, are Judged to
be suitably impermeable as well as hafing appropriate grade
disﬁribution.

Compaction test

Maximum dry density (7 d max) and optimum molsture
content (W opt) can be determined from the compaction test,
Under fixed compaction conditions, soil with both 7 d max and
W opt has optimum cohesion and angle of internal friction.
Permeability coefficient is minimum when water content is
sone -percentage higher that W Opb._'Aceordingly, compacted W
opt  soil material generally has close to maximum shear
strength and 'impermeability. | Even 1in c¢onsideration of
engineering'faetors such as pore uateﬁ presSube development
and stability when saturated, the ‘above soil conditlon is
Optimum:fbr dam material, W opt d'max.is thus an importanﬁ

indicator in evaluation of core material,

Examples of soil materials used in Japan and by the US
Department of the Interior Bureau of Realamation are
presentéd in FIG. 3-24 inﬂicatihg the natural moisture
content (Wn) and optimum moisture content of the same.
Natural moisture content of s0il materials in the western
states is generally less than optimum moisture content. With
the addition of water, however, optimum moisture content is

easily achieved.

This is one of the main factors In the suitability of
the said soil (excluding Certéiﬁ extremely coarse materials
for use as impermeable material. Natural moisture content of
Japanese s30il materials, on the other hand, 1is frequently
greater than the optimumn moisture content. Due to the wet,
humid climate of Japan, soil materlals show a high natural
molsture content‘trend, and accordingly, molsture regulation
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and drying of wmaterials must be considered with regards to

use as core material,
SU.3 soil samples are also plotted in FIG, 3-24. From

this figure it can be seen that soil samples from Nepal have
similar characteristios to those from the United States.

X-Ray analysis _
To indentify clay minerals in the soil the 9 samples

were subjected to X-ray analysis. Results of the same are
shown in TABLE 3-13 presented on the following page. Large
anounts of seritic clay were identified in all samples and
chlorite vermiculite content was next in terms of ‘quantity,
Small amounts of montmorillonite were also iheluded. All of
the above indicate a comparatively simple clay mineral

combination.

Chlorite, vermiculite, and montrorillonite are formed
by weathering from colored minerals {olivine, biotite), while
sericite is composed of hydro-aluminosilicate minerals

derived from feldspar.

TABLE 3-13 LIST OF CLAY MINERALS BY X-RAY DIFFRACTION
Clay Minerals Sericite Chlorite Vermiculite Montmoriliconite
Sample No,

12905 4 3 - -
2 4 3 2 -
6 Y 2 2 2
080401 4 3 2 -
2 h 2 3 i
3 4 1 3 2
] 4 2 3 1
5 Y 1 3 2
080501 4 - 3 2

Note: Humbers indicate relative ratio of x-ray peak
Y: high, 3: middle, 2: little, 1! very littie

Scoils c¢ontaining large quantities of <¢lay minerals
{such as montmarillonite) which expand with Increased water
content, can adversely affect dam stability when used as core
material, The results of aﬁalysis however, indicate that the
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clay mineral content in the soil of the area is fairly small
and therefore should present no problem in use as core

material,

(6) Rock Test

Core boring survey was carried out and rock samples were
taken for laboratory testlng to determine the physical properties
of the rock which forms the dam foundation, Results of laboratory
tests are tabulated in TABLE 3-9 while the schematic sampling map
for rock tests is presented in FIG. 3-18.

Right  bonk

S Koslk River

Schist

FIG. 3-18 SCHEMATIC SAMPLING MAP FOR ROCK TESTS (SU-3 site)
{No. 9 to 11: Sample No.)

In addition, according to the results of  drilling
investigation, the thickness of the riverbed at drilling site B-2
was measured at 35.5m. At drilling site B-1 (left bank), on the
other heand, the talus deposit layer is extremly thick at 10m.
This thickness coincides with the 1st to Jrd seismic veloeity

layers,

From the perspective of rock olassifioation, stable CH grade
rock is found in site B-1 (left bank) at a dept of 25, 3m, and in
site B-2 (riverbed) at a depth of 36 Om, eorrespOndlng to the 5th
seismio velocity layer. CH grade rock has a super sonie wave
velocity of Vp = i~ Sxu/sec as 1ndicated by the c¢ore sample tests
‘and a compresive strength of qu = 430-450kg/en?,
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Results of permeability tests are shown in the gaological
¢ross sectional diagram and drilling core logs. The Lugeon value
for bote sites shows a deeéeasing trend . in proportion to depth.
The Lugeon value near the left bank CH grade rock zone is less than
10Lu, and the CH grade rock zone near the top of the riverbed is
alse less than 10Lu,

(7} Results of Investigation

The stratum wﬁich- comprises the dam axis foundation
corresponds to the Kuncha Formation which belongs to the Nawakot
Group of sediments depbsited in the Precambrian Period. The
formation 1is composéd of alternate iayers, several tens of
centimeters to several meters thick of sandstone, and phyllitiec
slate 10cm-1m thiek. The dam axis vicinity consists predominantly

of sandstoné sedimentary rock.

Topography .of‘ the dam axis is. agymmetrical, The évevage slope
of l:hé right bank is a steep 500 from the riverbed  to a relative
height of 35m with bare rock outerops, Above this point, the slope
becomes simpler with an inoline of about 40°, and the face of the

same 1s covered by talus deposits and debris.

The left bank rises steeply for 80m from the riverbed;
however, the portion above the same has a comparatively gentle
terraced slope with an average incline of about 20: The same is
coverad in silty talus sediments containing boulder gravel and
granules, and terrace sediments, with a maximum thickness of 20m.,
Dip and strike of the stratum is gentle at E - W/10 - 200N, Two
faults were determined to interseot the dam axis diagonally. The
scale of the same ineluding the shear zone is about 1m,

According to the results of seismic survey, depth of the
basement-fresh layer is comparatively shallow at 20-30m; however,
bedrock depth of the gentler portion of the left slope is deep at
30-1i0m, Depth of the top layer of sand and gravel in the riverbed
is unclear, but maximum depth is estimated at }om. The talus
deposits whieh cover thé left bank upper slope are a subject for
further study with respect to possible use as a core material and
depth of the sound rock line (FIG, 3-25).
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2.3.5 Tama Kosi No,3 Site

This site is 1bcated about 23km NNE of the junction of the Sun Kosi
and Tama Kosi rivers which originate from Mt. Chhoba —_Bamal (5,960m) on
the Tibetan border, and Gauri - Shanker (7,146n).

The intake dam is designed as a conerete QraQity type with a height
of 60m.,  The proposed .dam site is situated at latitude 27038'N and
longitude 86°07'E. A motorway is located about 2. Okm downstream from the-
intake dam site providing excellent accessibility, The said road runs
from Charikot to Jiri and branches from the national road (Chaxna road},
Wnieh runs From Xathmandu through Dolalghat to the border of China, The
powerhouse site is planned about 7.5km downstream from the intake daﬁ
site, and the é sites will be connected by an intake tunnel planned on the
left bank. The power generation plan is a PRR type,

In the site vieinity, the river flows from north to south and the
same is joined by two'comparatively large affluents from both fight and
left banks about 2.5km downstream from.the proposed regulating pond site;
namely, the Charnawati Khola from the right bank and the Xhani Khola from
the left bank. Valley width is narrowest at the’ pr0posed intake site with

a widening trend on both upstream and downstream sides.

{1) General Geology (FIG, 3-26)

1) Lower Sﬁparitar formation {Precambrian)

This formation 1s divided along the midland thrust into
a gneiss and a phyllite layer. The foruer is pushing up the
latter, '

The gneiss of this formatlon is considered to be
Sailung gneiss as defined by P. N Sharma and is the main
structural component of the area. The Sailung gneiss complex
is thought to be partly a granlbized equivalent of the

”Supavitar Flysch formation and is a oomposite para—and ortho-
gneissic complex. Granite  and granite- gneisses are
.associated with all the Precambrian to Paleozoie rock series
of Nepal viz. the Chitlang series and the Bhimphedi and the
Suparitar Formations.
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(2)

The main o¢onstituents of the series are a younger
tourmaline-granite intrusive - into  the Bnimphedis  and
Chitalangs and an older gneisé complex comprising biotite-
granite-gneiss, porphyroblastic gneiss, augen-gneiss, streéky
gneiss or banded gneiss, All the variations, however, may

not necessarily be present in a given area, Also, elsewhere

‘patches of tourmaline-granite are seen (possibly):within the

gneissic compléx. This gneissic complex has been called the
"Sailung gneiss" and is considered, in part, a granitised

eguivalent of theé Suparitar flfsch formation.

In ‘general, the tourmaline-granite and the granite-
gneisses of the gneisSie complex occur as. coneordant linear
belts or interlayered bands running parallel to the foliation
of the rocks within which they occur. Adcordihgly, they have
been mapped as one unit along with the :rook intruded or
associated with them in the field.

2) Upper Sﬁparitaﬁ Formation

This formaticon is composed of, from bottom te top,
greenish chlorite-phyllite, whité quartzite, grey quartzite
{fine to medium grained massive) and white magnesite. The
same is-diStributed from the mid to upper stream of the Khani
Knola,

3) Bhimphedi Formation (Cambrian)

This formation is distributed 6n1y in the southwest
portion of the mapped area and 1is composed of garnet
metamorphic biotite schist.

Geological Structure

Geological structure follows an E-W trend with a syncline

extending from the vicinity of the c¢onfluence point, exhibiting a

structure supportive of the same, Phyllite, which is located in
the lowest layer distributed to the north of the proposed dam site,

is connected to the upper gneiss' layer along the large-seéale
Midland Thrust, A NNW-SSE trend fault rvumming from the left bank
to the Khani Khola has been recorded, Decomposition of rock into
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50il due to in-site weathering and 1landslide formations are
particilarly pronounced in gneiss distribution areas which have

comparatively high elevations,

(3) Drilling Investigation

'Drilling investigation was carvied out from October to
November 1984 at two 80am extension bore holes.' Drilling core logs
~ were drawn up after analysis of the collected cores. In addition,
.permeation tests_were coneluded for the bedrock with a 5m pritch
(FIG. 3-39: Drilling Core Logs at TA-3).

(4) = Seismic Exploration (FIG. 3-27)

* Geological structure of the dam site vicinity was studiéd by
seismic survéying. Results of analy31s are given in FIG. 3-27 in
the form of analysed proflles for eaeh neasurement line. The
survey indicated the - existance of 5 veloeity layérs which are
tabulated in TABLE 3-14 along with correspondlng geology for the
same. The survey was carried out in 2 loecations} at the dam site

and the penstock line at the povernouse site.
The characteristics of each layer are as described below.

1} 5th layer (4.2-4,3ka/sec, 4.5-U,6kn/sec, 5.0km/sec)

As this layer had the largest veloeity, it is
considered to corréspbnd to fresh roek which is not exposed
to direct weathering., 1In addibibn, a low veloecity zone and
fault shearing zones were aiso found. The same are marked on

the c¢ross-sectional analysis diagran,

2) 4th Layer (2.6 - 2.8km/sec)

This layer corresponds to the lower wéathered zone and
consists of weathered 5th layer. Although the rock itself is
considered to have hard poptions, in generai, cracks are
numerous and weathering is advanced The riverbed portion
correspdnds to well consolidated river deposits ‘such as

boulder gpavel'and sand,
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3) 3rd Layer (1.6 - 1.8km/sec, 1.8-1.9 km/sec)

‘This layer corresponds to the central weathered zone as

it is composed of ueéthered hth layer, Hard rock in both

- banks is thought  to ve plentiful; however, cracks are

.developihg. Riverbed velocity is 1.8 - 1.9km/sec and
" corresponds to little consolidated river déposits.

4) 2nd Layer (0.8 - 1.1km/sce, 1.1 - 1.2kn/sec)

This layer rebfesents the upper weathered zone and is
composed of weathered 3rd layer. Velocity of the riverbed
portion is .1.2. - 1.2ko/sec wnich corresponds to loose

riverbed deposits.

5) 1st Layer

This layer corrésponds to topsoil and talus deposits.

(5) Rock Test

Core boring survey was carried out and rock samples. were
taken for laboratory testing to ‘determine the physical properties
of the rock which'fofmsﬁthe dam fbundatibn. Results of laboratory
tests are tabulated in TABLE 3-9 while the schematice sampling map
for rock tests.is presented in FIG. 3-28,

. \ﬁ . Tamo Kosi River

Left bonk Right bank

A
\
o

1Y

Gnelss

FIG., 3-28 SCHEHATIC SAHPLIHG HAP FGR ROCK TESTS (TA-3 site)
~ (No.12 to 16! Sample No.)
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(6) Drilling Survey Results

According to the results of drilling investigation, the
thickness of the riverbed at drilling site B-2 was measured at
- 20.,4m, At drilling site B-1 (léft bank)}, on the other hand, the
talus deposit layer is extremly thick at 9m. ' |

From the perspective of rock classifieation, stable CH grade
rock is found in site B-1 (left bank) at a depth of 21.7m, and in
site B-2 (riverbed) at a depth of 20.4m, corresponding to the
middle of the 3ird seisnmic layer and the 5th seisnie layer. CH
grade rock has a.super'sonic wave ﬁélocity of Vp = 3.8-U4.0km/sec as
indicated by the core sample tests, and a compresive strength of
qu = 500-600kg/cm2,

Results of permeability tests are sihown in the geologieal:
efbss sectional diagram and.dfiliing'core legs. The Lugeon value
for site B-1 (left) is 16-5iLu in the zone. drilled in this
-ihvéStigation and for site B-2 (riverbed), the lugeon value
exhibits a-deoreasing-trend in brbpbrtidn ot depth. The Lugeon
value near the top of.the_bedrock at site‘B¥2 is 58Ln, and near the

low zone at a depth of 35m_is less than 10Lu.

(7} Construction Considerations for Each Plan

1) Tama Kosi 3 - Reguléﬁion Pond Site (FIG., 3-29)

The proposed regulation pond site has an elevation of
about 830m and valley width at the riverbed is about 55m,
Slope is 32 - 35° from the riverbed tc a height of about 50m
and topography is symmetrical, The slope of the upper
portion of the left bank, however, is geantle at 259,

Thé said wupper portion is covered by a talus layer
mixed with debris, and gneiss is distributed in the riverbed
and on the slope face from M0 - 60m above the riverbed. The
slopé over 60m above the riverbed is ¢overed by comparatively
thick talus depOSits.

A thiock layer of talus deposits is distributed from the
riverbed to about 70m above the same on the right. bank.
Fresh gneiss rock is distributed above this height., Granite
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gnelss rock faclies in this area are complex formations such
as augenié gnéiss and granitic gneiss. A zone of accumulated
mica occurs in part of the_éame. The rock facies have a WNW-
ESE trend and a gneissosity of 309-109S dip, and is composed
of a lamellar rock plain. Several Jjoints occur both in the
same direction as the plain and diagonally. The reservoir
~dam site did not appear to have any major topographical or
geological defects,

Intake tunnel

The proposed intake tunriel route of the same runs along
the Tama Kosi left bank from the inlet of the reservoir dam
to the proposed pbwer generation site. A relatively large
affluent, the Khani Khola, crosses the tunnel route about 2km
downstream from the proposed dam site, Study of overburden
and erosion eonditions at this point, as well as
investigation of the Khani Khola Fault shown on the existing

geological map, is necessary.

Powerhouse and surge tank sites

According Lo the seismic survey, the surge tank site
and the pehstock route wnich runs from EL870m to the
riverbed, is covered by talus deposits, execluding the céntral
area between EL520-830m. The said deposits have an average
thickness of 10m in the upper portion and a maximum of 10m at
the bottom of the slope where the powerhouse is planned.
Subsequent drilling survey is required to determine potential

strength for the foundation of the penstock and powerhouse,

2) Tama Kosi No-2

A run-of-river type powerhouse is planned at this site,
Intake will be from directly below the tailrace of the TM.3
powerhouse and water from the same will be conveyed via a
tunnel abbut 10km long on the left bank. The powerhouse site
is located upstream of the Junction with the Khimte Khola.
The valley at this site is wide and terracing oceurs on the
slopes.
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Geology between the intake and the powerhouse is
composed of gneiss similar to TM.3. This plan is direotly
related to the Tama Kosi _-No.'3 Project and t,‘mis selection of
detailed intake, tunnel route, ‘penstock line and powerhouse
will become possible with the determination of various

components of the same,

3)  Knimte Khola No.l Site .-

The Khimte Khola River is a tpibutafy of the Tama. Kosi,
branching off about 12km upstream from the junction of the
Sun Kosi and Tama Kosi rivers. The intake dam of the Khimte
Khola No.1 site is located 9km from the oont‘luehce with a
water level intake of 1,219m, the highest of all 13 priority
sites. Catchment area at the site, :on the other hand, is the
smallest at 360km2. As with_'l‘ama Kosi_' No.?, the proposed

powerhouse site is above the river terrace siope.

Geology between the intake dam and powerhouse sites
consists of gnéiss - granite, The tuanel route is planned
along the right bank about 8.31@ in length., Run of river
type . generation is : proposed for the powerhouse and
accordingly, intake dam scale and poweﬁhouse capacity are

comparatively small,

Results of preliminary survey indicate that the
possibility of a large structural lipne crossing the tunnel
foundation is small and geological inadegquacies of the site

are few,

2.3.6 Arun Nos 1,2,3 Sites

The Arun River _6ﬁiginates in the Tibetan Plateau and, after
entering Nepalese te'r-ri_tor'y, flows southward gathering flow from numerous
tributaries and finally Jjoining the Sun Kosi at Tribeni village. The
three hydropower plans are all run-of-river type, and the average river
gradi'ent between the 'Ai*u'n. No.3 intake (EL:Tgé.Sm}:'and the No.1 tallrace
(E[..:HII‘IT.O'm) is".'steép' at 17100, Accordingly,' the topographical features
of the area have high hydropoder potential. |
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The'No;3 intake site ié-planned'about 6km séuth of Buidep and at
the bottom of the curve where the Arun River makes a wide U-turn to the
west, - Water will be conveyed. from this point to the powerhouse via an
intake tunnel planned on the left bank. PoﬁerhouSes planned douwnstreanm
from the aﬁove will have intake fécilities located directly below the
upstreanm pOHePhOUSG.. As these dams form a hydropower series, all intake

tunnels are planned on the left bank in accordance with river conditions,

(1) Geology at Arun Nos. 1 - 3 Sites

A schematic geological map of the Arun 1-3 site vicinities is
presentéd in FI1G., 3-30, adapted from the Geological Map of a
Portion of Sankhuwa Sabha and Bhojipur Distriet Eastern Nepal by
R.N, Yadav.

The structure which determ1n03 the geology of the area iz the
HNH—ESE trend Ekulade Fault runnlng through Kumalgaon. The
nopthern side of the fault is a gneiss dlstrlbutlon area belonging
to the Hlmal Group wnile the Arun River right bank side is quartz -
biotite schist, in addltion, the Arun Fault extending northwards
from Kﬁmalgaon in a N-S trend has also been reported by R.N.Yadav,

The Arun 1-3 hydvopower schemes are plamned in the highly

metamorphic, hard gneiss distribution area.

{2) Arun 3 Intake Site

The ineline of both sides of the gneiss outeropped, V-shaped
valley is a steep 50°, Width of the riverbed is about 30m.
Hydropower planning at this site is SRR type with intake dam and a
low dam height. Geological and topographical defects are judged to
be few, However, formulation of a detailed topographic map and
geological 3urvey to determine location of incidental facilities on
the intake side, and the intake tunnel, penstock and powWerhouse

sites is necessary.

Accordinging to R.N.Yadav's geological map, the Arun Fault
crosses the planned intake tunnel route. Depending on the scale of
the same, econstruction work could be significantly affected and
therefore further study is required.
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(3) Drilling Investigation at Penstock
and Powerhouse in Arun 3

Drillihng investigation was carried out during Januvary 1985
at two bore holes. One was 20m deep ab penstock site B-1, and the
other was 30m deep at powerhouse site B-2.

Drilling core ‘logs  were draWn.‘up éfter abservation and
analysis of the collected cores (See FIG. 3-31 Drilling Points in
Arun 3 site and FIG. 3-39 Drilling Core Logs).

Accdrding to the results of drilling iveébigation, the
thickness of the talus deposit layer was measured at 5.7m at
penstock site B-1. As for rock classification, the bedrock at site
B-1 is all stable B grade; At powerhouse site B-2, on the other
hand, the thickness of the terrace'deposib.layer was measured at
1?,8m and stable B grade rock at site B-2 was found at a depth of
18m. '

Core boring suévey‘uas earéied out and rock samples from each
dﬁilling site were taken for laboratory festing to détermine the
phySical. prbpérties.'of the rock which forms the structural
fbundatidns. ‘Results of laboratory tests are fabulated in TABLE 3~
g, while the schemabic sampling map For rock tests is presented in
FIG, 3-32.

Left bank Right bank

Guelss

S= 112.000

FIG, 3-32 SCHEMATIC SAMPLING MAP FOR ROCK TEST {(AR-3 site)
- {No.17 - No.18: Sample No, )
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2.3. 7 Tamur No.1 Site _
The Tamur No.1 site 1is located about 35km east of the tri-

conflucence at Tribeni village, and about 16km east of Dhankuta, the
area's eentér. Stratigraphy of the dam site is presented in TABLE 3-15
and a geological map is presented in FIG, 3-33,

TABLE 3-15 STRATIGRAPHY OF TAMUR NO. 1 AREA

Possible Age Formation Lithology

Canmbrian Dhankuta Sechist Quartz, Biotite, Muscovite,
' ‘ _ -Schist

Precambrian Telio Khola Phyllite and QuartZite

Source: Adapted from Geology of Dharan Dhankuta Map Area; J.M, Tater
(1967) and Geology of a Portion of Southeastern Dhankuta  and
Western Ilam

The pr0posed dam site <consists of the Telio Khola Formatlon and
Dhankuta schist. The former is composed of alternate layers of phyllite
and quartz distributed aleng the Tamur River with a width of 5-6km. The
upper portion is cdvered with a broad, thiek layer of Dhankuta schist
which is mainly composed of quartz, biotite, and muscovite and various

types of schist.

Geological étrueture of the site is comparatively simple. An
anticline extends ENE-WSW along the Tamur River, Accordingly, stratum on
the north bank dips 20-40° N while that on the south bank dips 259-3590,
In addition, data on a large fault which reportedly cuts across the
formation in this area is not available.

From the above factors, the following geologlcal considerations

should be noted in enginecering of the dam axis.

a) Dam foundation rock is formed of phylllte and quartzite
of the Telio Khola Formation.

b) Due to the lamella of this stratum, limitations exist
in  the strength of phyllite regarding usa for
foundation rock. Moreover, deéfects due to weathering
are also numerous.

e) Geological structure of the dam axis consists of an
ENE-WSW strike and. a southward 25-300 dip.
Accordingly, relationship between native -slope and
structure (strike and dip) of strata is concordant on
the right bank while the left bank is not concordant,
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As the right bank is susceptible, possibiiity of slope
sliding during excavation is high and study of the same
is therefore required,

2.3.8 Dudh Kosi No.t Site
| The Dudh Kosi No.1. Site .is located about 25km ENE from the
confluence of the Dudh Kosi River uith the Sun Kééi;_ A lérge tributary
flows WNW-ESE and joins the Dudh Kosi directly upstream from the axis on
the right bank. Stratigraphy of the area may be' classified as in the
table below, | - - |

TABLE 3-16 TENTATIVE STRATIGRAPHIC
' UNITS OF DUDH KOSI NO. 1 AREA

Lithology : Probable Age

Augen gnelsses feldspathie schists and'granites Tertiary

Carbonaceous phyllltes, dark grey phyllltes, . .
and siliceous limestones Socambrian

Grey and green phyllites interbedded with
quartzites, conglomérate bearing quarzite,
phyllites, gritty phyllites, intrusive granites

A geological map of the proposed dam sité area is presented in FIG.
3-34,  Phy11ite is distributed over a major portion of the area, The
phyllite stratum in western Okhaldhunga is typical and has been termed
Okhaldhunga Phyilite by Toni Hargen. The same is mainly dOmpdsed of grey -
to .green phyllite with .a thick conglomerate layer of quartzite and
phyllite distributed in the lower portion, A granite complex With some
augen gnelss and feldspathic sqbisb_ocqurs above the Okhaldbungé_Phyllite
and is thought to have formed in the'Tertiary.Period.

General dlrectionality oF ge010giea1 structure 13 an E-W strike
dipping north on the north side, and South on the south side of the
Andheri Fault (ENE-WSW trend) which aots as a voundary. ‘There is also the
Dudh Kosi Fault ﬁhiéh has the same trend as the ﬁhdheri Fauit and is
predominantly distributed along the Dudh Kosi River, displacing each layer
on the south side. |
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