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1.0 INTRODUCTION TO NEPAL HIMALYA

The Himalayas are the mountain range in Asia separating the plains of the Indian subcontinent from the
Tibetan plateau. It is the highest, youngest and a very highly active mountain range. It is bordered on the
northwest by Karakoram and Hindu Kush ranges, on the north by the Tibetan plateau, and on the south by
largest modern foreland basin. Himalayan range lifted by the subduction of the Indian tectonic plate under
the Eurasian plate runs, west-northwest to east-southeast, in an arc 2400 km long. The Indian tectonic plate
is still moving continucusly and subducting below the Eurasian plate at the rate of 5 cm/year. The desk
study is based with reference to the published geological map of Nepal by Department of Mines and
Geology (1983, 1987, 1994). The general geology of Nepal is shown in 1. According to location and
lithological properties, the entire Himalaya is divided into 5 different regions from west to east. They are:

» Punjab Himalaya

» Kumaon Himalaya

» Nepal Himalaya

b Sikkim- Bhutan Himalaya

» NEFA (North East Frontier Agency) Himalaya

2.0 PHYSIOGRAPHIC SUB-DIVISION OF NEPAL

From south to north, the physiographic sub-division of Nepal Himalaya are: Terai, Churia Hills (Siwaliks) or
Sub-Himalaya, Dun Valleys, Mahabharat Range, Midland, Fore-Himalaya, Higher Himalayan Range, Inner
Himalayan Valleys, Tibetan Marginal Range. The physiographic sub-division { 2) of Nepal and their main
geological units are discussed in below:

2.1 Terai (Indo-Gangatic Plain)

GEQLOGICAL MAP OF NEPAL

AATHRANDU, M
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THE MAJOR TECTONICS SUBDIVISION OF THE HIMALAYA

—————————————— MCT—— - —_ indian plate
Lesseri{imalaya
- MBT
Siwaliks {Sub Himalaya)
MFT
Modern Foreland Basin {indo-Gangetic Plain)

South

Fig. 2. The tectonic zones of the Himalaya. MFT: Main Frontal Thrust, MBT: Main Boundary Thrust, MCT: Main
Central Thrust, STDS: South Tibetan Detachment System, ITSZ: Indus Tsangpo Suture Zone

This zane is the southernmost tectonic division of Nepal and represents the northern edge of Indo—Gangetic
alluvial plane and range in elevation from 100 m to 200 m above MSL (Mean Sea Level}. The width of Terai
varies from 10 km to 50 km. It extends from the inde-Nepal boarder in the south to the base of Churia or
Siwaliks hills in the north separated by Main Frontal Thrust (MFT} which is very well exposed at many
places at the foot of Siwalik hills. Along this thrust, the Siwalik rock thrust over the alluvial sediments of the
Indo-Gangetic plain. The Terai region is generally flat with very minor relief caused by river channel shifting
and down warping of the basin. All the rivers emerging from the Nepal Himalaya flow straight to the south
until they meet the Ganges River and finally head eastward towards the Bay of Bangal.

Geologically, the Terai plain is composed of Pleistocene to Recent alluvial sediments. Quaternary deposits
contain mainly boulders, sand, mud with presence of thickness of alluvium of 1500 m. Coarser Terai
sediments lie close to the mountain front, which is known as the Northern Terai zone (Bhabhar zone),
where they form large alluvial fans. Finer sediments are found farther to the south and the Recent Terai
sediments represent the latest foreland basin deposits of the Himalaya.

2.2 Sub-Himalaya (Siwaliks or Churia zone)

This zane represents the lower hill of the Churia range and is bounded to the north by the Main Boundary
Thrust (MBT) and to the south by the Main Frontal Thrust (MFT). Lesser Himalayan metasedimentary rocks
have been thrust southward over the Churia rocks along the MBT and large part of the Churia zone rocks
must be buried beneath the cover of the over thrust Lesser Himalayan rocks to the north. The Churia Hills
abruptly rise from the plains of Terai and forms the southernmost mountain range of the Himalaya. The
Siwaliks constitutes the narrow belt of 20 km to 30 km in width 5 km to 6 km in thickness runs east-west.
The age range is indicated as Middle Miocene to Early Pleistocene.

The Siwaliks Group in Nepal is composed of three units that are known as lower, middle and upper
members. These units can be correlated with the Sub Himalaya of Pakistan and of northern India (Burbank
et al. 1996). Sub-Himalaya is composed of fluvial sedimentary rocks of mudstone, sandstone, and
conglomerate, shows the coarsening upward succession. Since Middle Miocene (16 Ma -1 Ma) to lower

Pleistocene, the sediments are ,accumulated in the basin due to rapid denudation of the Himalaya
'h e
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Thrust and north of the Siwalik Range separated by Maln Boundary Thrust (IVIBT) The total width ranges
from 60 km - 80 km. From east to west, the Lesser Himalayan geology of Nepal shows much variation in
stratigraphy, structures, magmatism and displays relatively subdued and mature geomorphology.

Tectonically, the entire Lesser Himalayas consists of fwo sequence of rock: allochthonous and
autochthonous. The zone is made up of low-grade metamorphic rock units, with over riding crystalline
nappes, klippes and tectonic windows. Geologically, the Lesser Himalaya consists of low grade
metamorphic rocks like slate, phyllite, schist, quartzite, marble and sedimentary rocks like limestone and
dolomite, shale etc. in the south. In some region there is some minor volcanic and some granitic rocks of
Proterozoic - Cambrian age (2000 Ma - 500 Ma). The stratigraphic thickness of the rock sequence in this
zone is 10 km -20 km. The sedimentary rocks in the Lesser Himalaya barely yield fossil partly because
there are much older (dating back to the period when life form were not abundant or diverse) and partly
because they have been metamorphosed.

Hagen (1969) and Stocklin & Bhattarai (1877) have divided the Lesser Himalayan zone into two main
geological and tectonic units, which are outlined as follows:

» Kathmandu Complex

» Nawakot Complex

24 Higher Himalayan Zone

Geologically, the Higher Himalayan Zone includes the rocks lying north of the Main Central Thrust (MCT)
and south of normal fault system called as South Tibetan Detachment System (STDS) below the highly
fossiliferous Tibetan-Tethys Zone and runs throughout the country. This zone is made up of 10 km - 20 km
thick high grade metamorphosed coarse grained rocks (schist and gneiss) and granites situated at altitudes
of 3000 m to over 8000 m. These rocks are Proterozoic-Cambrian age (2,000 Ma -500 Ma) and belong to
the continental crust of the Indian Plate. In addition, white granites (leucogranites) of Miocene-are (24 Ma -
17 Ma) in upper part of the Higher Himalaya is found. It extends continuously along the entire length of the
country as in whole Himalaya, and its width varies from place to place. Vast area of the Higher Himalaya is
occupied by the Precambrian rocks. This sequence can be divided into four main units, as kyanite-
sillimanite gneiss, pyroxenic marble and gneiss, banded gneiss, and augen gneiss in the ascending order
(Bordet et al. 1972). However, later Le Fort (1975) revised this classification and divided into three
formations as Formation |, Formation |l and Formation 1l in the ascending order. This zone is characterized
by extremely high relief, steep topography, rocky cliff and outcrops with little soil covered terrain.

2.5 Tibetan- Tethys Himalayan Zone

The Tibetan-Tethys Himalayas generally begins from the top of the Higher Himalayan Zone separated by
the South Tibetan Detachment System (STDS) and extends to the north in Tibet, represents the deformed
remnants of the northern edge of the Indian subcontinent. It has undergone very little metamorphosed rocks
except at its base where it is close the Higher Himalayan Crystalline rocks of the Higher Himalayan Zone.
This zone is about 40 km wide and consists of Cambrian through Eocene sediments (sandstone, shale and
limestone) which were deposited on the continental shelf of the Tethys Ocean. These sedimentary rocks
contain many kinds of fossils including the Cretaceous age ammonite fossils (‘Shaligramshilla’ in Nepalese
language). In Nepal these fossiliferous rocks are well developed in Thak Khola {Mustang) Manang and
Dolpa area. In eastern part, amount of exposure of the Tibetan Tehys Zone is almost negligible and found
only in top of the Mount Everest.

The individual desonptlonsmﬁggwer lines are described below based on the geological mgp/as 'pmw;le\d by
Department of Mines aﬁﬂﬁ&g@yﬁQSS 1987). .
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3.0 GENERAL GEOLOGY OF PROPOSED POWER LINES

\

The study area lies in the central and west central part of the Nepal Himalaya. The power Lines touches
from Indo Gangetic plain to the Lesser Himalayan rocks, separated by the successive thrusts. The Indo-
Gangetic plain ranges from Quaternary to recent deposits and lesser Himalayan from Pre Cambrian to Early
Paleozoic era. The generalized pre-existing transmission line Map all over the Nepal is in Fig. 3 below. Fig.
4 represents the geological map of Western Central Nepal in which power lines lies New Butwal to India
Berder, Transmission Tower Number 1-23; New Butwal to near Damauli, Transmission Tower Number 1 to
80; and New Butwal Sub-station Tower in this section. Similarly, Fig. 5 represents geological map of Central
Nepal in which power lines lies near Damauli, Transmission Tower Number 81 to 310; Damauli to Ratmate,
Transmission Tower Number 1 to 315; Ratmate to Lapsiphedi, Transmission Tower Number 1 to 189;
Ratmate to New Hetauda; Transmission Tower Number 1 to 94; Sub-stations of Damauli and Ratmate in
this section {after DMG 1983, 1987).

3.1 New Butwal to India Border, 23 km (1 to 53)

2016).
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GEOLOGICAL MAP OF WRSTERN CENTRAL NEPAL

B &6

Fig. 4. Geological map of Western Central Nepal representing power lines lies New Butwal to India Border,
Transmission Tower Number 1-23; New Butwal to near Damauli, Transmission Tower Number 1 to 80; and New
Butwal Sub-station in this section (after DMG 1983,1987).

The Power lines from 1 to 30 have pebble, cobble with sand and fines as alluvial deposits from upper
Himalaya succession. This region falls in the lower part of the Bhabar zone in Indo-Gangetic plain from
Quaternary to recent (Fig. 4). The underground area has water level at the very depth. From beginning to
end, the size of the materials deposited varies, from coarse to fine. From 30-53 has medium to coarse
grained sand in which water level seems to be in the shallow level in the ground.

3.2 New Butwal to Damauli, 84 km (1 to 310)

Figure 4 represents the general geology map for power lines from stations 1 to 80. Meanwhile, Fig. 5
represents the geology after Transmission Tower number 80. The power lines from 1 to 18 include boulder,
cobble, pebble and little fines in the Indo-Gangetic plain of Quaternary to recent deposits. The water level
in this area is at very depth due to dominance of bigger grain size from which the water permeability is high.
So, the perennial system of river is here showing very dry condition in autumn and winter. From 13 to 14
has a thrust HFT (Himalayan Frontal Thrust) passing transversely, the actual HFT lies at the 100 m towards
Northern Plain from the hill slope.

From 14 to 25 power lines IllGl!,id.E Lower Siwalik (LS) of Siwalik Group in physiographic sub-division of
Nepal. The Lower Siwalik c@mgrrse. :of grey to greenish grey bioturbated mudstone interbeds ,vgﬁh\ 6y
greenish grey, very fitie to rQeEw?ﬁ ~gta’:nned calcareous sandstone Thls forrna ion is divided I;ﬂjb e Low
Middle and Upper Memt;é?@% : 3
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are semi consolidated.

From 25 to 36 power lines include the Lower Middle Siwalik (MS1) of Siwalik Group in physiographic sub-
division of Nepal from Middle Miocene to Lower Pleistocene. The Lower Middle Siwalik is comprised of
medium, fine to medium grained sandstone with interbeds of siltstone and mudstone. Coaly materials and
plant fossils are present.

From 36 to 45 power lines comprise of Upper Middle Siwalik (MS2) of Siwalik Group in physiographic sub-
division of Nepal from Middle Miocene to Lower Pleistocene. The Upper Middle Siwalik is comprised of
medium to coarse-grained sandstone, pebbly sandstone with siltstone and mudstone with relicts of hard
sandstone. Turtle limb is present in the sandstone.

From 45-52 has Upper Siwalik (US) of Siwalik Group from Middle Miocene to Lower Pleistocene comprising
of boulder, cobble semi consolidated conglomerate with minor yellow, grey mud and silt. Sand bands and
lenses in the conglomerates are also present. At 52, Central Churia Thrust (CCT) or Jhumsa Thrust passes
transversely to the Powerlines. This region is covered by recent alluvium deposits by Binai Khola, however
at significant depth has lithology of Upper Siwalik.

From 52 to 62 has Lower Siwalik (LS1) of Siwalik Group in physiographic sub-division of Nepal. This
Formation is again repeated because thrusting has uplifted the younger part again. The Lower Siwalik
comprise of grey to greenish grey bioturbated mudstone interbeds with grey to greenish grey, very fine to
medium grained, calcareous sandstone. This formation is divided into the Lower, Middle and Upper Member
based on the lithology change and increasing grain size. Most of the sandstones are semi consolidated.

From 62 to 76 has Lower Middle Siwalik (MS1) of Siwalik Group in physiographic sub-division of Nepal from
Middle Miocene to Lower Pleistocene. The Lower Middle Siwalik is comprised of medium, fine to medium
grained sandstone with interbeds of siltstone and mudstone. Coaly materials and plant fossils are present.

From 76 to 80 include Upper Middle Siwalik {(MS2) of Siwalik Group in physiographic sub-division of Nepal
from Middle Miocene to Lower Pleistocene. The Upper Middle Siwalik is comprised of medium to coarse-
grained sandstone, pebbly sandstone with siltstone and mudstone with relicts of hard sandstone. Turtle limb
is present in the sandstone. At 80, Main Boundary Thrust passes transversely to the power lines.

After 80, late Paleczoic rocks of Lesser Himalayan are present. At first, Syangja Formation of Lakharpata
Sub group of Midland Group exist. This formation includes milky white, pale, orange, pinkish or purplish
calcareous quarizites and quartzitic limestones with dark grey and purple shales pinkish calcareous
quartzitic beds, grey arkosic sandstones, dark grey and pale green shales.

Under the above Group and Sub-Group, Suntar Formation exists consisting of Fine to medium grained
greenish grey Sandstone and purple shales with intercalations of green splintery shales.

Then after thls, Galyang Formation {(Gl) includes lithology of dark grey shales with black limestones thin
calcarequs ,siate -and grey dolomitic limestones black carbonaceous slates with thin calcareous sandstone
beds g;ey:\to black dolomitic limestones.

%gnmguéoéatmate, 88 km (1 to 315)

[‘ch‘mﬂdn Qﬁ}(athmandu Group, Phulchoki Sub Group from Pre Cambrian to Devonian, includes
duII greéh gm‘?’ colored phyllites, pink purplish tinted sandstor mt_yp,_}agndy limestones (Fig. 5). Ripple
marks, clay cracks, worm tracks are abundant pebbly beds neaf base.

L

m - .
Then the line touches the Markhu Formation, Kﬁthnancﬂy Asroup an{i-J ;r!mphedi Sub Group, includes

“i’ ICGS Pvt. Ltd. Page 9
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massive coarse to medium grained, crystalline marble changing northward to dark fine biotites schists
interbedded with impure marbles and quartzites, stromatolites are also found.

Then the line touches Galyang Formation of Midland Group consisting of dark grey slates intercalated with
thin grey calcareous slates and lamellae of carbonates, thick beds of grey silicious dolomites are found at
places (Baitadi beds).

Lakharpata Formation of Midland Group includes fine grained, light blue, grey limestones and dolomites
with thin intercalations of grey shales, White, pink dolomitic limestones, purple quartzites and green shales
at the top. Algal structure and stromatolites are present, Dunga quartzite beds are also present.

The line touches the Syangja Formaion. This formation includes milky white, pale, orange, pinkish or
purplish calcareous quartzites and quartzitic limestones with dark grey and purple shales pinkish calcareous
quartzitic beds, grey arkosic sandstones, dark grey and pale green shales.

The lines touch the Sangram Formation of Midland Group, which includes lithofogy of black, dark grey to
greenish grey shales with intercalation of limestones and quartzites.

Then the line touches the Naudanda Formation (Nd) of the Midland Group, including Lakharpata subgroup
which includes white massive fine to medium grained quartzites with ripple marks interbedded with green
phyllites and basic intrusions are also noted at some points.

The power lines alternatively touch the Syangja Formation, Lakharpata Formation, Galyang Formation,
Sangram Formation and Naudanda Formation of Lakharpata Subgroup of Midland Group.

3.4 Ratmate to Lapsiphedi, 58 km (1 to 189)

This region of the power lines touches the northern part of the Kathmandu valley, away from Kathmandu
sediments, which include entirely of Lesser Himalayan rocks (Fig. 5).

At first the power lines pass through the Naudanda Formation of the Lakharpata Sub Group, that includes
white massive fine to medium grained quartzites with ripple marks interbedded with green phyllites, also
basic intrusions are noted in some part of the region.

Then, Ranimatta Formation of Lakharpata Sub Group of Midland Group which includes grey greenish grey
gritty phyllites gritstones with conglomerates and white massive quarizites in the upper parts Basic
intrusions are noted.

J @lces Pvt. Ltd. s =g Page 10
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GEOLOGICAL MAP OF CENTRAL HEPAL
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Fig. 5. Geological map of Central Nepal representing power lines lies near Damauli, Station Number 81 to 310;
Damauli to Ratmate, Transmission Tower Number 1 to 315; Ratmate to Lapsiphedi, Station Number 1 to 189;
Ratmate to New Hetauda; Station Number 1 to 94; Sub-stations of Damauli and Ratmate in this section (after
DMG 1983,1987).

Then, Galyang Formation of the Midland Group, consisting of dark grey slates intercalated with thin grey
calcareous slates and lamellae of carbonates, Thick beds of grey silicious dolomites are found at places.

Then Tawa Khola Formation of the Phulchoki Sub Group of the Kathmandu Group consisting coarse
grained dark grey garnetiferous muscovite biotite quartz schists interbedded with greyish impure quartzites.

Then the undifferentiated schists quartzites gneisses and calcareous silicate rocks (cs) of Bhimphedi sub
group and Tistung Formation in various stages of migmatization. The lines encounter the augen gneisses
and banded gneisses in the area.

The lines meet at the Chandragiri Formation of the Phulchoki Sub group and Kathmandu Group, which
includes light fine grained crystalline limestones partly silicious thick to massively bedded white quartzites in

upper parts. Wavy limestones contain late Ordovician schinoderms. Again augen gneiss and banded |

Gneisses meets at the ﬁoWer Imes
r'( (. i
Sarung Khola é\mn of Bhim édi Sub’ fGrogp

incl
quartzitic mica scﬁ@ %ﬁaglgnal ametlfe'ra s i dd g/vnth impure strongly micaceous quartzites.

des fine grained dark green grey biotite and E
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Then the line touches the Markhu Formatlon Kathmandu Group and Bhlmphedl Sub Group, includes
massive coarse to medium grained, crystalline marble changing northward to dark fine biotites schists
interbedded with impure marbles and quartzites, stromatolites are also found.

Then the line touches the Tistung Formation of the Phulchoki Sub Group that includes dull green grey
colored Phyllites pink purplish tinted sandstones with sandy limestones. Ripple marks, clay cracks, worm
tracks are abundant pebbly beds near base.

3.5 Ratmate to New Hetauda, 56 km (1 to 194)

This power lines encounter the lithology from lesser Himalayan to Siwalik rocks (Fig. 5). Starting from
Ratemate sub-station include, Naudanda Formation of Lakharpata sub Group which consists of white
massive fine to medium grained quartzites with ripple marks interbedded with green phyllites and basic
intrusions are also noted at some points.

Recent deposits of the recent alluvium are seen.

The Galyang Formation of the Lakharpata sub group consists of consisting of dark grey slates
intercalated with thin grey calcareous slates and lamellae of carbonates, Thick beds of grey silicious
dolomites are found at places.

Then the Robang Formation of the Midland Group includes Green chioritic phyllite layers of basic rocks.

Tawa Khola Formation of the Bhimphedi Sub Group includes coarse grained dark grey garnetiferous
muscovite biotite quartz schists interbedded with greyish impure quartzites. Again, the line touches the
augen gneisses and banded gneisses.

Then the successive formation of the Sarung Khola Formation, Markhu Formation, Tistung Formation,
biotite tourmaline granites, also called the Agra granite, Tawa Khola Formation, also include Pandrang
quartzite member which include light green quartzites.

Then the lines encounter Udaypur Formation of Bhimphedi Sub group of Kathmandu Group which
consists of coarse grained crystalline marbles with intercalations of schists.

The Shiprin Khola Formation of Bhimphedi Sub Group consists of coarse crystalline highly
garnetiferous muscovite biotite quartz schists quartzites green chlorite schists at the base. The power
lines are transverse to the Mahabharat Thrust (MT) in the path.

Similarly, after Dunga Quartzite, basic rocks, Galyang Formation are also successively found at the
path. And also a Main Boundary Thrust (MBT) passes through transverse of the power lines.

Finally, the Siwalik (Sub Himalayan) rocks are encountered, at first Upper Siwalik of the coarse
boulders, conglomerates with irregular beds and lenses of sandstones and thin intercalations of yellow,
brown, grey sandy clays are found.

Also, Middle Siwalik and‘*Eésser Himalaya rocks are also seen in therSeetipn of the Vov'fe"ﬂ\lnz;es ending
terminals. S ; "“ﬁ ;,§ \«m
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4.0 GENERAL GEOLOGY OF SUBSTATIONS

4.1 New Butwal Sub-Station North and South

The first starting of the power sub-station includes the Indo-Gangetic plain (Fig. 4). The plain is the alluvium
deposits from the successive materials from Siwaliks, Lesser Himalayan and Tethys Himalaya. This region
has coarser aggregates than southem parts like cobble, pebble and coarse sands. The area is mainly silty
and clayey with sand and water table could be observed on the sand dominant depth. This area is
prominently used for the cultivation purpose, however there are few trees at the surroundings near the river
canal.

4.2 Damauli Sub-station East and West

This is the second sub-station in the Power lines (Fig. 5). The sub-station is filled with the vegetation spot;
light yellow to reddish soil suggests that it is filled with residual soil. This area includes the Lesser Himalaya
rocks and include geological unit Tistung Formation of Kathmandu Group, Phulchoki Sub Group from Pre
Cambrian to Devonian, includes dull green grey colored Phyllites pink purplish tinted sandstones with sandy
limestones Ripple marks. Clay cracks, worm tracks are abundant pebbly beds near base.

Also it touches the Markhu Formation, Kathmandu Group and Bhimphedi sub Group, which includes
massive coarse to medium grained, crystalline marble changing northward to dark fine biotites schists
interbedded with impure marbles and quartzites, stromatolites are also found.

The river channel is almost at the level of the borehole location. So during the flooding, the location might
be vulnerable. The area lies in the alluvial fan along the eastern part of the borehole location created by a
small river flowing from the south to north. So, some engineering structures need to be implemented to
reduce the impact of rapid discharge from the flood.

4.3 Ratmate Sub-station North and South and West

The Ratmate sub-station is located at the left bank of the Trishuli River (Fig. 5). It has the fertile land with
gentle slope and rich in cultivation and vegetation. These areas have the alluvial deposits of the Trishuli
River forming terrace. As per the geologic unit, it lies in the Naudanda Formation of Lakharpata Sub Group
which consists of white massive fine to medium grained quartzites with ripple marks interbedded with green
phyllites and basic intrusions are also noted at some points. Recent deposits from river could be observed
on the terrace.
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5.0 GEOTECHNICAL FIELD SURVEY AND GEOHAZARDS

Engineering geological Description and in-situ hazard Analysis of transmission aligned area were carried
out during geotechnical investigation. Prior to the exploratory drilling, in-situ evaluations of geo-hazard was
the one of the objectives of the investigation. Following paragraphs explain the existing hazard conditions of
the boreholes and their adjacent areas.

5.1 Borehole: B1

General Geological description: The general geology of this site falls in southern Terai Zone, consisting soil
is silty clay (MC).

Hazard Analysis: No any such type of river which can occurs flood. This zone is flood free zone; however,

foundation subsidence can occur (Fig. 6).

Fig. 6. Representation of hazard around borehole B 1.

Recommendations to Hazard Mitigation: No need of any expensive measures should be employed for
mitigation of hazard. This zone is safe for construction of the transmission tower.

5.2 Borehole: B 2 (Harpur, Kancharuwa)

General Geological description: The general geology of this site falls in southern Terai Zone, the consisting
soil is silty clay (MC) at the top of the layer.
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Hazard Analysis: No any such type of river which can occurs flood. This zone is flood free zone; however,
foundation subsidence can occur (Fig. 7).

Flg 7. Representatlon of hazard around borehole B 2.
5.3 Borehole: B 3 Debghab-9, Pipriyan

General Geological description: The general geology of this site consists of organic peat of about 5 cm thick
along with Clay. The flood channel is highest at about 10 m during flooding.

Hazard Analysis: At Jharni Khola there is no any river training structures are employed, every year there is
evidence of flash flood.

Recommendations to Hazard Mitigation: Some engineering structures need to be implemented to reduce
the impact of rapid discharge from the flood (Fig. 8) at about 100 m southwest from the borehole location.

£

Fig. 8. Representatigh of ﬁiﬁﬁa,éféugs borehole B 3 in Terai reglo
i
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5.4 Borehole: B 4 Shisha Khola, Paskhuli, Bazar

General Geological description: This site consists sandy clay having greater than 20% gravel.
Hazard Analysis: This zone is flood prone zone; having repeated flood evidences every year.

Recommendations to Hazard Mitigation: Some engineering structures need to be implemented to reduce
the impact of rapid discharge from the flood (Fig. 8) at about 100 m southwest from the borehole location
(Fig. 9).

Fig. 9. Representation of hazard around borehole B 4 in Terai region.

5.5 Boreholes: B 6, B 7 & B 8 (Butwal sub-station)

General Geological description: Near to Dhungri Khola at Michiyapur, Kapilbastu. This site consists of silty
clay(CM) and organic materials which is Quaternary to recent alluvial deposit from Himalaya.

Hazard Analysis: The transported sediment analysis of this river indicates that there is high probability of
flood. And this is a perineal river. The clay having high plasticity leads to subsidence of ground.

Recommendations to Hazard Mitigation: Some engineering structures need to be implemented to reduce
the impact of rapid discharge from the flood.
5.6 Location: B 9 Gargara, Keron, Khola

General Geological des&ngugn Gravel sand having fines alluvial sediment deposit.
Il(' W

Hazard Anal A’itoogb one zone. T :
Recommendatl 10 ‘Agaflon Some engineering s Fes ) to be implem
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5.7 Location: B 10 Khumbari, Nawalparashi i

General Geological description: This site falls in alluvial fan deposit of the Binaya Khola, consisting river
coarse material Boulder, Gravel, sand deposit below the 1.5 m - 2 m silty clay and fine sand deposit. The 1
relative density of this site of is 50-70% (moderately dense). [ ]

catchment area of flood area is very large and steeper slope may lead to high gradient of river material.
Recommendations to Hazard Mitigation: The detail flood returning period study is recommended. Also, the

Hazard Analysis: There is sufficient evidences of flood and site situated above 5 m from river surfaces. The [}
detailed flood activity in the past, rainfall data, analysis is compulsion (Fig. 10). []
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Fig. 10. Representation of hazard around borehole B 10.
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5.8 Location: B 11, Near to Binaya Khola, new bridges

General Geological description: This zone consists sandy gravel, river deposited material by Binay Khola.
Hazard Analysis: The provided borehole location lies near the river channel which is not suitable for t