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ABSTRACT

Groundwater has become immensely important for the different water supply purposes in urban and rural areas of both
the developed and developing countries. However, groundwater exploration in hard rock terrain is a very challenging and
difficult task, if the promising groundwater zones are associated with fractured and fissured media. In such an environment,
hydrogeology of the area depends on the local geology, geological structure, geomorphology and climate. Groundwater in
hilly area is very complex and need detail hydrogeological knowledge of the area.

Chyanglitar and Dhuwakot area lies in the southern part of Gorkha district. There are two levels of plains, i. e. upper and
lower in Chyanglitar area. Lower plain is alluvial deposit of Marsyandi River and upper plain is residual and colluvial
deposit. Dhuwakot area also comprises of two levels of plains. Lower plain is flat and dissected by the Tadi Khola; tributary
of Maryandi river. Upper plain is comprising of residual and colluvial deposit.

Electrical survey was carried out to assess subsurface lithological information. In this regards, Vertical Electrical Sounding
(VES) was carried out at six locations, out of which one profile of VES was located at lower plain and two profiles are at upper
plain of Chyanglitar area. Similarly, one VES profile was located at lower plain and two profiles at upper plain of Dhuwakot
area. One the basis of VES report, one deep tubewell of 100 m depth was constructed at lower plain of Chyanglitar area.
The lithology obtained during drilling was sand and gravels. Pumping test shows 7.7 1/s discharge with static water level at
28 m and dynamic water level at 40.50 m. Similarly, another deep tubewell of 130 m depth was constructed at upper plain
of Dhuwakot area. The lithology obtained during drilling was fractured bedrock of shale/phyllite. Pumping test shows 5 1/s
discharge with static water level at 16 m and dynamic water level at 50 m.

INTRODUCTION is quite new concept (Shrestha and Ganesh 2018).
Groundwater exploration in hill and mountains is
a very challenging and difficult task, exploitation
is possible if the promising groundwater zones are
associated with fractured and fissured media (GWIDD,
2017). In hills and mountain region of Nepal, springs
sources are used extensively for drinking and irrigation
purposes and detail investigation works has not been
done yet (Shakya and Shrestha 2013).

Groundwater has become immensely important for
the different water supply purposes in urban and rural
areas of both the developed and developing countries.
However, groundwater exploration in hard rock terrain
is a very challenging and difficult task, if the promising
groundwater zones are associated with fractured and
fissured media. In such an environment, hydrogeology
of the area depends on the local geology, geological
structure, geomorphology and climate (Bhusal et
al. 2016). Exploration of groundwater in hilly area
is challenging and need detail hydrogeological
knowledge of the area.

In order to ascertain groundwater potential, the first
step would be through carrying hydrogeological study.
A hydrogeological study or investigation is a study of
the subsurface hydrologic and geologic conditions in
an area. Data are collected about the type and thickness
of geologic materials, the occurrence of groundwater,
how it flows in pore spaces and/or fractures, the quality

Groundwater extraction from loose material of Terai
area is well known fact, while groundwater exploitation
through construction of tubewell in hills and mountains
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of the groundwater, and what can be expected at wells.
These studies are typically conducted by researching
available published data from government and private
sources and conducting the additional fieldwork needed
to understand the location. Groundwater exploration
consists of the hydrological analysis of existing data
often supplemented by newly acquired data through
geophysical field investigation. Among many methods
of geophysical, electric resistivity method is most
widely used method in groundwater exploration.

This study will apply hydrogeophysical and
hydrogeological methods to determine the groundwater
potential of the study area and evaluate the aquifer
characteristics of the groundwater aquifer. This will
help in accessing the suitability of the study area for the
development of water scheme that will not only serve
the people of the area but if successful, the method
can be replicated in other parts of the country having
similar kind of terrain.

Chyanglitar and Dhuwakot area of Palungtar
Municipality 7 and 8 are the driest area. Groundwater
exploration in these areas was initiated through the
geophysical survey. Three vertical electrical soundings
(VES) were carried out at around each survey areas
ofChyanglitar and Dhuwakot villages followed by
analysis of the data and interpretation of result using
appropriate applications. The sub surface lithological

information obtained from VES survey was only basis
for site selection of tubewells drilling. One tubewell at
each of the study sites in Chyanglitar and Dhuwakot
area were constructed. The lithological data obtained
from drilling were compared with VES results to find
outreliability of geophysical methods in hills. It is found
that the results of VES were coherent with litholog data
of the wells. The pumping test of tubewells was done
and found that the tubewell at Chyanlitar area gives
7.7 Us discharge at 12.5 m of drawdown, while the
tubewell at Dhuwakot area shows 5 1/s of discharge at
34 m of drawdown.

THE STUDY AREA

The study area lies in Gorkha district in Gandaki Zone
of Western Development Region, Province Number 4,
Nepal (Fig. 1). The project area covers ward numbers 7
and 8 of Palungtar Municiaplity in Gorkha district. The
area is just4.5 km north from the Nayapul at the Prithibi
Highway. The nearest market is the Dumre which is 8
km south west from the study area. The area lies in the
mid hill physiographic region, which is geologically
classified as lesser Himalaya. Marsyandi is the main
river which flows from northwest to southeast trough
the southern part of study area. Tadi Khola, which is
a tributary of the Marsyandi river, flows through the
central part of study area that divides Chyanglitar and
Dhuwkot area. The altitude of the study area varies
from 365 m to 480 m above mean sea level.
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Fig. 1: Location map of study area
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GEOLOGY OF STUDY AREA

The Study area lies in Lesser Himalaya. The Marsyandi
river near follows a fault near the study area and there
are couple of local faults around the study area. The
geology at right bank and left bank of the Marsandi
river have drastically different due to presences
of number of faults and thrusts (Fig. 2). The main
geological Formations in and around the study area is
briefly described below:

Seti Formation (St)

The study area lies entirely in the Seti Formation. It
is comprised of grey greenish grey gritty phyllites,
gritstones with conglomerates. The white massive

84°25'0"E

quartzites intrusions are noted in upper part of
Formation. This Formation can be correlated with the
Kuncha Formation that comprises of thick and fairly
monotonous succession of green-gray, dark gray, and
bluish gray phyllite, phyllitic metasandstone, gritty
phyllite, and quartzite.

Lakharpata Formation (Lk)

The Lakharpata Formation consists of fine grained,
light blue, gray limestone and dolomite with thin
intercalation of grey shale white, pink dolomitic
limstones, purple quartzites and green shales at top.
Algal structure and stromatolites are present in Dunga
quartzites beds.
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Fig. 2: Geological Map of Study Area (DMG 1987)

Galyang Formation (Gl)

The Galylan Formation is comprised of dark grey slates
intercalated with grey calcareous slates and lamillae of
carbonates. Thick beds of grey siliceous dolomites are
found at places.

Syanja Formation (Sy)

The Syanja Formation is composed of white pale
orange pinkis or purplish calcareous quartzites and

quartzitic limestone with dark grey purple and green
shales amd strongly ripple marked quartizites at base.

Naudanda Formation (Nd)

Naudanda Formation consists of white massive fine
to medium grained quartzites with ripple marks
interbedded with green phyllites.
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Hydrogeological Condition of the Area

Gorkha district tectonically falls under Lesser
Himalaya and Higher Himalaya. There are number of
hills that are trending in east-west direction forming
a rocky hilly terrain. Elevation of hills rises towards
north, even forming snowy peaks of the Himalaya.
Mainly, three rives dissects hill of Gorkha district.
The Chepe river flows in west, Daraundi river flows
through central part and joins the Marsyandi river. The
Kali Gandaki river flows through the eastern part of
Gorkha district that joins the Trisuli river. These two
rivers meet at Muglin and flows southwards to form
Narayani river. All of these rivers are snow fed and
perennial. Hence, Gorkha district is rich in surface
water resources.

The annual dynamic groundwater recharge in the mid-
hill region of Nepal is estimated to be about 1,723
MCM (Kansakar 2002). Groundwater resource of
the northern mountain region has not been studied
and hence is not known. Groundwater in the hills and
mountain regions are manifested in the form of spring
and seepage discharges. Groundwater in these regions
has two important aspects: (i) springs discharges
provide safe drinking water supply, and sometime
even irrigation water supply to the people, and (ii)
they sustain the base flow in the streams and rivers.
Groundwater in the mountain slopes has short storage
life although the storage period may be longer in the
valleys. Groundwater in the hills and mountains, though
widely used in Nepal, has not been studied properly.
Among several valleys, Kathmandu is the only valley
where groundwater resource has been investigated to a
large extent. No systematic investigation and scientific
data exist on groundwater resources of other valleys,
even though groundwater utilizations in those valleys
have been known to be rising.

VERTICAL ELECTRICAL RESISTIVITY
(VES)

The electrical properties of rocks in the upper part of the
earth's crust are dependent upon the lithology, porosity,
degree of pore space saturation and the salinity of the
pore water. Saturated rocks have lower resistivity than
unsaturated and dry rocks. The higher the porosity
of the saturated rock, or the higher the salinity of the
saturating fluids, lower is the resistivity. The presence

of clays and conductive minerals also reduces the
resistivity of the rock. The resistivity of earth materials
can be studied by measuring the electrical potential
distribution produced at the earth's surface by an
electric current that is passed through the earth.

The resistance R (in Q) of a certain material is directly
proportional to its length L and cross-sectional area A,
expressed as: R =Rs * L/A

Where, Rs (in Q-m) is known as the specific resistivity,
characteristic of the material and independent of its
shape or size.

With Ohm's Law: R = dV/I

Where, dV is the potential difference across
the resistor, and I is the electric current through the
resistor.

The specific resistivity may be determined by: RS =
(A/L) * (dV/T)

When carrying out a resistivity sounding, current is led
into the ground by means of two electrodes. With two
other electrodes, situated near the centre of the array,
the potential field generated by the current is measured.
From the observations of the current strength and
the potential difference, and taking into account the
electrode separations, the ground resistivity can be
determined.

During a resistivity sounding, the separation between
the electrodes is increased step-wise (in what is known
as a Schlumberger Array), thus causing the flow of
current to penetrate greater depths. When plotting the
observed resistivity values against depth on double
logarithmic paper, a resistivity graph is formed, which
depicts the variation of resistivity with depth. This
graph can be interpreted with the aid of a computer,
and the actual resistivity layering of the subsoil is
obtained. The depths and resistivity values provide the
information on the geological layering and thus the
occurrence of groundwater.
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Fig. 3: Principles of Resistivity Measurements (Robinson and Coruh 1988)

Field work they form a regular grid and maximum subsurface
Six VES lines were surveyed to cover the study area information could be obtained. The electrode spacing
(Fig. 4). VES 1, VES 2 and VES 3 lies at Chyanglitar Wwas maintained in such a way that it could give
area and VES 4, VES 5 and VES 6 points lies at information of lithological layers up to the depth of
Dhuwakot area. Survey points were selected so that about 150 m (Table 1).

Location of VES Points
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Fig. 4: Location of VES points in project area
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Table 1: VES points location

\N/Er?]ber Location Northing Easting X‘;?ZI (:Te];n gth of
VES 1 Aane Barala, Palungtar Municipality 7, Gorkha | 27.96506 84.44266 440
VES 2 Bodgoan, Palungtar Municipality 7, Gorkha 27.95875 84.44682 440
VES 3 | Palungtar Municipality 7, Gorkha 27.95315 84.43159 | 400
VES 4 Sagcharne, Karkheri Tar, Palungtar 8, Gorkha 27.95957 84.4671 420
VES 5 Banchare, Palungtar 8, Gorkha 27.95342 84.46244 500
VES 6 Bokse Khet Tar, Palungtar 8, Gorkha 27.95825 84.45882 440

Interpretation of field data

Field electrical sounding data are in the form of apparent
resistivity for each current electrode separations, which
consist of the information about the depth and details
of hydrogeological section in the survey area. This
information is obtained by decoding these field data using
various interpretation techniques.

Inverse Slope method and Curve Matching method
were used in the field to obtain quickly first hand

information. Later on, detailed interpretation was
made through analysis using computer software,
named IPIWIN?2 that facilitates the processing of VES
data. Initially, input of field data was done followed
by data error correction, adding data point, and cross
section creation. The smooth curves taken through the
set of data points were interpreted quantitatively by the
method of partial curve matching.

VES -1
Layer
No. |Resistivity| Formation Depth Expected
(Q@-m) | Thickness (m) | (m, bgl) Lithology
1 197 1.2 1.2 | Topsoil
| SO PO SO (ST [RNIRPIICY | IRVNIEN SR CRUPRIE B 2 87.3 4.12 5.32 | Silt, Fine Sand
i 3 415 18.4 29.7 |Silt
M"f 4 93.7 26.1 49.8 |Silt, Fine Sand
5 23 46.1 95,9 | Fractured/
crushed zone
6 733 Fresh Rock

Fig. 5: Interpretation of VES 1 (AB/2 is plotted along x-axis and resistivity along y-axis)

' o

VES -1
Layer
-‘\ No. |Resistivity| Formation Depth Expected
L (Q-m) | Thickness (m) | (m, bgl) Lithology
\\ 1 480 1.72 1.72 | Topsoil
. ra
e Course Sand,
M~ L >4 2 216 3.37 51 | Gravel
3 81.5 19.6 247 |Silt, Fine Sand
Fractured/
] -] 4 45.3 134.3 159 | Weathered
bedrock
5 532 Fresh Rock

Fig. 6: Interpretation of VES 2 (AB/2 is plotted along x-axis and resistivity along y-axis)
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VES -1
Layer

B No. |Resistivity| Formation Depth Expected

i (Q-m) | Thickness (m) | (m, bgl) Lithology
5 1 228.2 1.40 1.40 | Topsoil

V. 2 136 31.55 32.95 |Fine Sand

~J3] " Coarse Sand

— | 3 353.7 17.46 50.41 Gravel
) - = 4 64.78 61.42 111.8 |Silt, Fine Sand
5 1301 Fresh Rock

Fig. 7: Interpretation of VES 3 (AB/2 is plotted along x-axis and resistivity along y-axis)

VES -1
Layer
No. |Resistivity| Formation Depth Expected
(Q-m) | Thickness (m) | (m, bgl) Lithology
/ 1 146 2.55 2.55 | Topsoil
o e =y P 2 80.2 8.51 11.2 |Fine Sand
—l"“ = " 3 30 6.83 18 |Clay
Fractured
4 54.5 77.1 95.1 bedrock
: - 5 790 Fresh Rock

Fig. 8: Interpretation of VES 4 (AB/2 is plotted along x-axis and resistivity along y-axis)

VES -1
Layer
; — No. |Resistivity | Formation Depth Expected
; (Q-m) | Thickness (m) | (m, bgl) Lithology
U SO S O A — / foes 1 326 0.59 0.59 | Topsoil
= Sand Gravel
~L _.=/ 2 140 25.5 26.2
] ) i Fractured
3 67.7 145 171 bedrock
- 4 657 Fresh Rock

Fig. 9: Interpretation of VES 5 (AB/2 is plotted along x-axis and resistivity along y-axis)

VES -1
g Layer
No. |Resistivity| Formation Depth Expected
(Q-m) | Thickness (m) | (m, bgl) Lithology
e T il
T— e 1 203.9 0.55 0.55 0psot1
M e = 2 140.7 23.82 24.37 |Sand Gravel
Fractured
. i 3 70.67 163.4 1878 bedrock
L= 4 550.7 Fresh Rock

Fig. 10: Interpretation of VES 6 (AB/2 is plotted along x-axis and resistivity along y-axis)
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Discussion of VES result

The electrical sounding survey revealed a multi layer earth
in the study area. Local geology and resistivity values
observed by survey were the basis for interpretation. The
layers consist of topsoil with silt, sand, gravel, fractured
rock, fresh rock at different depths.

The Chyanglitar area can be categorized in two
hydrogeological conditions, namely lower plain and
upper plain. The loose sediments deposited by the
Marsyandi river forms lower plain. It is composed of
inter layering of silt, sand and gravel layers followed
by bed rock. Sand and gravel layers of lower plains are
good aquifers for groundwater. The bedrock is expected
to encounter at depth greater than 100 m bgl. The upper
plain comprises of residual and colluvial deposits at
top, coarse material at up to 25 m bgl and followed by
bed rock. The expected bed rocks are green-gray, dark
gray and bluish gray phyllite, phyllitic metasandstone,
gritty phyllite, and quartzite of the Seti Formation.

Similarly, Dhuwakot area can be also categorized in
two hydrogeological conditions, namely lower plain
and upper plain. The sediments deposited by the
Tadi Khola forms lower plain. This plain comprises
of silt, sand and gravel layers followed by bed rock.
The thickness of sand and gravel is about 25 m and
bed rock will observe at 26 m bgl. The upper plain
comprises of residual and colluviums deposit at top is
followed by fine sand and clay up to 18 m bgl. The
bedrock will be encountered below 18 m from ground

Tubewell Location Map

level. The expected bed rocks are green-gray, dark gray
and bluish gray phyllite, phyllitic metasandstone, gritty
phyllite, and quartzite of the Seti Formation.

CONSTRUCTION OF TUBEWELL

Two tubewells were constructed in the study area,
one at Chyanglitar and one at Dhuwakot. Locations
of tubewells were chosen on the basis of results of
VES survey and the exact location was selected where
expected/predicted aquifer thickness is maximum and
aquifer type is good. At Chyanglitar area tubewell
location was decided at geomorphologically similar to
VES-3 survey area (Fig. 11). At Dhuwakot, tubewell
point is selected near VES 4. The tubewells were
constructed and litholog was recorded. The tubewell
at Chyanglitar was drilled 103 m and that at Dhuwakot
was 130 m. These lithologs were compared with the
data predicted from VES survey (Table 2 and Table
3). The predicted and observed litholog (Fig. 12) were
coherent. These results shows that VES in hills of
Nepal had reliability and this method of investigation
can be applied to other parts of hills in Nepal.

After completion of drilling and installation of
tubewells, pumping test was carried out. Continuous
drawdown pumping test for 12 hours had conducted.
Recovery test was carried out immediately after pump
stop. The tubewell at Chyanglitar area gives 7.7 1/s
discharge at 12.5 m of drawdown (Fig. 13). Likewise,
the tubewell at Dhuwakot shows 5 I/s of discharge at
34 m of drawdown (Fig. 14).

VES 4

‘DTW. Dhuwakot

Fig. 11: Tubewell location Map
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Table 2: Comparison of VES result and observed litholog at Chyanglitar

Laver VES - 3 Observed Litholog
N)é. Resistivity | Thickness | Depth | Expected Depth | Thickness Litholo
(Q-m) (m) | (m, bgl) | Lithology | (m,bgl)|  (m) 9y
1 228.2 1.40 1.40 | Topsoil 12 12.00 Red clay
2 136 31.55 32.95 | Fine Sand 36 24.00 Black clay with sand
3 353.7 17.46 5041 Coarse Sand, 79 36.00 Gravel with  medium
Gravel sand
Silt, Fine Angular gravels of
4 64.78 6142 1118 Sand % 23.00 metasandstone with sand
5 1301 Fresh Rock 103 7.00 moderately hard phyllite
Table 3: Comparison of VES result and observed litholog at Dhuwakot
Laver VES - 4 Observed Litholog
No%l Resistivity | Thickness | Depth | Expected | Depth | Thickness Litholo
(©-m) (m) (m, bgl) | Lithology | (m, bgl) | (m) 9y
1 146 2.55 2.55 Topsoil 19 19 Clay
2 80.2 8.51 11.2 Fine Sand | 30 11 Clayey sand
3 30 6.83 18 Clay 44 14 Sandy clay
Fractured Weathered phyllite to
4 545 i 9.1 bedrock 130 84 fractured metasandstone
5 790 Fresh Rock

‘k&'r\

Fig. 13: Result of

¥ “‘{:t

pumping test of DTW at Chyanglitar
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CONCLUSIONS

Hydrogeology of Chyanglitar and Dhuwakot area can
be divided into two units, namely alluvial plain and
residual/colluvial plains. Alluvium deposit around the
bank of the Marsyandi river forms alluvial plains of
Chyanglitar area. Inter layering of silt, sand and gravels
up to the depth of 96 m from ground level is observed
in these alluvial plain of Chyanglitar area. These layers
are good aquifer and gives discharge of 7.7 I/s at 12.30
m drawdown. The river terrace deposit of the Tadi
Khola forms alluvial plain of Dhuwakot area. Inter
layering of silt, fine sand and clay up to depth of 18 m
from ground level is expected in the alluvial plain of
Dhuwakot area. Bed rock is observed after 18 m bgl.

Residual/colluviums plains of both Chyanglitar and
Dhuwakot have almost similar composition. Multiple
layering of clay, silt, and fine sand were recorded up
to the depth 44 m. After then bed rock of bluish grey
phyllite was observed. Pumping test at DTW at residual
soil/colluviums in Dhuwakot area shows discharge
of 5 I/s at drawdown of 34 m. Hence, both plains of
Chyanglitar and Dhuwakot area are hydrogeologically
feasible for groundwater extraction.

Geophysical method, especially electrical method, is
suitable for exploration of groundwater in virgin area
of mountainous terrain. Geophysical survey must be
followed by construction of slim hole/investigation
tubewell to correlate resistivity value with actual sub
surface lithology. Once the electrical behaviors of
sub surface materials is known, the hydrogeological
condition of the area can be predicted more accurately.

Continuous Drawdown Test

Static Water Level =16.00 m
Discharge =5.001/s
Dynamic Water Level =50.00 m
Recovery Test
Starting Water Level =50.00 m

Recovered Water Level (SWL) = 16.00 m
Recovery Time

= 15 minutes

Fig. 14: Result of pumping test of DTW at Dhuwakot
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