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ABSTRACT

Province No. 3 is one of the provinces established by the new constitution of Nepal adopted on 20 September 2015 with 13 
districts. Most of the part of this province is hilly and mountainous area including higher Himalaya with rugged topography 
and tectonically active. This province consists of few valleys as Kathmandu, Chitwan, Sindhuli and so on covering an area of 
20,300 km2, about 14% of the total area of the country (https://g.co/kgs/TBA4LC).

Groundwater is one of the most important resources of this Province. It is used in irrigation, drinking water, industries, and 
hotels and so on. The government has been doing studies, investigation, exploration and exploitation of the groundwater 
resources in nine districts of this province. The annual average rainfall in this province ranges from 2000 to 3000 mm. 

The natural springs are the good source of groundwater which has been utilized mainly for drinking, irrigation and domestic 
use. In the same way, the artificial springs (man-made springs) could be the alternative source of groundwater as well. On 
the other hand, the artificial springs could help to prevent slope stability in different areas of water induced landslides and 
roads by decreasing the pore water pressure.  The artificial springs were constructed by using the horizontal drilling drainage 
technology in the Sindhuli road Section I (Chanaige 29+300), Kamala Mai Village area to decrease the pore water pressure in 
the landslide. The result obtained from the application of the technology shows an effective achievement to the Sindhuli road 
stability and alternative use of the artificial springs for drinking, irrigation and domestic use. Recommendation has been made 
to replicate this approach to other places of the country as well in similar environment. 

INTRODUCTION

Nepal is a mountainous country which covers about 
15% area of snow capped mountains in the Himalayan 
region (altitude 4877-8848m) and 68% of hills and 
mountains including inner valleys, and hilly region 
(altitude 610-4877m). Most parts of the province No. 3, 
which consists of 13 districts are hilly and mountainous 
area including higher Himalaya as well with rugged 
topography and tectonically active. Most of those areas 
are prone to sediment related water induced disasters 
such as slope failure, debris flow, and slow moving 
landslide which are triggered by the torrential rainfall 
during the monsoon rainy season (DPTC 1999). The 
average annual rainfall in this provincial area ranges 
from 2000 mm to 3000 mm.  The geology here is 

young, fragile and steep morphology and that causes 
the loss of lives and properties, infrastructures and 
environmental degradation each year.

On the other hand, the natural springs are the good 
source of groundwater which has been mainly used 
for drinking, irrigation and domestic purposes in 
mountainous area. In the same way, the artificial 
springs (man-made springs) could be the alternative 
source of groundwater as well. Out of thirteen districts, 
the government has been doing studies, investigations, 
exploration and exploitation of the groundwater 
resources in nine districts (Nuwakot, Dhanding, 
Kathmandu, Bhaktapur, Lalitpur, Kavre Planchowk, 
Chitwan, Makawanpur and Sindhuli districts) of this 
province (Fig. 1). 
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Fig. 1: Province No. 3 and demarcation of study and exploration of groundwater 

The artificial springs are used not only for the 
alternative source of groundwater but it could help 
to prevent slope disasters in different areas of water 
induced landslides and roads as well.  Thus the artificial 
springs provide two benefits at the same time. In this 
regards, the artificial springs were constructed by using 
the horizontal drilling technology in the Sindhuli road 

Section I (Chainage 29+300), Kamala Mai Village area 
to prevent from the slope disaster and alternative use 
of groundwaterin that area (Fig. 2). The result obtained 
from the application of the technology shows an 
effective achievement to the Sindhuli road stabilization 
and alternative use of the artificial springs for drinking, 
irrigation and domestic use as well.
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Fig. 2: Location map of study area

Hydrology 
The average annual rainfall distribution in Sindhuli shows the months from May to September has maximum 
rainfall.  The average annual rainfall of the study area is found about 1951 mm (Fig. 3).

Fig. 3: Average monthly rainfall of Sindhuli between 2008 and 2016 (DHM)
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Topography 
The overview of the topography and land coverage of 
the study area covers from the elevation 475 m (msl) 

at Gwang khola stream to about 610 m (msl) near the 
crown area of the landslide. The landslide area lies on 
the Siwalik range of Nepal. The study region is shown 
in the Fig. 4.

Fig. 4: Topography of the study area (Amatya and Joshi 2015)

Geology
Geologically, the study area lies on the Upper Middle 
Siwalik (MS2) as shown in Fig. 5 (DMG 2004). The 
MS2 formation consists of mainly medium to course 
grained sandstone, pebbly sandstone with siltstone, 

mudstone and relicts of sandstone. The mudstone is 
prone to dissolve and erode quickly due the rainwater 
in each rainy season. Thus, the sandstone bed will be 
hanging out and topples down which creates landslide. 
This environment is common in the Siwalik range.

Fig. 5: Geology of the study area (DMG 2004)
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MATERIALS AND METHODS

The landslide of the Sindhuli road section I (chainage 
29+300), is generating subsidence and creeping of land 
mass each year since more than last ten years, which 
has became a major problem to the Sindhuli road users 

and department of road (Amatya and Mori 2018). The 
study team planned and investigation drilling were 
done at six sites in the study area on order to identify 
the slip surface of the landslide (PWRI 2007). The 
drilling site plan is presented below in Fig. 6.

Fig. 6: Drilling site plan of the study area (JICA 2014)

The tentative slip surface of the landslide from the 
investigation was found around 9.5 to 10.5 m below 

ground level (bgl) where the soil type is wet mudstone 
like slurry with wet and weathered sandstone. The 
lithological log is shown below in Table 1.

Table 1: Lithological log in the landslide area (JICA 2014)
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The water level recorded in the bore holes of central 
line of the landslide exhibits 7.8 m (bgl) in the head 
part, 2.5 m (bgl) at the body part and 12.1 m (bgl) at the 
toe part of the landslide which exhibits the presence of 
more pore water pressure at the body part.

To have the precise slip surface location of the 
landslide, the well known strain gauge technology was 
installed in all the six bore holes. The strain gauge was 
monitored each week from May to September (five 
months) that was from pre- to post-monsoon period.  
As a result, the strain gauge monitoring data analysis 
exhibited the slip surface of the landslide found at 10 m 
depth of the landslide which supports the information 
obtained from lithological log as well.

Stability Analysis
The factor of safety (Fs) from the stability analysis 
using the Swedish slice method was calculated with 
adopting the values of cohesion c and the internal 
friction angle φ as shown in the Table 2 according 
to PWRI (2007). The scarps, bulges, settlement and 
cracked drainage show that the landslide movement is 
ongoing in rainy season and moving intermittently. In 
this regards, the initial factor of safety is considered 
less than 1 that is, 0.98. The Project experts decided 
the designed Factor of safety to be 1.10 based on the 
environment of the landslide such as the Landslide is 
wide and has possibility to move largely, the landslide 
liable to cause significant damage to the road but there 
are no houses and cultivated land and so on.

Table 2: Adopted values for factor of safety calculation (JICA 2014)

The major cause of the landslide movement is due to 
the increase of pore water pressure which increases the 
weight of the landslide and moves down. In this regard, 
the factor of safety was back calculated with changing 
the values of water level, decreased to 1.5 m, 3 m and 

so on, in the landslide area. As a result, it was found 
that as the water level decreases in the landslide, the 
pore water pressure decreases and the factor of safety 
increases (Table 3).

Table 3: Relation between water level and factor of safety
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As the designed Factor of safety is 1.1, the drawdown 
of water level by 1.5 m will satisfy the slope stability 
as per the calculation shown in the Table 3. If the water 
level could be decreased by 3.0 m drawdown, the slope 
will be much more in safe side.

Planning and design for preventive measures
Considering the factor of safety calculation and stability 
analysis, the planning and design of the preventive 
measures were prepared. Since the cause of the 
landslide is due to the increase of pore water pressure 
in the body part of the landslide, the horizontally 
drilled drainage will be one of the most appropriate 
technologies to reduce the pore water pressure in the 
landslide area. According to the practice in Japan, the 
sub-surface drainage distributed all over the landslide 
area can anticipate maximum 3.0 m drawdown of 
groundwater level. The factor of safety in case of 3.0 
m drawdown and 1.5 m drawdown for the landslide 
can satisfy the designed factor of safety 1.1. So, for the 
countermeasure of the landslide, the horizontal drilling 
drainage as artificial springs was adopted.

Implementation
The installation of the five clusters of horizontal 
drilling drainages, construction of the French drain, 
open drain and the gabion toe wall were implemented 
in the landslide area as per the planned and designed 
specifications. 

RESULTS AND DISCUSSION

As the horizontal drilling drainages were started 
to install cluster by cluster in the landslide area, the 
stored groundwater started to drain out from the 
installed horizontally drilled drainages as artificial 
springs even in the dry period. The groundwater level 
monitoring data collected from the six monitoring 
wells installed in the landslide area show the depletion 
of water level which varies from 1.0 m to 4.0 m in 
different wells before rainy season. The depletion of 
the groundwaterlevel nearly became stagnant to 1.0 m 
to 3.0 m in different monitoring wells in rainy season 
(May onward). The discharge of water from cluster of 
horizontal drilling drainage as artificial springs, French 
drain and sub-surface drain are shown in Fig. 7.

Fig. 7: Discharge of water from cluster of horizontal drilling drainage (artificial springs) and French  
drain in rainy season. A and B: Discharge from horizontally drilled drainages, i.e. artificial springs; C: 

Discharge from French drain; and D: Discharge from sub-surface drainage)
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Thus, after completion of installation of all the 
horizontal drilling drainages as artificial springs and 
construction of French drain, open drain and gabion 
toe wall, it was found that the average drawdown in 
dry and wet period was around 3.0 m. That gave the 
Factor of safety to 1.25 which was much more in safe 

side satisfying the designed FoS. In the mean time the 
water from the artificial springs were able to use by 
local people. The drawdown in different monitoring 
wells in the landslide area were plotted in graph and in 
the mean time the Factor of safety was calculated and 
plotted in graph as well (Fig. 8).

Fig. 8: Drawdown in different monitoring wells and factor of safety (JICA 2014)

CONCLUSIONS

The result obtained from the application of the 
horizontal drilling drainage method as artificial springs 
in the landslide shows an effective achievement to 
the Sindhuli road stability, the road users and local 
people for use of the artificial spring water as well. 
Recommendation has been made to replicate the 
technology in other places of the country as well in 
similar environment.
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