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Abstract
In the Himalayas, geo-hazards are natural events occurring more or less frequently and of a greater 
or lesser magnitude. But when natural hazards affect people and property, then it becomes disasters. 
It’s believed that natural disasters as such do not exist. Everything is just natural hazard and anything 
can turn into disasters due to anthropogenic activities. Thus, natural phenomenons are hazards while 
disasters are anthropogenic. In this regard, a case study was being conducted in the Ghatte Khola 
(Dana) of Myagdi District in Western Central Nepal, where in a context of growing population and 
haphazard construction of infrastructures, natural dynamics have turned into disasters. The Ghatte 
Khola is an intermittent, right bank tributary of the Kali Gandaki, which behaves occasionally as a 
debris flow, in relation with slope instabilities that affect its upstream catchment. The debris flows 
are usually triggered during heavy cloudbursts, and can cause damages and losses downstream, 
along the wide alluvial fan built at the tributary junction and upon which Dana village (Myagdi 
District) is settled. Inhabitants are aware of this ephemeral, yet threatening behaviour of the stream 
that may also affect the Kali Gandaki valley upstream from the confluence (Lat. 28°32'22" N and 
Long. 83°39'03" E). The Ghatte Khola is often affected by debris flows bringing sediment fluxes 
that are eroding its banks every year. A motor bridge was being built over Ghatte Khola near the 
confluence with Kali Gandaki and further, a large electric power station is being built on the right 
bank of Ghatte Khola. Sadly, the bridge was washed away by the flash flood in Ghattekhola on 25th 
May 2019. This study was focused on vulnerability of these man made infrastructures and their 
future on Ghatte Khola debris flow dynamics, with hazard that might occasionally transform into 
disaster.
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1. Introduction
Since the last 20 years, road construction in Nepal 
has increased rapidly, in most cases with poor 
consideration of hazards (rockfall, landslides, 

debris flow) that may affect them. Currently, 
national road construction is fostered by China’s 
Belt and Road Initiative (Silk Road annexes), 
as it is proven by the under construction 2 lane 
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black-top “Kali Gandaki (KG) corridor”. Yet, 
the dynamics of the KG tributary catchments 
prone to debris flows are rarely considered by 
engineers despite it represents a common threat 
to the main road. It was focused on the Ghatte 
Khola (Myagdi District) and tried to assess the 
relevance of its bridge under construction. 

2. Methodology
Disasters are supposed to be due to risk-blind 
development. What makes hazards become 
disasters depends primarily on the way societies 
develop, build and construct. Road construction 
is an unavoidable step in the infrastructure 
development of Nepal. Yet, it is often 
considered as one of the causes of the extent of 
landslides. Hence, considering the hill slope-
river connectivity is a priority. The study was 
a part of a scientific research which would be 
useful for the people of Nepal and for its future 
development. 

Detailed hydrological studies were carried out 
at the proposed bridge site in order to check the 
suitability of the bridge over the Ghattekhola, 
Myagdi. This study covered the following 
aspects.

•	 Catchment area of the river up to the 
bridge site.

•	 Cross sections at proposed bridge site, at 
about 500m u/s and about 200m d/s, and 
silt factor at bridge site.

•	 Bed slope of the river which states from 
100 m u/s and end at 100 m d/s of the 
bridge site.

•	 Maximum discharge calculated by 
established formulae with different return 

periods.
•	 Velocity and depth of flow at the time of 

survey.
•	 Shifting of the river in the past at proposed 

site and in vicinity of it.
•	 Necessary information required for 

river control design, construction and/or 
maintenance of the bridge.

During this study the methods included 
geomorphic mapping, description and analysis 
of natural sections (across slopes, along river 
sides, etc.) including computation of peak flows. 
A multi decadal perspective has been proposed 
as its future investigation using old satellite 
images (Landsat from 1977) together with the 
most recent ones, in addition with available 
series of repeated photographs of the same 
sites, so that temporal map of change will be 
produced. This study also included interviews 
with elderly local people in order to know their 
knowledge about past hazard, river dynamics 
and to hear the changes in landscape due to the 
construction of infrastructure projects. 

For comparison of cross sections along 
Ghattekhola, corresponding cross sections were 
measured in six places as depicted in the Figure 
3. These were measured before and after the 
flash flood on 25th May, 2019.  A flash flood 
had occurred at 3.40 pm on 25th May, 2019 
that washed away the under construction motor 
bridge over Ghatte Khola. The cross sections 
were measured first on 2nd March, 2019 and 
these were re-measured on 15th June to check 
how these were changed after the flash flooding 
on 25th May. These could be seen in Figure 4 
– 9 for the comparison of temporal changes. 
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The river gradient was about 13% as measured 
on 15th June. The longitudinal section was 
measured and has been depicted in Figure 10.

3. Results and Discussions
3.1 Flood from Empirical Formulae  
The flood discharge at bridge site was calculated 
for different return period using various 
empirical formulae, as shown in table below.

The flood discharge at the bridge site was 
determined by using following indirect method.

•	 DHM/ WECS Method (Hydest)
•	 Rational Method

3.1.1 WECS Method
Water and Energy Commission (1990) issued 
a report of task force, which developed the 
methodology for estimating the peak flow of the 
un-gauged catchments of Nepal. The regression 
equations that have been proposed to estimate 
instantaneous flood of 2 years and 100 years 
return periods by WECS have been modified by 
Sharma and Adhikari (2004) based on long term 
data. They proposed the following equations for 
instantaneous peak flow estimation.

For 2 year return period:

Q2 = 2.29 * A 0.86 

For 100 year return period 

Q100 = 20.7* A 0.72 

Where Q is the discharge in m3/s and A is the 
area in km2.

Figure 1

Figure 2

Figure 1:  The Confluence of the Ghatte Khola 
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with the Kali Gandaki River. A: The alluvial 
fan of the Ghatte Khola  is the progradation 
of the Kali Gandaki river flood plain. B: The 
Ghatte Khola channel is sporadically affected 
by debris-flow events that are now threatening 
the newly built road and bridge. Photo by M. 
Fort. Figure 2: Kali Gandaki Valley Showing 
Study Area.

Figure 3

Figure 4   

 

Figure 5

    

Figure 6  

 Figure 7

 

Figure 8  
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Figure 9

Figure 10

Similarly, for Q5, Q10 and Q50, following 
logarithmic formulae were used. 
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Table 1: Instantaneous Flood Flow Statistics by 

WECS Method

Return Period (years) Q (m3/s)
2 13.40 
5 26.79 
10 38.48 
50 72.62 
100 90.84 

3.1.2 Rational Method
The following formula was used for the 
estimation of peak flow by Rational method.

Q CIA=  

Where, Q = peak flow (ft3/s), I = Rainfall 
intensity in inch/hr, A = catchment area in acres.

A = Total catchment area = 7.8 km2 = 1926.60 
Acres

Table 2: Flow for Different Years by Rational 
Method

Coeff icient 
(C )

Year
Rainfall 
Intensity 
(inch/ hr)

Q (m3/s)

0.3 2013 4.72 76.46

0.3 2014 5.91 95.57

0.3 2015 5.51 89.20

0.3 2016 5.91 95.57

0.3 2017 3.94 63.76

0.3 2018 5.31 86.01

Table 3: Flood Recurrence Interval (R.I.)
Year 

(A.D.)
Peak Runoff 

(m3/s)
Rank Probability (%) R.I. (Years) Linear Water Way (m) Present clear linear 

water way (m)

2013 76.46 5 71.43 1.40 41.53

37.86

2014 95.57 1 14.29 7.00 46.44

2015 89.20 3 42.86 2.33 44.86

2016 95.57 1 14.29 7.00 46.44

2017 63.76 6 85.71 1.17 37.93

2018 86.01 4 57.14 1.75 44.05
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4. Conclusion
Two methods (WECS Method and Rational 
Method), commonly used in Nepal, were applied 
for estimating the discharge. The modelling 
results were 72.62 m3 by WECS and 63.76 to 
95.57 m3 by Rational Method. The provided 
water way of the future Dana motor bridge (1) 
is 37.86 m while it showed the requirement of at 
least 41 m water way to safely pass that much 
of discharge through the bridge meaning that, 
the future bridge is supposed to be at significant 
threat of high flood. (2) More specifically, in 
the last 6 years, the bridge would have been 
damaged 5 times out of 6. It is worth to be noted 
that the applied methods do model only floods, 
but the situation could be even more critical in 
case of landslide lake outburst floods or debris 
flows. In addition, a transmission towers field, 
and a bad control of runoff water, could show 
that natural dynamics might be amplified by 
anthropogenic perturbations and infrastructure 
construction.
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