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The post-glacial Kalopani landslide dam in Kali Gandaki Valley:
an analogue to the Usoi landslide dam in Tajikistan
Joerg Hanisch
JorgeConsult, Rahlfskamp 9, 30659 Hannover, Germany
(Email: jorgeconsult@gmx.de)
Lake Sarez in the Murgab valley in the Pamir Mountains
of Tajikistan was formed by a natural dam of a huge landslide
which occurred in 1911, triggered by a heavy earthquake.
The dam is about 2 km3 in volume and up to 750 m high, and
it is the highest dam on earth. The lake is up to 500 m deep, 60
km long, and comprises a volume of about 17 km3.

deposits lie unconformably upon the moraines of the last
glaciation and the top of the sequence is found to be at a
continuous level of about 3050 m above sea level. As
remnants of the landslide dam have been identified at the
same level near Kalopani there is little doubt that this postglacial “Lake Mustang” was filled totally by sediments (which
include deltaic and debris flow deposits) before erosion
started to wash them away together with the dam. The study
of the Kalopani dam and its lake provides a unique
opportunity for a long-term prognosis of the stability and
development of Usoi dam and Lake Sarez in Tajikistan.

A similar dam was found to have blocked the Kali Gandaki
Valley in West Nepal in post-glacial times. This is reflected
by the presence of huge piles of lacustrine sediments along
the flanks of the Kali Gandaki Valley upstream of Kalopani
up to the southern parts of Upper Mustang area. These

Extreme high-mountain risks in Asia: possibilities and limits
of their mitigation
Joerg Hanisch
JorgeConsult, Rahlfskamp 9, 30659 Hannover, Germany
(Email: jorgeconsult@gmx.de)

High-mountain hazards have become an increasingly
threatening risk for the population living in and near the
mountains because of three major reasons: (i) global warming
has been rising the permafrost boundary exposing the frozen
ground until now stable to processes of erosion, landsliding,
and liquefaction, (ii) the dramatically fast retreat of glaciers
has been leading to the fast formation of moraine-dammed
lakes prone to burst and form devastating floods or debris
flows, and (iii) population growth has been leading to
settlements in vulnerable territories.

and to dam the river valley. In many cases, the failure of
such natural dams has caused devastating floods and debris
flows in the downstream areas. The debris flows, in general,
are among the most threatening hazards in high mountain
regions (especially those generated by glacier lake
outbursts). They are able to run quite far even into rather
flat areas and to reach extreme velocities with enormous
destructive forces.
The paper presents extreme examples from Nepal,
Tajikistan, and the Caucasus. It also demonstrates ways of
disaster management and gives examples of successful
remedial works.

The ablation and retreat of glaciers can also cause huge
rockslides (from the missing ice support in the typically Ushaped valleys) able to cover and destroy whole villages
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An evaluation method for roadside rock slope stability:
a study from Sri Lanka
* U. de S. Jayawardena1 and K. P. Jayawardena2
Department of Civil Engineering, University of Peradeniya, Peradeniya, Sri Lanka,
2Road Development Authority, Kandy, Sri Lanka
(*Email: udsj@pdn.ac.lk)

1

In Sri Lanka, so far geological features have not been
considered for the construction of highways. That is the
main reason for the occurrence of landslides along the newly
constructed roads and uneven settlements of road bases.
Hence a study was carried out to evaluate the geological
conditions along a newly constructed highway in the hilly
region of Sri Lanka. The objective of this study was to
develop a simple evaluation method to recognise the
situation of slopes in an area prior to the construction of
new roads.

height and angle, rainfall intensity, occurrence of springs,
overburden thickness, land use, watershed area, weathering
condition, orientation of bedding and joints, presence of
crush zones, and rock type. A numerical value was given for
each parameter.
According to the rating systems, the slope was divided
into three stability zones: least affected, highly affected, and
very highly affected. Accordingly, the designers can use
their highway engineering knowledge to construct a new
road and prevent the future damages to the road after its
construction. Further, they can calculate the total
construction cost including the slope stability measures.

Stable and unstable locations along the existing road
alignment were identified based on the analysis of slope

How major landslides along Narayangarh–Mugling Road can be
stabilised in a sustainable manner?
Surendra Prasad Joshi
Mugling–Narayangarh Water-Induced Disaster Prevention Project,
DWIDP, Lalitpur, Nepal
There are 15 major landslides along the Narayangarh–
Mugling Road. The Department of Road is trying to maintain
the Road corridor by cleaning the accumulated debris on
the road, constructing check dams and retaining walls near
the corridor to retain the debris coming from gullies. However,
the debris flows are continuing and disturbing the traffic
movement each year owing to a lack of necessary structural
and non structural measures to stabilise the landslides and
gully erosion in the watershed.

under the financial support of the Japanese Government to
stabilise the road sector in a sustainable way. The project has
started the study of major gullies and streams. There are several
small and big landslides on the banks of each gully, which
need special treatment. The streams like the Khahare Khola
with a large catchment area and huge debris mass need a
series of long check dams, while gullies like the one at Km
30+890 with small catchment area need only small check dams,
retaining walls, and catch drains to control the debris flow.
Therefore, it is very important to study the catchment area of
each gully and stream to maintain the smooth traffic flow on
this strategic road in a sustainable manner.

Therefore, the Government of Nepal has established the
Mugling–Narayangarh Water-Induced Disaster Project
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Nonessential trace elements in cropped soils of Kathmandu valley
Krishna B. Karki
Soil Science Division, NARC, Khumaltar, Lalitpur, Nepal

Five different land uses, namely paddy cultivation with
drainage water irrigation (Bungmati), upland maize cultivation
(Chunnikhel), vegetable cultivation with sewerage water
irrigation (Shankhamul), vegetable cultivation with river water
irrigation (Thimi), and rice cultivation with river water
irrigation (Khumaltar) were selected for the study of
nonessential trace elements in the soil. The soil profiles in
each land use were opened, and samples from each horizon
were collected and processed systematically. DTPA and HNO3
extracting solutions were used to extract the trace elements
from the soils and detected by ICP. General soil fertility of
these land uses showed that the Shankhamul and Khumaltar
soils were most fertile with higher CEC (34 me/100g) values.

However, the top fertile soil of Khumaltar is excavated for
brick making. Among the nonessential trace elements,
although a higher amount of phosphate fertiliser is applied
to all the land uses, the amount of Cd is low (0.21 mg/kg) in
all the soils. Cr also shows a similar trend (0.34 mg/kg), which
goes higher when the soil depth is increased. A comparatively
higher amount of Ni (6.71 mg/kg) was observed in the
Sankhamul soil, and the concentration decreased with the
depth. A high amount of Pb (7.02 mg/kg) was observed in
the surface horizon of all the soils except at Khumaltar, where
a higher amount (10.27 mg/kg) was found. All these elements
so far accumulated in the soil through different sources show
that they are below the toxic level.

A study on environmental geomorphic status of Lut Desert
in the eastern part of Iran
Kaveh Khaksar and Massoud Goodarzi
Soil conservation and watershed management research institute
(SCWMRI), PO Box: 13445-1136, Tehran, Iran
(Email: kavehkhaksar@gmail.com; goodarzi@scwmri.ac.ir)

Over two thirds of Iran receives less than 300 mm of
annual precipitation. The Lut Desert lies in the ultra arid
parts of Iran. It is one of the driest regions in the world. In
some parts, there falls only 20 mm of precipitation per year.
Still, there are some positive aspects in this area. Special
species of flora and fauna make it interesting. Besides, there
are mines of different minerals. The Lut Desert is rich in
halite, sylvite, celestine, sulphur, and many others.

This paper describes the environmental status of this
area with the emphasis on environmental geology and
geomorphology. It consists of an introduction to the desert,
a brief study on existing ecological systems of the ultra arid
deserts, existing flora of Lut, mineral mines and resources of
the study area, its present status, and planning for the future.
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Sensitivity of bedrock to weathering: a case study of Maharlu basin,
Zagros range
Kaveh Khaksar and Mohammad Reza Gharibreza
Soil conservation and watershed management research institute
(SCWMRI), PO Box: 13445-1136, Tehran, Iran
(Email: kavehkhaksar@gmail.com; goodarzi@scwmri.ac.ir)

The Maharlu watershed lies in the south of Iran and covers
an area of approximately 4200 km2. Mainly calcareous rocks
crop out in this area.

sensitivity to weathering was determined. Finally, a map of
weathering sensitivity was prepared for different geological
formations.

Three physical and mechanical analyses were carried out
for the sensitivity evaluation of rock units to weathering.
They were: rock resistance estimation with a geological
hammer (ISRM method), evaluation of mechanical properties
and grade of weathering using a Schmidt Hammer (Brand
method), and measurement of fissure and joints (Bienawski
technique). The acquired data together with the various rock
types constituting the basin were analysed, and their

The results indicate that the Asmari-Jahrum Formation
is the least sensitive to weathering and most resistant rock
succession and belongs to the slightly weathered category,
whereas the Bakhtyari Formation, Bangestan Formation,
Tarbur Formation, and Sachoun Formation are moderately
sensitive to weathering. The Hormos Series, Pabdeh-Gurpi
Formation, Razak Formation, and Aghajari Formation are
highly sensitive to weathering.

Seismic microzonation of Kathmandu valley using GIS and SHAKE 2000
* R. P. Khanal1, C. J. van Westen2, and Ir. S. Slob2
Department of Mines and Geology (DMG), Kathmandu, Nepal
2International Institute for Geo-information Science and Earth-Observation (ITC),
Enschede, the Netherlands
(*Email: rpkhanal03@hotmail.com)
1

Since the Kathmandu valley is situated in a seismically
highly active zone, there is an urgent need for a seismic
micro hazard zonation. The main cities of the valley (i.e.,
Kathmandu, Lalitpur, and Bhaktapur) are underlain by thick
Quaternary lacustrine deposits, which can be highly
susceptible to ground motion. Modelling of ground
response is one of the important aspects of seismic
microzonation. This, however, greatly depends on the
availability of detailed subsurface geological and geotechnical
information as well as strong motion records. There are only
limited borehole data up to the bedrock level, a few
geophysical surveys, and also very limited information on
geotechnical properties of rocks and soils. Therefore, the
one-dimensional seismic response-modelling software
(Shake 2000) was used for making a number of assumptions
concerning the geotechnical parameters and soil depth. To
model the seismic responses, the strong motion data of the
1999 Chamoli earthquake in the nearby Indian state of
Uttaranchal were used. The computed ground motion is
described in terms of peak ground acceleration, spectral

acceleration, Modified Mercali Intensities, response spectra,
and amplification ratios.
Historical records and recent experiences indicate that
ground motion from nearby and larger, more distant
earthquakes was felt widely in the valley. Earthquake
Intensities up to X (10) have been reported in the past with
the higher intensities concentrated in the southern part of
the valley. This study attempts to produce input for a
preliminary seismic micro hazard zonation map of the valley.
Altogether 134 soil profiles from various sites of the valley
were used for the seismic response analysis. Five spectral
acceleration maps were prepared for different frequencies
related to the most common building heights in the valley.
The spatial distribution of the spectral acceleration map at 10
Hz and 5 Hz frequencies showed the lowest acceleration
values in the range of 0.06–0.28 g. Most of the highly
populated core areas of the valley have spectral acceleration
values less than 0.15 g.
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Prediction of waste dump stability of a surface coal mine:
a neural network approach
Manoj Khandelwal and T. N. Singh
Department of Earth Sciences,
Indian Institute of Technology Bombay,
Powai, Mumbai – 400 076 India

Coal is still a prime source of energy in India. To fulfil the
growing demand of energy in domestic as well as industrial
sector, the production of coal is being increased every year.
Due to the increasing demand of coal, large and big surface
mines are being planned and designed to ensure maximum
resource recovery and to enhance the safety. They require
the removal of huge quantities of overburden to reach the
coal seams. The waste is kept in such a manner that it acquires
minimum land, but on the other hand the stripper dump slopes
are more prone to failure due to a high slope angle. Their
height varies from a few metres to a few hundred metres.
Unscientific and haphazard disposal of dump often causes
failures and invites danger to the life. A number of such
failures have been reported all over the world.

a complex network, which is performed by extensively
connecting various processing units. It is a highly
interconnected structure that consists of many simple
processing elements (called neurons) capable of performing
massively parallel computation for data processing and
knowledge representation. The paradigms in this field are
based on direct modelling of the human neuronal system. A
neural network can be considered as an intellectual hub that
is able to predict an output pattern when it is acquainted
with a given input pattern. The neural network is first trained
by processing a large number of input patterns and showing
what output resulted from each input pattern. The neural
network is able to identify the relationship when presented
with a new input pattern, after a proper training, and then it
predicts the output pattern.

There are a number of factors that control the stability of
dump. They include geo-mechanical, geotechnical, and bioengineering characteristics of the dump as well as
surrounding environment, like the presence of water bodies,
fauna, flora, stripping of dumping ground, method of
dumping, angle of dump slope, and height of dump. It is
difficult to unearth a particular parameter, which is more
influencing over the others. It is also not possible to
incorporate all the influencing factors in a numerical
computational program or in empirical formulas. Owing to
the development of fast-computing techniques, it is now
possible to incorporate the maximum-influencing parameters
and one of the techniques is the artificial neural network
(ANN).

Neural networks are able to perceive similarities in inputs,
even though a particular input may have never been seen
previously. This outstanding interpolation capabilities make
it useful especially when the input data are noisy (not exact).
When the data are analysed using a neural network, it is
possible to detect imperative predictive patterns that were
not previously perceptible to a non-expert. Thus, the neural
network can act like an expert. A particular network can be
defined using three elementary components: transfer
function, network architecture, and learning law. One has to
characterise these components, depending upon the problem
to be unravelled.
Here, an attempt has been made to predict the stability
of waste dump of a large surface coal mine using ANN by
incorporating all the possible influential parameters. The
validation of ANN results was made by comparing them with
the statistical analysis results.

The ANN is an information-processing system simulating
the structure and functions of the human brain. It attempts
to imitate the way in which a human brain works in processes
such as studying, memorising, reasoning, and inducing with
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Soil contamination by sulphuric acid
* R. N. Khare 1, Abhay Kumar Jain2, and R. G. Gupta3
Department of Civil Engineering, BIT, Durg (Chhattisgarh)-91001, India
2Department of Civil Engineering, Govt. Engineering College, Rewa (M.P.), India
3Department of Civil Engineering, Govt. Engineering College, Jabalpur( M.P.), India
(*Email: rn_khare@rediffmail.com)
1

The wastes both in the form of solid and liquid have
increased especially in the Bhilai township (Bhilai Steel
Plant), state Chhattisgarh, along with the industrial growth
of this newly formed state. The application of sulphuric acid
may result in charring of the soil, and reduction in pH of soil
and water. The effect on soil pH is not that large; it leads to
a reduction of about 0.2. The compound is not persistent,
and the dissipation and buffering capacity of soil and water
are likely to return the pH to acceptable levels within a
relatively short period. Sulphuric acid is fast-acting and is
quickly neutralised in the environment by reacting with the
vegetation canopy (which intercepts much of the chemical),
soil, and water in the soil. This means that the hazards

associated with this chemical rapidly decrease from the time
of application.
Sulphuric acid is known to break down relatively quickly,
reducing the possibility of problems with long-term effects
on the environment. In order to gain approval for use as a
chemical commodity, it is also required to confirm that such
use does not pose a risk to wildlife. In Bhilai, the risks to
birds, mammals, various invertebrates, and aquatic life was
evaluated and necessary restrictions were imposed. The
strength of soil is reducing due to the contamination b y
H2SO4.

Influence of fly ash sand on engineering characteristics
of arsenic-bearing soil
* R. N. Khare 1, Abhay Kumar Jain2, and R. G. Gupta3
Department of Civil Engineering, BIT, Durg (Chhattisgarh)-91001, India
2Department of Civil Engineering, Govt. Engineering College, Rewa (M.P.), India
3Department of Civil Engineering, Govt. Engineering College, Jabalpur( M.P.), India
(*Email: rn_khare@rediffmail.com)
1

The problems posed by arsenic-bearing gravel have been
recorded in the Chhattisgarh state, India. Moreover, a huge
amount of fly ash generated at Bhilai steel plant stations
and other industrial plants posing a great environmental
problem has led to a worldwide search for effective utilisation
and disposal of this waste material. Present experiment was
carreid out to study the influence of fly ash sand on
engineering characteristics of arsenic-bearing non-cohesive

soil. An attempt was made to reduce the swelling and
plasticity index of gravel caused by arsenic contamination
and increase its shrinkage limit, maximum dry density, and
permeability with the use of fly ash. Study was carried out by
grading and mixing the arsenic-bearing gravel and fly ash
sand in specified percentage by weight. The results are quite
encouraging.
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Provisions of micro-reinforced vegetation against erosion on slopes
* R. N. Khare 1, Abhay Kumar Jain2, and R. G. Gupta3
Department of Civil Engineering, BIT, Durg (Chhattisgarh) – 91001, India
2Department of Civil Engineering, Govt. Engineering College, Rewa (M.P.), India
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1

Natural and cut slopes are susceptible to erosion due to
water and wind. The problem of erosion could be acute in
the case of loose, cohesionless soils, steep slopes, and high
intensities of rainfall. Erosion is the process by which
individual soil particles are dislodged from the soil mass and
carried away by a transporting medium. Water is the principal
agency causing erosion. Soil particles on the surface are
dislodged by the impact of raindrops and are carried away
by the surface runoff. The development of small rivulets
and gullies further accelerates the process. Springs and
seeps emerging on the slopes also could lead to erosion.

The effectiveness of vegetation in controlling erosion is
well known. However, in many situations requiring superior
performance, natural turfing alone may not be adequate. In
such cases, the use of a geomat enhances the effectiveness
of vegetation by increasing the root density from the normal
value of 1800 kg/ha to about 4800 kg/ha, and by reinforcing
the root system. The resulting micro-reinforced vegetation
offers a cost-effective solution for difficult erosion control
problems on natural and cut slopes.

Landslide hazard mapping in the Tinpiple–Banchare Danda area,
central Nepal
* Matrika Prasad Koirala and Prakash Chandra Adhikary
Central Department of Geology, Tribhuvan University, Katmandu, Nepal
(*Email: matrikakoirala@hotmail.com)

The Tinpiple–Banchare Danda area is located northwest
of the Kathmandu valley. In this area, the construction of
buildings, roads, irrigation canals, and landfill site are in
progress. Since the area is a mountainous terrain consisting
of varieties of slopes, the construction activities may be
threatened by landslide-related phenomena. It is therefore
desirable to have a landslide hazard map of the area to plan
the activities properly. This paper describes the methodology
used in preparing the landslide hazard map of the TinpipleBanchare Danda area.

drainage map, landslide inventory map, and land use map of
the area are prepared (Deoja et al. 1991). Then, for each spatial
area some rating is assigned to each attributes associated
with rock and soil slopes. Based on the total value of rating
assigned for each component, the area is classified into
high, medium, and low hazard zones. The rating values
used in this study were based on the work of Thapa and
Dhital (2000).
The geological investigation reveals that the study area
lies in the Lesser Himalayan zone. Rocks exposed in the area
belong to the Phulchauki Group of the Kathmandu Complex
(Stöcklin and Bhattarai 1977). The rock types include
metasandstone, limestone, and gneisses. The area also
contains alluvial, colluvial, and residual soils. In general, the
thickness of these soils varies between 1 to 3 m. The natural
hill slope angle, in general, is more than 35 degrees in rock
slopes, whereas in the case of soil slopes it does not exceed
30 degrees. Although many stream and rivers dissect the

The landslide hazard is defined as the probability of
occurrence of mass movement in certain area with specified
period of time (Varnes 1984). Landslide hazard mapping is
based on the assumption that landslides occur as a result of
similar geological, geomorphological, and hydrological
conditions that lead to past and present landslides. As a
first step of landslide hazard mapping, basic maps that include
slope map, soil depth map, soil type map, geological map,
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Landslide Hazard Map Of The Study Area

85°42'30”
27°47’30”
N

Kamale
Kholakhetgaun

Kamigaun

Kulabajh

Dulalgaun

Dhitalgaun

Kagatigaun
Simtar

Manchhedada

Kurugaun

Tallosiudini

Tinpiple
Devisthan
Ghumaunedada
Nayaguan
Karkigaun
Sanugaun
Katunge

Mudku Dhoka

Kaphalchaur

Ghattekholagaun
Dandagaun
Odare

Nagarjun Reversed
Forest
Damdame

Raniban
Goldhunga

0m 250 500 750 1000m

27°45'00”
85°17'30”

LEGEND
Rock

Soil
High Hazard

Scale

Medium Hazard
Low Hazard
Tinpiple Banchare Dada Road

Fig. 1: Landslide hazard map of Tinpiple–Banchare Danda area
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For the purpose of landslide hazard assessment, the area
was divided into rock slopes and soil slopes. The attributes
associated with each slope unit were then analysed
separately. The results revealed that about 60 % of the area
belongs to a medium hazard level whereas about 10 % of the
area is under a high hazard level (Fig. 1).
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Geo-environmental modelling for local-level economic benefits
Arjun Kumar Limbu
Central Department of Environmental Science,
Tribhuvan University, Kathmandu, Nepal
(Email: arjunlimbu@hotmail.com)

This paper gives an overview of geo-environmental
modelling of locally-available unused resources for their
economic benefits at grassroots. It also intends to assist in
identifying and sharing the ideas that could be applied at

low-cost investments to overcome not only the poverty, but
also the psychological growth of a person. This spatial
modelling targets both national and international tourism
and strives for the sustainable development.

Practical methods for simulating volume and rheology changes
in rapid landslides
Scott McDougall and Oldrich Hungr
Department of Earth and Ocean Sciences, University of British Columbia,
6339 Stores Road, Vancouver, Canada

Landslide mobility is related to the volume and character
of the source material, but often more importantly to the
extent, depth and character of the surficial material
encountered along the path. Volume changes due to
entrainment of path material are a dominant characteristic of
debris avalanches and debris flows, and can significantly
increase their peak discharge and the size of their impact
area. At the other end of the magnitude spectrum, the
mobility of large rock avalanches can be controlled by a
relatively small volume of path material that may only be
present near their margins or base.

An extension of Hungr’s (1995) model has recently been
developed for the analysis of landslide motion across 3-D
terrain. With necessary modifications for multi-dimensional
analysis, the new model retains the important volume and
rheology change features of the original. The user controls
the following inputs: 1) the extent and depth of erodible
path material, 2) the volume change rate, which governs
mass and momentum transfer between the landslide and the
erodible bed, 3) the rheology type and its parameters before
entrainment, and 4) the rheology type and its parameters
during and after entrainment.

The important influence of path material on landslide
dynamics has been recognised for a long time (e.g. Buss
and Heim 1881), but it is commonly neglected in dynamic
modelling of landslide motion. The models of Sassa (1988)
and Hungr (1995) are notable exceptions. Sassa (1988) used
a spatially-variable frictional rheology and proposed that
the frictional parameters could be measured using highspeed ring shear tests on samples taken from the path. Hungr
(1995) used a spatially-variable open rheological kernel and
proposed that the rheology type and its parameters could
be calibrated by the systematic back-analysis of case
histories. A volume change algorithm was also included.
This efficient and flexible method allows the simulation of a
variety of landslide types, including those involving
significant entrainment.

These inputs are not arbitrarily adjusted during
calibration. The distribution of path material can be estimated
using surficial geological maps, aerial photographs, pre- and
post-event DEMs and, whenever possible, field data. This
information can be used to construct a volume balance curve
(volume passing each point along the path versus distance
from the source), which can then be used to back-calculate
the volume change rate. The initial rheology and its
parameters can be estimated based on a stability analysis of
the source, taking into account the mode of failure and the
character of the source material. Finally, the post-entrainment
rheology can be constrained by trial-and-error simulation of
the event. Again, the character of the path material is an
important factor in the selection of an appropriate rheology.
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A back-analysis of a real landslide is used to demonstrate
this simple methodology, which can be easily implemented
in other dynamic models. Comparison analyses using
traditional constant volume and rheology assumptions are
also presented. The results suggest that volume and
rheology change capabilities are essential for the successful
simulation of landslides that override and entrain path
material.
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Collisional granular flow and its implications for microstructural
theories of avalanche motion
Scott E. Munachen
Geohazard Research Centre, 38 Lincoln Way, Harlington,
Dunstable, Bedfordshire, U. K.
(Email: scottmunachen@bezemer.demon.co.uk)
Particulate flow behaviour is governed by interactions
occurring at the microstructural, or particle level. For dry
granular avalanches in which the interstitial fluid effects and
cohesion are negligible, the mechanical behaviour is
determined entirely by the forces exerted at interparticle
contacts and mean stresses may be generated by a number
of different mechanisms. In general, the instantaneous
motions of particular grains, their translational velocities and
spins, are different from the mean motion of the bulk.
Individual particles may interact with one another in various
ways; in rigid clusters of particles which generate a network
of contact forces through sustained rolling or sliding
contacts, or by nearly instantaneous collisions during which
linear and angular momentum are exchanged and energy
dissipated because of inelasticity and friction.

flume using high-speed photogrammetry, permitting detailed
observation of the gravity-dependent kinematics of the flows
whilst preserving the essential physics of the collisional
process. The experiments, which were carefully designed to
minimise extraneous forces arising from air drag, sidewall
friction and electrostatic effects, provide a well-defined set
of observations for refining and validating predictive models,
and point out some important limitations of kinetic theory.
Characteristic profiles of solid fraction, mean velocity, and
granular temperature were systematically measured and
compared with the predictions of kinetic theory for both
collisional and dilute kinetic regimes.
The results demonstrate the importance of taking both
frictional and collisional stress generation mechanisms into
account when dealing with shallow geophysical flows. For
example, it was not uncommon for collisional and translational
contributions to be the principal mechanism near a free
surface, while frictional effects became predominant at quite
modest depths. In disperse flows the kinetic contribution to
the stress tensor was much greater than the collisional
contribution over nearly the entire flow depth, while in dense
flows the collisional contribution dominates in that part of
the flow extending from the bed up to about 10 particle
diameters. The layered flux morphology produces a
directional anisotropy in the vectors connecting the centres
of the colliding particles, so that a large number of collision
vectors are either parallel or perpendicular to the bed and a
bimodal mix of glancing and head-on collisions occur. Profiles
of translational and rotational granular temperature reveal
slip at the basal interface of between 15% and 25% of the
mean flow velocity, whilst mean rotation rates in the bednormal and bed-parallel directions are less than 10% of the
cross-slope component.

The modification of kinetic theories for dense gases to
describe collision-dominated flows represents a paradigm
shift that has greatly advanced understanding of rapid
granular avalanches. Direct particle-scale observations from
physical experiments have played little role in the formation
of these theories, however, largely because of the difficulties
in observing particle motions within flux interiors. Thus,
despite the micromechanical complexion of their conceptual
frameworks, development has been driven primarily by bulk
flow observations, physical experiments yielding such
macroscopic quantities as the stresses exerted on the
boundaries of viscometric devices, and computer
simulations. In this paper attention will be focused on
understanding the interactions that take place between
particles at the microstructural level as a means to establish
the constitutive relationships that determine the overall
macroscopic bulk flow fields.
Velocities and rotations of individual particles in quasi
two-dimensional flows were measured in a novel centrifugal
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Avalanche defence structures: a study of shock wave formation
and granular vacua
Scott E. Munachen and David C. Poole
Geohazard Research Centre, 38 Lincoln Way, Harlington,
Dunstable, Bedfordshire, U. K.
(Email: scottmunachen@bezemer.demon.co.uk)
Debris flows and avalanches are the most pervasive and
destructive geologic hazard in many mountainous regions,
posing particularly severe threats in tectonically active areas
with an abundance of unlithified sediment and weak rock.
Their frequency and amplitude continue to rise worldwide
as urbanisation encroaches onto mountainous terrain under
the pressures of increasing populations, deforestation and
changing climate patterns. Despite recent advances in our
capabilities to mitigate and respond to these hazards, losses
continue to result in human suffering, billions of dollars in
property and infrastructure maintenance, and environmental
degradation. Indeed, their socio-economic impact has
become so significant that the United Nations declared 19902000 the International Decade for Natural Disaster Reduction.

and gravity dependent kinematics of prototypical flows in
the laboratory. The effects of model deflection berms and
check dams on dense, gravity-driven, granular flows down
an inclined plane are investigated from initiation to runout, with particular emphasis on the dynamics of shock
wave formation. The experiments employ a novel method
of laser cartography to map the three-dimensional
morphology of rapidly moving avalanches, providing highresolution data for comparison with model output. A noninvasive instrumentation system facilitates the real-time
measurements of basal-normal and shear stresses, bulk
density, and the impact and drag forces acting on the
obstacles. Surficial velocity fields are visualised using a
combination of close-range photogrammetry and particle
image velocimetry to track the motion of individual grains,
permitting the mechanistic distinction of the dominant
modes of energy dissipation and momentum transport . A
shock-capturing continuum theory for rapid granular flows
is developed to describe the interaction of avalanches with
defence structures on non-accelerative slopes. It consists
of depth-integrated balance laws of mass and momentum
of an incompressible, cohesionless, particulate obeying a
Mohr-Coulomb type yield criterion both in the interior and
at the bed. The emerging field equations for the distribution
of the avalanche thickness and depth-averaged velocity
are a set of nonlinear hyperbolic partial differential
equations. To resolve the steep height and velocity
gradients observed in the experiments the model equations
are solved for different topographic configurations by
implementing a high-resolution Non-Oscillatory Central
differencing scheme with Total Variation Diminishing limiter.
For the avalanche free boundary problems it must be
combined with a front-tracking method, developed here to
properly describe flux margin evolution.

Understanding and modelling these flows is of
considerable practical interest for the design of defences to
protect structures and lifelines. Whilst field investigations
are critical for documenting the areal extent of antecedent
deposits, quantitative models are necessary for making
objective, reproducible hazard forecasts. Torrent training
structures that serve to dissipate the kinetic energy of the
incoming flow are typically designed to withstand dynamic
thrusts and point impact forces imparted by avalanche surge
fronts. Contemporary standards, however, are based on
rudimentary centre-of-mass considerations, and provide no
explicit means of linking avalanche flux state to threedimensional interaction dynamics in order to predict how
diverted flow depth and direction emerge from collisions.
Through the use of centrifuge modelling, this paper develops
a computational framework to quantify how local topography
and obstacles modify the avalanche path and run-out zone,
with the objective of providing an accurate and reliable
method of delineating the limits of avalanche inundation.
The spatio-temporal evolution of avalanche depth and
velocity during impact is studied via a series of centrifuge
tests that accurately reproduced the self-weight stresses
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A study of the landslides associated with human impact
in the forest environment of Kerala
K. Shadananan Nair
Cochin University of Science & Technology, Vallayil House, North Gate
Vaikom - 686 141, Kottayam Dt., Kerala, India
(Email: nair59@yahoo.com)
Human impact on the environment results in hazards such
as landslides and floods in many parts of the world. These
hazards bring about casualties, and a tremendous loss of
agricultural land and property. The issue becomes serious
in regions such as the State of Kerala in India with dense
and fast-growing population, and a weak economy. The
eastern side of the narrow coastal state is bordered by the
Western Ghats Mountains, the orography of which provides
heavy and intense rainfall in Kerala. Because of the steep
slopes, the water flows fast to join the Arabian Sea.
Deforestation and introduction of plantation crops replacing
the natural vegetation have affected the topography and

water-holding capacity of soil. Together with this, the
construction of a number of dams and the development of
large-scale sand and rock quarries in the hills have resulted
in landslides and flash floods in almost every rainy season.
Landslide-induced debris flows have considerably reduced
the river runoff and converted some of the perennial rivers
into seasonal ones. Consequently, the state, receiving rainfall
three times more than the global average, experiences
seasonal water scarcity. The rules and regulations to protect
the environment are not properly implemented because of
social and political reasons as well as widespread corruption.

Adsorption of nitrate as a groundwater pollutant by the soil particles
Chieko Nakayama1 and Yoshinori Tanaka2
1

Civil Engineering, Graduate School of Engineering, Toyo University,
2100 Kujirai, Kawagoe-city, Saitama 350-8585, Japan
2Civil and Environmental Engineering, Toyo University, Japan

Nitrogen-based fertilisers used in agriculture are the main
contributors of nitrate to groundwater and the soil in many
areas of the world. The possibility of drinking water
contamination has resulted in an increased awareness among
the public. The World Health Organisation (WHO)
recommends a standard for nitrate concentration of less than
50 mg/l (nitrogen-nitrate of less than 10 mg/l) in drinking
water. Drinking water contaminated by nitrate is suspected
of being associated with methemoglobinemia (blue baby
syndrome) when the contaminated water is used to prepare
infant feed, and chronic nitrate exposure in drinking water is
suspected of being responsible for stomach cancer. In
European countries, the high nitrogen content in drinking
water has become a serious problem.

exceeded nitrogen-nitrate environmental quality standards.
High nitrogen-nitrate concentrations were obtained in the
area occupied by diluvial terraces of the Kanto plain. The
top layer of the terrace contains a volcanic ash soil of Kanto
loam with allophane-rich clay. Generally, these soil types
have a high cation exchange capacity. The negative charge
of soil particles promotes leaching of nitrate through the
soil profile. However, the positive charge of the allophane
mineral in clay under conditions of low pH means that the
sorption of anions is a characteristic feature of allophanerich volcanic ash soils.
This study discusses nitrogen adsorption in several soil
samples of Kanto loam from two locations from the Kanto
plain. Chemical properties were assessed in each soil sample
and pure allophane clay by instrumental analysis using batch
and soil column tests.

A groundwater quality survey conducted in Japan
revealed several areas with nitrogen-nitrate concentrations
exceeding 10 mg/l. The Japanese Ministry of the Environment
investigated the groundwater quality over the country in
2004. The survey showed that out of 5129 wells, 421 (6.5%)

Nitrogen-nitrate adsorption by sample soils was
determined by the 10-hour batch test using a nitric acid solution

62

Journal of Nepal Geological Society, 2005, Vol. 32 (Sp. Issue)
of 0.14 mmol. The saturation column test was conducted to
obtain a breakthrough curve and to calculate the coefficients
of dispersion and retardation. The extent of nitrate adsorption
in soil samples was confirmed by percolation with 0.14 mmol
nitric acid through columns packed with 25 g of the soil sample,
and silicate sand.

increased in both allophane-rich soils and in amorphous
inorganic matter. The retardation factor in the column packed
with silicate sand was markedly higher than in the other
soils analysed.
Adsorption of nitrates by Kanto loam soils was thus
found to be dependent upon the content of allophane and
amorphous inorganic matter. Given that the positive charge
of allophane has the potential to reduce the nitrate content
in groundwater, it could therefore be effectively applied to
alleviate nitrate contamination in groundwater.

In the batch test, it was found that the amount of nitrate
adsorption was greater in allophane-rich volcanic ash soils
with the amount of nitrate adsorption increasing under
conditions of low pH. The breakthrough curve determined
by the column test showed that the coefficient of retardation

Seismic features of the lithosphere of southwest High Asia
Sagynbek G. Orunbaev and Vladimir D. Suvorov
Institute of Geophysics SB RAS, Novosibirsk, Russia
(Email: suvorov@uiggm.nsc.ru; sagynbek@uiggm.nsc.ru)

Interests in the deep lithospheric structures of High
Asia have not declined for many decades. Recently, a number
of models of its deep structure were based on seismic
tomography. However, this method is very sensitive to
starting model and it does not allow for finding out seismic
boundaries. Therefore, it is apparently necessary to
construct a seismic lithosphere model, parameters of which
may be confidently taken from the seismological data. This
type of model could be useful to find the basic kinematics
characteristics of recorded waves and to study their nature.
Thus, the greatest attention should be given to the study of
lithosphere stratification, first of all to the Moho boundary
and other probable seismic boundaries in the upper mantle.

1000–1500 km) varies from 8 to 8.6 km/s. These values may
differ in direct and reverse directions, testifying to a
significant relief of the Moho. For epicentre distances of
1500–2500 km, the apparent velocity changes from 8.6 up to
9 km/s, and it is caused, most likely, by the velocity anomalies
or by the slope of seismic boundaries in the mantle. For the
distances of 2200–6000 km on direct and reverse directions,
unusually a high apparent velocity of 9–10 km/s (?) is
observed.
Most of the considerable changes in travel time are
determined by the hypocentre depth and thickness of
lithosphere. The variation in travel time reaches 8 s over
these factors, and it is much more than what are caused by
horizontal velocity heterogeneities in the mantle. The
apparent velocity at minimum epicentre distances may be
used to estimate the travel times at zero distances (i.e, above
hypocentre). The greatest part of such data depicts a clear
trend of the hypocentre depth by which the crust can be
divided into the upper and lower velocity stages. The
remaining data considerably deviate from such a trend, and
the deviation may be due to the errors in hypocentre locations
or the variation in the Moho depth in the epicentre vicinity.

This report incorporates preliminary results of the
kinematic analysis of the first arrivals along the Hindu Kush–
Himalaya geotraverse, located in the areas with the densest
arrangement of seismological stations. In the vicinity of this
area, 48 earthquakes were chosen from the International
Seismological Centre (ISC) catalogue with magnitude more
than 5, registered on 30 stations. The total number of records
was about 1300.
We have found quite significant changes in apparent
velocity and travel time of waves, despite the possible
mistakes in locating the centres of earthquakes and their
origin times. Therefore, the apparent velocity on a shortrange part of travel time curves (up to epicentre distances of

The detected variations of apparent velocity and travel
time of the first arrivals testify the vertical stratification of
lithosphere with complicated lateral variations of the Moho
depth and velocity in the mantle.
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Seismotectonics of Nepal Himalaya: review of recent results
M. R. Pandey
Gyaneshwor, Kathmandu, Nepal
(Email: shailaj@mail.com.np)

The results obtained by DASE, France, Colorado
University, USA, Oregon University / Illinois University,
USA, working under different collaboration projects with
the HMG, MOIC, Department of Mines and Geology, Nepal,
and other institutions in the first five years of this century
have advanced our understanding of kinematics and
seismotectonics of the Nepal Himalaya considerably.

However, the loading and unloading of stress may not be
uniform with zones of stress concentration in asperity. The
heterogeneous distribution of microseismicity in the lateral
direction may be related to the development of asperities.
On the contrary the geodetic data reveal a rather uniform
pattern of interseismic straining oriented with long-term
geodetic deformation. The geodetic data and seismicity
distribution are reconciled from a model in which
microseismicity is interpreted as driven by stress buildup
increase in the interseismic period. The uneven seismicity
pattern is shown to reflect the impact of the topography on
the stress field, indicating low deviatoric stress (<35 MPa)
and a low friction (<0.3) on the Main Himalayan Thrust or
decollement. Strain must be rather uniform during a
significant fraction of the interseismic period, and can be
explained by a fully locked seismogenic zone, which extends
from the Main Frontal Thrust at the surface to beneath the
front of the high range, over an average width of about 100
km along the 1000 km long arc segment of the Nepal Himalaya.
This means that the Himalayan megathrust mainly slips
during transient events. Although recurring large
earthquakes analogous to the 1934 Bihar–Nepal event are
probably dominant, transient aseismic events similar to those
recently observed at places on the subduction zones might
also contribute to this stress transfer. This suggests that a
major earthquake along the seismic gap extending from the
Kathmandu area to Dehra Dun is highly plausible, but also
suggests continuing efforts in seismic and geodetic
monitoring.

Interpretation of metamorphic thermometry,
thermochronology, and structural geology data suggests
that the Lesser Himalaya has been accreted to the Himalayan
range mainly by underplating of the upper part of the Indian
plate at mid crustal depth. Indian basement underthrusts
below the lesser Himalaya with 15 mm/yr velocity. The Lesser
Himalaya is exhumed jointly with the overlying nappes as a
result of overthrusting by about 5 mm/year
Receiver function, calculated from broad-band IRIS–
PASCAL seismic data installed in central and eastern Nepal,
exhibits clear seismic images of the Himalayan decollment at
the base of the Himalaya, and also the base of the crust. The
Moho appears to be smoothly dipping below the Himalaya
over a distance of 120 km. South of the Higher Himalaya, the
Himalayan wedge is well determined by a strong seismic
anisotropic layer. Anisotropy develops above the decollment
in response to shear process that is taken up as slip in great
Himalayan earthquakes. Lateral variation of the structure is
not significant within central and eastern Nepal.
Shear strain accumulated in the decollment is ultimately
released as sudden slip seismic events in a seismic cycle.
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Earthquakes: astrostatistical context
Ramesh Pandya1 and H. N. Dutta2
1

Department of Statistics, Government Arts and Science College, Ratlam, M. P. India
(Email: rameshpandya 1955@yahoo.com)
2National Physical Laboratory, New Delhi – 110 012, India
(Email: hndutta@nplindia.ernet.in)

Ancient Indian society was very well known for its
scientific advancements in the field of yog or yoga – the
complete body cure by the body itself, meditation-mental
cure, the best dead body cremation system, invented zero
knowledge of astrology – a science beyond astronomy,
Indian earthquake insigma devised by our ancestors (King
Cobra holding earth, University of Nalanda and others). But
like many other lost branches of science and knowledge
civilisation, the knowledge of astrology was also lost,
perhaps due to major earthquakes in India.

basically based on its size, gravity, magnetic field, and colour
(wave length of optical light/energy).
In the context of earthquakes, it is mentioned in our
astrological books – Vedas and Puranas that Lord Brahma
made earth as “Achla” means immovable, but it moved due to
the movement of big mountains. This means, we knew that
different parts of the earth also moved, leading to the formation
of the earthquakes. Lord Brahma said “I can’t stop the
movement of these big mountains (plates), but they will be
active only under certain special situations”. This means that
only under special circumstances, the earth may shake to
produce the earthquakes. It is also written that during the 24
hour period, “Vayu,Agni, Indra , and Varun” will cause shaking
in the first, second, third, and fourth parts of the day and
night, respectively. Also the science of earthquakes is related
to mortality at the society level, which means, we have to
predict the death – its time and cause on a mass scale.

The advent of computers have developed interest to
study the vital movement of celestial bodies, which may
effect an individual or collective density of the society or
simply jolt a part of our living planet earth. In the past, the
Indian astrologers translated the movement of the celestial
bodies (Precisely measured) to predict extraterrestrial
phenomena like, eclipses of Sun, Moon, Rahu, and Ketu.
The high-and-low tides of ocean, found to be associated
with the relative movement of the moon and the Sun, led to
a forceful pull or push on the water bodies. Perhaps, air and
the solid earth, the water bodies are the easiest to be seen
but they have caused an impact on other objects situated
on the earth too. At the same time, the power of a planet is

All the horoscopes related to earthquakes occurred in
India and Japan, and associated planetary positions have
been tabulated. The possible link between the earthquake
and combination of planets establishes a basis for prediction
of a future earthquake.

Analysis and verification of landslide hazard using GIS
and infinite slope model
Hyuck Jin Park 1, Woon Sang Yoon2, Seong Wook Park 2, Byeong Hyun Han3,
Byung Don Ro3, Kang Ho Shin3, and Jae Kwon Kim3
1

Dept. of Geoinformation Engineering, Sejong University, Seoul, Korea
2Nexgeo Inc., Korea
3Samsung Engineering and Construction, Kyonggi-do, Korea

Landslides are one of the repeatedly occurring geological
disasters in a rainy season resulting in about 23 human losses
in Korea every year. The landslides mainly depend on the
spatial and climatic properties, such as geology,
geomorphology, and heavy rainfall, and hence, their
prediction or hazard assessment is a difficult task. Therefore,
geographic information system (GIS) and various statistical

methods are implemented for landslide analysis. In particular,
GIS techniques are widely used for the analysis because
they effectively handle a large amount of spatial data. GIS
techniques can be divided into two categories: quantitative
and deterministic. The quantitative techniques range from
stability ranking based on criteria such as slope, parent
material, and geometry, to more sophisticated techniques

65

Fifth Asian Regional Conference

mzcos 2i

i

Fig. 1: Infinite slope model

such as statistical models, which link environmental
attributes based on spatial correlation. In contrast, the
deterministic techniques analyse the mechanical conditions
of slope and evaluate its stability. That is, physical properties
of slope are used in a mathematical model to evaluate the
landslide hazard. Most GIS techniques used in many previous
studies, however, only consider the statistics between
landslide occurrence and related factors (such as soil depth,
soil strength, slope angle, and vegetation), not the failure
mechanism. That is, they consider only the statistical
relationship between landslide occurrence and the affecting
factors without any mechanical analysis. Therefore, in order
to overcome the limitations of the quantitative techniques, a
deterministic technique is utilised in this study. Accordingly,
an infinite slope model that considers the balance of forces
applied to the slope is considered here for the GIS based
landslide analysis. The proposed model is advantageous
over other approaches, as it considers the failure conditions
and calculates a quantitative value of the factor of safety.
The spatial parameters used to evaluate the factor of safety
in this study are slope angle, slope direction, soil texture,
topography, soil effective thickness, and rock types. In
addition, the actual landslide sites were used to verify and
compare the predicted landslides. Rainfall is another
important factor of landslide occurrence. Therefore, the ratio

Fig. 2: Factor of safety distribution in study area when m =1

of groundwater distance to the soil depth, m, is used in the
infinite slope model (Fig. 1).
The infinite slope analysis correctly predicted 87.5% of
the existing landslides, hence the factor of safety distribution
map (Fig. 2) can be utilised for landslide prediction and hazard
assessment.
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Application of remote sensing and GIS in landslide hazard zonation and
delineating debris flow susceptible zones in Garhwal Himalaya, India
* Dinesh Pathak 1, P. K. Champati ray2, Ramesh Chandra Lakhera2, and Vivek Kumar Singh2
1Department of Geology, Tri-Chandra Campus,
Tribhuvan University, Kathmandu, Nepal
2Geosciences Division, Indian Institute of Remote Sensing,
4 Kalidas Road, Dehradun, India
(*Email: dineshpathak@wlink.com.np)
Landslides and debris flows are important geomorphic
events in many parts of the world. Basically, debris flows are
initiated in steep valleys of a dissected terrain. A significant
percentage of debris derived from landslides or weathered
mantle remains as a thin colluvial cover, which acts as a
debris flow source area.

field survey. The landslide zones are strongly controlled by
the Main Central Thrust and other faults. Most of the unstable
slopes are prone to plane and wedge failures. The debris
generated by past landslides as well as fluvio-glacial materials
accumulated on slopes are the potential sites of debris flow.
Most of the active landslides resulted from the reactivation
of pre-existing ones. Many landslides are dormant and covered
by vegetation.

The active tectonics in the Himalaya is responsible for the
generation of faults, crush zones, and several sets of joints
that make the rocks weak, resulting in steep hill slopes
susceptible for sliding. In order to understand the landslide
and debris flow phenomena in the Himalaya, the present study
was carried out around the Chamoli–Joshimath area, lying in
the northernmost belt of the Garhwal Himalaya, India. In the
study area, most of the landslides occur along the road section,
river section, and thrust or fault zones. The area is comprised
of low- to high-grade metamorphic rocks as well as carbonate
rocks like limestone and dolomite. Aerial photographs and
satellite images were used to identify lineaments, faults,
landslides, and debris flows, which were verified during the

The information gathered from reports, maps, aerial
photographs, satellite images, and field investigation was
integrated to prepare various thematic layers (such as
geomorphology, lithology, lineaments, and slope) using GIS.
Different weights and ranks were assigned to each theme
and its classes. Thereafter, index overlaying of each thematic
layers was carried out to generate the landslide hazard
zonation map of the study area. The predicted landslide
hazard zones are in good agreement with the historical
landslide locations. Similarly, the debris deposit sites fall in
medium to high hazard zones, suggesting the possibility of
debris flow in the future.
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A new model for the analysis of slope movements
* D. N. Petley1, T. Higuchi1, K.-Y. Ng1, S. A. Dunning 1, N. J. Rosser1,

D. J. Petley2, and M. H. K. Bulmer3
1

International Landslide Centre, Department of Geography,
University of Durham, Durham DH1 3LE, United Kingdom
2School of Engineering, University of Warwick, United Kingdom
3JCET, University of Maryland, USA
(*Email: d.n.petley@durham.ac.uk)
Traditionally, analyses of the susceptibility of a slope to
the effects of landslides have tended to treat the system as
an essentially static entity. Three main approaches are
commonly adopted in this framework: 1. To consider the
forces acting on the slope and the forces resisting movement
in order to determine the factor of safety; 2. To use an existing
distribution of landslides to determine the key factors
influencing slope stability, and then to use the combination
of these factors to predict where future failures might occur;
and 3. To treat the slope as a hydrogeological system, and
to calculate where areas of high excess pore pressure might
be generated. Whilst all have advantages, in general these
approaches have proven to be disappointing in terms of
determining susceptibility to future triggering events.
Ongoing research at the International Landslide Centre uses
a rather different approach. Here, analyses of movement
records of a large number of landslides have been used to
examine the patterns of acceleration associated with slope
failures in both weathered and unweathered materials. It has

been demonstrated that each deformation mechanism in the
basal regime of the landslide can be characterised by a
specific movement pattern within the landslide mass. This
has been backed up by laboratory experiments, including
the application of a novel back-pressured direct shear
machine that allows infinitely variable control of normal stress,
shear stress, and sample pore pressure. This has permitted
the construction of a new framework within which the
behaviour of landslides can be characterised from a dynamic
perspective. A series of simple direct shear experiments under
genuinely representative stress conditions allows the
dynamic behaviour of the system to be determined, including
the conditions required for the triggering of failure and the
likely mode of movement before and after the failure event
occurs. This understanding of landslide systems provides a
new framework within which landslide susceptibility can be
assessed, and can result in much better analyses. Based
upon this, we present a new framework for the understanding
and analysis of slope failures.

The analysis of global landslide risk through the creation
of a database of worldwide landslide fatalities
* D. N. Petley and K. Oven
International Landslide Centre, Department of Geography, University of Durham,
Science Laboratories, South Road, Durham. DH1 3LE, U. K.
(*E-Mail: d.n.petley@durham.ac.uk)

There is little doubt that most global datasets on fatalities
caused by landslides greatly underestimate the impact of
landslides. The reasons for this are varied, and include a
tendency to classify disasters by trigger rather than
mechanism (so a landslide triggered by a seismic event will
be recorded as an earthquake disaster); the occurrence of
landslides in remote locations in less economically developed
countries; and the frequency of large numbers of relatively
small landslides involving less than ten fatalities, which do
not get reported widely. In consequence, investment into
the prevention of landslide disasters, especially in
mountainous, less developed countries has lagged behind

that of other, actually less significant hazards such as
volcanic eruptions. To counter this, the International
Landslide Centre has embarked upon the generation of a
worldwide landslide database, initially concentrating on
events that cause fatalities.
The analysis of the initial landslide database has
generated some surprising results. It is clear that in terms of
fatalities landslide disasters are focussed upon less
economically developed countries, especially in
mountainous regions that are subject to precipitation
extremes such as tropical cyclones or the monsoon. Excluding
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rare, very large events, in most years the majority of rainfallinduced landslide fatalities of occur in China and South Asia
during the northern hemisphere summer. A second peak
occurs in the annual cycle during the December and January,
as heavy rains along the Indonesian archipelago induce
extensive landsliding. Interestingly, the data suggests that
the number of fatalities each year caused by rainfall induced
landslides is closely correlated with the global temperature
anomaly, which may account for a clear increase in landslide

occurrence worldwide over the past twenty years. Finally, it
is interesting to note that there is a strong correspondence
between the locations of rainfall-induced failures and high
global seismic hazard. The implications of these data, and
the trends of increasing landslide occurrence, are analysed
in terms of landslide hazard and risk assessment, and
suggestions are made for future research directions in the
context of the distribution of landslide fatalities.

Remote sensing and GIS for flood forecasting
and warning service in Bangladesh
Md. Mizanur Rahman1 and Sharmistha Saha2
1

Flood Forecasting and Warning Centre, Bangladesh Water Development Board
Wapda Building 9 th Floor, Motijheel C/A, Dhaka-1000, Bangladesh
2Survey of Bangladesh, Tejgaon, Dhaka 1208, Bangladesh

In Bangladesh, flood brings sufferings to the human and
deteriorates country's economy. The extreme flood
inundating about half of the country’s landmass causes huge
damages of agriculture and infrastructures. Hydrological
characteristics of Bangladesh are very complex in nature.
Flood control and protection in Bangladesh is difficult, since
it requires the integration of regional hydrological and
geographical aspects. Therefore, a flood forecasting and
warning service is emphasised as a non-structural measure
for flood loss mitigation or minimisation. Since its inception,
the Flood Forecasting and Warning Service of Bangladesh
used to forecast flood by coaxial correlation, analysing gauge
to gauge relation, and using Muskingum-Cunge Routing
Models. A flood forecasting and warning system based on
an advanced hydro informatics comprised with MIKE-11
(Rainfall-Runoff and hydrodynamic) model has been applied

in Bangladesh from the early 1990s. But the system is limited
to the forecasting of rainfall in the upper riparian country, and
the dissemination system was insufficient to easily understand
the forecasts by the rural population. The NOAA satellite
data are being utilised from 1998 for the estimation of rainfall
in the upper riparian country. A new flood-forecasting system
has been integrated in a GIS environment and provides a very
powerful tool for real-time flood forecasting and warning
through a user-friendly interface for dissemination of flood
warning to affected people as well as to organisations
concerned with flood disaster management. Under this GIS
environment, the flood inundation area can be visualised on a
flood extent map. But, owing to the constraints of the latest
geo-information, the prepared flood extent maps are not
matching with the real world, which may mislead the end user.
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Plaeoseismological study in Nepal Himalayas
along the Main Frontal Thrust
S. N. Sapkota1, B. Kafle 1, G. R. Chitrakar1,
J. Lave 2, D. Yule 3, M. Atal2, and C. Madden3
1

National Seismological Centre, Department of Mines and Geology, Lainchour, Kathmandu, Nepal
2Laboratoire de Géodynamique des Chaînes Alpines (UMR 5025) , Grenoble, France
3Department of Geological Sciences, University of California Northridge, USA

Locating an earthquake rupture and reconstructing its
history are critical in assessing the seismic hazard in the
Himalayan region. Two very large historic earthquakes
occurred in eastern Nepal in 1255 (M>8?) and 1934 (M8.4).
However, no surface rupture was reported for either
earthquake. How complete is the historical record for M>8
earthquakes in the region? What structures generate these
very large earthquakes and do they rupture to the surface?
To address these questions we have begun a
geomorphological and palaeoseismological study of the
Main Frontal Thrust (MFT) in Nepal. The MFT was chosen
because deformed river terraces show that the late
Pleistocene and Holocene deformation across the Nepal
Himalaya is expressed in the frontal fold above the MFT.
The surface trace of the MFT therefore provides an
opportunity to document the large earthquake ruptures, and
determine their size and recurrence.

fans on the footwall. These post-event depositst can help
to distinguish the earthquakes. In the first step of our
trenching work, we successfully opened two trenches across
this site in December 2001. Here, we present evidence from a
series of 3 palaeoseismic trenches from the Marha Khola
region, where a very large earthquake broke the MFT at the
surface in 1100 ± 50 AD. The displacement during this event
was about 17 m (+5/-3 m), its lateral extension could be larger
than 300 km and its moment magnitude could have reached
Mw=9. Such very large earthquakes would transfer 50 to
75% of the shortening across the Himalayas. In contrast,
the rupture associated with the 1934 Bihar–Nepal Mw=8.4
earthquake was not observed in the trenches and it confirms
the previous reports stating the absence of surface ruptures.
Warping of Holocene terraces 30 km away of the trench site,
but on the same monoclinic structure, indicates that most of
the 20 mm/yr of shortening across the Himalayas is expressed
in the frontal fold and that this folding has to result from
strain transfer probably by both large and very large
earthquakes. We thus propose that the 2 km most superficial
segment of the MFT in the unconsolidated conglomeratic
part of the Gangetic molasse deposits represents a zone of
velocity strengthening for the rupture that only very large
earthquakes can break through. In this upper fault zone, the
rupture associated with large Mw<8.5 events would
decelerate before reaching the surface, and would not be
able to create surface ruptures. However, co-seismic and
post-seismic deformation would substantially contribute to
the folding of the most frontal Himalayan structures. If such
a scenario, established from a single site, could be confirmed
in the future, it would have major implication on the seismic
hazard, seismic rupture modelling, and on the strategy for
trenching and conducting palaeoseismological studies for
large thrust systems.

About 15 potential sites were identified for further
field investigation using available aerial photograph and
satellite imagery along the trace of the MFT in Nepal. Field
checks of these sites revealed clear evidence of the late
Holocene surface rupture on the MFT. One natural exposure
of the fault, on the left bank of the Rajpur Khola near Butwal,
shows about 8 m vertical offset of fluvial gravel, confirming
that the earthquake ruptures the MFT surface, presumably
during large earthquakes. However, the Butwal exposure is
a poor site for palaeoseismic study due to the very coarse
nature of pre-faulting strata, and the apparent lack of postevent sedimentation in the footwall.
Another more promising palaeoseismic site was
identified in the Mahra Khola in the Mohattari district of
central Nepal, where a natural exposure shows clear evidence
of surface rupture cutting finer-grained fluvial gravel. Here,
small gullies drain the hanging wall and deposit small alluvial
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Landslides and debris flows: a case study of Uttarkashi
Raju Sarkar
G.. B. Pant Polytechnic, New Delhi, India
(Email: sarkar_raju@yahoo.com)

Natural disasters strike countries, both developed and
developing, causing enormous destruction, creating human
sufferings, and producing negative impacts on national
economies. One of such disasters is landslide. As long as
landslides occur in remote, unpopulated regions, they are
treated as just another denudation process sculpting the
landscape, but when they occur in populated regions, they
become subjects of serious study. Globally, landslides cause
damage worth billions of dollars, and deaths and injuries of
thousands of people each year. Every landslide, or slope
movement, is unique, and is best judged on a case-by-case

basis. The specific behaviour of individual landslides is most
often unpredictable, even when studied in detail. Similar to
other part of India, Uttaranchal is also suffering from
environmental hazards and the landslide is one example of
such phenomenon that affects the household, road, and
buildings. Though the landslides occur periodically in
different parts of the Uttarkashi district, Uttaranchal, India,
they are severe particularly during the last few years inflicting
threat to life and damaging property. The present study on
landslide was carried out to find its possible causes, effects,
and remedial measures in the study area of Uttarkashi.

Assessment of remote geohazards in western Pamir, central Asia
Jean F. Schneider
Institute of Applied Geology,
University of Soil Sciences, Vienna, Austria

In 2002 and 2003, two field missions were carried out in
GBAO,Tajikistan, to assess the remote geohazards, such as
glacier lake outburst floods (GLOFs), mass movements, and
earthquakes, focusing on the Vanch valley as well as the
Gunt, Shahdara and Pjanch valleys in the Western Pamir
mountains.

Besides potential landslide dams, 355 lakes were classified
and ranked according to their proximity to infrastructures,
size, and outbreak potential. The study identified the
following::
– 133 lakes with ice dams;

The utilised methods of hazard assessment were:

– 45 lakes with moraine dams;

– Regional interpretation of satellite imageries (Corona
1968, Landsat ETM+ 2000/01, Terra Aster 2002/03), as
well as available aerial photographs;

– 12 lakes dammed by mass movements (rockslides or
landslides);
– 16 lakes dammed by composite materials (moraines
covered by rock debris); and

– Airborne survey with a helicopter in the areas with high
potential hazards;

– 149 lakes on bedrock or with stable hydraulic barriers,
which cause no threats.

– Terrestrial investigation of selected sites to confirm the
detected hazards;

The inventory of glaciar lakes and areas prone to mass
movements is based on multi-temporal satellite image and
aerial photo interpretation as well as field investigations.
The main task of the study was to create a hazard map for
assessing the possible impact on the population and
infrastructure below. After screening, the following areas
with the highest hazard potential were identified and specific
risk-prone sites determined:

– Meteorological and hydrological data interpretation of
records from the last decades;
– Flood and debris flow calculation as well as estimation
of impact size and areas; and
– Interpretation of regional seismic data concerning
triggering of mass movements and GLOFs.
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– Sites with high potential for GLOFs, ranked according
to lake type, size, maximum discharge, and possible
impact on the downstream area;

(Glacier 96) was triggered with high certitude by an
earthquake of early March 2002 of magnitude 6–8. The
resulting mudflow stopped on the wide glacier surface, similar
to the ones observed on the Sherman glacier in Alaska in
1964. In the Gunt valley as well as in the Shahdara valley,
there are several hazardous locations with a high impact
potential, but with a low recurrence rate. In the upper Pjanch
valley (Wakham Corridor), several catastrophic debris flows
occurred in historical times from the southern tributaries
and flanks. A major former event that dammed the main river
was located upstream from Dasht-Suleyman. The breaking
of the resulting dam must have created a large flood wave.
These cross-border (Tajikistan-Afghanistan) events have
not yet been studied in detail.

– Sites with potential landslides or active sagging (deepseated gravitational creep); and
– Sites with active faults or potential massive rock falls.
Several sites suffer a combination of these phenomena
with a resulting higher risk.
The Bear glacier and the RGO glacier in the upper Vanch
valley are prone to surge (downstream movement of about
300 m each in 2.5 years). On the latter, a debris flow with a
volume of up to 8 million m3, originating in a side valley

High flows turning into catastrophic floods in Kathmandu valley
Binod Shakya1 and Ramita Ranjit2
1

Central Department of Hydrology and Meteorology,
Tribhuvan University, Kathmandu, Nepal
(Email:anja@wlink.com.np)
2Central Department of Environmental Science, Tribhuvan University,
Kathmandu, Nepal
(Email: tucdhm@enet .com.np)
Flood is a natural disaster, which is most difficult to
predict. In Nepal, devastating floods result from intense rain,
and they may affect from a few km2 to hundreds of km2 of
land depending on the intensity and coverage of weather
system. In addition, human activities make the flood more
intense and destructive. An example of it is the flooding in

the Kathmandu city in 2002 with a large death toll. In the
Kathmandu valley, high flows are turning into catastrophic
floods due to constrictions in the river channel by
infrastructures as well as owing to the development of
settlements near the floodplains of the Bagmati, Bishnumati,
and Balkhu rivers.
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‘Seismic Vulnerability Tour’: an innovative method for enhancing
community participation in urban earthquake vulnerability reduction
*Binod Shrestha, Amod Mani Dixit, Jitendra K. Bothara, and Mahesh Nakarmi
National Society for Earthquake Technology (NSET) – Nepal,
PO Box: 13775, Kathmandu, Nepal
(*Email: bshrestha@nset.org.np)
The tour allows and encourages the participants to
identify the vulnerabilities in a neighbourhood, to assess
the extent of the problem, and to explore possible measures
that needs to be promoted and implemented. The entire
exercise appears to make very profound impact on the
participants, and hence considered as one the most effective
methods of risk communication.

‘Seismic Vulnerability Tour’ is a method used by the
National Society for Earthquake Technology-Nepal (NSET)
for convincing representatives of the donor agencies and
community representatives on urgency of urban earthquake
vulnerability reduction initiatives. This is one of the several
efforts towards enhancing the level of awareness and also
for educating people on the need of investing in earthquake
vulnerability reduction initiatives in Nepal. The “Tour”
consists of a guided walk along a predetermined route in the
core area of Kathmandu. The participants are encouraged to
take part in the discussion on existing vulnerabilities along
the route and their potential remedies. A range of hazards,
primary as well as secondary, are considered and discussed
for the locality. Likewise, all the phases of disaster, from the
onset of the event through the problems of rescue and
response, rehabilitation and reconstruction, and the
necessity of introducing mitigation in the reconstruction,
are talked about during the tour at appropriate moments.
The discussion is mostly informal.

NSET is expanding the concept of vulnerability tour to
organise separate tours for policy- or decision-makers,
elected representatives, municipal authorities, community
people, professionals, community pressure groups, and
donor agencies. A handbook ‘Seeing is Believing’ has been
prepared as a guidebook for young volunteers who wish to
organise such tours in their own neighbourhoods. The
guidebook encourages potential tour operators to use the
empirical methods of visual assessment of seismic
vulnerabilities of buildings and infrastructures along a street
before the tour, guides them in preparing necessary handout
materials and maps for distribution to the participants, and
advises on do’s and don’ts for the conduction of the tour.

A “Total Slope Analysis” methodology applied to an unstable
rock slope in Washington, USA
* A. Strouth, E. Eberhardt, and O. Hungr
Geological Engineering/EOS, University of British Columbia,
Vancouver, Canada
(*Email: astrouth@eos.ubc.ca)
A “Total Slope Analysis” methodology, that combines
several numerical techniques (e.g. Stead and Coggan 2005),
is used to investigate an unstable rock slope in the
Washington State, USA. For this specific study, the distinct
element numerical code UDEC is used to assess the stability
and potential failure volume of the rockslide. Once the
potential rockslide volume has been estimated and failure
mechanism assessed, the runout path, distance and velocity
are assessed using the numerical dynamic, rheological flow
model DAN3D. The results of the Total Slope Analysis can
be directly applied to mitigation and prediction of the
landslide hazard, and provide key components of qualitative
and quantitative risk analysis.

The methodology is developed and calibrated by means
of an earlier rockslide at the site (approximately 1 million m3 in
size) that collapsed in November 2003. The rock avalanche
debris travelled more than 600 m in elevation down a steep
slope onto Washington State Route 20 (SR20), an important
route through the North Cascade Mountains. Portions of the
roadway and guardrail were destroyed and boulders up to 3 m
in diameter were deposited on the road. The slope continues
to threaten SR20 due to potentially unstable material at the
top ridge formed by the earlier slide event.
Phase one of the Total Slope Analysis involves the backanalysis of the most recent rockslide. Analysis begins with
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basic observation of the slope, field data collection, and
construction of a simple numerical model. The data required
for the simplified distinct-element model includes the
topographic profile of the slope, key discontinuity
orientation(s), material properties for all rock mass types, and
discontinuity strength properties. Practical limitations, both
in terms of economics and rock face accessibility, often exist
for most natural rock slopes; therefore many of the input
parameters must be estimated. The Geological Strength Index
(Marinos and Hoek 2000) is used to get these initial estimates.
Key parameters are then systematically varied in the model
until the reaction of the modelled slope accurately reproduces
the shape and location of the failure surface in the actual
slope. In addition to providing an estimate of rock mass
properties, the iterative nature of back analysis also helps to
provide further understanding of the failure mechanism, slope
geometry (including location and orientation of weak zones,
identification of controlling discontinuity sets, etc.), and
material behaviour during runout.

The second phase of the Total Slope Analysis begins by
determining the potential rockslide volume. The current slope
configuration is modelled in UDEC, incorporating the
topography of the slope, material properties, orientation of
discontinuities, and locations of weak zones that are
constrained by the results of back analysis. These parameters
are systematically varied (within the reasonable range of
values) and the failure volume and location of failure is noted.
This range of failure volumes is then combined with
information regarding the potential source zone and runout
path, and a subsequent runout analysis is performed. Thus
by integrating elements of field observation, stress-strain
discontinuum modelling, and dynamic runout analysis, a
Total Slope Analysis of the Washington, USA rock slope is
achieved providing valuable information for assessing
different hazard mitigation options.
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The inputs required for the dynamic runout analysis
include the material properties along the runout path, the
material properties of the runout material (dependent on the
chosen rheology), and the volume of the initial sliding mass.
A range of material properties is determined through backanalysis of the most recent rockslide. Hungr (1995) notes
that such back-calculated properties can be applied to the
forward prediction of future events with reasonable
confidence; this leaves the initial volume of the potential
rockslide as the most important (i.e., least constrained)
parameter for the runout analysis.

Land use pattern and geo-environment of Balkhu Khola watershed,
Kathmandu valley, Nepal
* Pramod Kumar Thakur and Suman Panthee
Central Department of Geology, Tribhuvan University,
Kathmandu, Nepal
(*Email: pramodgeo@hotmail.com)
The Balkhu Khola originates from the northwest flank of
the Kathmandu valley and confluences with the Bagmati
River near Balkhu in the central part. It is feasible to classify
the Balku Khola watershed into three separate zones on the
basis of major composition of the terrain (Tables 1 and 2).
During the last five years, there has been significant

encroachments on the forest and agricultural land of the
watershed due to rapid urbanisation.
This paper deals mainly with the changing trend of the
land use pattern in the watershed and its impact on the geoenvironment. Some practical measures to combat the negative
impact are also discussed.

Table 1: Characteristics of the Balkhu watershed
Zone
Upper
Middle
Lower

Major
composition
Colluvial deposits
Alluvial deposits
Lacustrine deposits

Area,
km2
12.91
9.46
20.41

Table 2: Land use types of the Balkhu watershed

Major land use

Major land use
Forest
Agriculture
Settlement

Forest
Agriculture, settlement
Settlement, agriculture
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Area, km2
3.09
16.05
23.64
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GIS-based landslide and debris flow hazard modelling of Agra Khola
watershed, central Nepal
P. B. Thapa1,2, T. Esaki1, Y. Mitani1, B. N. Upreti2, and T. N. Bhattarai2
1

Institute of Environmental Systems, Faculty of Engineering,
Kyushu University, Japan
2Department of Geology, Tri-Chandra Campus,
Tribhuvan University, Kathmandu, Nepal

A comprehensive method of Geographic Information
System (GIS) was applied to a s s e s s the physical
characteristics of landslides and debris flows in the Agra
Khola watershed of central Nepal. The geomorphological and
geological variables were quantified for the characteristics
derivation. The GIS analysis revealed that slope angle and
rock structure are the most influential variables controlling
slope failures. Most of the failures are confined to a slope
angle of 27° (within the slope range of 25°–35°), and they are
structurally oriented either along the soil-rock contacts or
bedding planes of rock parallel to or gentler than the natural
slope.

For the hazard assessment, a statistical relation between
the potential for landsliding (dependent variable) and
causative factors (independent variables) was developed
using the GIS. The model is based on an innovative approach,
which integrates the spatial data with the set of data linked
to the actual behaviour of slope movements. The results
were validated by comparing the hazard map with the
landslide distribution map.
This study indicates that very high hazard zones are
confined mainly to the upper and middle reaches of the study
area. Also, a few spatially localised very high hazard zones are
found to be surrounded by medium to high hazard zones.

Geology of slopes in the Crocker Range mountain,
Sabah, Malaysia
* F. Tongkul, H. Benedict, and F. K. Chang
School of Science and Technology,
Universiti Malaysia Sabah,
Locked Bag No. 2073, 88999 Kota Kinabalu, Sabah, Malaysia
(*Email: ftongkul@ums.edu.my)

Slope failures are frequent on the roads of Malaysia. Not
until recently, geological inputs were rarely sought when
designing and constructing roads in mountainous areas.
This paper highlights the result of a geological study on
selected slopes along a major road across Sabah’s mountain
range, the Crocker Range. It is comprised mostly of folded
Eocene sedimentary rocks. A total of 48 potentially unstable
slopes were studied, and the following four main potential
sources of failure were recognised:
1.

2.

Highly jointed sandstone beds with its planes
parallel or sub-parallel to the slope face;

3.

Intensely fractured and sheared sandstone and
mudstone beds within a regional fault or fold zone;
and

4.

Old landslide deposits.

The main recommendations made to stabilise the
problematic slopes include covering the unstable slope face
with concrete and cutting back the slopes to stable angles.

Intensely sheared mudstones within a localised
fault zone;
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‘Earthquake clinics’ for achieving earthquake resistance
in new non-engineered constructions
* Bijay Upadhyay1, Binod Shrestha1, Amod Mani Dixit1, Surya Narayan Shrestha1, Jitendra K.

Bothara1, Varun Shrestha1, Mahesh Nakarmi1, Ramesh Guragain1, and Bishnu Hari Pandey2
1

National Society for Earthquake Technology (NSET) – Nepal,
PO Box: 13775, Kathmandu, Nepal
2UNCERD, Japan
(*Email: bupadhyay@nset.org.np)

Despite the general availability of adequate scientific
and engineering knowledge on earthquake-resistant
construction in academic institutions for more than a decade,
and the demonstrated feasibility of improving earthquake
resistance even of construction using traditional materials
such as brick masonry and adobe, earthquakes have been
taking huge tolls of lives and properties in developing
countries largely because of poor construction practices. In
Nepal and other countries, poor construction of buildings is
identified as the main source of earthquake risk. Obviously,
the knowledge on earthquake-resistant construction has not
reached to the main players of building construction process.
It is a pathetic situation that under different pretext, teachings
of national building codes are not practiced even in the
national engineering institutions of so many developing
countries. Hence, ‘trickling down’ of the knowledge along
the classical academic path will be very slow, and hence
there should be some methods for accelerating this process
of using available knowledge for reducing earthquake
vulnerability of new constructions in developing countries
where a vast majority of residential buildings are so-called
non-engineered construction.

valley, Nepal. Earthquake ‘clinics’ are organised in a variety
of ways – regular ‘clinics’ are held at a fixed venue at a fixed
time (‘fixed clinics’) or the ‘clinics’ are mobile and the team
of earthquake-resistant technologists moves around in a
vehicle and provides the knowledge at construction sites.
While fixed ‘clinics’ are in schools, municipal offices or in
other public places, the ‘mobile clinics’ are held at the site of
building construction.
In the ‘clinics’, earthquake engineers read the building
design, assess the construction method in terms of quality
of materials and process, discuss pertinent issues with the
house-owner, and provide prescription for improving
earthquake performance of the new construction considering
all constraints. The concept of ‘incremental safety’ is
adopted. The ‘mobile clinic’ offers better possibility of
intervention into the process of construction. Convincing
the house owner and making him/her internalise the problem
is much better achieved by the ‘mobile clinic’.
The approach has helped professionals of NSET to better
understand the dynamism of knowledge transfer at
household levels and to refine advocacy approaches for
implementing earthquake risk management initiatives in
Nepal. It also helps to understand the details of the prevalent
construction practices and employed technologies, the
shortcomings and the priority areas of intervention.

The concept of ‘earthquake clinics’ was developed by
the National Society for Earthquake Technology-Nepal
(NSET) with the aim to accelerate the process of knowledge
transmission for improved seismic safety in the Kathmandu
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Conventional and modern measures to protect riverbanks from erosion:
a case study of the river Kamla Balan
Anand Verdhan and Shantjee Kumar
ICT Pvt. Ltd., and SSWSEM,
New Delhi, India
Erosion of riverbanks and riverbeds is the major geoengineering problem for the safety and life of the hydraulic
structures constructed to contain, pass, or regulate the flood
or supercritical flow. This problem exists in all types of
geological, geographical, or geomorphological base of river
system. The solution is technical, but a site-specific action
is more effective than a general one. Bank erosion of rivers,
e.g. the Ganga, Kosi, Bagmati, and Kamla Balan all originating
in the Himalayan hills of Nepal flowing through the alluvial
plains of North Bihar is a chronic and common phenomenon.
River courses fluctuate laterally to the left or right due to
cutting or erosion, and subsequently deposition or siltation
results in shifting or meandering of the river endangering
the embankment, rail, roads, bridges, barrage, and
countryside valuable land.

the problem of bank erosion throughout its length, but the
section or stretches at Km 37 and Km 62 are highly unstable,
critical, and vulnerable. This paper deals with the problem in
detail. It also demonstrates the effectiveness and efficiency
of geo-textile with an economical rip-rap layer to protect the
base and foundation material.
The geo-textile based approach was tested through a
model study and was found suitable under various
conditions. The geo-textile of woven type (with sufficient
pores to dissipate pore pressure) effectively restores the
foundation soil. The soil is represented by silt with d50 of
0.02 mm, which may get eroded and transported at a flow
velocity of above 0.15 m/sec. The study shows the
effectiveness of geo-textile reinforced revetment to cope with
the alarming situation of cutting and erosion by the river
Kamala Balan.

The river Kamla Balan carries a heavy silt load and it has
a dominant nature of aggradation and degradation. It faces

Mitigation measures for the land subsidence:
example from the Pokhara basin
M. Yoshida1,2, S. R. Pant3, P. C. Adhikary3, V. Dangol1, and S. Shrestha3
1

Department of Geology, Tri-Chandra Campus, Tribhuvan University, Kathmandu, Nepal
2Gondwana Institute for Geology and Environment, Hashimoto, Japan
3Central Department of Geology, Tribhuvan University, Kathmandu, Nepal

The Pokhara valley is well known for the danger of land
subsidence due to the recent debris flow deposits that form
the basement of the Pokhara city and wide areas surrounding
it. Therefore, all constructions of the Pokhara city are situated
on these deposits. Due to the calcareous matrix of the debris
flow deposits, they are more-or-less well cemented, even
though their age ranges just from 12,000 to 700 years. There

are numerous caves and caverns in these deposits. To
mitigate the danger of subsidence, ground penetrating radar
and the electrical resistivity tomography were employed to
detect and map the caves and caverns. The results are quite
encouraging and the above methods are found to be quite
effective in formulating the control measures to the land
subsidence hazard.
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Estimation of mudflow activity under the changing climate
Roza Yafyazova
Republican state-owned enterprise “Kazhydromet”
32, Abay Ave., 050022 Almat, Republic of Kazakhstan
(Email: stepanov@kniimosk.almaty.kz)

The major mudflow characteristics, such as the area of
mudflow distribution, duration of mudflow discharge, its
volume, and genesis depend largely on climate. The regional
climate change (predicted by global warming) can lead to
sharp changes in mudflow activity in the territories with
extreme altitude and relief.

probability of rainfall occurrence in the upper reaches will
increase. It will lead to the annual mudflow disasters in place
of the earlier ones occurring once or twice a century.
The reality of such a scenario is proved by a study of
mudflow activity in the Northern Tien Shan, where they have
occurred for last 150 thousand years. It is established that
mudflows practically do not occur in the region during the Ice
Ages. It is evidenced by a thick layer of loess accumulated
on the debris cones of the mountain rivers flowing from the
northern slope of the Zailiysky Alatau Mountain Range in the
Northern Tien Shan.

If the summer air temperature increases even by 2–3 °C,
a sharp change in the mudflow activity may take place in the
mountainous and sub-mountainous zones of the Northern
Tien Shan, where the altitude is close to 5000 m, and there
are glaciers and huge masses of till accumulated as moraines
at an altitude of 2500–3500 m.

Mudflows become more active when the air temperature
in Antarctica (the Vostok station) exceeds its present mean
value by 2–3 °C. Hence, during the Riss-Wurm interglacial
period, about 1 billion m3 of mud was deposited within
several decades on the Malay Almatinka River debris cone
(for all the Holocene, the volume of sedimentation does not
exceed 3 million m3). The activation of mudflows can lead to
the destruction of settlements as well as to the desertification
of vast territories and the loss of biodiversity in mountains
and sub-mountains.

In the middle of 19th century, after the end of the Little
Ice Age in the Tien Shan region, degradation was
accompanied by the formation and development of lakes.
These lakes matured by the middle of the 20th century. The
outburst of these glacier lakes resulted in the formation of
large mudflows. During the deglaciation of the mountains, it
is possible to expect insignificant activation of glaciar-related
mudflows, and then, as glaciers disappear, the attenuation
of mudflow activity takes place.
In the near future, the rain-induced mudflows originating
in the high mountainous zone will pose the greatest threat
to the sustainable development of extensive regions in
Central Asia. The mudflow activity was relatively low in the
Holocen as the precipitation was mainly in the solid phase
at the upper reach of mudflow zone. Only once in 50–100
years, the precipitation occurred there in the form of rain,
and it led to large mudflows.

The current defense strategy of detaining mudflows by
means of dams will not protect the population and
infrastructures from the catastrophes caused by global
warming. The building of mudflow check-dams is inexpedient
economically, besides it is hazardous as the filled mud-storage
reservoirs turn into the potential mudflow origination sites.
To prevent the disastrous activation of the rain-induced
mudflows, it is necessary to change the existing defense
strategy against mudflows: to develop methods of
preventing mudflows or modify their flow characteristics.

Global warming can intensify rain-induced mudflows in
the Northern Tien Shan. The duration of mudflow and the
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Ice-rock avalanche of 2002 in the Genaldon river valley, North Caucasus,
Russia: consequences and problems
E. V. Zaporozhchenko
Inst. “Sevkavgiprovodhoz”, Pyatigorsk, Russia
(Email: skgvh@skgvh.ru)

At present, the area seems to be rather stable. Only an
earthquake of magnitude 8 on the MSK scale and fully
saturated (5 to 6 times more than actual) landslide debris can
lead to a similar disaster. Such a scenario does not exist, and
the landslides of 2003 and 2004 have not moved, either. By
2005, the volume of ice in the dam and lake has reduced by
50% and the maximum discharge of meltwater in summer has
not exceeded 5 m3/sec. Actually, the blockage does not
influence the flood. The dammed lake, which had an initial
capacity (October 2002) of 4.9 million m3, is discharging
naturally, and the remaining water in the lake by January
2005 had a volume of 0.5 million m3. However, the behaviour
of dam during gradual melting of its ice core and piping
leading to infrequent minor floods (about 1% of peak
discharge) is not clearly understood.

September 2002 saw the biggest glacial disaster in the
Russian history. A huge ice-rock-water flow went down the
Genaldon river valley with a speed of 320 km/h from the Kola
glacier. Having covered a distance of 18.5 km, it was stopped
by the narrows of the Rocky Mountain Range and filled the
Karmadon hollow with 120 million m3 of deposits. The icerock-water mass was pressed through the narrows (about 2
km) forming a debris flow, which went down the valley (10
km) devastating all the constructions in the riverbed. A total
of 125 people were reported dead. The glacier disaster of
2002 was unexpected, though such events had already taken
place in 1834 and 1902. Slow sliding up to a distance of 4.5
km was noticed in 1960–1970 without any disastrous
consequences. In 2002, two months before the disaster, a
series of collapses from the Djimarai-Hoh slopes (more than
4000 m) on the backside of the glacier triggered the avalanche.
The last ice-mass collapse had a volume of 10 million m3. As
a result, the glacier hollow formed. The material from the
glacier hollow was knocked out and went down the valley
with the superficial moraine. The 100–150 m high water-icerock mass (with air also) was moving down the 400–500 m
wide valley. The area covered from the collapse zone to the
narrows was 12.7 km2. The area of the ice-rock mass stopped
by the “Karmadon Gates” was 2.1 km2, 3.6 km long, and 135–
140 m wide with an average height of 60 m. The debris flow,
which went down the narrows of the Rocky Mountain Range,
covered an area of 2.5 km2, and its total volume was about 9
million m3 with a thickness of 1 to 15 m. The flow on its way
down the valley was also fed by the slope deposits and, to
a greater extent, by the frontal masses of three huge ancient
landslides on the left bank with a total volume of about 40
million m3. The high-energy flow undercut the toes of these
landslides and displaced their material to a distance of 10–
20 m. However, there was no riverbed blockage during the
disaster, neither after it (up to 2005). In half a year, the
movement stopped. The hazards of September 2002 were
due to the increase in the slope gradient of runout path in
the trough-shaped valley; filling up of the hollow by the icerock avalanche and formation of a lake; and deposition of
sediments on the riverbed downstream from the narrows by
debris- and mudflows.

One of the possible causes of disaster could be the lake
outburst. For example, the increased discharge (up to 1.5 m
of drawdown per hour) in June 2003 created a water-rock
freshet (with a discharge up to 25 m3/sec) flowing down the
narrows. The Genaldon River could not accommodate it, as
its riverbed was already overloaded by the earlier deposits.
The debris flow overtopped the riverbanks and had severe
erosive consequences (e.g., abutments of two bridges were
destroyed).
On the other hand, the second half of 20th century saw
floods with a very high discharge rates of up to 90 m3/sec.
About 20,000 m3 of landslide debris was accumulated on the
left bank of the Kauridon River (above the dam) due to the
erosion of soil slopes. The floods also destroyed some
structures. But, with a decrease in the lake water level, the
landslide activity ceased. In 2002–2004, the debris flow
deposit was not stabilised yet and was being eroded from
time to time. A surge wave with a discharge of 20–30 m3/sec
and (or) a storm flood of similar scale can entrain the debris
and adversely affect the densely populated foothill areas
(with hydrotechnical facilities, canals, water and gas
pipelines, roads, and settlements) situated some km
downstream.
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Natural hazard and exogenous geological processes in Caucasus
Nikolay Ivanovich Zelensky
Kuban State University, Department of Geology,
Stavropolskaya 149,
Krasnodar, Russia

The rapid development of resorts and recreational
centres on the Black Sea coast of Russia has resulted in
severe environmental degradation. Buildings and other
structures are constructed on steep slopes and valleys,
which are characterised by high landslip, collapse, and
mudflow hazards. A majority of these processes are complex
and practically unpredictable.

development. The beach serves as an impediment to the
coast and its destruction due to the construction material
extraction inevitably accelerates abrasion – the sea washes
away beaches, destroys engineering constructions on
coastal slopes, triggers collapses and landslips.
Consequently, the valuable resort territories are lost. Severe
problems are observed on the Black Sea coast between the
cities of Tuapse and Sochi and also on the high coast of
Tamansk peninsula. In the settlement area of Lazarevskoe,
the coast has receded by 23 m in 5 years. It was the direct
consequence of quarrying the channel alluvium. Right after
the beginning of seaport construction in Tuapse, the coast
began to degrade. The zone of washout has extended for 12
km at an incision speed of 4 m /year. The landward incision
due to failures and washouts has reached 20 m in places.
The natural equilibrium of coastal slopes seems to be lost
and ancient landslips have reactivated.

Considering the last decade, the chronology of natural
disasters in the Caucasus began in 1995, when a landslip
occurred in Pshad and destroyed 20 apartments buildings at
the Gelendgik resort of Russia. In August 2002, a powerful
tornado hit the Black Sea coast of Russia in the vicinity of
port Novorossiysk, the funnel of which reached 200 m in
diameter and 3000 m in height. More than 100 persons were
killed and 7000 houses were flooded. Near Novorossiysk, a
railway tunnel collapsed and 5 passenger trains were trapped
in. The reason of tornado was a rise in air temperature. As a
result of the storm, a huge volume of water descended to the
river valleys and triggered numerous earth flows, which
destroyed motorways, houses, and communication
structures. In September 2002, the snow-rock avalanche from
the glacier Kolka in Northern Ossetia caused huge ice-water
flows in the river Genaldon in almost 15 km of its stretch.
Hundreds of people were killed and the settlement of Nizhniy
Karmadon was destroyed.

The major task for the researchers of the world community
is the creation of a unified international monitoring system
(consisting of regional divisions) of exogenous geological
processes. Its main tasks should be the following:
• the creation of risk maps of various divisions, such as
mountain areas, sea coasts, and fold belts;
• the creation of prevention and early warning systems
targeted to the local population; and

The activation of landslip processes is connected with
not only natural but also anthropogenic factors. The shelf
and coastal zones are the area of interaction between the
sea and the land, and are characterised by the increased
dynamism of natural processes together with the sensitive
anthropogenic influences pertaining to the active economic

• the development and enforcement of engineering
geological norms for design and construction of various
structures in view of possible hazards due to various
exogenous processes.
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