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Preface

The working group on “Landslide Treatment and Mitigation” was established following the recommendations of the
consultative workshop on “Landslide Inventory, Risk Assessment, and Mitigation” organized by the Department of Soil
Conservation and Watershed Management (DSCWM) from 28-29 September 2015 at Kathmandu. FAO, ICIMOD, IUCN, UNDP,
UNEP, and WWF collaborated in the workshop. The first Coordination Meeting of Partner Organizations held on 14 October
2015 established the working group that Food and Agriculture Organization-Nepal will coordinate.
FAO designated Mr. Keshar Man Sthapit (Former DG of DSCWM) as coordinator. The members include Mr. Gehendra Keshari
Upadhyaya, Dr. Jagannath Joshi, and Mr. Deepak Bhardwaj, DSCWM; Mr. Shanmukhesh Chandra Amatya, Department of
Water Induced Disaster Management; Ms. Laxmi Thagunna, Department of Environment; Ms. Racchya Shah, IUCN Nepal; Mr.
Bhawani Shankar Dongol, WWF Nepal; Mr. Sanjay Devkota, Forum for Energy and Environment Development (FEED); and Mr.
Deo Raj Gurung, ICIMOD. Mr. Purna Chandra Lal Rajbhandari from UNEP was assigned as advisor.
The “Landslide Treatment and Mitigation” working group held its first meeting on December 18, 2015 and second meeting
on January 29, 2016.
The working group prepared this Guideline through a desk review of pertinent literature, guidelines, and relevant
documents on nationally and internationally adopted practices, and through extensive consultation workshops and
meetings with experts and practitioners. Eventually, it finalized the guideline after incorporating comments and suggestions
made by various experts and District Soil Conservation Officers at a national level validation workshop on June 19, 2016.
The terms of reference of the working group are in Annex 1. This Working Group 3 (Landslide treatment and
mitigation) produced this report describing the guideline, including assessment of landslides for urgency of treatment,
recommendations for treatment, landslide mapping, different techniques used, and basic surveying required for designing
techniques. The report also provides a training schedule for building the capacity of field professionals and a format for
documentation of the lessons learned.
The coordinator appreciates the valuable contributions of the members of the working group.

Keshar Man Sthapit
Coordinator
Landslide Treatment and Mitigation Sub-Group
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Acronyms and Abbreviations

DG

Director General

DSCO

District Soil Conservation Office

DSCWM

Department of Soil Conservation and Watershed Management

FAO

Food and Agriculture Organization of the United Nations

FEED

Forum for Energy and Environment Development

GoN

Government of Nepal

GPS

Global Positioning System

Ha

Hectare

MRE

Mountain Risk Engineering

NARMSAP

Natural Resource Management Sector Assistance Programme

ICIMOD

International Centre for Integrated Mountain Development

ILO

International Labour Organisation

IUCN

International Union for Conservation of Nature

UNDP

United Nations Development Program

UNEP

United Nations Environment Program

VDC

Village Development Committee

WWF

World Wildlife Fund
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Chapter

1

Background and Objectives of
Landslide Treatment

Landslide is a general term describing a mass of material
that has slipped downhill under the influence of gravity.
In mountainous terrain, such as Nepal, landslides happen
relatively frequently, especially when the soil is saturated
with water1 as during the heavy monsoon rains.

refers to the vegetative and structural measures applied
in the landslide area and its influential catchment that
aim to reduce soil erosion and mass movement from
landslide and reduce the devastating effects on the areas
downstream and surrounding the landslide.

Landslides cause damage to lives and settlements,
development infrastructures, agricultural fields, and
forests. They occur because of complex forces in
conjunction with the slope morphology, hydrology, and
geotechnical parameters of the material. They occur
when the shear stress exceeds the shear strength of the
material. Other terms to refer to landslide events include
‘mass movements’, ‘slope failures’, ‘slope instability’, and
‘terrain instability’.

1.1. Main Objectives of Landslide
Teatment are to:

The causes of landslides and the problems they create
in the hazard areas determine the types of landslide
treatment and mitigation. Generally, landslide treatment
focuses on the immediately affected areas to fix the sliding
and reduce immediate adverse impacts on the surrounding
area. Mitigation focuses on minimizing the longer-term
occurrence of landslides in a whole watershed.
For example: Immediate or short term measures
includes drainage management, slope stabilization with
engineering structures, such as retaining or toe walls, or
riprap, to address the immediate effects of a landslide.
Medium and long-term measures cover a whole watershed
to improve cultivation practices, and better manage crops,
water, pasture, and watershed vegetation cover through
afforestation.
Therefore, landslide treatment is done every year to
protect property and lives in Nepal. Landslide treatment

•
•
•
•

prevent further movement of slopes by controlling
runoff and erosion
prevent damage upslope and down slope
improve water quality and management
stabilize the landslide area for productive purposes.

1.2. Scope of Landslide Treatment
Landslide treatment stabilizes the landslide and reduces
the adverse impacts upstream and downstream of the
landslide. These activities include managing land and
water resources upstream of the landslide and periphery
area, stabilizing the slope within the landslide, protecting
and improving land use downstream of the landslide, and
protecting the area. It includes bioengineering techniques
to reduce erosion, and water management activities to
dispose water safely and reduce moisture in the landslide
area.
Landslide treatment measures can be categorized into
three general measures:
•
proper land husbandry through land use improvement
practices,
•
managing water through proper drainage
management and maintaining appropriate soil
moisture, and
•
strengthening slope stability through bio engineering
techniques.

1 Soil Conservation Society of America-1982, Resource Conservation Glossary Third edition.
2 DSCWM 1992, Soil Conservation and Watershed Management Activities (Definition, Objective, Scope and Working Strategy). Department
of Soil Conservation and Watershed Management, Kathmandu, Nepal.
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Stream bank stabilization by fascine.
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2

Urgency and Recommendation
for Treatment

An analysis of a landslide, in terms of the urgency to
treat them and recommendations for their treatment, is
essential to better use the resources available. Table 1
gives definitions to create a common understanding of
landslides and the hazards involved.

Of the two concepts, URGENCY, relates to the level
of risk to human assets or natural resources, and
RECOMMENDATION refers to the feasibility of treating a
landslide.

Table 1. Definition of Common Terms

Probability of a landslide event happening at a certain magnitude, described by:
• Triggering mechanism
• Type of landslide event
Landslide hazard3

• Magnitude of landslide event
Triggering mechanisms are generally categorized as:
• Toe cutting, steep slope
• Lack of water management, heavy rain, steep slope
• Cracked rocks, steep slope, earthquake
Most common types of landslides in Nepal and their consequent phenomena are:
• Rock fall: Abrupt movements of rocks that free fall or roll or bounce

Types of landslides

• Debris slides: Down slope movement (sliding) of debris caused by shear failure (rotational)
   on a distinct surface or by sliding shallow debris without a distinct slip surface (translational).
• Debris flow: Rapid down slope movement by vicious fluid debris without a slip surfaces.
• Sedimentation: Deposition of fine sediment washed down by the landslide.
Degree of damage or loss resulting from the landslide event, a function of:
• Magnitude of event, and
• Types of elements at risk

Landslide vulnerability

Element at risk is categorized as:
• Settlements and lives
• Development infrastructure
• Agriculture
• Forests, shrubs or grasslands
Expected degree of losses to the element at risk, because of a landslide event within a given
area and time.

Risk

Risk is a product of the combination of a landslide event, vulnerability, and quantification
(degree) of damage to the elements at risk.
Quantification (degree) of damage to the element at risk may be categorized as high,
moderate, or low.

3 Presentation on “Landslide Risk Assessment” by Xuanmei Fan, Runqiu Huang, and Cees Van Western. May 25, 2016. State Key
Laboratory of Geo-hazards Prevention and Geo-environment Protection, Changdu University of Technology.
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Urgency of treatment
Urgency of treatment is based on:
•
type of landslide event and consequent phenomena,
such as rock fall, sliding debris, debris flow, or
sedimentation
•
probability of another landslide occurrence, whether
high, moderate, or low
•
elements at risk, such as settlements, development
infrastructure, agriculture or forests, and shrub or
grasslands
•
degree of losses (high, moderate or low) to the
element at risk from the landslide event.

Recommendation for treatment
Once the urgency of treatment is determined, it is
important to know whether to recommend the landslide
for treatment.
Recommendation for treatment is based on:
•
element at risk and urgency for treatment due to
potential damage to settlements, development
infrastructure, or to agriculture, forests, shrub, or
grassland
•
major factor triggering or enlarging the landslide,
such as toe cutting on a steep slope; lack of water
management on a steep slope after heavy rain; or
cracked rocks on a steep slope after an earthquake.
The steepness of the slope is a triggering factor.

•

treatability status of the landslide -- the feasibility of
how easily the landslide can be treated based on the
criteria in Table 2.

2.1. Assessment of Urgency and
Recommendation
Steps to assess the urgency of treatment
1. Determine which type of landslide event is prevalent
and the probability of its occurrence.
2. Determine the elements at risk and/or damage
caused to settlements, development infrastructure,
agriculture land, or forests, shrub, and grassland
3. Assess the degree (quantify) of damage to the
element at risk whether high, moderate, or low.
4. Decide the urgency of treatment of the existing
landslide by matching the above information in the
corresponding rows and columns of the evaluation
matrix in Table 3 below.
Steps to determine the recommendation for treatment:
1. Determine the element at risk and potential damage
2. Assess the treatability status using Table 2 below
3. Assess the major factors triggering or enlarging
the landslide, such as toe cutting, lack of water
management and heavy rain, or cracked rocks due to
earthquakes
4. Based on the urgency for treatment from Table 3,
decide upon the recommendation for treatment of the
landslide using the matrix in Table 4.

Table 2. Treatability Status

Treatability Status

Criteria

Easily

Easily treatable with bioengineering measures within two years.
It includes shallow seated landslides on moderate slopes, less than 60%

Moderately

Moderately treatable with some engineering structures and bioengineering measures within five
years
It includes shallow seated landslides on steep slopes, more than 60%

Difficultly

Difficultly treatable with large engineering structures and longer than five years
It includes deep-seated landslides on steep slopes, more than 60%

Note
Shallow seated: Movement of earth mass down to the C horizons (Soil’s Parent materials). This type of landslide is treatable
using bioengineering techniques with reasonable resources and time, when landslides affect settlements and livelihoods
(agriculture, forests, and grazing land). No bedrock is disturbed or moved.
Deep seated: Movement resulted in cracks in the bedrock and bedrock movement. Treatment of such landslides requires
large structures, with reinforced concrete and grouting, using vast resources, and needing a long time. These landslides are
treated when they affect infrastructure of high economic value, such as highways, hydropower, and large settlements.
Remarks: When the recommendation for treatment is low or very low, that is, treatment of the landslide is not
recommended, it does not mean that the situation does not require any action. If the analysis shows that the urgency of
treating the landslide is very high, high, or moderate, the recommended action may be the relocation of the settlement
or infrastructures, or realignment of the road or irrigation canal. The urgency of the treatment determines the level of
relocation or realignment.
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Moderate

High

Symbol:
H: High, M: Moderate, L: Low,
V. High: Very High, V. Low: Very Low

Low

Moderate

High

High

V. High

Moderate

Low

V. High

High

Sedimentation High

Sliding /
Debris flow

High

Low

V. High

High

High

Rock fall

H

Moderate

Moderate

High

Moderate

High

V. High

Moderate

High

V. High

M

L

V. Low

V. Low

Low

Low

Moderate

High

Low

Moderate

Moderate

Settlement and lives

Moderate

Probability
(Chances)
of
occurrence

Type of
landslide
event and
consequent
phenomena

Hazard Type

Element at risk

Moderate

High

High

Moderate

High

V. High

Moderate

High

V. High

H

Agriculture

Moderate

Moderate

High

Low

Moderate

High

Low

Moderate

High

M

V. Low

V. Low

Low

V. Low

Low

Moderate

V. Low

Low

Moderate

L

Low

Moderate

Moderate

Low

Moderate

Moderate

Low

Low

Moderate

H

V. Low

Low

Moderate

V. Low

Low

Moderate

V. Low

V. Low

Low

M

Quantification (Degree) of damage to the element at risk

Development infrastructures

Table 3. Evaluation Matrix for Assessment of Urgency of Treatment Existing Landslide

V. Low

V. Low

Low

V. Low

V. Low

Low

V. Low

V. Low

Low

L

V. Low

Low

Low

V. Low

Low

Moderate

V. Low

Low

Moderate

H

V. Low

V. Low

Low

V. Low

Low

Low

V. Low

V. Low

Low

M

L

V. Low

V. Low

V. Low

V. Low

V. Low

V. Low

V. Low

V. Low

V. Low

Forests/Shrub /Grass lands
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M.R.

N.R.

R

S.R.

R / Land use
change

M.R.

S.R.

R/
Realignment

S.R.

V.S.R.

R

M.R.

N.R.

R

M.R.

V. L.

R

R

N.R.

N.R.

R

N.R.

N.R.

N.R.

M.R. /
Realignment

S.R.

S.R.

M.R. /
Resettlement

S.R.

S.R.

High

Not Relevant

Not Relevant

M.R. /
Realignment

V.S.R.

V.S.R.

S.R. /
Resettlement

V.S.R.

V.S.R.

V. H.

N.R.

V. L.

N.R.

Not Recommended

Not Recommended./
Realignment

R

Not Recommended./
Resettlement

R

Low

M.R. = Moderately recommended

Not Recommended

Not Recommended / Land use change

R

R/
Realignment

M.R.

M.R.

R/
Resettlement

M.R.

M.R.

Mod.

Cracked rocks, Steep slope, Earthquake

V. L. = Very Low

N.R. / Land use change

M.R.

M.R.

N.R./ Realignment

M.R.

S.R.

N.R.

M.R.

S.R.

Low

N.R. = Not recommended/ Land use change to
Permanent vegetation

Not Relevant

Not Relevant

M.R. /
Realignment

V.S.R.

V.S.R.

R/
Resettlement

S.R.

V.S.R.

Mod.

S.R. = Strongly recommended

N.R.

N.R.

N.R.

N.R.

R

R

S.R. /
Realignment

V.S.R.

V.S.R.

M.R. /
Resettlement

V.S.R.

V.S.R.

High

R = Recommended / Land use change to Permanent vegetation

N.R.

N.R.

R

N.R.

M.R.

M.R.

N.R./ Realignment

M.R.

S.R.

S.R. /
Resettlement

V.S.R.

V.S.R.

V. H.

V.S.R. = Very strongly recommended

N.R.

R

M.R.

V. L.

N.R./ Resettlement

M.R.

S.R.

Low

Urgency for treatment

Lack of water management, Heavy rain, Steep slope

Major factors triggering / Enlarging landslide

Mod. = Moderate

Difficultly

R

Moderately

Not Relevant

S.R.

R / Land use
change

Easily

Difficultly

M.R.

Not Relevant

R/
Realignment

Moderately

M.R. /
Realignment

S.R.

V.S.R.

R/
Resettlement

S.R.

V.S.R.

Mod.

S.R.

S.R. /
Realignment

Difficultly

V.S.R.

V.S.R.

M.R. /
Resettlement

V.S.R.

V.S.R.

High

Toe cutting, Steep slope

Easily

V.S.R.

Moderately

S.R. /
Resettlement

Difficultly

V.S.R.

V.S.R.

Moderately

Easily

V.S.R.

V. H.

Easily

Treatability
status

V. H. = Very High

Symbol:

Forests, Grass land and
Rocky area

Agriculture

Development
infrastructures

Settlement

Element at risk

Table 4. Assessment of Recommendation for Treatment
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Landslide Mapping and Surveying to
Identify Key Problems

Designing landslide treatment and mitigation measures
requires field investigations to identify the different
features and the key problems of the landslides.
Information from the landslide inventory and landslide
mapping are the basis for further field investigation of the
different zones of the landslide. See Annex 2 for landslide
mapping tips.
When investigating a landslide, it is divided into zones:
4 Main landslide at the center
4 Upstream zone: Upstream of the main landslide area
where probable cracks developed.
4 Side periphery: Land on either side of main landslide,
which may slide if cracks developed or the surface
deformed.
4 Downstream zone:
Fans: Area at the outlet at the lower end of the
landslide, where course debris deposited.
Sedimentation zone: Further down from the fan,
where fine and medium size particles washed down
and deposited.

3.1. Detailed Mapping of Landslides
Mapping of upstream and side periphery zones of
the landslide: Generally, this zone includes crack zones
and the catch area. Crack zones are usually close to the
scarp of the landslide and very sensitive, demanding
urgent treatment. In this zone, it is essential to seal
cracks, manage drainage, and ensure proper land use for
erosion control. Crack zones are more prominent above
the landslide head than in the periphery. Mapping of the
catch area needs to show the different land uses requiring
different treatments; gullies demanding treatment; water
sources such as springs, irrigation canals, ponds, and
drainage channels; and settlements showing houses.
Mapping downstream of the landslide: While further mapping
the downstream zone of the landslide, map the fan where
course debris from the landslide has deposited and show the
main flow path. Any element in the fan area will be at risk.
Mapping of the sedimentation zone: Further, down on the
fan of debris deposition, is the area with medium and fine

sediment deposition. As the slope lessens, there is further
deposition of washed out soil materials. Map the area
affected by medium and fine sediment deposition showing
the different land uses and infrastructure, including the
houses. Sediment deposition may have adverse effects on
crops and settlements. The degree of the damage depends
on the quantity of sediment, its size, and runoff.
Mapping of the main landslide: Landslides have four
zones -- the crack zone, failure zone, transport zone, and
depositional zone (fan and sedimentation zone). When
mapping a landslide, show the following features on the
map.
4 Hanging rock and earth mass: Falling rock or earth
may endanger life and property down slope. It is
essential to knock off hanging rock or earth masses to
avoid this threat.
4 Cracks or hollow: Any crack within the landslide
indicates that the ground is under tension and still
subject to slope failure. While mapping cracks and
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4

4

4

4

4

4

hollows, assess the width and depth of the cracks.
Wide, deep cracks or hollows show a possible serious
slope failure.
Scarps or cliff: Scarp slopes and cliffs are common in a
landslide close to the rim of the landslide and within
the landslide where localized slips happened.
Benches and terraces: Map where rotational slides
created benches or terraces within the landslide area.
Benches are usually below the scarp / cliff and show
the previous land use.
Irregular surface: Map any irregular or undulating
surface area where water may accumulate and help
to trigger more landslides.
Water features: Map water features such as springs,
potholes, and spring lines, to show water movement
within the landslide. Darker colored soil and plants
(especially water loving plants) point out dampness
and moisture. Whether a spring is perennial
or seasonal needs to be marked on the map.
Depressions or hollows with accumulated water in the
landslide show the seriousness of the slope failure
and slumping.
Drainage line: Map all drainage lines including rills
and gullies and show the portion of the drainage or
gully requiring treatment. Assess the total length of
the rills and the length, width, and slope of the gullies
and drainage requiring treatment.
Rock outcrop: Show any rock outcrop within the

4

4
4

4

landslide because rock outcrops help to assess the
rock type, soil depth, and depth of the slide.
Colluvial slope: Indicate where any colluvial deposits
are within the landslide and assess their average
slope and stone size.
Barren slope: Show any barren slope requiring revegetation.
Toe of the slope: The ‘toe’ supports every slope
and toe protection is essential to stabilize the
slope. Identify the toe line of the slope so it can be
protected from cutting, erosion, sliding, and moisture
saturation. The indicator of the toe of the slope is any
change in the angle of the slope, mostly from steep
to less steep.
Path: Sometimes landslide encompasses the path,
although it might be disturbed by the sliding.
Generally, path line is more stable than other sloping
part within the landslide .

3.2. Landslide Survey
Apart from the landslide mapping, some measurements in
the field are required to specify the distance, profile, plan,
and cross section. How to measure the distance, plan,
profile, and cross section is given in Annex 3.
Although best measured in the field, distance and plan can
be measured using Google Earth. If the plan is prepared
in Google Earth, the area for different treatments to be
applied can be estimated using http://www.earthpoint.us.

Cross Section

Plan
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For structural measurements (diversion canals, check
dams, or retaining walls), it is most appropriate to do
field measurements using measuring tapes and surveying
equipment, such as clinometers, clino-compass, level,
theodolite, Global Positioning System (GPS), etc.

3.3. Problem Identification
Measures to treat and mitigate landslides need to analyze
the cause triggering the problem. All earth material has
an angle of repose. However, when the slope angle of
an earth mass becomes greater than angle of repose, the
slope fails and the material moves downslope.

}

Excess weight
The construction of infrastructure, such as
buildings, roads, heavy retaining walls, etc. may
add weight beyond what the slope can support,
resulting in slope failure.
l
Growth of big trees on the slope can add weight
that eventually triggers slope failure.
l
Addition of water in the earth mass adds weight,
resulting in slope failure.
l

The angle of repose changes depending upon underlying
materials, moisture conditions, and conservation status.
With time, weathering changes the underlying material
from rock to soil, with rain, the moisture increases, and
with different human activities, the conservation status
changes. Therefore, with changes, the slope has to change
to be in a stable position again.
A slope that is stable today may not be stable tomorrow
as factors affecting its angle of repose change. For slope
stabilization, it is necessary to understand the dynamics of
these factors in the slope to design and apply conservation
measures appropriately.

Key problems
Some key problems causing slope failure include:
}
Slope cutting
l
To construct infrastructure, people cut the slope
increasing the angle of the slope to be greater
than its angle of repose. As a result, the slope
fails and earth slips downslope.
l
Rivers and streams erode their banks at the toe of
the slope increasing its angle to be greater than
the angle of repose. Consequently, the slope fails.
}
Over saturation
l
Rain adds the water to the slope, saturating the
earth mass and decreasing the cohesion of slope
materials. The result can be a slope failure.
l
Pore water pressure in the slope increases with
the addition of moisture, which can create
downward pressures causing slope failure.
l
Mismanagement of drainage: In the process of
building infrastructure -- roads, irrigation, ponds
and reservoirs, etc. -- the natural drainage may
not tolerate adding more water or moisture in
certain places, resulting in slope failure.
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Stabilization of landslide by wattling.
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Treatment and Mitigation
Measures for Landslides

Various different measures for landslide treatment
depend on the features identified or mapped that are
causing problems. The following are specific techniques
for addressing various problems in landslides and general
recommendations for treating the various zones of
landslides.

d)

4.1. Landslide Treatment Techniques4

f)

Different techniques can address the various problems in
the landslides. Measures and techniques appropriate for
addressing different problems of the landslide treatment
are as follows:
a) Land use improvement: Techniques include
conservation plantation, grass plantation, on-farm
conservation, agro-forestry, safe water drainage, and
runoff harvesting ponds or dams in the catchment.
b) Drainage management: To prevent runoff from
flowing into landslides and to drain the excess water
from landslides, drainage management is essential.
Drainage management may be surface and subsurface drainage management.
l
Surface drainage management: Techniques
applied include construction of diversion
waterways, sealing of tension cracks so that
rainwater cannot get inside and build up porewater pressure, rip-rap (stone or vegetative or
combined) of the waterways. These techniques
are appropriate for controlling shallow slides.
l
Sub-surface drainage management: Techniques
applied include sub-surface drainage trenches
filled with gravel, perforated drainage pipes
(vertical and horizontal), which are appropriate
for reducing pore-water pressure along failure
planes.
l
Conservation ponds to store and divert excess
run-off.
c) Surface erosion control: Techniques applied include
grass or tree sapling planting, jute netting, mulching,
wattling, and brush layering

e)

g)

h)

i)

Erosion control in rills: Techniques applied include
fascine, contour grass planting, rip-rap, and palisade
(wide rills).
Erosion control in gullies: Techniques applied include
palisade (small gullies), and check dams made of
brushwood, stone, boulders, gabions, masonry, or
concrete.
Slope failure due to slope cutting or steep slope:
Techniques applied include crib walls of bamboo, poles,
or concrete), retaining or toe walls of stone, gabion,
masonry, or concrete. Anchoring may be used in a deepseated landslide to bolt the rock bed but this is not easy
and is generally not used unless the landslide affects
national structure, such as hydropower or a highway.
Slope failure due to heavy load on slope upstream
of landslide: Techniques applied include excavation to
remove rock and soil from the head of a landslide to
reduce the driving force, and filling rock at the toe of
the landslide to increase resistance against movement.
Slope failure due to toe cutting by stream / river:
Techniques applied include revetment, spurs, or a riprap toe wall to prevent cutting by the stream or river.
Protection of the landslide area from biotic
interference: Generally used soil conservation
techniques in landslide treatment are described in
Annex 4. Different species are used in the applying
conservation techniques. List of local names and their
botanical names and vice versa of commonly used
species are given in Annex 5.

4.2. Treatments for Specific Zones of
the Landslide
The following are specific techniques and measure for
treating the various zones of landslides.

4.2.1. Upstream and Side Periphery Zones of
the Landslide
This includes the crack zone above the landslide and the
catch area.

4 DSCWM 2004, Soil Conservation and Watershed Management Measures and Low Cost Techniques. Soil Conservation and Watershed
Management Component (SCWMC), Natural Resource Management Sector Assistance Programme (NARMSAP), Department of Soil
Conservation and Watershed Management (DSCWM), Babar Mahal.
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Crack zone
Crack sealing: Runoff water entering cracks saturates
the land mass, reducing its cohesion as the pore water
pressure increases and makes the slope more subject to
failure. The runoff water entering the land mass through
cracks is more serious than surface runoff. Therefore, a
prime treatment in the crack zone is sealing cracks with
any available material, but preferably clay soil.
Water management: Diverting surface runoff from
the crack area close to the landslide is very tricky and
sensitive. A crack area is prone to movement when it
becomes wet, so construction of a diversion channel
may create more hazard than good if cracks develop in
the channel and the diverted water enters the landslide
through the cracks. Any depression where water
accumulates in a crack zone needs to be filled or reshaped
to drain surface runoff and stabilize the slope.
Load management: In the crack zone, any heavy load may
lead slope failure. It could be advantageous to remove
any heavy structure, such as a house, retaining wall, or big
trees. In the crack zone, it is best to grow grass, shrubs,
and bushes.
Cultivation in the crack zone close to the rim of the
landslide should not be allowed. However, when the crack
zone has expanded well above the rim of the landslide, it
is difficult to prevent people from cultivating crops there.
To avoid adverse impacts in such cases, it is important
to promote safe disposal of runoff, improved cultivation,
crop management, proper pasture management, and
afforestation on the barren and degraded slope.
Rills and gullies need to be treated with bioengineering
techniques, such as fascines, palisades, brush layering,
brushwood check dams, wattling, loose stone check dams,
vegetative rip-rap, and grass planting.

4.2.2. Downstream Zone of Landslide
Downstream Zones of landslides have two main parts.
The fan of course debris at the base of the landslide and
the sedimentation area further down with medium to fine
sediment flow.
Fan (of course debris): Below the main landside, course
debris will have deposited in the fan. Any mass movement
in the landslide will endanger everything in this area so
it is a high-risk zone. Generally, a stream or river will be
flowing at the end of the fan. If the stream or river is
cutting the toe of the fan, the primary treatment will be
protecting the toe of the fan.

12
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Contour bunding with large stones (preferably boulders)
and leveling of the land behind the bunding (in another
word, terracing) could be an appropriate treatment. Where
there is a debris flow, contour bunding will dissipate the
energy of the debris flow to avoid damage downstream.
It is also beneficial to do contour planting of grass, shrubs,
and trees so that the vegetation will reduce the movement
of the sediment flow downstream through the fan.
Toe protection: If a stream is eroding the toe of the fan,
it is important to construct a protection wall to stop the
stream from eroding the end of the fan. This will help
stabilize the fan and the slope above it in the landslide.
To help protect the fan from erosion, other structures may
need to be constructed such as retaining walls, toe walls,
embankments, and spurs.
Protect fan from cutting or erosion: Terrace building and
vegetation growth in the fan will protect it from erosion
and reduce any further movement of debris. In cases
where a road passes through the fan of a landslide, the
removal of materials falling onto the road is almost like
toe cutting the fan slope, which makes the fan unstable.
Roads at top of debris fan: It would be most appropriate
to run the road at the top of the debris deposition in the
fan rather than clearing the debris to cut through the
middle of the fan. This increases the road slope, but the
increase in the depth of deposition in the fan supports
the upslope of the landslide. If the landslide is active, any
treatment in this area may be subject to damage. If there
is a prominent channel in the fan, it is best to maintain the
channel, so that water and sediment flow are confined to
the channel, reducing damage to the fan.
Sedimentation zone (Deposition zone of medium and
fine sediment): Generally, a landslide will carry medium
and fine sediment further down from a fan to deposit it on
the gentle slope area below. A sedimentation zone is more
prominent if there is no stream or river flowing at the end
of the fan. If there is a stream or river originated from
other catch area flowing at the end of the fan, it will be
difficult to delineate the sedimentation area clearly.
Treatment measures: The conservation measures to
protect the area and treat the landslide will be to trap
sediment in the fan, establish a buffer strip across the
sedimentation area, and safely channelize the flow from
the fan into a major river. The most appropriate treatment
would be channelization of the flow with a protection
wall, revetment, and spurs, and rehabilitation of reclaimed
land by planting of grass, shrubs and trees, and on-farm
improvement behind the protection wall. Rehabilitate
agricultural land by removing the debris (rocks, stones,

pebbles, gravel, etc.), digging and bringing the buried soil
to spread on top, and adding good sediments (silt, clay,
organic matter) from outside the area.

}

4.2.3. Catchment Area
Land use improvement: The catchment area above the
crack zone generally requires proper land use and safe
disposal of runoff water. Conservation techniques to apply
in the catchment area include plantation of trees and
grass, on-farm conservation, and a safe drainage network.
Therefore, the catchment area needs to be mapped
specifying different land uses that demand different
treatments; gullies demanding treatment; water sources
such as springs, irrigation canals, ponds, and drainage
channels; and settlements showing houses.
Improved cultivation includes planting of trees and grass
on waste areas between the farmlands, protecting from
raiser failure by planting grass or building stonewalls,
leveling of sloping agricultural land, and improving the
drainage network in the farmland.
Crop management includes changing from crops requiring
too much moisture to crops requiring less moisture. For
example, changing from wetland paddy to the system
of rice intensification (SRI), wheat, millet, or maize, and
changing from seasonal cereal crops to more perennial
crops, such as fruit trees or agro-forestry orchards.
Rills and gullies need treatment with bioengineering
techniques such as fascines, palisades, brush layering,
brushwood check dams, wattling, loose stone check dams,
vegetative rip-rap, and grass planting.
Drainage management: The safe disposal of water from
the catchment area that enters the landslide plays a key
role in landslide treatment. The key measures to divert
water from entering to the landslide are construction of a
drainage network and a diversion canal in the catchment
area to divert water away from the landslide area. A
conservation pond and a series of water holding trenches
could help manage water in the catchment area so long as
they are not close to the landslide.

Practical considerations for drainage and waterways
improvement
}

}

}

Always design drainage systems to run along natural
drainage lines
Never use contour drains because they can block very
easily and are susceptible to subsidence. A blocked or
cracked drain can create terrible damage because of
concentrated water flow in the landslide.
Design and construct drains in such a way that water

}

}

can enter easily from the higher side into the canal
but not seep out of the canal from the lower side.
Diversion waterways must be well above the
crack zones. Waterways must be wide enough to
accommodate the maximum runoff and be earthen or
lined, depending on the site condition.
Precautions must be taken to dispose the diverted
runoff safely in the stable natural drainage system so
that no new gully or landslide is created.
Regular cleaning of drainage and prevention of
leakage in the diversion channel is essential for safe
disposal of water.

4.2.4. Main Landslide
Treatment of the main landslide depends on its different
features and the most feasible treatment for each feature.
However, it is important to note that suggested treatments
must not be adapted blindly without considering the
overall situation of the landslide. This is also not an
exhaustive list of suggested treatments.
Hanging rocks and earth mass: Knock down all possible
hanging rocks and earth mass as a first step. This will avoid
the risk to life and property from falling rock and earth
masses.
Cracks and hollows: Seal all cracks as soon as possible to
prevent runoff water from entering into the earth mass,
which results in greater risk of mass movement.
Scarp and cliff: Stability of the scarp slope depends on
the composition of the material. If the scarp slope seems
stable, keep it as it is. If the scarp slope is not stable,
reshape it to 35 to 45º. Hold the debris from reshaping the
scarp slope by constructing a contour bund or wall at the
foot of the scarp slope. One concern is if the heavy load
of a bund or wall will enlarge the landslide. Stabilize the
reshaped slope using wattling, vegetative riprap, brush
layering, grass seeding, or planting grass slips and tree
saplings.
Benches and terraces: Do not disturb a bench unless
there is a depression holding water. If so, the fill the
depression with debris and plant the surface with grass
and bush. Construction of conservation structures such as
contour bunding and catch wall in the benches could be
considered if appropriate.
Irregular surfaces: Irregular or undulating surface areas need
to be smoothed so that no water is accumulates on them.
Water features: Springs, potholes (depressions including
ponds), and seepage lines are major water features in a
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landslide other than the drainage line. Water management
is the key activity in landslide treatment.
}

}
}

}

Spring: Collect water from the spring and drain it
through the drainage network as soon as possible.
Draining spring water through inclined perforated
pipes under the surface may help in the management
of spring water.
Pothole: Fill potholes (depressions) holding water.
Seepage line: The seepage line is the weakest part
of the landslide and shows the toe line for the slope
above. It is essential to construct a toe wall to drain
water from the seepage line. It may help to drain
the water from the seepage line through inclined
perforated pipes under the surface.
Drainage line: The safe disposal of runoff water
is a key activity in landslide treatment. Some
recommended activities for drainage protection are
vegetative stone pitching of the drainage line and
construction of a series of low height check dams.
If the drainage slope is steep, a structure with step
drops is appropriate for the safe disposal of runoff. In
an area with big runoff, a cement or concrete lined
channel or drop structures may be required.

Path: Improvement of the path will help the activities
carried out for landslide treatment.

4.3. Practical Considerations5 and
Approaches
Landslide treatment is a complex activity because each
landslide is different from all others. Different site-specific
techniques are based on the problem analysis. Landslide
treatment has the most successful results when the
recommended techniques are implemented as a package.
This package may be expensive so if the resources are not
available to implement all the recommended techniques as a
package, it is advisable to implement the activities in phases.
It may also be necessary to implement the techniques over
several years, rather than as a one-time activity. The landslide
situation may also change over time, so the techniques and
measures may need to be changed. Therefore, landslide
treatment needs to be viewed as a dynamic process.

Colluvial slope: Stabilize the colluvial slope with contour
bunding, contour leveling with appropriate spacing, and
growing vegetation.

Expensive structures should not be used to treat geological
(natural) landslides unless and until they affect habitation
or infrastructure (e.g. roads and hydropower projects).

Barren slope: Protect barren slopes from surface erosion
by diagonal grass planting, jute netting/mulching, and
planting seedlings and cuttings. Stabilize slopes with
retaining walls, contour bolsters, contour stone bunding,
bush layering, wattling, and vegetative riprap.

4.3.1. Landslide Treatment Approach and
Working Season

The moisture concentration in a slope can be managed
by laying stone filled sub-surface drainage in a with
herringbone pattern. Rills and gullies in the barren slopes
can be treated with bioengineering techniques, such as
fascines, palisade, brush layering, brushwood check dams,
wattling, loose stone check dams, vegetative rip-rap, and
grass planting.

5

14

Toe of the slope: Each slope has its own toe usually seen
where the slope changes from steep to less steep. Protect
the toe by constructing a toe wall, vegetative pitching the
toe area, and draining moisture from the toe line.

Community involvement is integral to successful landslide
treatment, which should include with the protection of
settlements including educational centres, initiatives to
reinstate livelihoods, water resource infrastructures such as
irrigation and drinking water source, and agriculture land.
}
Any time when workers are available or during
farmers’ slack season for structural works. However,
the rainy season is risky for the construction of
structures.
}
During the dry dormant season if the site is moist.
Vegetative work should be done just before the
monsoon for the best results.

DSCWM 2004, Soil Conservation and Watershed Management Measures and Low Cost Techniques. Soil Conservation and Watershed
Management Component (SCWMC), Natural Resource Management Sector Assistance Programme (NARMSAP), Department of Soil
Conservation and Watershed Management (DSCWM), Babar Mahal.
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Capacity Building and Lesson
Learned Documentation

Several government organizations and NGOs are working
with the Department of Soil Conservation and Watershed
Management on landslide treatment and mitigation
activities. After the earthquake of April 25, 2015, the need
for landslide treatment has increased greatly in Nepal. The
need is enormous compared to the monetary and human
resources available. There is a serious lack of technical
skills in landslide treatment and mitigation among the
available human resources. Therefore, it is essential to
build the capacity of field professionals in survey, design,

and implementation of the landslide treatment and
mitigation activities.
Annex 6 gives a proposed training module and schedule
for capacity building on landslide treatment. Annex 7 gives
a proposed format for the documentation of lesson learned
from the implementation of the landslide treatment
activities. Landslide treatment measures are site specific so
there is a need for continuous upgrading of technologies,
knowledge, and skill in landslide treatment and mitigation.
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Broom grass plantation to stabilize slope.
© Keshar Man Sthapit
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Annexes

Annex 1. Terms of Reference: Sub-group 3. Landslide Treatment and Mitigation
Background:
The consultative workshop recognized the need for close
coupling of treatment work with inventory and hazard
zonation. This should facilitate categorization of landslides
that require mitigation. This should come from the national
landslide inventory and local hazard assessment. It was
felt that priorities should be given both at the community
level as well as for large infrastructures. A strong coupling
of mechanical, biological, and ecosystem based strategies
is suggested. The landslide stabilization should focus on
reinforcing livelihood and food security based on the available
ecosystem services. A formal coordination agency to take
the lead role with operational support from public, private,
civil society and community is also pointed out. Community
participation, Proper land use planning, Establishment of an
early warning system at the local level, Awareness raising,
Capacity building are considered as enabling elements and be
integrated as part of the total project cycle.

}

Scope of work:
}

}

Objective of the assignment:
The broader objective of this task is to come up with
methodology (sequential steps) to be followed in applying
landslide treatment and mitigation measures that will be
most appropriate to Nepalese context and can be uniformly
used by different agencies and experts as per their needs.

}

The specific objectives are:
}

}

}

6

Explore and evaluate the methodologies and tools
used for landslide treatment and mitigation in Nepal
and other countries.
Based on experience and available document
recommend guidelines (sequential steps) for
pragmatic methods in applying landslide treatment
and mitigation measures.6
Recommend the required survey, design and practical
considerations/ materials required / format for
estimation and conditions to use the methods and
guidelines.

Recommend the best approach for the execution of
the landslide treatment and mitigation to Nepalese
context.

}

}

Collect and review all the related documents,
information, guidelines, methodologies, initiatives,
and tools on the landslide treatment and mitigation
measures.
In line with the workshop’s resolution, the sub-group
should prepare methodology / guidelines considering
the following points:
o Local: It should directly involve the local
communities with the possibility of maximum
use of local materials.
o Simple and easy to use: the method should be
relatively simple having not complex design
consideration, structural parts.
o Guidelines should stress complete treatment of
the landslide using bio engineering techniques
(integration of vegetative techniques with small
scale engineering structure) suitable to the
ecosystem. The sub-group should list the best
suitable species and their characteristics to be
used in the context of Nepal.
Prepare guidelines with clear methodology for survey,
design, estimation, and costing of landslide treatment
and mitigation measures.
The sub-group should work on the software part
(training) about the information of landslide risk, its
prevention and safer activities to avoid landslides.
DSCWM, DSCO will be helping on the field testing,
assessment of the structural components.

Methodology:
This working group has liberty to use varieties of widely
accepted and scientific methods and tools to accomplish
the given task. Team should first assess the different

Testing of the methodology and documentation of the lesson learned in the implementation will be responsibility of the implementing
organizations. However, the sub group will prepare format for documentation so that the leaning could be used to update the guideline.
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guidelines/methods used on the subject matter and keep
themselves informed of the relevant studies and workouts
available regarding the job.

other related agencies as per decision of the partners’
meeting.

Deliverables:
Supervision and coordination:
The Sub-group will closely work with and report to the
main working group and/ or liaison person assigned.
Overall technical advice will be provided by the
consortium of the partner organizations or DSCWM and

20

Electronic copies of tools and methodology of landslide
treatment and mitigation should be submitted to
the coordinator of the working group in report form.
Particularly, the sub-group should produce and support for
the following deliverables.

S.No.

Deliverables

1

Field assessment guideline for landslide treatment and mitigation

2

Survey, design, and implementation guidelines for different techniques to be applied in the landslide treatment
and mitigation.

3

List of reference materials

4

Training framework to enable the practitioners to apply the guideline and techniques.

5

Framework for documentation of lesson learned of the different techniques.
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Annex 2. Mapping Steps (Modified after NARMSAP/DSCWM, 20047 and 20058)
Steps in a suggested procedure

Draw, Measure or describe

Step 1

Draw, describe, measure

Prepare map of about 1:1000 – 5000 scale (Depending upon the size to the
landslide)
If it is not possible to prepare such a map, make a sketch map (sketch the site
from a good observation point most preferably in A4 size paper) or use Google
image (wherever possible):
Observe and record physical condition
• Note the exact location of landslide so that other people can easily locate
the site with the help of the note if necessary,
• Mark landslide boundary
• Indicate the presence of an old landslide if any,
• Indicate the features like road, streams, springs, canal (irrigation canals or
drainage structures), that may either have caused it in the first place, or they
may be contributing to future failure.
• Indicate catchment area including major land use types requiring treatment,
• Indicate houses, roads, or other structures in close proximity
• Landmarks on the site, such as prominent trees, etc.

Step 2

Geomorphic situation

Draw, describe

Look at the general locality and situation of the site:
• Record in which part of the slope the landslide has originated from i.e.
upper part (upper concave part) of the slope, middle part or lower part
(convex) of the slope.
• Note if it is in a part of the landscape where instability would be expected
Step 3

Landslide zoning

Draw

• Mark
   • Crack zone outside the main landslide area (look and mark cracked area
    on the top and around sides of the landslide)
  • Scarp zone
  • Transportation zone
   • Deposition zone i.e. fan and sedimentation zone
Step 4

Mapping of main landslide
• Indicate hanging rock or earth mass to be knocked down before
   implementing any conservation measures
• Indicate main scarp mostly found around the rim of the landslide
• Indicate individual scarp and measure its slope and length and width
• Mark any less steep benches and measure the length, width, and slope
• Mark and measure any back tilted slope, where water may collect
• Mark path passing through the landslide
• Mark any rock outcrop

7 DSCWM 2004, Soil Conservation and Watershed Management Measures and Low Cost Techniques. Soil Conservation and Watershed
Management Component (SCWMC), Natural Resource Management Sector Assistance Programme (NARMSAP), Department of Soil
Conservation and Watershed Management (DSCWM), Babar Mahal.
8 DSCWM, 2005. Training handout on Bioengineering and Survey, Design and Estimation of Soil Conservation Activities- SCWMC, NARMSAP,
DSCWM, Kathmandu, Nepal.
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Steps in a suggested procedure

Draw, Measure or describe

Step 5

Draw

Mark and measure the surface water body and drainage
• Mark and measure surface drainage pathways (springs, canals) that may
   require diverting away from the landslide
• Mark and measure drainage network (stream, rills and gullies) that may
   require conservation measures for safe disposal or protection
• Mark and measure any seepage line, spring, swamp, pot holes that may
   need to be drained
• Irrigation canals or drainage structures, especially masonry drainage
   ditches.

Step 6

Mapping of depositional zone
• Map the fan
   • Mark the boundary of the fan
   • Indicate the drainage lines in the fan
   • Assess the materials types (Alluvium, Colluvium)
   • Measure the average slope, dimension (Length and width) and stone size
   • Assess broadly the wetness category (Moist, Wet or Dry)
• Map the sedimentation zone
• Assess the material type (Fine, medium or course)
• Measure the average slope and dimension of sedimentation zone
• Indicate the land use type

Step 7

Slope material examinations (Slope forming material and debris)

Draw, describe

• Colluvial slope: Slope of material moved downhill mainly by gravitational
   force and deposited lower on the slope. The materials are angular
   fragments and alluvial in parts. Assess the average slope, dimension, and
   stone size in the colluvial deposition.
• Barren slopes: Any slope in the landslide devoid of vegetation. Assess the
   average slope and dimensions.
• Assess the wetness of the slopes (Moist, wet and dry).
Step 8

Rock: Look the bed rock surface wherever exposed

Draw

• Note the uniformity or layering (bedding) of the rock units:
• Mark alternating hard and soft rocks if any
• Assess hardness of the rocks (weathering): Soft and Hard rock
• Note degree of fracturing of rock, especially any open fracture
• Note the orientation of the rock fracture
• Note any signs of water movement along fractures
Step 9

Prepare profile and cross section
• Sketch a slope profile of the landslide from top to bottom.
• Measure the slope of different zones and places where treatment is
required
• If slope measurement is not possible, make an ocular estimate. Angles may
not be actual, but should indicate relative steepness.
• Survey the longitudinal profile and cross section of the landslide area,
where the check dams, retaining wall and toe wall, etc. that need to be
installed.
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Draw, measure

Steps in a suggested procedure

Draw, Measure or describe

Step 10

Record history and life progression of landslide

Describe, draw

Step 11

Identify causes and mechanisms of landslide

Describe, draw

• Mark problems of toe cutting
Step 12

Assess and design landslide treatment activities

Describe

Remarks:
}

}
}

Trees leaning in different directions often indicate a
slow creep of surface materials down slope without
imminent slope failure.
Fresh debris indicates a landslide upslope.
Most landslides enlarge with time. Generally, the area

}

studied should be 2 – 3 times wider and longer than
the landslide area.
Analyze geology, topography, drainage, and other
natural and man-made elements to understand the
processes of the landslide to design optimal measures
to treat the landslide.
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Annex 3. Basic Surveying
1. Introduction to surveying
Surveying is the art of making measurements (of the
relative positions) of natural and man-made features on
the earth’s surface for presentation either graphically
or digitally. Basically surveying consists of linear
measurement of horizontal distances, bearings indicating
direction of the measurement with north, and elevation
of the measured points corresponding to sea level as a
reference. Basics of surveying are as follows:

a. Linear measurement
Linear measurement is measuring the distance between
two points and expressed in the horizontal distance. If the
measurement is carried out in the slope the measured
distance in the slope need to be converted into horizontal
distance.

Benchmark is a surveyor’s mark on a permanent object
of predetermined position and elevation used as a
reference point. In surveying with bearing and distance
measurements, objects and points are located with respect
to bench marks in a horizontal plane.

Fore and back bearing
The bearing of a line differs accordingly whether the
observation is made from one end of the line or from
the other. If the bearing of a line AB is measured from A
towards B, it is forward bearing or fore Bearing (F.B.). If
the bearing of the line AB is measured from B towards A, it
is known as backward bearing or Back Bearing (B.B.), since
it is measured in backward direction.
Back bearing of line AB is fore bearing of line BA that is
equal to 180° + AB. Similarly, the back bearing of line CD is

SL
H
A

Horizontal Ground

A
Ө
HS

B

B

Horizontal Distance Measured in Sloping ground, HS = SL * Cos Ө

b. Bearing
Bearing of a line is measured with magnetic north (or with
south) in clockwise direction. The value of the bearing thus
ranges from 00 to 3600. A prismatic compass is graduated
in this system.
Bearing and distance allow us to locate the point with
respect to a benchmark.
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fore bearing of line DC that is equal to CD –180°. Thus, in
general, it can be stated that B.B. = F.B. ± 180°, using plus
sign when F.B. is less than 1800 and minus sign when F. B.
is greater than 180°.

c. Elevation

Note the slope in percent and measure the horizontal
distance with a tape. While measuring the distance,
keep the tape horizontal. If the distance is too long
or the elevation difference is too high for any person
to hold horizontally, either measure the horizontal
distance in steps or measure the sloping distance and
later convert into horizontal distance for plotting. Also,
measure the bearing, preferably magnetic bearing.
Cross section: A section formed by a plane cutting
through an object, usually at right angles to an axis.
Cross section is a dimension measured generally
perpendicular to profile.

For many purposes, location of the object or point is
required with respect to elevation. For which measurement
in distance, bearing, and elevation is required.
Generally, surveying is done to know the distance, bearing
and elevation of an object or point.
d.

2. Survey information
When designing soil conservation and watershed
management activities, one needs to know distance, plan,
profile, cross section, and area.
a. Distance: Linear measurement between two points
expressed in horizontal distance.
b. Plan: Map indicating different points and objects in
the horizontal plane.
c. Profile: A vertical section of the Earth’s crust showing
the different horizons or layers. It is a map or drawing
showing the horizontal distance and elevation of
different objects / points.
Field measurement for profile leveling (with
Abney’s level or clinometer and measuring tape) Take two rods or sticks of the eye height. From the
upper selected site target a clinometer on the top of
the rod at the first site and read the slope in percent
holding the clinometer at the tip of the rod upstream.

E
R1
o
Point

R
Ta
H o
p
P 1 d
e

Ta
H
P p
’2
2 e

How to measure?
To measure the cross- section, stretch a measuring
rope at right angles to the main line of section at a
height of more than 5 meters depending upon the
condition of the site. Then, with a measuring rod start
from one end, to measure the depth of the gully bed
considering the rope as base line and distance from
one end as starting point. The distances are measured
left and right from the center peg. The readings are
entered in tabular form in Table with solved example.
Plotting of the depth and distance will give the cross
sectional profile. Always, it is important to start the
measurements from one side for all sections.

R
o
d

R
o P
d 3

Ta
pH
e”2

E
2

P1 to P2

P2 to P3

Horizontal Distance

H1

H2 = H’2 + H”2

Slope in %

S1

S2

Magnetic Bearing

B1

B2

Elevation Diff.

E1

E2

P3 to P4
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Annex 4. Landslide Treatment Techniques9
Landslide treatment and mitigation uses several
different conservation techniques that may be broadly
categorized into vegetative and structural techniques.
Vegetative techniques include: grass planting, mulching,

bamboo planting, buffer strips, conservation plantation,
fascine, palisade, brush layering, and wattling. Structural
techniques include rip-rap, waterways, bolster, retaining
wall, check dam, and conservation pond.

9 Source: Modified from DSCWM 2004, Soil Conservation and Watershed Management Measures and Low Cost Techniques. Soil
Conservation and Watershed Management Component (SCWMC), Natural Resource Management Sector Assistance Programme
(NARMSAP), Department of Soil Conservation and Watershed Management (DSCWM), Babar Mahal.
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Can develop rills down the slopes due to
runoff.

Thysanolaena maxima, Eulaliopsis binata, Neyraudia reynaudiana, Saccharum
spontaneum, Themeda species, Cymbopogon microtheca, Vetiveria lawsoni,
Arundo clonax, Pennisatum purpureum, Himalayacalamus hookerianus, Arunduella
nepalensis, Neyraudia arundinacea, Drepanostachyum intermedium, Vetiver,
Cynodon dactylon, etc.

Grass plants (clump,
rhizome, cutting)

50 cm

Slope < 30   : 100 cm
Slope 30 – 45 : 50 cm
Slope > 45   : 30 cm

50 cm

Diagonal

• Protect area from the fire
• Ensure that the roots have not tangled or have curved back to
the surface.
• Take care to avoid leaving air pocket by the roots during
planting.

• Involves protection, weeding, and cutting for new growth.
• Regularly trim the grass planted on riser to prevent
them from shading and spreading on farmland.

Diagonal

Can develop small rills down the slopes on weak material.

Combines the best features of both contour and vertical.
Produces forage.

Short planting bars
Line string / Tape measure (30 meters)
A means of transporting plants to site
Hessian and water to keep the planting stock moist
until planting

• During the dormant season if the site is moist.
• Just before monsoon if the site is dry (May - June)

Planting period

•
•
•
•

Tools

• Almost any slopes less than 65. Mostly well drained soils where increase in infiltration is unlikely to
cause problems.
• Riser / rim of the cultivated fields.

Scope (Site for application)

On agriculture land, find a compromise between ease of cultivation and reduction of soil and water movement.
A vertical interval of 2 meters or more is generally adequate.

Vertical

Contour

Row spacing

Row Spacing: Depends largely on the steepness of the slope

Spacing: Within rows: 10 cm apart except padang, amliso and tite nigalo bans, which should be spaced 30-50 cm

Species

Materials

Precautions

References: DOR, 1999. FAO and IIRR, 1995, DSCWM 2004.

Vertical
Channelizes runoff and less infiltration.
Produces forage.

• Prepare the site well in advance for planting. Fill the depressions and clear protrusions. Smooth the surface so that there is nowhere for erosion to start. If the site is
backfill material, it should be thoroughly compacted, preferably when wet.
• Always start planting grass at the top of the slope and work downwards.
• Mark the lines with strings where grass is to be planted. Ensure that the lines follow the contour or desired angle (Vertical or diagonal).
• Split the grass slips to maximize the amount of planting material. Trim off long roots and cut the shoots at about 10 cm above ground level. Wrap the slips with damp
hessian to keep them moist until they are planted. Remember that you will need two slips per drill (planting hole) if the grass is a fibrous rooting type (e.g. babiyo,
kans, khar, phurke, etc.) but only one if it is rhizomatous (e.g. amliso, padang bans, etc.) and only one stem cutting (rooted) or seedling.
• With a planting bar, make a hole just big enough for the roots/rhizomes/cuttings. Place the grass into the hole. Fill the soil in around them, press the soil gently with
your fingers.
• If compost or manure is available, scatter a few handfuls around the grasses. This is especially important on very stony sites, where compost or manure can help to
improve early growth. You may have to incorporate compost into the surface material to prevent it being washed off.
• If it looks rather dry and there is no prospect of rain for a day or two, consider watering the plants by hand.

Maintenance

•

Planting steps

Can trigger liquefaction due to
increase in infiltration.s

Disadvantage
Some species may spread as weed.

Contour
Increases infiltration and catches soil
material. Produces forage.

• Armor (Protects surface from raindrops by providing ground cover).
• Improve infiltration thus reducing runoff.
• Catch soil material and reinforce slopes.

Advantage

• Labor intensive.
• Only good for shallow small landslips.
• Some species may spread as weed.

Function

Sketch

Type

Limitation

What is it? Planting of grass (seed, clump, rhizome, cuttings). Planted in contour, vertical or diagonal

Title: GRASS PLANTING
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• Spreading Rake

• Mulching material: Plant residues (straw, stack, husk, and stubble),
leaf litters, sawdust/ash, weeds etc.

References: DOR, 1999. FAO and IIRR, 1995. Rongsen, Lu, 1994., DSCWM 2004.

• Don’t use plant parts carrying seeds (as this may
become a weeding problem)
Prevent from fire or wind and control rodents.

• Spread out the mulch if it accumulated in
places.

• Mulching before the monsoon to protect soil and seeds from water erosion

Slope > 30 Æcover mulch with wide mesh jute
netting (150*500 mm mesh) to hold mulch.

• Harsh areas (Red soil, Dry and frost prone area)
• Up to 45 Æ slopes and well drained soils
• Nursery

Scope (Site for application)

Construction period

Specification

• Sickle

• Doko (Bamboo basket)

Tools

Materials

Prepare the land
Collect and chop mulch materials
Sow the grass seeds then spread the mulch to cover the entire surface.
If the slope is moderate to steep or the area has prevailing winds, mulch needs to be protected from blowing. Protect the mulch
either with
wide mesh jute net as shown in the picture at top or tied together with sticks as shown in middle picture.
• In using Plastic Film (PF), after spreading plastic sheet, press the edges with wet soil at least 10 cm, (to prevent from being blown
off by the wind)

•
•
•
•

Precautions

Non mulch area

• Labor demanding during collection
• May increase insects (termite) and pests (rodent)
• Risk of fire out break

• Organic mulch increases organic matter, microbial activity,
moisture in soil, thus increases production.
• Helps seed germination.
Mulching steps

Disadvantages

Advantages

Maintenance

•

•

•

•

•

•

mulch area

• Requires huge quantity of mulching material.
• Labor intensive.
Note: Plastic mulch is not considered to be very practical
for slope stabilization.

•
•
•
•

•

Limitation

Function

Sketch
Protects soil from raindrop erosion, heat, frost, and wind.
Reduces evaporation thus conserves moisture.
Armors soil temporarily.
Controls weeds.

What is it? Technique of covering soil surface temporarily in order to maintain soil moisture, protect seeds from washing, and create
favorable conditions for plants to establish.

Title: MULCHING FOR SLOPE STABILIZATION
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• Nothing else can grow close to tall bamboo, mainly due to
shading and nutrients and moisture competition.
• Bamboo seeds are rarely sets; seeds may not be available
during need for seedling production.

Disadvantages
•
•
•
•

• Reinforces soil against erosion.
• Provides excellent support to the slope if
planted at the base / toe slope.
• Reduces the velocity of run-off water.
• Traps soil eroded from up slope.
• Works as a fence.
Advantages
• Fodder available for animals (D. hookeri, B.
nutans / cupalata and Ampelocalamuspate
llaris bans).
• Materials for baskets, Doko, Mats etc.
(Ampelocalamuspate llaris, D. hookeri)
• Poles and bamboo straps useful for house
construction. (D. hookeri, Nigalo, B. nutans and
B. nutans / cupalata Bans)
• Edible shoots (Dendrocalamus hamiltonii Bans)
• Provide opportunities for IGA
• Large clumping nature

Vegetative Propagation from Nodal cutting
• Select the 6-10-month old culm,
• Cut the bamboo below the first node with a bud,
• Trim back all the main side branches.
• Trim off all other smaller branches (preferably with a secature / saw).
• Cut the culm into pieces (preferably with saw) with two-nodes. Species with large branches like Taru Bans
single node cutting is recommended.
• Keep all prepared segments in the shade and under moist jute sack or wet paper until they are planted.
• Transport them to the nursery as soon as possible after preparation.

Vegetative propagation by Clump cutting
• Off-cut stems with a portion of rhizome with bud from 1-1.5m of 1-year-old culm.
• Transplant directly to a field site or to a nursery for the use as mother stool. This method is
simple and used for those species that form clump.

Bamboo Propagation

Propagation steps

Limitation

Function

Sketch

Bamboo casts shade to nearby plants
Habitat for pests
Whole plant dies after seeding
Growth from the seed is very slow

What is it? Planting of bamboo for soil conservation and watershed management.

Title: BAMBOO PLANTING
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Sketch

Double node cutting with shoots and roots.

Double node cutting with hole for watering

Tools
Digging tools
Saw
Sharp tool for
cutting
Water can
Doko
Sack

Species
Dendrocalamus hamiltonii (Tama ): 300-2000 m, grows best in moist
and shady sites, not good in south face below 1200 m Large leaves,
thin culm, heavy branching, culm split easily
D. hookeri (Kalo): 1200-2500 m, Heavy branching and brown hair
Bambusa balcooa (Dhanu): Terai to 1600m, large clumping, thin and
heavy branching
straight culm)
B. nutans / cupalata (Mal): Terai to 1500 m, Strong and straight
culm
Ampelocalamuspate llaris ( Ghopi): 1200-2000 m, Smaller bluish
culm
B. nutans (Taru): Terai to 1500 m, strong

Materials
Bamboo culm
Seed
Culm with rhizome
Thatching materials

Seeds are collected in late spring. Separate sound seeds by floating off dead seeds and unwanted materials in a
bucket of water. (25,000-35,000 seeds per kg). Seeds should be sown as soon as possible after collection. They
cannot be stored for a long time (2-3 months after harvesting).
Sow seeds directly into prepared seedbed (using a soil mix of 3:1:1 soil, sand, & compost). Germination will begin
one week after sowing. Keep well-watered. Transplant to 4” * 7” polypots when the seedlings are 5 to 10 cm tall.
The seedling should be transplanted when they are one-year-old or about 75-90 cm tall.

Propagation by seed:

Nodal cutting is suitable for the larger, clump forming species that grow adventitious roots from nodal buds fairly
easily. However, this technique needs considerable care in the nursery.
Packing for transportation: Cut double-node cuttings into separate plants. Trim off old parent inter-node materials
close to the node. If the transportation distance is long, wrap with wet newspaper or jute sack. The seedlings
should be planted immediately after their arrival and irrigate them just after planting.
The rate of survival in the field will be more than 85% if they receive water regularly and are well looked after

Propagation steps

• Fill the hollow space of the cuttings with wet mud and place cuttings horizontally in trenches in the nursery
beds and bury 2.5-15 cm below the surface of the soil immediately. In two-node cuttings, a hole can be made
in the central internodes and filled with water. If there is termite problem, treat soil with appropriate pesticide.
• Prepare the soil of the nursery bed in advance (best mix is 3:1:1, soil, sand, compost).
• Construct the shade cover stand at 80 cm high.
• The bud or branch should face upwards in single-node cuttings and sideways in double node cuttings.
• The nursery bed should be watered immediately and kept moist. Flood irrigation prevents termite attack.
• Lift nodal cuttings when new shoots grow to about 1 m tall. Thus prepared nodal plants can be planted in just
before or during monsoon.
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Steep banks, gullies, foot of the slope, live check dam, brushwood
check dam, and wattling.
Around farmhouse as fencing (either live or dead).

Care must be taken to protect the nodes and the buds on the rhizome during
digging and transportation.
Culm must be protected from disturbance (shaking) after planting.
Bamboo should not be harvested during the sprouting season.
Protect planting stock from direct sunlight during transportation.

References: McCracken, I. J. (ed.), 1992, DSCWM 2004.

Scope (Site for application)

Precautions

Protect from animals, carry out
weeding, and allow new shoots to
grow for 5 years.
Make provisions for drainage.
Culm harvest should start from the
oldest one (Culm matures in around
2.5-3 years of age.)

Plant during spring (February - May) season if site is moist.
Just before monsoon (June) if the site is dry

5*5m

Maintenance

Planting period

Specification
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• Difficult to establish in steep slopes.
(>50 degrees)

Disadvantages
• Occupies production land
• Shades and competes with crops for
nutrients and water.
• Habitat for bird and insects
• Obstructs free movement of machineries

• Intercepts runoff and sediment from adjoining (up-slope) lands and reduce impact on
down-slope area from runoff and sediment
• Protects adjoining land from bank erosion such as along the stream or lake or sea.
• creates effective barrier to reduce impacts such as pollution
• Reduces salt damage if the locality is near the sea.

Advantages

• Conserves soil and moisture for better production
• Shrubs and grasses help to slow flooding and protect crops from flood damage,
• Reduces maintenance of ditch from sedimentation.
• Where wind is a factor, trees and shrubs growing in the buffer increase the buffer’s ability
to
prevent wind from eroding valuable topsoil. Improves aesthetic looks

•
•
•
•

Some shrubs and bushes convenient to plant on riprap (Howell, et
al. 1991):
Adhatoda vasica (assuro), Durantha repens (Nilkandha), Euphorbia
royleana (Siuli), Jatropha curcas (Sajiwan), Vitex negundo (simali),
Salix, Acacia pennata, Butea minor
Some recommended grasses to plant:
Arundo clonax (Narkat); Pogonatherum panicum (Musekharuki);
Cynodon dactylon (Dhubo); Vetiver species; Thysanolaena maxima
(Amliso); Cymbopogon microtheca (Khar)

Planting material: Seed, Seedling, cuttings,
slips
Criteria for selection of species: • Fast growing
• Deep rooting system (Deep rooted grass,
shrubs and trees)
• Ability to coppice
• Economic value.

Reference: - Bhimaya, C.P. 1976; Costin, E., 1976; Daniels, R. B., and J. W. Gilliam. 1996; FAO, 1976; Hai Chunxing, Wand Dongmei, Wang Yaolin, 2007.; DSCWM 2004; The Chinese Soil and Water
Conservation Society, 1987.; Buffers and Vegetative Filter Strips Matthew J. Helmers.

• Ensure buffer strip is along the contours for interrupting runoff and • Along the bank of the stream/river/lake/sea
• Along the foot slope where runoff and
sediment from upslope
sediment flow from upslope is common.
• The vegetation on buffer strip must not be disturbed by grazing
• Across the slope, intercept runoff and
and illegal cutting
sediment flow.
• The vegetation makes minimum competition with adjoining crops

• Replacement of dead seedling
• Necessary pruning and weeding to promote undergrowth of grass
• Pest and disease control
• Once buffer strip is established, it requires minimal maintenance
• Protection of buffer strip from illegal cutting and grazing

Scope (Site for application)

• Seed sowing or seedling transplanting
should be done with the on-set of monsoon.
• Cutting during winter

• Several different combinations of vegetation varying from simply grass to combinations of
grass, trees, and shrubs.
• Buffer strip with dense grass, shrubs, and trees is more effective.
Precautions

Planting period

Specification

‘A’ Frame
Measuring tape
String
Digging Hoe or spade

Tools

Species

Using “A” frame mark the lines to be planted.
Preparation of land for planting
Seed treatment (Seed is soaked in water to enhance germination)
Plant the trees, shrubs, and grass saplings or seed
If available, use compost/manure or fertilizer for initial growth.

Materials

•
•
•
•
•

Planting steps

Limitation

Function

What is it? Planting of a permanent belt of erosion resistant vegetation (trees, shrubs and grass) generally across the slope.

Maintenance

Sketch

Title: BUFFER STRIP
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Planting time

• Prepare mounds or ridges
well in advance by scraping
the top soil and piling 50-60 cm
high or above the high water
level.
• If the soil is saline, add
gypsum.

Site preparation
• Prepare horizontal platform
60 –100 cm wide at
staggered pattern,
• Construct a ridge on
downslope side
• Space platforms 3 m apart.
• Space the plants preferably
2 m apart in the platform.

• To protect seedling from
debris
• To improve infiltration and
soil moisture.

• To trap the eroded soil,
• To catch rainwater for plants.

Dry and harsh soil condition

• Prepare small round basins to • Dig contour trenches of 0.4m
width, 0.5m depth,
catch rainwater in a
and 4m length in a
staggered pattern for
staggered pattern.
individual plants, pile the
• Dig a pit 30cm deep and
excavated soil on the
30cm diameter at the end of
downhill side to hold
the trench.
rainwater.
• Slope the trench towards the
• Spacing between plants is
end to divert the harvested
usually 2 m. It could vary to
rain.
suite the sites.
• Leave 1.5 - 3 m space
between the trenches.

• To catch rain water for plants
• To improve infiltration rate
and soil moisture

Dry and harsh soil conditions

• Remove grass in 3m wide
contour strips
• Prepare pits in the strips
• Plant large seedlings or big
size stem cuttings

• To overcome problems of
high grass and weeds.

High grass and weeds

Best at the end of rainy season in waterlogged areas.

• Carry out plantation program in the beginning of the monsoon when the soil has sufficient
moisture to support the establishment of seedlings.
• Planting in the winter is preferred for a cutting / stem plantation.

• Prepare the site well in advance (1 –2 months before)
• Dig a pit of 45cm x 45 cm x 45cm for planting
• If possible, fill the pits with good soil, compost, and complete fertilizer (NPK). Add grass, straw, and organic matter in the pits to retain moisture (recommended).

• To protect seedlings from
flooding and improve aeration
• To drain excess water

High water level

50-60
cm

Objective

Sketch

• Creeping of loose materials
• Moisture stress.

Water logging or very wet
conditions.

Problem

Strip plantation

Horizontal platform or benches Plantation on basin pit

Contour bunds or on mounds

Planting techniques

Conservation contour trenches

What is it? Planting of tree and shrub species using soil and moisture conservation techniques to protect land from degradation and
to improve the environment for the plant growth.

Title: CONSERVATION PLANTATION
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• Free grazing cannot be allowed,
• Fire outbreaks may damage the plants.
• Risk of disease & pests in monoculture

Disadvantages
• Roots may open rock joints and create unstable
slopes.
• Load of the large trees combined with the dynamic
forces of the wind can induce slope failure
• Takes time for establishment of plantation
• Loss of water through transpiration
• Large water drops falling from the leaves may
create erosion.

• Protects soil surface from raindrops by providing ground cover
• Increases infiltration, recharging the ground water, and evapo-transpiration
thus reducing runoff
• Reduces the velocity of the runoff by obstructing it
• Reinforces slopes
• Recycles nutrients from deeper layer of the soil
Advantages
• Reduces erosion and improved land quality (physical, chemical, and biological
properties of soil)
• Improves water yield (quality and regime)
• Makes multiple outputs available -- Fuel wood, fodder, timber, & leaf litters
etc.
• Improves biological diversity

Identify the planting site together with local people
Divide the site into different areas requiring different planting techniques
Select suitable species is based on adaptability, multiple use, soil quality, and preference of the local people.
Prepare the site (site survey, site clearance and alignment of the planting pits and pitting) well in advance (1 –2 months before).
If possible, put compost at the bottom of planting hole in poor soils or add a good forest soil, and leave for few weeks to consolidate
the loose soil
• Remove polythene bag from the seedling by cutting the side carefully.
• Place seedling into the pit and press the soil firmly around the seedling

•
•
•
•
•

Planting steps

Limitation

Function

• Sites with loose and creeping materials: select plant species that can develop roots from stem (willow, simali, khirro). Such plants can tolerate injury by debris from
upslope to some degree.
• Take safety precautions while working on steep slopes.
• In cold and windy places like Mustang, planting of 1-2 m long and 10-15 cm diameter cutting gives good results.
• While planting cuttings, the tip of cutting needs to be waxed to avoid desiccation.
• Planting in pots is better than bare root plantation in harsh sites.
• On rocky sites, seedlings can be planted on the best available spots instead of regular spacing.
• Growing leguminous species along with other species is recommended to reclaim degraded land.
• Better to use local fast growing species with deeper root systems.
• Dispose of the poly bags safely.

Other considerations

Sketch

• Select seedlings of optimum size with well-developed root system. Trim sappy shoots and leaves to reduce transpiration.
• If possible, water the plants in dry periods, use manure if the soil is very poor, and put mulch to reduce evaporation and protect the plant from cold or heat.
• Do regular weeding from July to October at least for the first 3 years. Protect the site against grazing, fire hazards, and damage by people.

Care & maintenance
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Phaledo, Amala,
Chilaune, Ketuki, Khirro

Amala, bayer, Ketuki,
Khair, Bakaino, Babul,
simali,Kalo Siris,
Tephrosia, Casuarina,
Sisso, Khirro

For poor soil conditions

Eucalyptus, Lagestroemia, Badahar, Bedulo, Bhimal,
Ipil Ipil, Dabdabe,
Speciosa, Casuarina
Dudhilo, Gogan Jhingat,
glauca, willow species.
Flemingia, Kutmiro,
Phaledo,Tanki, Koiralo,
Khanyu, Kabro,

Bains, Uttis, Chilaune,
Laliguras

For fodder

For swampy sites

For moist sites

Dabdabe, Jhingart, simali,
Asuro, Phaledo, Khirro,
Bains, Saru, Simali

For easy propagation

References: Campbell, Gabriel J. and Jeannette Denholm (edt.), 1992. Datta, S. K. 1986. DOR, 1999. Hudson, N. 1981. Saxena N. C. and Vishwa Ballabh –1995. Tingfu, Guo, 1992, DSCWM 2004.

Asuro, Dhaincha, Khirro,
Flemengia, Desmodium,
Utis, Sisau, Rahar, Ipilipil, Tephrosia

For improving soil
For dry and stony sites
fertility & organic matter

Suitable species

Kharbari / Grazing lands
Community and public barren lands
Gully and landslide
River bed
Road slopes
Community forest

•
•
•
•
•
•

• Protect the plantation site against grazing, fire hazards, and damage by people
• Plant mixed species to minimize risk of monoculture
• Select species with high survival rates, fast growing, several layers, and high
crown cover density.
• Planting after monsoon or during the fall has low survival rate
• Transport seedlings carefully and make sure that planting stock is not allowed
to dry in the sun

• Weed and work the soil for a favorable growing
environment
• Regular thinning and pruning to allow the
undergrowth to grow
• Carry out enrichment plantation in the following
years to fill the gaps.

• Prepare planting pits some weeks before
plantation.
• Carry out planting at the onset of monsoon.
• Winter plantation is better for the cutting / stem
plantation

• Pit size of 30 cm deep and about 30 cm in diameter. (Deeper pit is better)
• Spacing: 2*2 m for tree and 1*1 m for shrubs
• Generally, seedling size must be > 30 cm in height.

Scope (site for application)

Planting period

Specifications

Precautions

Survey: Measuring tape / rope / compass / Abney’s
level / pegs / field book / ranging rod
Planting: Digging tools

Seedlings, cuttings, seed etc. depending on the propagation method of selected
species

Maintenance

Tools

Materials
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Limitation
• It does not form a physical barrier immediately and requires
a period of growth to become effective.
• The maximum slope where it can be used is about 45Æ
• Only suitable for rills and small gullies

Functions
•
•
•
•

Sketch

• Construction causes disturbance to the slopes
• Requires a large amount of plant material

• Put out roots and shoots forming a strong line of
vegetation.
• Simple and low cost erosion control measures.

Construction period
• During dormant season if the site is moist
• Before monsoon rain if the site is dry
(May-June)

Specification
• Spacing between contour fascines depends on the steepness of the slope.
Use a 4 m interval for less than 30Æ slope and 2 m interval for
30Æ 45Æ slope.
• If fascines are used on rills or small gullies, it just follows the rills or gullies.
• The trench should be about 30 deep and up to 50 cm wide.
• For each fascine, there should be at least four but not more than eight
branches.

Adhatoda vasica (assuro), Erythrina • Hessian and water to keep the cutting
moist until planting
arborescenes (Phaledo), Ficus lacor
• Tools to dig trench
(Kavro), Ipomea fistulata (saruwa),
Lantana camara (phul kanda), Vitex
negundo (simali), Salix species
(bains), Gagruga pinnata (dabdabe),
Sepium insegne (khirro), etc.

• Branches of different species of
rooting plants 6 to 18 months old, 2
to 5 cm diameter, and at least
1m long
• Sprouting wooden pegs
(3-6 cm dia and 50-100 cm long).
• Binding wire/rope

Tools

Species

Prepare the site well in advance.
Mark the line, where fascines are to be installed. Ensure that the lines follow the contour or desired angle or rills.
Dig trenches about 30 cm deep and up to 50 cm wide. Clear all loose material and protrusion and firmly infill depressions.
Always construct fascines from the bottom of the slope, and work upwards.
Dig about 5 meters long trench at a time and lay the fascine bundles together with their ends overlapping and fill the
trench. This ensures that the soil in the trench is exposed only for short period thereby minimizing the loss of soil moisture.
Prepare fascine bundles consisting of 5 – 8 branches with a minimum diameter of one cm each. The completed bundles
should be 15 to 20 cm in diameter, with all the growing tips oriented in the same direction.
Tie the fascine bundle together with 1.5 to 2.0 mm wire or jute or coir string at 50 cm intervals.
If the fascine line is steeper than 25Æ, peg the fascine with a live or dead pegs of at least 60 cm length at 50 cm apart.
Backfill the trench as soon as possible, cover the fascines with a 3-4 cm of soil, and tramp the soil firmly.

Materials

•
•
•

•

•
•
•
•
•

Construction steps

Disadvantages

Advantages

Catches debris
Armors and reinforces the slope
Increases infiltration
Provides fascine sub-surface drainage on slopes

What is it? Laying of a bundle of live branches bound together in a shallow dug ditch or trenches and covering with soil for
sprouting.

Title: FASCINE
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• Fascines are effective on the shallow gullies or deep rills lines.
• Best used on consolidated debris or soft cut slopes.
• On well-drained material, use contour fascines; on poorly drained materials, a
herringbone pattern of fascines improves drainage.
• Protect slopes from shallow slides (30 – 60 cm depth).

• The butt end of the branches should always point in the
same direction.
• If trench is deeper than 40 cm fill the trench with gravel.

• Inspect the area during the first rainy
season. Repair any exposure / break of
the fascines
• Occasional thinning and pruning may be
required after a few years.

References: DOR, 1999, FAO, 1985, DSCWM 2004.

• Ensure that water cannot run under the bundles and scour
them out.
• Fascine drain must connect to nearest suitable drainage
system.

Scope (Site for application)

Precautions

Maintenance
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• Weak to support big volume of debris.

Disadvantages
• Useful only for small and narrow gullies

• Forms a strong barrier across a gully
• Reinforces the slope
• Catches debris moving down the slope
Advantages
• Simply and easily built with immediate effect
• Forms a strong low cost barrier built with the minimum disturbance to the slope
• Living check dam for gullies with periodic floods. Good measure against gully erosion
helps to repair and fill the gullies.

Palisade

Limitation

Function

Sketch

Construction period
• During dormant (November-January)
season if the site is moist.
• Just before monsoon if the site is dry
(May-June)

• Spacing between palisades depends on the steepness of the slope: 2 m interval for
slope less than 30Æ slope and 1 m interval for 30Æ- 45Æslope.
• Within the palisades lines, spacing between the cuttings is 2 to 3 cm.

• Hessian and water to keep the cutting
moist until planting
• Pointed planting bars or crowbars to
make holes for planting
Adhatoda vasica, Ipomea fistulata,
Lantana camara, Vitex negundo, Salix
species, Gagruga pinnata Sepium
insigne

Specification

Tools

Species

• 0.5 – 1 m. long cuttings of different species
from 6-18 months old branches of
3 to 5 cm diameter
• Live cross beam of 10 cm diameter and
2 m long
• Gabion wire

Always start at the top of the slope and work downwards. Mark the lines to put the palisade.
Using a pointed bar or crowbar, make a hole bigger than the cutting and deep enough to take at least two-third of its length.
Dig a trench deep enough to take at least two-third of length of the cutting across the gully.
Place a cross beam (10 cm diameter and 2m long) to support the cuttings.
Anchor the cross beam with pegs (3-6 cm diameter and 50 cm long). Use live beams if available.
Take 0.5-1 m long cuttings from 6-18 months old branches 3 to 5 cm diameter.
Cut the branches at right angle at top to reduce drying and at 45Æ at bottom to give more space for rooting. If possible, take the
cuttings the same day that they are to be planted.
Place the cuttings side-by-side (5 cm apart) in the hole so that at least 1/3 is above ground and 2/3 in the soil.
Tie the stakes with jute or coir wire with cross beam
Fill and firmly tramp the soil around it. Clear any loose or excess material down slope.
Support palisade with stone and soil from lower side on steep slope.
If a double line is used, then a second line is placed 10 cm behind the first and with the individual cuttings offset to coincide with
the gaps between the cuttings in the first line.

Materials

•
•
•
•
•

•
•
•
•
•
•
•

Construction steps

What is it? Live sprouting cuttings placed across the slope or small gully usually following the contour.

Title: PALISADE
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• Can be used on a wide range of sites up
to about 60Æ slope. Effective on steep
landslide debris.
• Good for steep, narrow gullies.

• Site with poorly drained material
subject to high rates of small scale
slumping should be avoided.
• Make sure cuttings do not dry in the
sun.

• Inspect the area during the first rainy season. Repair and strengthen any exposure or breaks of the
stakes to allow growth of vegetation to take place.
• Some thinning may be required after a few years.

References: DOI, 1992. DOR, 1999. FAO, 1985, ITECO, 1990, DSCWM 2004.

Scope (Site for application)

Precautions

Maintenance

40

| Guideline on Landslide Treatment and Mitigation

Considerable disturbance to the slope

Disadvantages
Digging of terraces disturbs the slope
considerably
Brush layering should be used on slopes
consisting of loose material

Reinforces the slope
Catches materials moving down the slope, and help bio-terracing
If angled, helps to drain out water
Advantages
Provides a very strong and low-cost barrier on loose debris slope
Simple and easily built with immediate effect
In long term, a small terrace will form
Adventitious rooting guarantees secondary reinforcement

Brush Layering

Limitation

Function

Sketch

Planting period
During dormant season if the site is moistz

Just before monsoon if the site is dry (May - June)

Spacing between brush layer depends on the steepness of the slope:
2 m interval for less than 30Æ slope and 1 m interval for 30Æ 45Æslope
Spacing depends on the stability of the soil material and may vary
from 2-5 m interval

Hessian and water to keep the cutting
moist until planting
Shovels and pick axes to make the
sloping terraces for planting
Line string / Tape (30 m)
Planting Period
Adhatoda vasica, Ipomea
fistulata, Lantana camara, Vitex
negundo, Salix species, Gagruga
pinnata, Sepium nsigne, Erithrina
variegate, Morus alba, Durantha
repens, Jatropha curcas

Branches of rooting plants of different species
6 to 18 months old, 2 to 4 cm diameter, and
75 to 100 cm long
Cut the branches at right angles at top and at
45Æ at bottom
Specifications

Tools

Species

Materials

Start 50 cm from the base of the slope and work upwards
Mark the contour lines for terrace digging
Make 50 – 100 cm wide terraces with an inclination of at least 10 – 20 % inward
Lay the cuttings crosswise at 5 to 10 cm interval. Place the branches crosswise on the terraces to permit the use of longer
branches
At least one bud and 1/3 to 1/4 of the branch should extend over the edge of the terrace and 3/4 inside
Use branches (6 to 18 months old of 2 to 4 cm diameter) of different species, of different ages, and diameters. This allows
greater chances of survival and produces mixed vegetation.
If possible, take the cutting the same day that they are to be planted.
Fill the lower bench with the material excavated from the above terrace and compact it reasonably well with gentle foot
pressure.

Planting steps

What is it? A layer of live woody cuttings planted in line across the slope, usually following the contour

Title: BRUSH LAYERING
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Suitable for wet slopes or steep and rocky slopes not
subject to slumping
Wide range of sites up to about 45° and high
embankments
Effective to stabilize loose debris sites and fill slopes
Effective in preventing shallow sliding

Ensure the lines run along the contours and do not concentrate runoff.
Make sure that cuttings are not allowed to dry in the sun.
Avoid using this technique on poorly drained area subject to small
scale slumping.

Because the spacing of plants in brush layering is very dense,
there is unlikely to be a need for replacing failures
Inspect the area during the first rainy season. Repair and
strengthen any breaks of the stakes to allow growth of the
vegetation to take place.
Some thinning of shrubs may be required after few years.

References: DOR, 1999, DOI, 1992. FAO, 1985. ITECO, 1990, DSCWM 2004.

Scope (Site for application)

Precautions

Maintenance
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• Applicable only on a slope with a limited volume of debris
flow
• Danger of breaking because of falling rocks
Disadvantages
• Labor and material intensive
• Driving stakes loosens the soil

• Catches debris moving down the slope
• Reinforces the slope
• Modifies the slope
Advantages
• Fast and simple protection
• Establishes a micro-site for other plants

Construction period
• During dormant season if the site is moist
• Just before monsoon if the site is dry (May, June)

• Spacing between long stakes 1 m
• Average horizontal distance between wattling is 1-2m on steep
slope

• Tools to dig trench
• Crow bar and hammer to drive
stakes
• Hessian and water to keep the
cutting moist until planting

• Live stack for anchoring stakes: Erythrina arborescenes, Salix
species, Gagruga pinnata, Populus, Plumeria acuminate,
Ficus lacor, Sepium insegne, etc.
• Bushes, Shrubs: Adhatoda vasica, Duranta repens, Ipomea
fistulata, Jatropha curcas, Salix species, Lantana camara,
Vitex negundo, etc.

• Stakes 1 m long, 8-10 cm
diameter, and 50 cm long, 6-8
cm diameter. Sharpen all stakes
at the bottom.
• Woody cuttings of long and
flexible plants which root easily
(more than 150 cm long and 3 –
5 cm diameter)
• If sprouting materials are not
available, material like bamboo
could be used.
• Jute or coir string or wire to bind
Specification

Tools

Species

Materials

• Prepare the site well in advance of planting. Clear all loose material and protrusion, and firmly infill depressions.
• Mark on the slope the lines where wattle fences are to be installed to ensure that the lines follow the contour.
• Dig a hole for placing stakes with crowbar or auger. Place 1 m long stakes at intervals of about 1 m along the lines; and place two
50 cm long stakes in between the long stakes. Stakes should protrude about 20 - 30 cm.
• Dig out a groove along the contour between the stakes; it should be at least 15 cm deep.
• Place the cuttings with their lower ends in the groove, bending them down along the line of the fence. Weave them in and out
between the stakes. Firm the soil back into the groove.
• The brush weaving should be almost horizontally above each other, but with the ends firmly planted in the soil.
• Fill the soil behind the wattles for the plantation of trees, grass seedlings, and cuttings.

Construction steps

Limitation

Function

Sketch

•
•
•
•
•
•
•
•
•
•
•
•

What is it? Wattling is rows of fence made out of vegetative materials (preferably live cuttings) placed across the contour of the slope.

Title: WATTLING

Guideline on Landslide Treatment and Mitigation |

43

• Useful in the small shallow short length slides
• In establishing the gully heads slopes
• In combination with other measures useful for bank protection

• Avoid splitting the stakes by placing a piece of strong wood on
the top of the stake when it is being driven in

References: DOI, 1992, DOR, 1999. DSCWM, 1983, FAO, 1985, DSCWM 2004.

• Since the spacing of plants in wattle fences is very dense, there is unlikely to be a need for replacing failures. However, regular
protection from grazing and human interference is needed.
• Inspect the area during the first rainy season. Repair and strengthen any breaks of the stakes growth of to allow vegetation to take
place.
• Some thinning of shrubs may be required after few years.

Maintenance

Scope (Site for application)

Precautions
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Vegetative rip-rap on gully bed
Riprap in gully bed (Howell, et al. 1991)

Vegetative rip-rap at Toe wall, Weildt, 1976

Vegetative rip-rap

Title: VEGETATIVE RIP-RAP
Limited construction height, length, and slope
Cannot be used in gully beds with copious debris flow
Disadvantages
Regeneration is obstructed by the stones
Relatively expensive to carry out in large scale

Reinforces and armors the slope against erosion.
Allows seepage to flow out between the stones.
Advantages
Stones are not dislodged once the vegetation is established.
Good drainage through wall by the plants

Gully Head
• Reshape the gully head to an even surface
• Other steps same as gully beds
• Provide an apron at the bottom to prevent scouring
• Protect toe of the gully head with a cylindrical mesh wire filled
with stones or gravel

Stream bank
• Trim the area to an even surface. Remove all free loose debris.
Compact the soil. It should not have any pockets of finer
materials, which would flush out and weaken the structure.
• Place a highly permeable and appropriately sized geo-textile
filter fabric on the prepared slope to protect the soil from
washing. Take care not to tear the filter fabric during installation.
• Place a layer (15 cm minimum) of gravel or small rock on the
geo-textile filter fabric. The under laying gravel or stone need
to be sized appropriately so it will not wash out through the
gaps between the riprap stones.
• Build the stone pitching carefully, fitting the stones together
firmly as if it is a dry masonry wall. Stones should be
perpendicular to the slope, with the main point or narrow side
down.
• The thickness of the stone pitching should be 1.5 times the
thickness of the largest stone, on top of the gravel. The heaviest
rocks should be placed along the bottom.
• Extend the riprap 2 to 3 m on either side of the active erosion
area to prevent further erosion beyond the structure

Retaining or toe wall as terrace raiser
• Smooth the slope
• Construct the toe wall normally
• Make sure there is plenty of soil in back of the wall
• Provide a foundation as necessary
• Fill the voids with soil and small stones
• Wait until the rains for planting cuttingss or seeds
• Take care that the bark or seed coat is not damaged.
Gully bed
• Clean the gully floor completely of all debris, excavate, and shape
until a firm base is exposed or compact the soil.
• Provide foundation as necessary
• Lay out stones keeping the flattest sides on the surface
• Reduce gaps to a minimum and pack all voids with soil and small
stones
• The stone pitching should have concave cross-section for water
flow and to prevent scouring at the sides
• Thickness of riprap should be a minimum of 15cm thick
• Place the heaviest rocks along the bottom.
• Extend the pitching 2 to 3m beyond the area of active erosion
• Entrench the bottom row of stone into the streambed to prevent
undercutting.
• plant cuttings, slips, or seeds of grass or brush at the start of the
rain
• Ideally, smaller grasses should be planted in the main channel,
with larger grasses or brushes along sides

Construction steps

Limitation

Function

What is it? Stone pitching for surface protection with mainly grass inter-planted between the stones.
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•

•
•

•

Rip-rap, Weildt, 1976

• Avoid round stones
Inspect immediately after the first and every
• Planting must be deep enough to avoid
large storm
drying up
Repair any displaced riprap
Regular cutting of grass and pruning of shrubs • Only 2-3 cm of cuttings should be
exposed outside the wall
/ bushes is essential to promote root systems
• Planting should not damage the bark or
and to avoid flow obstruction
seed coat
Some thinning of shrubs may be required after
few years.

• Low slope toe walls of up to 2 m in
height
• Gully floors with a maximum slope of
45Æ / Road drainage
• Gully head after reshaping
• Road or trail slopes
• Stream or river bank with medium flow

Scope (Site for application)

Maintenance

Precautions

• Riprap stone wall can be built at any time
• Plant cutting during dormant and
seedling before monsoon season

• Toe wall up to 2 m height and laid back at an angle of about 60Æ
• Layout of the riprap should be concave to concentrate water in the middle
• If plants can be grown between all stones, it would be beneficial

References: - BIWMP, 2003, DOI, 1992., DOR, 1999, ITECO, 1990, Sthapit, K. M., 1998. Weidlt, H.J. (compiled), 1976. Ohio Department of Natural Resources. Riprap Revetment. ww.ohiodnr.com/
water/pubs/fs_st/stfs16.htm, DSCWM 2004.

Vegetative rip-rap of Gully Head Weildt, 1976

Construction period

Specification

• Shovels, hammer and pick axes to pitch
stones,
• Short planting bars
• Hessian and water to keep the planting
stock moist until planting

Some shrubs and Bushes to plant on
riprap: Adhatoda vasica, Durantha repens,
Euphorbia royleana, Jatropha curcas, Vitex
negundo, Acacia pennata, Butea minor
Some grasses to plant among riprap in
gullies (Used in Nepal): Pogonatherum
panicum; Cynodon dactylon; Thysanolaena
maxima; Cymbopogon microtheca

• Angular or irregular edges on hard stones for
good interlocking.
• Long straight stems or cuttings or seeds of
suitable shrubs (but not of large trees), that
root easily or grass slips
• Generally, grass seeds are not used

Stone rip-rap on slope

•

Tools

Species

Materials

• When only riprap is being used for bank stabilization, the top of
the riprap should extend 1 m above the ordinary high water
mark.
• Entrench the bottom row of stone into the ground to prevent
undercutting.
• Design riprap structures for stream bank stabilization to be stable
for full flows.

Stone rip-rap on
drainage lines
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Stone lined
waterways

Grass waterways
with drops

Grass waterways

Parabolic Cross Section of Waterways

Title: WATERWAYS

Disadvantages
• Fragile and easily destroyed if not properly maintained and protected.

Advantages
• Low cost
• Easy to maintain

• Survey the watershed to estimate the peak runoff. Best to use Rational Formula for runoff estimation
• Runoff in cumecs, Q = Dimensionless runoff coefficient (c) * Rainfall intensity (mm/hr) for design frequency for time of concentration * Area
in ha (A)
• Take permissible velocity of 1.2 to 1.8 m/sec for dense grass depending upon the density
• Compute approximate cross-sectional area of the channel to carry out design runoff : Q = A (Area of waterways) * V (Permissible velocity)
• Area calculation for parabolic cross section: A = (2/3)*T*d , Where, T = Top width, d = depth of parabolic section at the middle
• Compute the wetted perimeter for the cross section, P = T + (8/3) * (d2/T)

Designing waterways

• Clear the site. Mark the lines with strings where waterways are to be constructed. Ensure that slope of the alignment properly so that the
runoff speed is well below the scouring velocity.
• Dig the waterways giving uniform shape (cross-section) and slope. See design steps for calculation of the size and slope of the waterways
for different runoff.
• Plant the grass preferably locally available, rhizome, or sod forming grass. If seeding is done, planting of seed should be done with shallow
ditching and mulching at the beginning of the rainy season. Provide sodding at the junction of the earth and the structure to avoid water
tunneling.
• Construct loose stone drop structure so that runoff speed is well below the scouring velocity. The height of the loose stone drop structure
should not be more than ½ meter.
• Provide sufficient and strong foundation and apron for the drop structure.
• Provide wing wall to direct flow to the weir of the structure.
• After the structure is built, tramp earth solidly behind and around it to prevent cracking.

Construction steps

• Can only be used for small amount of runoff.
• Cannot be used where there is a continuous flow of water.
• Cannot be used until the grass cover is properly established.

• Safely dispose of runoff
• Drain excess runoff to a safe and suitable site.
• Prevent surface runoff from entering the area to be
stabilized (Gullies and landslides).

15-30 cm diameter stones should be
keyed in the ground

Limitation of grass waterways

Drop structures preferred to be below 1 m height
but never taller than 1.8m.

A waterway should not be used until the
grass cover is properly established.

Watercourse lined with stone to protect
the bed from erosion.

Stone lined waterways

Function

Grass waterways with drops
Grass waterways with small drops keep the flow
from scouring the bed.

Grass waterways
Waterways planted with low and rhizome type
grass. Generally made in parabolic shape.

What is it? Watercourse made for the safe disposal of runoff water or diverting water out of an active landslide or gully into a safe outlet

Guideline on Landslide Treatment and Mitigation |

47

•
•

Precautions

• Sharp turns and sudden falls should be avoided
• Inspect the waterways regularly (mainly
unless water collecting basin or drop structure
during the first rainy season). Repair any
is planned.
damage (such as breaks, tunneling) before
• The water must go over the structures and not
it gets worse.
go around them.
• Remove brush or large weeds before they
• The waterways should not be used such as
weaken the grass.
paths.
• Regular grass cutting

Maintenance

• Farm lands
• Degraded area

Scope (Site for application)

• During dormant season if the site is
moist.
• Just before rain if the site is dry.

Cross-section of the waterway should be shallow and in the parabolic shape.
Ground slope not more than 20 %,
The grass waterways should not be longer than 30 m;
Provide drop structures if longer waterways.
Drop structure not more than 50 cm high. Use big flat stones in construction.
Maintain 3% slope between two drop structures.
Side walls for the drop structure must be high enough to direct the flow to the weir.

•
•
•
•
•
•
•

Short planting bars
• Line string / Tape (30 meters)
• Shovels and Pick axes to make the
waterways
• Means of transporting plants to site
• Hessian and water to keep the planting
stock moist until planting
Construction period

Cynon dactylon, Paspalum and Centipede grass,
etc.

• Locally available sod-forming type grass.
• Head sized stones

Tools

Specification

Species

Materials

• Compute the hydraulic radius for the cross section, R = A / P
• Compute the water velocity in the waterways using Manning’s Formula, V = (R2/3 * S1/2)/n ,
Where,
• S = water Surface slope corresponding to high water level = It is the ratio of vertical drop to the length of the stream.
• N = roughness coefficient, 0.035-0.045 (0.04) for loosely grasses and 0.040-0.060 (0.05) for densely grassed waterways.
• If calculated V is below the permissible velocity, the design cross section is safe from bed scouring or erosion
• Calculate the flow the design canal accommodate, Q = A (Cross section Area of design waterways) * V (Calculated velocity using Manning’s
Formula
• If calculated flow that can be accommodated by the waterway is more than expected maximum runoff, the design section of the waterway
is safe/good.
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0.30

0.04

d = Depth in m.

s = Channel slope

0.08

0.30

0.60

0.10

I

0.04

0.30

0.60

0.15

II

0.08

0.30

0.60

0.15

II

0.04

0.40

0.60

0.20

III

0.08

0.40

0.60

0.20

III

0.04

0.40

0.80

0.25

IV

0.08

0.40

0.80

0.25

IV

0.04

0.40

0.80

0.30

V

0.08

0.40

0.80

0.30

V

0.04

0.50

0.80

0.35

VI

References:- CSWCS, 1987. DOR, 1999. FAO, 1977. Sthapit, K. M., 1998, DSCWM 2004.

0.10

t = Top width in m.

I

Qmax in cumecs

Parabolic

Waterways

Densely Grassed

0.08

0.50

0.80

0.35

VI

0.04

0.50

0.90

0.40

VII

0.08

0.50

0.90

0.40

VII

0.04

0.60

1.00

0.45

VIII

0.08

0.60

1.00

0.45

VIII

0.04

0.60

1.00

0.50

IX

Table: Size of catch drains (cases)

0.08

0.60

1.00

0.50

IX

0.04

0.70

1.20

0.62

X

0.08

0.70

1.20

0.62

X

0.04

0.70

1.20

0.75

XI

Diversion waterways: Construct to direct run-off
away from gully heads
• Waterways must be at least at a distance twice
the width of the gully / landslide from the gully
/ landslide head.
• Waterways size must be large to accommodate
maximum runoff.
• Take precautions to safely dispose of the
diverted runoff and not to create a new gully.

0.08

0.70

1.20

0.75

XI

0.04

0.70

1.20

0.80

XII

0.08

0.70

1.20

0.80

XII

0.04

0.80

1.25

0.87

XIII

0.08

0.80

1.25

0.87

XIII

0.04

0.80

1.25

0.99

XIV

0.08

0.80

1.25

0.99

XIV
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Fill the panel with stone.

Excavate a trench.

Title: GABION WIRE BOLSTER

Drive a piece of steel bar into the
ground immediately below the
completed bolsters.

Bend the top flap over.

Lay a bolster panel
into the trench.

Starting from the bottom of the slope, mark out the
lines for the bolsters; there should be one vertical line
and sloping lines joining vertical line making an angle
of 45º with each line about 5 meters long.

Starting from the bottom of the slope, mark out a
contour line across the slope

Lay the gabion bolster panels lengthways in the
trenches. Ensure the edge of the gabion on the lower
side is in line with lower edge of the trench.

Lay a sheet of black polythene along the bottom and
lower side; but not the upper side of the trench.

Leave a 10 cm flap from the upper edge extending over
Fill the bolster with stones larger than the mess size.
the lower edge.
Fold the upper edge of the panel over the stones and
Join abutting bolsters across the slope into continuous
join it to the lower panel edge; the slanting lines at the
lines; close the extreme ends with wire;
end are closed.
Starting from the top, backfill the materials around the
Repeat until all slanting lines meet the vertical line.
bolsters, compact it and clean away debris (Figure d)
Once the slanting lines are complete, dig a vertical
trench straight down the slope and install a vertical
bolster to collect water from the bottom.

Fold the upper edge of the panel over the stones and
join it to the lower panel edge (Figure c).

Fill the bolster with stones larger than the mesh size.

Lay a gabion bolster panel lengthwise along the trench
(Figure b). Ensure the edge of the gabion on the lower
side is in line with lower edge of the trench.

Dig a trench along the line, about 30-40 cm wide and
40 -60cm deep;

Trim the area to an even slope with no protrusions and
depressions;

Trim the area to an even slope with no protrusions and
depressions

Dig a trench along the line, about 30-40 cm wide and
30 -40cm deep (Figure a)

Construction steps

Construction steps

Digging of trenches disturbs the soil in steep slopes.

Acts as sub-surface drainage if places in herringbone
pattern.

Place bolsters in a herringbone style mainly to reduce
surface erosion and drain the area. Place on poorly
drained slopes.

If it fails it pulls the soil surface affecting area of its
application.

Forms a strong and long lasting structure to armor a
slope surface against gully erosion.

Place bolsters along a contour mainly to reduce gully
erosion and stabilize the slope. Place on well-drained
slopes.

Disadvantages

Advantages

Herringbone wire bolster

Expensive compared to bio-engineering techniques

Prevent surface scouring and gullying
Provide support to the shallow surface slipping

Contour wire bolster

Limitation

Function

What is it? A gabion tube filled with stone and placed in shallow trenches across in the slope
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References: Howell, et. al., 1991.

• On most long, exposed slopes between 35º to 50º
where there is a danger of scouring or gullying on
the surface.
• Contour bolster is used on well-drained slope and
herringbone bolsters are used on poorly drained
slopes with a risk of slumping.
• Laying of thick black polythene sheet along the
bottom and lower side, but not the upper side of the
trench is essential in case of herringbone bolster.
• Must avoid rill formation between contour bolsters.

• Opening of the gabion tube should be regularly checked after every rain
and closed immediately
• Stone dentition in any rills developed between the bolsters
• Any rill developed below the tube must be closed.

• Preferably during dry period for installing the bolsters.
• At the start of the rain after soil is moist for
vegetation to grow for bio-engineering works.

• Place bolsters at varying intervals of 5 – 10 meters.
The steeper the slope, the closer the bolsters should
be installed.
• Contour bolster used rounded gabion of 30 - 40
cm diameter, whereas herringbone bolster used
rectangular gabion box 30 to 40 wide -40 to 60 deep cm.

Scope (Site for application)

Construction period

Specification

Precautions

Herringbone Bolster

Contour Bolster

• Tools for digging trenches and for
working with gabion wire;
• Sledge hammers;
• For herringbone bolster, thick
(20 gauge) black polythene sheet.

Sprouting such as Salix species,
Populus, Vitex negundo Gagruga
pinnata, Sepium insegne etc.

• Galvanized gabion sheet 10cm
mesh of required length.
• Angular stones for contour and
rounded stones for herringbone
bolster of more than 10 cm
diameter.
• 16 mm iron rods of 2m long iron
rods /angles
• 8-10 cm diameter sprouting poles.

Maintenance

•

Tools

Species

Drive 1 meter long steel bars, angles, or sprouting
poles into the ground at right-angle to the slope every
2 meters along the bolsters. Position them immediately
below and touching the bolsters, and drive them in far
enough so that they cannot be pulled out by hand.

Backfill the materials around the bolsters, compact it
and clean away debris.

Tie the vertical bolster with slanting bolsters.

Materials

Implement bio-engineering works throughout the site.

Drive 1 meter long steel bars, angles, or sprouting poles
into the ground at right-angle to the slope every 2
meters along the bolsters. Position them immediately
below and touching the bolsters, and drive them in
far enough so that they cannot be pulled out by hand.
(Figure e).
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•
•
•
•
•

Crib wall (Bamboo/Wooden)

• Made of wooden poles or bamboo
and brush.
• They are cheap and can be made
with locally available materials.

• Uses local materials, simple, and
low cost
• Once roots and shoots are put out,
forms a long-term barrier

• Takes time to root.
• Suitable for gentle slope and shorter
slope length

Function

Type based on materials

General characteristics

Advantages

Disadvantage/ Limitation

Gabion

• Not suitable where land mass is
moving.
• Suitable
- where good quality (flat and big)
   stone is available
- for the shorter slope length
- for small mass movement

• Uses local materials, simple and
low cost
• Provide good drainage; flexible;
relatively low cost

• Costly
• Cost of the gabion leaves the
community.
• Needs skilled labor for construction

• Provide good drainage; flexible and
relatively low cost.
• Suitable, where whole land mass is
moving.

• Made with large rectangular gabion
• Made of loose stone
boxes filled with stones. Preferable
• Stability and strength depends on
where flat big stone are not
size of stones and construction
available.
quality
• Commonly used in slope stabilization • Commonly used in the slope
stabilization works
works

Loose stone

Withstands lateral earth pressures
Supports the earth or fill material or cut earth slopes and
Support mountainside slopes for road, irrigation canal, and other infrastructure construction
Prevents the toe cutting
Prevents bank erosion

What is it? A retaining wall is a wall built to resist the lateral pressure of the earth behind it.

Title: RETAINING WALL

• Costly and Cost of materials (cement,
rods) leaves the community
• Needs complicated engineering
design and skilled labor.
• Poor drainage
• Cannot tolerate settlement of ground

• Permanent structure
• Looks good

• ade of cement mortar or concrete
• Permanent structures
• Used to protect important
infrastructure, such as road, building.

Masonry / Concrete
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• Same dimensions as loose stone
• The normal width to height ratio is:
retaining wall.
width = ½ height + 0.5.
• Ensure drainage is provided from the • The weep holes are even more
necessary for masonry walls than
lowest point of the foundation.
for dry rubble retaining walls.
• Size of the Gabion Box: Usually
• The weep holes should be 4 inch
in Nepal gabions are 3 m x 1.5 m x
square, and placed every 3 feet
0.75 m made of 8-gauge galvanized
apart horizontally and 2 feet apart
wire with 15 cm by 15 cm mesh.
vertically. They should not be
You can design the gabion boxes of
vertically one under the other.
your own size. For practical purposes
the dimension of the boxes must be
multiple of 15 cm in case of 8-gauge
gabion boxes or 10 by 10 cm in case
of 10-gauge gabion boxes.

• The top width of the retaining wall
should not be less than 60 cm for
stone masonry and 55 cm for brick
walls.
• The foundation should be deep
enough to safeguard against
weather and should be at least
h/10+30 cm below the ground
level.
• The front face should have a batter
of at least 1h:2v, with maximum of
1h:6v.
• The back should be left rough or
built in steps to increase friction
between the wall and the back fill
• Prevent water pressure behind the
wall by backfilling properly with
coarse material and allowing
drainage with weep holes.
• The backfill should be compacted
after every filling of 10 cm to 15 cm
thick layer.

• Tilting the wall towards the hill slope increases the stability of the wall and its effectiveness. Typically, walls may be
tilted by 6 to 10 degrees.
• For greater height retaining walls, stepping is recommended to increase their stability.
• After the construction, ensure that the slopes around the structure and up-slope are treated using appropriate
bioengineering measures. Remove all surplus debris to avoid the erosion and slumping.
• Dry walls co-exist with, and are strengthened by plant roots. Encourage or plant vegetation.

• Fill the soil material in the opening between the poles or
bamboos and press without leaving any voids.
• Put branches of sprouting living plants in the open spaces
between the poles or bamboos in such a way that not more than
¼ of their length protrudes.
• Repeat the steps until the designed height is attained. At the top,
place the horizontally placed bamboo ploes in such a way that a
bamboo peg can be driven in a space between horizontally
placed bamboo one below and above.

Masonry / Concrete

Gabion

Loose stone retaining wall

Crib wall

• The crib wall should not be higher than 4m for pole or 2m for
bamboo
• Place wooden pole or three bamboos tied together in a triangular
shape (A) along the front side of the crib wall.
• Place a pole / bamboo (B) every 1 to 2m at a distance apart
perpendicular to the horizontally placed pole / bamboos in a
down sloping angle of 15-30 degree and tie it together with the
horizontally placed pole / bamboos. For this use galvanized wire.
• In case of bamboo crib wall, drive a living / bamboo pole in front
of the crib wall to protect the horizontally placed bamboos.
• In case of wooden pole crib wall, the pole placed perpendicular
to the horizontally placed poles is grooved at the end, so that
the horizontally placed pole can rest on it. Therefore, no pegging
in front is required.

Design / Construction specification
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• Any time of the year when it is convenient,
however dry period is preferable.
• Plant cuttings just before rainy season if the
site is dry. Plant cuttings during the
dormant season if the site is moist.

• During Dormant season if the site is moist.
• Just before rainy season if the site is dry

Gabion
• Any time of the year when it is convenient,
however dry period is preferable.
• Plant cuttings just before rainy season if the
site is dry. Plant cuttings during the
dormant season if the site is moist.

Gabion
• Stones should be tabular and angular.
• Pack all stones carefully and densely.
• Ensure that the minimum dimension of all
stones is larger than the wire mesh size.
• Ensure the quality of the galvanized wire.
• Ensure proper sealing of the box using 12
SWG wire.

Precautions / Practical considerations
Loose stone retaining wall

• Make sure cuttings are not allowed to dry in • Dress all stone (if it is rounded) into
rectangular blocks.
the sun.
• Overlap all joints. Maintain the joints in a
• Avoid splitting of the stakes by placing a
staggered fashion as in the brick masonry.
piece of strong wood on the top of the
• Use stones as large (bigger than 15 cm) as
stake when it is being driven in.
possible. If mainly small stones are
• Avoid using these techniques in a poorly
available, use large ones at least every one
drained area subject to medium to large
meter to improve the tying.
scale slumping.

Crib wall

• Same as loose stone retaining wall.

Masonry / Concrete

Masonry / Concrete
• Provide the adequate drainage system in
the downward side.
• Carry out the immediate repair of any
damage.
• Carry out plantation of appropriate species
in upward side.
• Clean the clogging of the weep-hole.

Gabion
• Repair any opening of the gabion box
immediately.
• Provide the adequate drainage system in
the downward side.
• Carry out plantation of appropriate species
in upward side.

Loose stone retaining wall

• Repair any damage immediately.
• Provide the adequate drainage system in
the downward side.
• Carry out plantation of appropriate species
in upward side.

Crib wall

• Any time of the year when it is convenient,
however the dry period is preferable.
• Plant cuttings just before rainy season if the
site is dry. Plant cuttings during the
dormant season if the site is moist.

Masonry / Concrete

• Cement
• Sand
• Good quality stone (Strong, big and flat
stones are preferred)

Masonry / Concrete

• Inspect the crib wall regularly during the
rainy season. Repair any opening before it
gets worse.
• Replace the dead cuttings.
• Some thinning of cutting may be required
after few years.

Maintenance

Loose stone retaining wall

Gabion
• Gabion box
• Good quality stone (Strong, big, and flat
stones are preferred)
• Specification of gabion box:

Construction period

• Good quality stone (Strong, big, and flat
stones are preferred)

Loose stone retaining wall

Crib wall

• Bamboo or round / square timber / log
(10 – 15 cm in diameter)
• Live cutting that roots easily, at least 1 m
length with a large number of side
branches
• Sprouting wooden poles of 8 to 12 cm
diameter or bamboo pole about 1 m long.

Crib wall

Material

54

| Guideline on Landslide Treatment and Mitigation

1.5 – 2.0m
2.0 – 2.5m
2.5 – 3.0m

30 – 35°
35 – 40°
40 – 45°

2.0 – 2.3m

1.5 – 2.0m

1.25 – 1.5m

Base height

1.0m

0.75 – 1.0m

0.75m

Top width

• Wire all gabion boxes together using 12
SWG wire, allowing an additional 5% of
wire for binding and tying.

References: FAO, 1985., SCWMC, 2001., Sthapit, K. M., 1998, DSCWM 2004.

• Use of the above mentioned dimensions does not need the stability test against
overturning, collapsing, and sliding.
• For a complicated design, consult experts.

Wall Height

Slope

• The projection of any footing course should
not exceed half the depth of the course.
• Use flatter stones for the top layer. Cover
the top of the retaining wall with soil or
build a bound masonry band along the top
to stop it unraveling.
   Use these dimensions for dry stone
retaining walls, depending on slope angle.
This table provides a guide to the
dimensions of walls on different slopes.
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• Uses local materials, simple
and low cost.
• Once roots and shoots are
put out, it forms a long-term
barrier.

• Takes time to establish.

Advantages

Disadvantage

• Weak if not properly made
and do not use sizeable
stones.

• Uses local materials, simple
and low cost

• Made of loose rocks.
• Stability and strength
depends on the size of
rocks and the quality of the
construction.
• Commonly used in the gully
control works in small to
medium water course.

• Transport of the big boulders
is difficult if not located
upslope of the site.
• Large voids in the dam may
create water jets, which
could be destructive if
directed towards banks.

• Uses local materials, simple
and low cost.
• If made properly, almost
a permanent structure
like gabions, masonry, and
concrete structures.

• Costly
• Cost of the gabion does not
remain in the community.
• Needs skilled labor for
construction.

• Flexible, permeable, and
economical compared to
other solid structures.
• Suitable, where land mass is
moving.

• Costly
• Cost of the material
(cement, rods) does not
remain in the community.
• Needs complicated
engineering design and
skilled labor.

• Permanent structure
• Looks good

• Made of cement mortar
or concrete.
• Permanent structures.
• Generally used to protect
important development
infrastructure, such as roads,
building.

• Made with gabion boxes
filled with stones. They are
preferable where big stones
are not available.
• Commonly used in the gully
control works in medium to
big watercourses.

• Same as the loose stone
check dams except that,
big boulders are used in its’
construction.

• Made of wooden poles
and brush.  
• Suitable for small
gullies of 1 to 2 meters
in width and depth.
• Least permanent of
all types, but are
cheap and made
with locally available
materials.

General
characteristics

Masonry / Concrete

Gabion

Brushwood

Type

Boulder

• Minimize the channel scouring and prevent vertical and lateral erosion by reducing the velocity of water and not allowing it to run on
long slopes.
• Convey the runoff safely.
• Trap the sediment going downstream.
• Raises the bed level to the extent that it can support the unstable side slopes.
• Stores water and increases its infiltration / percolation in the soil.
• Collects sufficient soil and water to promote plant growth.

Function

Loose stone

What is it? A small, low dam constructed across a gully or any other water- course.

Title: CHECK DAM
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Foundation

H = 2m

b = Se*d/100 =

d = 200m

Se = 5%

a = 30m

No of Check dam = (a-b)/H =

Given:

h*100 /(SÓ - Se) =

5%

Se =
d =

15%

2m

S =

h =

(30-10)/2=10

10m

2*100/(15-5)=20m

• The depth of foundation must be below the scour level.
• In erodible strata, if D is the anticipated maximum depth of scouring below the designed highest flood level, including possible concentration of flow, the
minimum depth of foundation below the highest flood level should be taken as 1.33 * D.
• The scour depth is not taken from the present bed level but from one to be expected in the future after siltation of the lower check dam and after the
establishment of new bed gradient due to the reduced bed-load after the erosion control.
• Take a minimum of 1.0 m foundation as a rule of thumb.

Number of check dams is calculated following the formula: Number of Check dams = (a-b)/ H
Where,
   a = The total vertical distance between the first and the last check dam in that portion of the
     gully or torrent.
   d= The horizontal distance between the first and the last check dam in that portion of the
     gully or torrent.
   b = The total vertical distance calculated according to the compensation gradient for that
     portion of the gully.
   H = Average height of the check dams.

The horizontal distance between two successive check dams is given by the relation:
   d = h * 100 /(SÓ - Se)
Where,
   d = Spacing between two successive check dams (horizontal distance)
   h = Height of the check dam (up to notch)
   SÓ = Existing slope of bed in %
   Se = Stabilizing slope of bed in %. In general, it is 3 - 5 %.

For the general practice, the compensation gradient is a 3 to 5% slope. However, if the bed materials
are course and stream bed slope is steep, a steeper compensation gradient can be considered.

Place the check dams so that the bottom of the upper check dam and the top of the lower check dam
give a gradient that for the kind of soil in the stream gives a non-erosive velocity of flow. This is the
compensation gradient.

Spacing
Example: Given:

Select the site for the construction of check dams taking into account the following considerations:
• To accommodate higher flood run-off makes it necessary to select a place, which is wide enough to limit specific run-off (per meter width) “q” and so the scour
depth. The spillway has to be big enough with at least 0.5m free board to take flood run-off, otherwise the side foundation of the check dams will wash out and
the river will by-pass the check dams and destroy them.
• Make check dams at a straight and firm stream bank. Never make check dams on the curve, junction of two streams, or just below it.
• Build the last check dam on good foundation of base rock as it affects the foundation of the rest of the check dams above.
• The selection of the site is also restricted by the height of the structure. If the elevation difference between two successive sites is too high, one or more sites
have to be selected in between so that the structure height will fulfill the conditions.

Design specification

Site selection

CHECK DAM
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Runoff estimation

Scour depth

Check dam

Procedure:
• Measure the catchment area “A” in hectares by surveying or from topographical map or aerial
photographs.

The Rational Formula is:
Q = C * ITc * A / 360
Where,
   Q = The rate of run-off in cubic meter per second i.e. cumecs =
   ITc = The intensity, that is the rate of rainfall in millimeters per hour for designed frequency
   for a duration equal to the time of concentration, Tc
   A = Area of watershed in hectares
   C = Dimensionless run-off coefficient

Normal Scour Depth:
i). Schocklitch’s Formula:
                    4.75* h 0.2 * q0.57
Scour Depth, Ds = -----------------------------------                         dm0.35
Where,
Ds = Scour depth (in meter) below water level
dm = Grain diameter (in mm) which divides bed material in a way that 90 % is smaller than dm
h = Water level difference (in meter) above and below the check dam
q = Run-off (in cubic meters / meter width) in the spillway

The scouring of the current is not uniform and it is all along the bed width. Scouring is deeper than
normal at obstructions and at bends in the river. Therefore, the maximum depth of scouring has to be
determined.

Scour occurs when the bed velocity of the stream exceeds the velocity it takes to move particles of the
bed material. Velocity varies with the gradient, the hydraulic depth, and the characteristics of the bed
and banks. When the velocity of the water slows, silt settles; when the velocity increases, the water
picks up and moves silt. Scour is worst when the water in the river is falling so it depends more on
the depth of water than on the gradient. A river has to adjust its velocity to the forces that its bed and
banks can stand by changing its section.

Design specification

240mm/hour
22.5 ha

ITc =
A =

Values are from calculation
as carried out in the
following sections.

Remarks

Cultivated land A1 = 10 ha.
Pasture land, A2 = 7.5 ha
Forest land,
A3 = 5 ha
Total Area, A = 22.5 ha.

C =
0.335
Q = (0.335 * 240 *22.5)/360 = 5 cumecs
q = 1.25 cumecs/meter, if notch length = 4 meters

Value

Factor

Example:

Ç 2.26 m.

Ç 4*0.399*1.42

= 4*(0.467*1.252/3 )1.5*20.5

Length of Scour Hole or the = 4*(0.467 * q 2/3)1.5*h0.5
Apron

Length of Scour Hole =

Ç 1.5*4 = 6 meters

Breadth of Scour Hole = 1.5 * Length of the Notch

Breadth of Scour Hole =

Ç 7.496/6.39 Ç1.17 m

= (4.75* 2 0.2 * 1.250.57)/ 2000.35

Ds = (4.75* h 0.2 * q0.57)/ dm0.35

q = 1.25 cumecs / meter

h = 2m

dm = 20cm = 200mm

Example:
Given: -
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Runoff estimation
continued

CHECK DAM

80

Western and Far western Zone

120 mm

8 minutes
Tc =
• Mark one-hour rainfall on Y-axis.
• Draw a horizontal line from Y-axis. We know that 8 minutes point lies between 2 and 15
minutes curve. Moreover, 8 minutes point is 6 minutes away from 2 minutes curve towards 15
minutes curve.
• Extrapolate 8 minutes point on the horizontal line drawn for 120 mm/hour rainfall intensity.

Ihr =

Example: Given 25 years frequency, Eastern Zone: -

Convert 1- hour intensity to intensity for duration equal to gathering time for the catchment or the time
of concentration i.e. ITc from the figure to the left.

For Whole Nepal

120

100

Western and Far western Zone

50 Years frequency

120

Eastern and Middle Zone

25 Years frequency

100

Eastern and Middle Zone

10 Years frequency

0

10

20

40

60

80

100

120

140

0

80

30

15

2

120 160 200 240 280 320 360

60

Rainfall intensity for duration indicated in mm/hour

40

120

0.138 hours Ç 8minutes

0.6635/(15*0.32)

=

0.7 1.15 / 15 * 0.05 0.38

L 1.15 / 15 * H 0.38

Tc =

0.05km

50m =

H=

0.7 km

700m =

L =

Example:

Use local rainfall records to estimate this if possible. Since, there is no published records of one hour
Minutes 960 480 240
rainfall (mm) for Nepal, for this purpose, we can draw following information from the data prepared for
India.
180
Frequency and One Hour Rainfall in mm.
160
Frequency
1 hour rainfall (mm)

Calculate rainfall intensity for duration equal to time of concentration.

Design specification

     Tc = L 1.15 / 15 * H 0.38
Where,
   Tc = Time of concentration (gathering time) in hours
   L = Length of the watershed along the main stream from the outlet to the most distant ridge
   in kilometers, and
   H = The difference in elevation between the watershed outlet and the most distant ridge in
     kilometers

• Calculate the Time of concentration (i.e. gathering time) by using the formula:

One hour rainfall intensity in mm / hour

58
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Notch design

0.35
0.45

0.40
0.50

With average infiltration rate no clay pans, loams and similar soil

With below average infiltration rate, heavy clay soils, or
soils with a clay pan near the surface, shallow soils above
impervious rock

0.40

0.30

0.10
A3 =5ha

Factor
0.75m

Hsp =

1m

Value

0.40

0.35

0.29

Run-off coefficient

Case 2.
Q = 1.84 * 4*11.5Ç7.36 cumecs >5 cumecs, OK
q = Q/ Bsp = 5/4 = 1.25 cumecs / meter

Bsp =
3m
Bsp =
4m
Case 1.
Q = 1.84 * Bsp * Hsp 1.5 = 1.84 * 3*0.751.5
Ç1.84 * 3*0.65 Ç 3.5 cumecs
Since calculated Q is 5 cumecs, the design notch cannot
accommodate the runoff. Therefore, notch size need to be
increased.

Hsp =

Case 2.
Value

Factor

The spillway has to accommodate peak runoff, which otherwise will wash out the side foundation of
the check dam, and destroy the check dam. Design the notch/weir or spillway using the following
formula.
A. Rectangular Notch:
Francis’s Formula:
     Q = 1.84 * Bsp * Hsp 1.5
Where,
     Q = Peak run-off, cumecs
     Bsp = Length of Notch, in meters
     Hsp = Height of Notch, in meters

Case 1.

Example:
Calculated Q = 5 cumecs

For trapezoidal notch, calculate the length of the notch as the average of top and bottom width of the
spillway/notch.

C3=

C2=

C1=

C = (A1* C1 + A2* C2 + A2* C2)/ (A1 + A2+ A3)
= (10*0.29 + 7.5*0.35+5*0.40)/(10+7.5+5)
= 7.525/22.5Ç0.335

Forest

A2 =7.5ha

A1 =10ha

Area

Once runoff is calculated, design the notch size.

Limitation: This method is usually suggested for use for a watershed of less than 50 hectares.

Computed weighted “C” for the watershed:
   C = (A1* C1 + A2* C2 +………… An* Cn )/ (A1 + A2 +………… An)
Where,
   A1 , A2 ,………… An are areas in hectares under various land use and soil types having
   corresponding values of
   C1, C2 ,………… Cn respectively; and A = A1 + A2 +………… An = Total area of the watershed.

0.15

0.29

With above average infiltration rate, usually sandy or gravely

Pasture

Cultivated

Soil Type
Pasture

Cultivated
Forest

Land use category

Value of C for Use in Rational Formula

Land use type

Calculate the constant “C” as a measure of the proportion of the rain, which becomes runoff. Following
Table below gives some value of C.

Runoff estimation
Example:

Design specification

240 mm

Relation of One Hour Rainfall Intensities to Intensities at other
Duration (converted and redrawn from G. A. Hataway, Military
Air Field - Design of drainage facilities, Trans. Am. Soc. Civil
Engineers 110: 700. 1945. Cited by Gupta, et. al. 1973)

CHECK DAM

ITc Ç

• Draw a vertical line from the point extrapolated for 8 minutes time of concentration
• Read the value in the X axis for the Rainfall intensity for the time of concentration
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Maximum height is 1 m
from ground level.

1.0 m

2.0 m

May vary (Recommended
not more than 5.0 m)

Use of the dimensions above does not require the stability test against overturning, collapsing, and sliding. However, the size of the spillway needs to be computed
according to the maximum discharge of the gully catchment area.

Loose stone

Boulder

Gabion

Remarks

20 % Slopped, Stepped or
vertical

30 % (1 : 0.3 Ratio)

20% (1:1/5 Ratio)

• The structure should enter at least 0.5 m into the side of the gully and be
protected against flash water by wing walls.
• Construct the wing walls with appropriate foundations at the upper side to guide
the flow into the spillway or notch and prevent it from damaging the banks. Fill
the space between the dam and wing the walls with soil.
• The wing walls should enter at least 0.5 m into the side of the gully. The height of
the wing walls must level with the top of the check dam.
• The foundation width of the check dam has to be more than the length of the
spillway.
• Put large flat stones along the sides of the gabion boxes, fill smaller ones in the
middle. The size of stones used for the construction should be larger than the size
of the wire mesh.
• When debris is expected, it is advisable to protect the spillway and steps in the
front part of the dams by a layer of concrete to protect the gabion wire from
cutting by the falling debris.
• Compute the spillway dimensions according to the maximum discharge estimated
from the gully catchment.
• Below the dam, an apron has to be constructed.
• Fill the back of the check dams with soil for greater strength.

• Clear the site and mark the line of construction using
string.
• Cut the sides of the gully to a slope of 1:1. The
foundation of the wings should be more than 0.5
meters. Ensure that the height of the wing wall is
level with the top of the check dam.
• The foundation width of the dam has to be more
than the length of the spillway.
• For large dams, construct two wing walls with
appropriate foundations at the upper side to direct
the flow into the spillway or notch and prevent it
from damaging the banks.
• Use large flat stones on the notch and downstream
side of the spillway. Keep the central portion low for
the spillway.
• When large quantities of run-off are expected, it is
advisable to use some concrete in the notch and the
crown of the dam, or to cover everything with a
wire netting.

• Clear the site and mark the line of
construction using string.
• Dig a trench of about 15 cm deep across the
gully, drive the wooden poles in to a depth of
about 1/3 to ½ of the pole length, spacing
the poles 30-50 cm apart.
• Make the tops of the poles in the middle
lower than the sides to form a notch of the
required size to accommodate the maximum
runoff.
• Weave the flexible branches of tree (salix,
poplar, vitex, etc.) and shrub between
wooden poles driven into the ground until
the dam is the required height.
• The ends of inter-linked materials should
enter at least 30 cm into the sides of the
gully.
• Fill the back of the brushwood check dam
with soil.

Calculated accordingly

Calculated accordingly

Calculated accordingly

Gabion

Stepped or vertical

Vertical

Vertical

Loose stone / Boulder

Construction specification

> 1.0 m

Preferably 1.0 m

0.5 – 0.7 m

Brushwood

Half of Effective Height

Half of Effective Height

0.5 m

Wooden poles are driven to
a depth of about 0.75-1 m.

Slope of upstream face of Thickness of the base of
the dam
the dam

Brushwood

Slope of downstream
face of the dam

Maximum effective
Height

Type of check dam

Thickness of dam at
spillway level

General specification (After Geyik, 1986)

CHECK DAM
Minimum foundation
depth

• Structural design involves the determination of the dimensions of the various components of the check dam and its strength and stability.
• Scouring endangers the safety of the check dams most. Therefore, the foundation depth and spillway size and shape have, therefore, to be selected taking
scouring depth into consideration.
• For complicated design, consult experts.

Structural
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Gabion

• Finally, supplement the structure by planting seedlings and cuttings of suitable
species with a dense and wide spread root system on the gully sides.
• The gabion boxes need to be laced together very strongly with the 8 gauge wires.

Precautions

Therefore, continuous monitoring of these incidences
is essential and if any damage is seen, carry
out maintenance and further control measures
immediately. Also, to reduce the damage to the check
dams, remove boulders, trees, bushes, and other flow
restrictions that would result in the bank cutting or
overtopping of the channel.

Same as loose stone / boulder check dam. Also check the gabion wires are intact.
Check dam can collapse if:
a) Even one stone of the spillway section is washed out. Repair any loose or broken wire in time.
b) The foundation of the check dam is scoured.
c) The water flows from the side foundation of the
check dam.

Loose stone / Boulder

Maintenance

• Below the dam an apron has to be constructed with
stones.
• Place the large stones in the bottom of the dam and
use stones of about 50 cm x 30 cm throughout the
body of the check dam.
• On the up-stream side, the dam has to get an earth
fill for greater strength.
• Finally, supplement the structure by planting
seedlings and cuttings of suitable species with a
dense and wide spread root system.

• Any fall of the stone from the spillway to the structure easily cut the gabion wire.
• Avoid splitting of the stakes by placing a piece • Strength of the check dam depends on the quality
Therefore, protect the gabion wire of the foundation from the falling debris by
of the construction i.e. laying of the stone in the
of strong wood on the top of the stake when
covering it with stone.
structure. Ensure bonding between the stones within
it is being driven in.
• Seal the gabion box properly. Any opening in the gabion box easily washes out
the structure.
• After the structure is built, tramp earth solidly
the stones.
• Big stone needs to be placed at the spill way and at
behind and around it to prevent cracking.
the foundation.
• The water must go over the structures and
not go around them.
• The waterways should not be used as paths.

• Inspect the gully after each storm. Repair any
scouring of poles before it gets worse.
• Close the opening in the jafri (brush).

Brushwood

• Make a brushwood apron of about 1.5 - 2
times the height of check dam to protect the
channel from scouring. It needs to be
anchored with galvanized wire.
• Provide sidewalls to direct the flow to the
weir (center).
• Correct the slope of a steep gully head.
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Brushwood

Gabion
• Any time of the year when it is convenient, however the dry period is preferable.

Loose stone / Boulder
• Any time of the year when it is convenient, however
dry period is preferable.

References: Geyik, M. P., 1986., Hiller, B. 1979, Gupta et. al., 1973.. 1979. Sthapit, K. M. and L. C. Tennyson, 1991., Tautscher, Otto., 1978/79, DSCWM 2004.

• During Dormant season if the site is moist.
• Just before rainy season if the site is dry
• Any time if non-sprouting species are used.

Construction period
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Remarks

Remarks

• Provides multiple benefits if designed multi-purpose.

Advantage

Plastic lining

Plastic lining looks exotic but requires
regular replacement.

• Evaporation loss is significant in pond with big surface area.

Disadvantage

In hill topography, due to low soil depth most
sites are suitable for making partly dug out
and partly raised pond.

Combined pond

Cement lining is costly and if crack
develops, it is difficult to maintain.

With external support many projects made
masonry raised ponds. However, after cracks
developed many ponds remain unused.

Raised pond

Stone lining is costly and durable and
has aesthetic value.

Stone lining

This is how the ponds were made in past.
Although in the beginning seepage loss
is more, with time seepage loss is greatly
reduced.

Dug out pond

Clay lining is cheap, maintenance is
easy and in long run more durable.

Earth lining

• Use of stored water for economic production (aahale,
irrigation, fisheries, entertainment).
Cement lining

• If the source is not perennial such as rain, the pond may not
have water throughout the year.

• Store surface runoff / wastewater to reduce soil erosion and torrent

• Gradually soaks water into ground improving soil moisture.

Limitation

Function:

Pond (new or old) used for storage of run-off water during excess rain to reduce erosion and for later use.

Type by construction

Type by lining

Title: WATER HARVESTING
POND

Average No of rainy days

B

11

Month

A

May

Remarks 1 rainy day in days

3

C = 30/B

339

D

Monthly Rainfall

31

E=D/B

0.18

F

For embankment dam, locate
where maximum storage
volume is obtained from
minimum size of dam.

For tapping water from
spring and water tap, locate
immediately below and close
to such source.

Site selection

Runoff in cu. m per hectare
per event period

55.5

G= E*F*10

Pond size cu.m. (H)

300

H

Catch area in ha to
harvest runoff to fill given
conservation pond size in
cu. m.
5.4

I=H/G

Month
May

A

Rainfall per Event Period
in mm
31

E

Runoff coefficient
0.18

F

55.5

G= E*F*10

Runoff in cu. m per hectare
per event period

Storage area: mainly depression area either natural or
manmade to hold the water i.e. pond,

2

J

Catch Area in ha (J)

111.1

K=J*G

Estimation

For easy water use for
livestock, locate close to the
trail and above command
area for irrigation.

May

A

3

L=C
2

172.8

M

K
111.1

Service area: where harvested water is used

For dug out pond, a site
having flat terrain with heavy
soil is suitable.

• Different land use types and conservation
measures.
• Conservation measures required on either side
of the inlet and outlet channels.
• Command area if the pond is for irrigation.
• Sediment delivery from the catchment: o 5 - 10 cu.m./ha./year from good catchment,
o 10 - 15 cu.m./ha./year from moderate
   catchment
o 40 cu.m./ha./year from poor catchment

Design consideration: Water harvesting pond has three components namely: Source, Storage and service area

For harvesting stream
runoff, locate the site so that
runoff from the source can
conveniently fed to the pond.

Assessment
• Assess the soil type of the
construction site
• Assess availability of clay soil and
construction materials.

Pond size in cu. m. required
for given catch area in
hectare

Source: it may be a catchment area generating runoff or
spring, stream, or pipe water

Rainfall per Event Period
in mm

Measurement

Month

For harvesting surface runoff,
locate at lowest land area,
so that the largest volume of
water can be stored.

Runoff coefficient

• Measure the cross-sections
at X and Y directions at every 3
meters interval covering at least
10 meters more on either side of
the construction sites.
• Length of conveyance system
• Average and minimum soil depth
at the construction site for
designing the pond and
estimating quantity of works

Appropriate cumulative days
for water harvest

Survey steps

Mapping

Crop water requirement l/
sec/ha

• Construction site for pond
• Catchment boundary
• Different land use types and
drainage lines and erosion
features (micro-gully, rills, slope
failure) requiring different
measures in the catchment
• Alignment for Inlet and Outlet

Crop water requirement in
cu. m. / ha / day

Construction steps

Given Pond Size in cu. m.

| Guideline on Landslide Treatment and Mitigation
0.24

Q=

Command area in ha (Q)
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Seepage losses

• No effective solution to reduce
evaporation losses, except to
reduce the exposed area and
increase height to
accommodate the volume.
However, there is a limit to
the height increase.
• Unless it is embankment dam,
preferable height is up to 2
meters.

Evaporation losses

• Land use treatment in the
catchment
• Provide a sediment trap before
the pond.
• Provide a sediment flushing
mechanism and use it
regularly

Sedimentation

• Reduces capacity
• Major problem in runoff harvesting pond

• Depends on climatic conditions
– Temperature, humidity, wind speed and radiation
   • Larger the surface area higher the evaporation
   • Evaporation losses may be
– Up to 50 % of total storage losses in open
   shallow reservoir and Up to 20 % in deep reservoir
– 0.4 – 0.6 cm / day is considered to be permissible

• High seepage loss
– More porous the soil
– More cracks in the rock
– Freshly constructed ponds
    • Up to 10 cm/day
    • Seepage loss varies (0.26-16cm/day)
     with water depth
• 5 cm /day are considered to be permissible for
the dugout ponds
Recommended measures

Sedimentation

Evaporation losses

Seepage losses

In the ponds constructed for irrigation, provide a controllable outlet (mainly piped with gate valve) at the bottom of the pond. There
should not be any leakage. Therefore, assure a good contact between such a mechanism and the wall of the pond, most preferably by
cement-concrete.

Provide an overflow spillway and channel to dispose safely of excess water. Overflow channel having the same width as inflow channel
must be 10 % higher than inflow channel.

Grass waterways are recommended for channel slopes up to 8%. Channel slopes of more than 8% should be stone paved or lined. The
shape of the grass waterways should be parabolic where as a trapezoidal shape is preferable for stone paved waterways.

• Improve pond lining
- Use of Clay: Step for Clay lining
- Vertical seepage loss
   m Add a foot thick heavy clay. Addition of cow-dung and puddling by the livestock will help the sealing of floor.
     Higher the depth of puddling less the seepage loss
- Horizontal seepage loss
   m 30 cm wide heavy clay compacted between the pond wall and the ground
   m If there is heavy clay around the construction site, before digging, such clay should be put aside
- Use of Low Density Polythene: Step for plastic lining
   m Shape the side slope of the pond to less than 1:1 (V:H)
   m Remove all protruding stones, roots etc. and rammed to smoothen the surface.
   m Plaster the sides and bottom of the pond with sieved clay (6) : cow-dung (1)
   m Neatly line the LDPE without any folds over the pond. Keep overlap of about 50 cm at the joint.

Major problems

Overflow spillway / Channel

Inlet structure for water collection

Construct waterways to lead water from the source into the pond. For safe water regulation, a flow control mechanism must be set at
the inlet and outlet of the pond.
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• Construction of new pond or improvement of old ponds
• Land use improvement (conservation plantation, degraded land
rehabilitation, grass planting) and erosion control measures such
as micro-gully plugging (fascine, palisades, wattling, brush
layering, brush wood check dam) in the catch area.
• Water harvesting
• Construction of conveyance system (inlets and outlets)
• Protection of the pond

Avoid sites:
• Less than 50 m upslope from a house
• Where there are slope movement, subsidence, land sliding or
gullying (which may affect if extended) the area below;
• Where valley side is not stable to hold standing water;
• At the toe of the slope, where instability of the slope may
increase;
• Close to a cliff, where slope-failure may occur due to seepage or
water pressure;

• Regularly maintain the lining in the channel and
pond to reduce seepage loss.
• Regularly remove sediment deposited in the
channels and pond.

References:-DSC, 1992, FAO and IIRR, 1995. Sthapit, K. M. and Shashindra Lal, Unpublished. SCWMC, 2001, DSCWM 2004.

Scope (Site for application)

• Digging of the pond is
preferred when the soil is not
too dry and not too wet for
easy soil work.
• Stone work any time when
labor is available.

Construction period

Precautions

Tools

Maintenance

Fold the overlapped section to reduce the leakage.
   m To provide good anchorage, the stones and soil should embed an additional portion of the plastic at the top.
- Use of Soil-Cement: Steps for soil-cement plastering
   m Prepare the ground as mentioned under LDPE lining.
   m Layers of clay-cement (7:1 plaster) uniformly lined coat after coat until a thickness of 3 cm is attained
• LDPE lining and Soil-Cement Plaster are only appropriate where there is no trampling damage by livestock and human

m

Annex 5. List of Commonly Used Species
Local Name

Botanical Name

Botanical Name

Local Name

Amala

Emblica officinalis

Acacia arabica

Babul

Amliso

Thysanolaena maxima

Acacia catechu

Khair

Arare

Acacia pennata

Acacia pennata

Arare

Assuro

Adhatoda vasica

Adhatoda vasica

Assuro

Babiyo

Eulaliopsis binata

Agave Americana

Ketuki

Babul

Acacia arabica

Albizia lebbeck

Kalo siris

Badaam (ground nut)

Arachis glabarata

Albizia procera

Siris

Badahar

Artocarpus lakoocha

Alnus nepalensis

Utis

Bains

Salix tetrasperma

Alnus nepalensis

Utis

Bakaino

Melia azedarach

Arachis glabarata

Badaam (ground nut)

Bayer

Zizyphus mauritiana

Artocarpus lakoocha

Badahar

Bedulo

Zizyphus jujube

Arundinaria intermedia

Nigalo

Bhatwasi

Flemingia macrophylla

Arundo clonax

Narkat

Bhimal

Grewia oppositifolia

Arunduella nepalensis

Phurke

Bhimal

Grewia optiva

Bambusa balcooa (Dhanu)

Dhanu bans

Bhuletro

Butea minor

Bambusa nutans / cupalata

Mal bans

Bihaya / Saruwa

Ipomoea fistulosa

Bassia butyracea

Chyuri

Casuarina

Casuarina

Bauhinia purpurea

Tanki

Centipede grass

Centipede grass

Bauhinia veriegata

Koiralo

Champ

Michelia champaca

Brassaiopisi hainla

Chuletro

Chilaune

Schima wallichii

Butea minor

Bhuletro

Chuletro

Brassaiopisi hainla

Cajanus cajan

Rahar

Chyuri

Bassia butyracea

Casuarina

Casuarina

Dabdabe

Garuga pinnata

Centipede grass

Centipede grass

Desmodium

Desmodium rensonii

Chamaecrista rotundifolia

Dhaincha

Sesbania grandiflora

Choerospondias axillaris

Lapsi

Dhanu bans

Bambusa balcooa (Dhanu)

Colquhounia coccinea

Namdi phul

Dhonde

Neyraudia reynaudiana

Cymbopogon microtheca

Khar

Dubo

Cynodon dactylon

Cynodon dactylon

Dubo

Dudhilo

Ficus nemoralis

D. Hookeri (kalo)

Kalo

Faledo / Phaledo

Erythrina arborescenes

Dalbergia sissoo

Sisso

Ghangharu

Pyracantha crenulata

Dendrocalamus hamltonii

Tama bans

Gideri

Premna spp.

Desmanthus virgatus

Gliricidia

Gliricidia sepium

Desmodium rensonii

Gogan

Saurauia napaulensis

Dismanthus

Golainchi

Plumeria acuminata

Drepanostachyum intermedium

Tite nigalo bans

Ipil ipil

Leucaena leucocephala

Duranta repens

Nilkada

Ipil-Ipil

Leucaena leucocephala

Emblica officinalis

Amala

Kabro

Ficus lacor

Erythrina arborescenes

Faledo / Phaledo

Kalo

D. Hookeri (kalo)

Eulaliopsis binata

Babiyo

Kalo siris

Albizia lebbeck

Euphorbia royleana

Siuli

Kanda phul

Lantana camara

Ficus glaberrima

Pakhuri

Desmodium
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Local Name

Botanical Name

Botanical Name

Local Name

Kans

Saccharum spontaneum

Ficus lacor

Kabro

Katara khar

Themeda species

Ficus nemoralis

Dudhilo

Ketuki

Agave Americana

Ficus religiosa

Pipal

Khair

Acacia catechu

Ficus roxburghii

Nimaro

Khanyu

Ficus semicordata

Ficus semicordata

Khanyu

Khar

Cymbopogon microtheca

Flemingia macrophylla

Bhatwasi

Khirro

Sepium insegne

Fraxinus floribunda

Lankuri

Khus

Vetiveria lawsoni

Garuga pinnata

Dabdabe

Kimbu

Morus alba

Gliricidia sepium

Gliricidia

Koiralo

Bauhinia veriegata

Grewia oppositifolia

Bhimal

Kutmiro

Litsea monopetala

Grewia optiva

Bhimal

Lahare papal

Populus deltoids

Himalayacalamus hookerianus

Padang bans

Laliguras

Rhododendron arboreum

Ipomoea fistulosa

Bihaya / Saruwa

Lankuri

Fraxinus floribunda

Ipomoea fistulosa

Saruwa/Bihaya

Lapsi

Choerospondias axillaris

Jatropha curcas

Sajiwan

Mal bans

Bambusa nutans / cupalata

Lantana camara

Kanda phul

Namdi phul

Colquhounia coccinea

Leucaena leucocephala

Ipil ipil

Napier

Pennisatum purpureum

Leucaena leucocephala

Ipil-Ipil

Narkat

Arundo clonax

Litsea monopetala

Kutmiro

Nigalo

Arundinaria intermedia

Melia azedarach

Bakaino

Nilkada

Duranta repens

Michelia champaca

Champ

Nimaro

Ficus roxburghii

Morus alba

Kimbu

Padang bans

Himalayacalamus hookerianus

Neyraudia arundinacea

Sito

Painyu

Prunus cerasoides

Neyraudia reynaudiana

Dhonde

Pakhuri

Ficus glaberrima

Paspalum

Paspalum

Paspalum

Paspalum

Pennisatum purpureum

Napier

Phurke

Arunduella nepalensis

Pinus roxburghii

Sallo

Pipal

Ficus religiosa

Plumeria acuminata

Golainchi

Rahar

Cajanus cajan

Populus deltoids

Lahare papal

Sajiwan

Jatropha curcas

Premna spp.

Gideri

Sallo

Pinus roxburghii

Prunus cerasoides

Painyu

Saruwa/Bihaya

Ipomoea fistulosa

Pyracantha crenulata

Ghangharu

Sesbania

Sesbania

Rhododendron arboreum

Laliguras

Simali

Vitex negundo

Saccharum spontaneum

Kans

Siris

Albizia procera

Salix tetrasperma

Bains

Sisso

Dalbergia sissoo

Saurauia napaulensis

Gogan

Sito

Neyraudia arundinacea

Schima wallichii

Chilaune

Siuli

Euphorbia royleana

Sepium insegne

Khirro

Stylo-184

Stylo-184

Sesbania

Sesbania

Tama bans

Dendrocalamus hamltonii

Sesbania grandiflora

Dhaincha

Tanki

Bauhinia purpurea

Stylo-184

Stylo-184

Tite nigalo bans

Drepanostachyum intermedium

Tephrosia candida

Tephrosia

Utis

Alnus nepalensis

Themeda species

Katara khar

Utis

Alnus nepalensis

Thysanolaena maxima

Amliso
Source: DSCWM 2004.
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Annex 6. Proposed Training Module for Capacity Building in Landslide Treatment
Rationale

Landslides are common in the mountainous landscape of Nepal, especially with heavy
monsoon rainfall. Landslides take lives and cause damage to livelihoods, settlements,
development infrastructure, agricultural fields, and forests. Landslide treatment is a major
task carried out every year to protect property and lives. Therefore, field professionals
need to understand the mechanisms of landslide and have skills in designing conservation
measures to treat landslides.

Objectives

Enable participants to:
• Understand the concepts/mechanism/approaches of landslide treatment.
• Identify the problems and map the landslide based on the problems.
• Know about different techniques used to treat landslides
• Carry out surveying for landslide treatment
• Design different necessary conservation techniques to use to treat landslide.

By the end of the training
participants will be able to:

•
•
•
•

Target group

All professionals designing and implementing landslide treatment

Prerequisites

Trainees working or need to work in the field of soil conservation and watershed
management. Knowledge on mathematic and basic surveying would be beneficial.

Field/Lab work:

6 days of field and practical work in carrying out the survey, design, and presentation

Duration

2 weeks of working days

Venue/Responsibility

The training is a residential training to focus on practical exercise after the mentioned
training period.

Remarks

Training venue will be conveniently selected so that a real case can be surveyed and the
landslide treatment can be designed

Explain problems, causes, and mechanisms of the landslide.
Carry out required mapping and surveying for landslide treatment.
Explain different techniques applied for landslide treatment.
Design necessary conservation measures for landslide treatment.

Proposed training schedule is given below.
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4. Analysis of urgency and
recommendation for landslide
treatment

6. Conservation techniques: Grass
and Bamboo planting

10. Conservation techniques: Brush
layering and wattling

13 Conservation techniques:
Gabion bolster and Retaining wall

14 Runoff calculation

Review

Review

Review

Review

Review

2

3

4

5

6

Field surveying for Landslide treatment if required or Practical exercise on
designing landslide treatment (Real Case Study)

Presentation on landslide design

Review

Review

12

13

Field work		

17 4 Steps in Designing Landslide
Treatment and Mitigation
Measures

Review

11

Class room		

15c Presentation of the check dam
design

Review

Practical		

Break

Break

13:15-14:45

Presentation		

Training Evaluation

12a. Field exercise on
surveying: Profile and cross
section

9. Conservation techniques:
Fascine and Palisade

5a. Understanding Geology
with respect to Landslides
continued.

16b Presentation on
Conservation Pond

Training evaluation, opening, and closing		

Closing and Certificate
Distribution
Off

Practical exercise on designing landslide treatment (Real Case Study-4
Steps)

Break

15a Field surveying for check dam

15:00-16:30
3. Introduction to Soil Erosion
including landslide and its
mechanism

13b Practical exercise on designing retaining wall

17a Field surveying for Landslide treatment (Real Case Study)

Lunch

Break

Break

Break

Break

14:45-15:00

13a. Field surveying for retaining wall

12. Basic Surveying and
Familiarization with
Clino-compass

8. Conservation
techniques: Mulching
and Buffer strip

5. Understanding
Geology with respect to
Landslides

2. Introduction to
Integrated Watershed
Management and Low
cost soil conservation
techniques

16a Practical exercise on the water harvesting pond

Lunch

Lunch

Lunch

Lunch

Lunch

Lunch

Lunch

12:15-13:15

15b Practical exercise on check dam

10

Break

16 Water Harvesting Pond

Review

9

Day Off
15 Introduction to Check dam

13c Presentation of the retaining
wall design

14a Practical exercise on runoff
calculation

13 Conservation techniques:
Retaining wall continued.

11. Conservation techniques:
Rip-rap and waterways

7. Conservation techniques:
Conservation plantation

4a. Practical exercise on
Landslide Urgency and
Recommendation for
Treatment Analysis

1. Understanding nature law in
Water Induced Water Disaster
Management

10:45-12:15

Review
Break

Break

Break

Break

Break

Break

Break

10:30-10:45

8

7

Opening, Introduction of
participants, expectation
collection, highlight the training
module and logistic briefing

Registration

1

09:00-10:30

08:30-09:00

Day

Proposed Tentative Training Schedule

Annex 7. Landslide Inventory
Landslide is a general term used to describe a mass of
material that has slipped downhill under the influence
of gravity, frequently occurring when the material is
saturated with water . Landslides do not occur randomly or
by chance. A landslide is a dynamic process. Its occurrence
and stability is the result of the interplay of physical
processes, and mechanical laws controlling the stability or
failure of a slope .
The Gorkha Earthquake 2015 either enlarged old landslides
or triggered new landslides, leading to massive destruction
in districts affected by the earthquake. Immediately
after the Gorkha Earthquake, the Department of Soil
Conservation and Watershed Management (DSCWM) began
initiatives to protect affected communities by developing
infrastructure to mitigate the earthquake induced or
enlarged landslide hazards, and to prevent further
destruction as much as possible.
In consultation with other related Government
organizations and with the support of Nepal’s
development partners, DSCWM organized a consultation
workshop on September 28th – 29th, 2015 on the
inventory, hazard assessment, and treatment and
mitigation of landslides. The DSCWM led the consultation
workshop with support from ICIMOD, UNEP, UNDP, IUCN,
FAO, and WWF.

Key features of the inventory: •

•

Simple to use by practitioners especially agencies
engaged in landslide treatment and mitigation,
such as the Department of Soil Conservation and
Watershed Management and Department of Water
Induced Disaster Prevention. The inventory should be
compatible with easily accessible digital tools such as
Google Earth.
The information used to analyze the urgency and
degree of recommendation for landslide treatment
should be consistent.

Key information included in the inventory fact
sheet includes: •
•
•
•
•
•

Objectives

•

Landslide inventory sheet is designed to collect
information on landslides essential for policy formulation,
strategy guidance, precautionary measures and treatment
of landslides in order to minimize the adverse effects and
impacts of landslides on lives and property.

•

•

Where did the landslide occurred? Give the location of
and major land use associated with landslide
How big is the landslide? Give the area of the
landslide.
What type of landslide occured?
What are the main causes? Specify the major factors
triggering or enlarging landslide.
How often will it occur in the future? What is the
probability of its occurrence again?
What will it damage? Where? What are the
elements at risk (Settlements, national heritage,
roads, irrigation, drinking water supply schemes,
hydropower, land use).
What is the scale of damage? Quantify the degree of
damage to the element at risk.
How easily it can be treated? What is the
recommendation for the landslide’s treatment? What
is the type of landslide in term of its treatability.
What is the potential of the landslide blocking the
river?

The proposed fact sheet for landslide inventory is given in
Annex 7 Table 1.

10 Soil Conservation Society of America-1982, Resource Conservation Glossary Third edition.
11 Guzzetti, F., Mondini, A. C., Cardinali, M., Fiorucci, F., Santangelo, M. and Chang K.-T. 2012. Landslide inventory maps: New tools for an
old problem. Earth-Science Reviews, 112: 42–66.
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Annex 7. Table 1. Landslide Inventory Fact Sheet
Landslide Index No: District Code + VDC Code + Landslide Code (All are 2 digit code)
Type of Landslides classification by Cruden and Varnes (1996).
(Tick in appropriate box)

BASIC INFORMATION
Location (District/VDC/Ward):
………………………………………….….

Movement type
Slide

Coordinate at the bottom of the landslide:

Flow

Translational Slide

Coordinate:
Bounding Min:
Major Land use associated with landslide:
Forest

Agriculture

Grazing

Settlement

Earth

Material involved Earth

Bounding Max:

Approximate Area (sq. m.): .........................

Earth Flow

Rotational Slide
Complex Slide

Earth

Translational Slide

Channelized flow

Rotational Slide

Open slope debris flow

Complex Slide
Translational Slide
Rock

Aspect: ………………

Rotational Slide
Complex Slide

Elevation: Max. …….m. Min. ………in m.
History:
When it was initiated?

Shallow seated:

Deep seated:
Major Factors Triggering / Enlarging Landslide
(Tick in Appropriate type):

Toe cutting, Heavy rain, Steep slope

Geology:

Lack of water management, Heavy rain, Steep slope
Cracked rocks, Heavy rain, Steep slope, Earthquake
Probability of Occurrence
High

Quantification of damage to the element at risk

Medium

Low

High

Medium

Low

Type of Landslide in term of Treatability (Tick in Appropriate type):
Easily Treatable

Moderately Treatable

Difficultly Treatable

Element at Risk
Settlement / National Heritage / Lives
Village Name: ……………………………………….
No of House affected		

National Heritage Name: ……………………………………….

No of People displaced		

No. of People killed
Road

Road Type (Tick in Appropriate type)
Dirt road

Gravel road

Asphalt road

Length of Road affected in meters
Irrigation
Irrigation Type (Tick in Appropriate type)
Community

Command area in ha.

Multi community

Multi VDC

Affected Length in meters

Drinking water supply scheme
Drinking water supply Type (Tick in Appropriate type)
Community

Multi community

No. of User Households
Multi VDC

Length in meters

Hydropower (Tick in Appropriate type)
Intake:

Dam:

Tunnel

Agriculture

National Forests

Community Forests

Station:

Stilling basin:

Pasture lands

/ Shrub / Grass

Land use

Landslides Blocking Stream / River (Tick Appropriate type)
			
None
(no
Partially (partially
Complete
signs of
blocked the river)
(completely
blockage of
blocked the river,
rivers)
and still blocking)
Name
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Signature

Complete and broken through (blocked the
river but later broken through)

Date

Brief description of type of movement
Type of Movement

Description

Slides
   Rotational
   Translational

Slope movement caused by shear failure of distinct surface.
Movement is approximately on circular surface of failure. It may be single or multiple rotational
failure surface.
Movement is approximately on planar surface failure.

Flows

Rapid movements of vicious fluid. Slip surfaces are almost absent.

Complex

Combination of two or more principal types of movement.

Earth Flow

Rapid movements earth materials as vicious fluid.

Channelized debris flow

Rapid movement of debris as vicious fluid in channel.

Open slope debris flow

Rapid movement of debris as vicious fluid in slope without confined channel.

Debris: Mixture of loose soil, rock, and organic matter. Debris
consists of <50% fine materials.
Earth: Mixture of loose soil, stones, and organic matter. Earth
consists of > 50% fine materials.

Type of landslide:
Not considered for treatment: Mass movement, such as
raiser failure in the agriculture land that farmers will likely
rehabilitate as a part of cultivation, will not be considered for
treatment. Landslide not affecting livelihoods or settlements
including educational centers and livelihood based property
such as agricultural fields, trail and roads, irrigation canals,
will not be considered for treatment. Such landslides are left
for nature to treat.

Shallow seated: A, B, and C Horizons Disturbed. Treatable
within reasonable timeframe and the scope of bioengineering techniques and resources.

Landslide is divided into shallow seated and deep seated.
Shallow seated: Movement of earth mass disturbing up
to C horizons. This type of landslide is treatable with the
bioengineering techniques and with reasonable resources
and time frame and affecting livelihood based namely
agriculture, forest and grazing land and settlement. No
bedrock are disturbed or moved.
Deep seated: Movement has occurred resulting cracks in
bedrock and bedrock movement. Treatment of such landslide
requires big structures, especially reinforced concrete
structures and grouting, at the cost of huge resources
and time. Such landslides are treated if they are affecting
nationally important structures, such as highways, hydropower, and large settlements.
Deep seated: Geological failure (Crack and slides bed
rocks) Required big structures (Concrete) and huge
resources, affecting nationally important structures.

Treatability Status

Criteria

Easily

Treatable with bio-engineering measures within 2 years

Moderately

Treatable with some engineering structures and bio-engineering measures within 5 years

Difficultly

Requiring many big engineering structures and requiring more than 5 years
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Annex 8. Format for Documentation of the Lessons Learned
Documentation of lesson learned start with filling the landslide inventory fact sheet given in Annex 7, Table 1.
Analysis for urgency and recommendation for treatment will be carried out and documented in as per Annex 8, and Tables
1 and 2 of the main document.
List the techniques applied.
S.N.

Name of the
techniques

Specify the
key problems
the technique
is applied for

Steps in
applying the
techniques

Change in steps
if the techniques
is to be applied
again

Does the techniques
help in addressing
key problem (Rank
the status: Very Good,
Good, Moderate, Low,
Very Low )

Specify
adverse effect
the techniques
if any

Document the pictures of each technique (With time series if possible until the landslide is no longer threatening)
Technique applied:
Before

After

Overall picture of the landslide
Before

After

Recommended Survey/Design/Practical Tips or Considerations: -
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