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Introduction
Bio-dyke is a bioengineering measure to manage and control flood water movement such as redirecting
flood run-off through the use of flood walls and flood gates. It combines biological, mechanical, and
ecological concepts to stabilise slopes of the river banks. This technology for controlling riverine
floods is useful when there is no immediate need of heavy engineering works or a community is
unable to afford construction of heavy engineering structures like gabion wall, retaining walls, breast
walls, concrete dykes, among others. Bio-dyke requires certain time to gain its strength compared to
heavily engineered structure, as the dyke will gradually be firm and stable when plantation is fully
established. Besides flood control, this concept can also be used in landslide mitigation as it offers
an environmental friendly and highly cost and time efficient solution for slope instability problems in
mountainous and hilly areas as well.

Photo 1 Bio-dyke construction work at Bangalipur, Bardiya
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Problem/Context
A river, either small or large can become massive and become violent upon being rain-fed with
heavy and incessant downpour. When the floods occur in the rivers, local livelihoods are destroyed
threatening the populated and cultivated areas along the banks. In worst cases, floods can cause
number of casualties and severe loss of livelihood including aftermaths like needing complete
rehabilitation. In the last decade between 2001 and 2008, only floods and landslides caused
death tool in Nepal has reached 1,673 with 33,365 livestock lost, affecting221,372 families and
destroying 52,007 houses; not to mention drainage of 22,000 ha of arable land ( MoHA, 2017)
Majority of community people residing near riverbanks and exposed to flood vulnerabilities are rural
poor. Agriculture and fishery are the main source of livelihood of these communities. However, every
year they live in fear to lose their standing crops, fertile lands, livestock and even their relatives
to the floods. Losing standing crops can have immediate impact in terms of food security but loss
of lives and cultivable land will have long lasting effect in living standard of people leaving their
livelihood option at limbo. As a result of this many Terai dwellers are compelled to migrate for safe
and secure livelihood. Even if they wish to stay at the riverbanks, they will have limited opportunities
for resettlement
Though controlling natural calamities like flood seems far from possible, a lot can be done to
mitigate and manage the disaster risks and enhance preparedness. Flood management strategy
generally involves integrated flood risk mitigation measures and structures. The main purpose of this
technical brief is to describe methods and techniques associated with bio-dyke which is vegetative
measure of controlling erosion or bank cutting through the use of local materials. It is nature-friendly
form of embankment made of locally available resources like sand, rocks, soil, shrubs and bamboo
trees.
The cost of construction and maintenance of bio-dyke are significantly cheaper than construction
of concrete structures making them more suitable for developing countries. The constructions of
bio-dykes require simple understanding of the technology while local resources can be used in its
construction. Hence, they can be implemented by local people in remote parts of poor countries.
This approach of strengthening river dyke is more sustainable as it does not disturb the natural
processes and ecological systems in a river basin.

Ways in which bio-dykes can build community resilience
Physical
• Saves life and property by preventing flood in residential area and provides safe evacuation
route.
• Helps maintain the original shape and flow of the river.
• Planting of trees in a dyke breaks water force and acts as a barrier for flood and river bank
erosion there by protecting cultivable land.
Natural
• Restores river into its original course without disturbing natural environment and ecology.
• Adds benefit by creating new habitats for animals and greatly increases biological diversity.
Social
• Since the work is done by the community in a participatory way, it helps to increase social
cohesion and cooperation.
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• It encourages communities to work together to plan, implement and monitor activities which are
very important for sustainable community development.
Financial
• It is cheaper compared to hard engineering works as local material and resources can be used
at greater extent. Construction work does notrequire highly skilled human resource and can be
implemented by local people with minimum guidance.
• Maintenance cost is lower than hard engineering structure. Can be maintained using local
resource
• Reduce or prevents loss of property and saves livelihood option.
• Creates opportunity to generate income sources through planting multipurpose tree species like
fodder crops and medicinal crops.

How to construct a bio-dyke in collaboration with
community?
Before the construction starts, there should be pre-accessed information on a few areas. There
should be prior information on frequency of flood in the past, water level during flood, flood damage
in the past, local biodiversity and soil structures. If soil in construction site is sandy, easily erodible
and not good enough for planting, stone filled galvanised gabion box dyke or concrete dyke is more
effective. There are different phases in bio-dyke construction. Emphasis should be given to all
phases for effective bio-dyke construction and management.

a. Feasibility study phase
Success and failure of the project depends upon the depth of analysis prior to the project design
and implementation. Therefore, it is very important to carry out a feasibility study regarding
technical, financial and social aspects of the project. Feasibility study should be done by visiting
project site, conducting survey and Key Informants Interview (KII) with respective community and
local government and non-government stakeholders.

i. Technical aspects
The construction of a bio-dyke does not require high-skilled labour compared to other concrete
constructions. If we consider key technical requirement of bio-dyke construction, its effectiveness
will increase to a greater extent. Following are the key considerations for this purpose:
Site selection
Different criteria should be followed while selecting site to construct bio-dyke. The type of dyke
depends upon the flood level, velocity and slope of the site. So, minimum criteria and requirement
should be followed to use this structure. Following criteria should be taken into consideration while
selecting the site:
• Past flood impact/damage: Severe flooding area will not be good for this structure.
• Type of soil: Suitable soil types for bio-dyke construction will be clay loam or sandy loam. This
structure is not suitable at sites where soil is too sandy.
• Flood level:  This structure is suitable for normal flooding areas but not suitable for heavy
flooding areas accelerated by landslides.
• Flood prediction: If there is higher flood predicted for future, these types of work will not be
effective.
• Distance from the settlement: if the site is too close to the human settlement, it is not
recommended to build bio-dykes. At least a distance of 8 m should be maintained between the
settlement area and the bio-dyke.
Practical Action
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Assessment of technical knowledge of volunteers and supervisor
The people who are involved in the construction of this structure should have proper technical
knowhow about bio-dyke construction. Construction of a bio-dyke in a participatory manner involving
community people with multiple capacities cannot only bring more ownership of the community
towards the construction but will also develop skillsets of the local for future. We must assure that
every member involved in the work including the people who are involved in inspection and supervision
have proper knowledge.  Prior training and orientation should be provided to the community people
before the commencement of construction work. Similar training is also necessary for the local
facilitators and supervisors.

ii. Financial aspects
Bio-dyke is a relatively cheaper construction compared to to other types of river dykes. However,
community alone cannot afford whole construction cost, especially if they are poor. The
construction cost also depends upon dyke’s size and length. So, financial need for bio-dyke
construction should be ensured before starting construction (tentative cost of construction of
bio-dyke is provided in Table 1). If the construction of bio-dyke is funded by a donor agency, the
community needs to provide local resources and unskilled labour support. However, if there is no
external support, financial support from local government or other agencies need to be explored.

iii. Social aspects
Management and sustainability of bio-dyke depends upon the ownership and commitment of the
community. So the community should be engaged right from the earlier stages of planning and
construction. Project team or implementing team should conduct participatory need assessment at
community level, so that various social issues and conflicts that might arise can be subsided before
construction begins. Issues like land disputes among the locals are quite common at community
level which should not be bypassed. Participatory needs assessment involves following activities:
•
•
•
•
•
•

Informal discussions with community groups
Focus Group Discussion (FGD)
Interviews with key informants and service users

Household surveys
Relevant local documents about the neighbourhood or community
Community mapping

b. Planning phase
Proper planning and scheduling is one of the cornerstone processes that can help ensure smooth
implementation. So, project team should first critically analyse information obtained from
the feasibility study. Detail work plan should be prepared based on the recommendation and
conclusion of feasibility study. In general, the project work plan should be able to provide answers
to questions like: Who should be part of it? How will it be done? How long will it take? How much
will it cost? What are the deliverables? and How will quality be maintained?

i. Community mobilisation plan
In community-led development process, people are engaged at all stages of project
implementation. Community can provide unskilled labour support during construction of a biodyke. So, community mobilisation plan should be prepared in their close coordination. The extent
and duration of contribution by beneficiary households should be properly analysed and it should
be reflected in financial plan of the project. All households should be informed about the proposed
contribution.
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ii. Budget plan
Tentative budget plan should be prepared in the very beginning. Cost of bio-dyke construction
depends upon the length and breadth of bio-dyke, so proper measurement should be made and
required materials should be quantified based on the measurement. Based on the information,
cost of external material can be explored locally or in nearby market. Bio-dyke construction might
also require machinery and some skilled labour which should be included in budget plan. Project
team can also take reference from similar type of project while preparing a budget plan. Material
collection phase
Bio-dyke is constructed using locally available materials and resources. Different materials
should be collected in required quantity and volume before starting construction. Prior material
collection helps to overcome issues like material shortage during construction phase and ensures
successful and timely completion of the construction work. Different materials required for biodyke construction are:
a. Green bamboo poles: Matured green bamboo with buds in node should be used in required
quantity. Size of bamboo should be 12 feet long and 4-6 inches in diameter. Growing buds in
node is necessary as it develops into bamboo shoots in future.
b. Sand bags: Generally, 24-26 inch long and 14 inch wide plastic sand bags (when empty) are
used. Cement bags can be used for sand filling.
c. GI wire is used to tie bamboos. Though durability is not good, we can use plastic or jute rope or
any locally available rope too
d. A simple nylon rope can be used
e. Equipment for boring hole for the poles in the river bed (Pump set, HDPE pipe, GI pipe)
f. Sand to fill sand bags
g. Fertile soil is needed to cover bio-dyke and to prepare base for plantation
h. Different plants can be planted on a bio-dyke. Fast growing plants with deeper roots best suit
for bio-dyke plantation. For multiple benefits, community can plant fodder trees too. Besides,
bio-dyke should be covered with grasses to reduce soil erosion during rainfall.
An important plant for bio-dyke plantation includes:

Trees
Plant of Bauhinia species like: Leucaena/
Ipil-Ipil, Garuga, Melia azedarach, Neem,
Banaya, Khanayo, Kavro, Dudhilo, Bamboo]

Grasses
Napier, Stylo, Desmodium, Fleminga, Broom
grass

C. Construction phase
Prior feasibility study, proper planning and timely collection of materials make construction phase
easier. Key steps of construction are described below:

i. Slope maintenance
Strong waves and currents from river flood strikes on the river bank and cause bank erosion. If the
slope of river bank is 30 to 45 ° (Figure 1), then strong waves and high current from the flood lose its
energy and do not affect river dyke. So, adequate slope should be maintained at first phase of bio-dyke
construction. Further, sloping reduces number of sand bags required and provide perfect base for
vegetation. There are the generalprocedures to maintain the slope:

Practical Action
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•

Measure the height of the bank (x) from the bottom. Take a distance, equal to 1 to 1.5 times of the
height of the bank (x to 1.5 x), from the bottom to riverside.

• From this distance, cut/scrape/fill with mud to maintain suitable slope.

Figure 1 Method of slope maintenance

iii.  Dyke and spur construction
Dyke construction
After 30 to 45° slope angle is maintained, dyke is constructed using green bamboo with clear buds, GI
wire and sand bags. Procedure to construct dyke includes:
• 12 feet bamboo poles are placed 8 feet deep and 1 metre apart along the slope and length of river
bank (Photo 2). Boring machine is used to bore hole for erecting bamboo poles.
• Use a 2 feet deep and 4 feet high bamboo wall attached with bamboo pole along the length of dyke
using bamboo slats as shown in Photo 2. Bamboo wall at the base layer of dyke should be stronger
than upper layers.
• Place the sand bags in the dyke. After placing each layer of sand bags, bamboo pole should be tied
with GI wire diagonally as shown in Photo 2.

Figure 2 Frame work of dyke (diagonally connected with GI wire)

Photo 2 Bamboo wall constructed in different layers, along the length of the dyke
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Figure 2 Frame work of dyke (diagonally connected with GI wire)
Spur construction
A spur is a structure that protrudes 2 to 3 metre perpendicular to the dyke towards flow of the river.
Spur breaks water current and helps train a river flow along a desired course. It prevents bank erosion
and encourages flow along a channel with more desirable width and alignment. The length of spur
depends upon the river size and water current during flood time. Procedure to construct spur includes:
• First spur is constructed at the starting end of dyke. Bamboo poles (12 feet in length) are placed
at 8 feet deep and half metre apart towards the centre of the river. Depending upon river width and
water current, spur of 2-3 metre length and 1-2 metre breadth is constructed (Photo 3).
• End of spur towards the centre of river is semi-circular as shown in the Photo 3. Semicircular end
helps prevent spur from flood damage.

Photo 3 Bamboo wall Spur design and construction
Practical Action
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• Next spur should be constructed 20 metre apart from the first spur. Since the first spur has to bear
more strength, it has to be the strongest.
• Similar bamboo wall around the spur should be constructed and sand bags should be placed in
between these walls.

Figure 3 Spur design and construction

iii. Sand bags stacking
In general, plastic bags are used for filling sand during bio-dyke construction. For convenience in
carrying and placing, ideal size of plastic bag should be 24-26 inch long and 14 inch wide. Sand bags
should be filled with coarse sand. Mud and fine sand deposited by flood can also be used but it will not
be firm and stable compared to coarse sand. Procedure to fill sand bags and stacking includes:
•
•
•

•
•
•
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Fill the sand bag to ¾ of its capacity.
Fold the flap down. If possible do not tie the flap. Untied bags form into a dyke better. And if
needed tie the bag leaving some gaps so that sand bag sets well during stacking.
While stacking either press the open flap with proceeding bag or just fold flap down to lock open
end of the sandbag. The open ends of the sandbags should be facing upstream or uphill so that the
moving water will not remove the sand from the bags.
Do not drag the bags as it can cause tearing or damaging.
After placing one or two layers of sand bags, tie bamboo with GI wire diagonally form a box like
structure as shown in Photo 3 (b). This will keep the structure firm and stable.
Continue stacking till all gaps are covered.

www.practicalaction.org.uk

Photo4 Right way to fill sandbag

Photo 5 Placing of sandbags in dyke

Practical Action
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iv. Soil filling
After stacking sandbags, dyke should be covered with fertile soil from agricultural or forest land. Soil
cover provides good base for vegetative growth of plants. It also fills the voids between two sandbags
and increases strength and stability of the dyke. Soil cover also protects sandbags from degradation
due to solar radiation. Slope should be maintained while covering the dyke with soil.

Photo 6 Dyke filled with fertile soil

v.  Planting
Seedling can be either purchased from commercial nursery or can be obtained free of cost from
government owned nursery. To assure the availability, supplier should be informed few months prior to
construction phase. Characteristics of the selected plants for bioengineering should be as follows:
•
•
•
•
•
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Fast growing
Deep rooted
Resistant to flood and extreme conditions
Multipurpose use
Indigenous/local
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Planting techniques:
•
•
•
•

Draw a contour line along the length of dyke with the help of A-frame.
Plant seedlings in contour line in triangular fashion with recommended spacing or 1 metre apart.
Plant grasses in open space between the tree seedlings.
If bamboo is planned for bio-dyke, plant half a metre apart in triangular fashion along the contour line.

Photo 7 Dyke filled with fertile soil

Photo 8 Planting techniques (side view)
Practical Action
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Bio-dyke management and maintenance
After the construction work is over, 15 cm deep and 20 cm wide trench should be constructed along
the length in the uphill portion of the bio-dyke. This trench serves as drainage during rainfall and
protects bio-dyke from erosion. Also uphill portion should be well fenced to protect the planted
seedlings from stray animals. Following are the key recommendation for regular management:
• Take proper care of plants in the bio-dyke. Plant height in bio-dyke should be maintained at 3-5
metres as it may fall down during strong storm/wind. Also cutting the main stem after certain
height stimulates growth from the base and root system develops good grip in soil. If fodder tree are
planted, fodder can be collected during training operations (e.g., pruning).
• Bio-dyke should be always covered with grasses. Grass cover protects from soil erosion during
rainfall and flood.
• It should be monitored before and after onset of monsoon or flood. If any damage observed, that
should be maintained as soon as possible.
• Community should be made aware to avoid free grazing of livestock.

Things to be considered during construction phase
• Underground portion of bamboo pole will be susceptible to decomposition. So, it should be painted
with some preservatives (e.g., used engine oil). In some places, people usually wrap underground
portion with plastic.However, this practice is not recommended as underground portion sweats and
accelerates decomposition rate.
• Construction should be completed few months before the onset of monsoon.
• Coarse sand should be used for sandbag filling.
• Fastgrowing plant species should be planted.
• GI wire should be used in place of normal jute or nylon rope

Case-study: “Bio-dykes: saving communities and instilling confidence in them”
Over the last 15 years, Aurahi River flowing along Bangalipur, a small village in Bardiya, has already
eroded 2 hectares of agriculture land owned by 10 families. This has led some of them to be landless.
The river has shifted towards Bangalipur in the last decade. To control the eroding of banks and the rivers
getting closer to the village, the communities came forward to build a bio-dyke.
“The river used to erode 4 to 5 metre land every year,” says Rongali Tharu, 70, of Madhuban Municipality-2,
Phulbari, Bangalipur.
The recently constructed 150 m long bio-dyke along the banks of the river has been crucial in preventing
the soil erosion and water entering the settlement. The village bears no such resemblance, thanks to a
bio dyke that the villagers build along the River with technical and material assistance of the Practical
Action.
This biodyke has been proved helpful for protecting about 2 ha land of 10 households living in vicinity
during 2017 mega flood.
The entire biodyke site is not converted green through different plants grown there. This has increased
the confidence of the nearby household for adopting different agricultural practices (i.e. vegetables,
wheat, and rice) in those lands.
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Photo 9 Rongali Tharu explaining flood damage before construction of bio-dyke

Cost of solution
Overall cost of construction depends upon size of bio-dyke, availability and quality of material and
labour used (external or voluntary). Standard cost of construction while constructing 220 meter long
bio-dyke along Aurahi River, a tributary of Karnali River in Bangalipur, Bardiya is shown in below table.
Table 1 Cost of construction of bio-dyke in Bangalipur, Bardiya, Nepal.
External materials
S.N.
Materials
1
2
3
4
Tools
1
2
3
4
5
6
Labour

New Synthetic Cement Bags
G.I Wire
Plantation (Napier and
Bamboo Seedlings)
Rope

Pc
kg

Rate/
Unit
(NPR)
27,000 18
207
110

Pc

300

25.75

7,725

76

kg

14.63

120

1,756
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Bamboo
Belcha
Pliers
Drill Engine ( Pumpset )
G.I. Pipe
HDP pipe

Pc
No.
No.
Hour
Pc
Meter

3317
4
4
50
2
20

76
650
113
400
1921
134.47

252,092
2,600
452
20,000
3,842
2,689

2472
26
5
196
38
26.36666667

Particular

Number
of Person

Number
of Day

Amount in Amount in NPR
(GBP 1 equals
NPR
to NPR 152)

2
30

25
25

Rate
per day
(NPR)
1,000
400

1
Skilled labour
2
Unskilled labour
Total Cost

Unit

Quantity

Amount in Amount in NPR
(GBP 1 =NPR
NPR
152)
490,050
4804.
22,770
223

50,000
490
300,000 2941
1,153,976 11314
Practical Action
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Contact for further info
Rakesh Khadka, rakesh.khadka@practicalaction.org.np, rakeshkhadka@gmail.com
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