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Innovative Bank Protection Schemes i

1. INTRODUCTION

[n particular during the monsoon season erosion of the river banks occurs throughout the Meghna Estuary. Protective
works have been installed at several locations along the rivers, however these measures have not always proved
effective. Feasibility studies carried out showed that protection of the river bank using conventional bank protection
methods is, in general, too expensive for protection of agriculture land or even rural villages and townships and
therefore not economically viable.

As per Terms of Reference, the Meghna Estuary Study [MES] has to develop advanced techniques for land
reclamation and erosion control incorporating the use of local technologies, labour and construction materials. One
way to advance technological development is to make use of relatively cheap geotextiles in an innovative manner.

Alternative protection measures have been developed under MES. These measures are relatively cheap and differ
from conventional methods by use of geotextile materials and construction methods using prefabricated elements.
The following protection measures have been considered:

I.  Screen arrays

[I1. Caisson spurs

[1I. Cross-dams

Screen arravs

MES has developed a bank protection scheme based on the principle of upright geotextile screens placed on the river
bed. The screens are placed with an angle of 45 degrees perpendicular to the river bank. The screens will divert the
sediment rich bottom current towards the river bank and will reduce current velocities along the river bank in general.
A cluster of such screens is expected to facilitate accretion along the embankment.

A screen is kept upright by floats made of closed PVC pipes attached to the top of the screen. To keep the screen
close to the bottom the screen is connected to two concrete weight anchors. The anchors are designed such that they
have a large resistance to the current forces applied to the screen. A PVC beam filled with concrete is fixed at the
bottom of the screen to keep the screen in horizontal position.

The objective of the screens arrays is to
¢ divert the sediment rich bottom flow towards the river bank
e obstruct the current in general

The screens can best be applied at locations meeting the following conditions:
» water depths at low water exceeding 5 meter.
e river flow with high sediment content

Caisson spurs

Spurs, or permeable groins, consist of one or several rows of vertical piles placed perpendicular to the riverbank.
Conventionally these piles are driven into the river bed with water born equipment. Due to high current velocities in
the Megna river this can only be done during slack water, when the current velocity is low. MES developed the
concept of spurs made of wooden “box shaped” caissons. The caisson sections can be partly prefabricated on shore.
Installation of the caisson can be done in the relatively short time during slack water. The caisson spurs are placed on
a geotextile bed protection and initially ballasted with a layer of gunny bags. On top of these gunny bags a layer of
concrete blocks is placed. The tip of the spurs is protected by a geotextile mattress to which steel anchors or concrete
blocks are attached This mattress will act as a falling apron in case of bed erosion at the tip of the spurs.

MES June 1998
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The objective of the spurs is to:

¢ Slow down the current velocity in front of the riverbank causing deposition of sediments
e Create a hard point in the riverbank

e Divert the main current

The caisson spurs as described above can be optimally be applied given the following site conditions:
¢  Water depths at low water not exceeding 5 m.
» Tidal flow conditions with a considerate period of slack water.

Cross-dam

In case of emerging sand banks in front of an eroding river bank, the bank line can be effectively extended by
creating a connection between the river bank and these sand banks. A conventional earthen cross-dam would in
general be too expensive. By building a cross-dam using prefabricated wooden caissons as proposed for the caisson
spurs described above, a cost effective construction method can be realised, Anticipating erosion at the tip of the
cross-dam, sand ballasted geotextile bed protection will be installed around the tip of the cross-dam. This bed
protection can be placed on the char land.

The cross-dam configuration as described above can be optimally be applied given the following site conditions:
*  Sand banks (chars) located in front of the riverbank , which are constantly emerged

*  Water depths at low water not exceeding 5 m.

* Tidal flow conditions with a considerate period of slack water.

The same principle of cross-dam construction can be applied to close tidal channels in order to enhance accretion.

MES June 1998 g
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2. SCREEN ARRAYS

2.1 General

River banks erode when the river current velocities along the embankment are such that sediments are picked up and
transported away from the embankment. The embankment can be protected by covering the embankment with a layer
of materials that has a sufficient resistance to the prevailing current velocities. Such a layer can consist of rock,
concrete blocks or asphalt.

Another way to protect the embankment is to introduce structures along the embankment to reduce the current
velocities and push the river flow away from the embankment. Traditionally such structures are rubble or concrete
covered groins or rows of wooden or steel poles placed perpendicular to the embankment.

However, implementation of such “hard” structures in the lower Meghna river system have in general failed, because

the river currents induce such exceptional and continuous rate of erosion at the toe of the construction that the
protection measure collapses.

An alternative solution to protect stream banks against erosion is the use of bottom vanes. This system has been
successfully applied in the United States. The vanes are placed at the riverbed with a certain angle to the bank, The
system causes the flow passing it to attain a circular motion downstream from it. The circulation alters the magnitude
and direction of the shear stresses and causes a change in direction of velocity, depth and sediment transport in the

area affected by the system. As a result de riverbed aggrades in one portion of the river cross-section and degrades in
the other.

MES has further developed the alternative of bottom vanes described above. To divert the river flow, geotextile
screens are placed on the river bed with an angle of 45 degrees to the river bank. An array of screens will divert the

sediment rich bottom current towards the river bank and will reduce current speeds along the river bank in general
(See Figure 2.16).

The upstream part of the scheme needs special care as any tendency for outflanking of the system will start at this
point. The upstream part should be located in an area with no - or minimal - bank erosion. As the screens are not
attached to the river bank it is possible that part of the flow is diverted between the screens and the river bank. To
prevent erosion of the river bank due to this diverted flow, a “hard point” can be created at this location by
constructing a more traditional bank protection measure such as a groin or spur.

2.2 Design considerations

At the moment of executing the pilot schemes, the actual dimensions and lay-out of the screens was quite arbitrary,
Based on the results of previous tests and the advise of Prof. Odgaard of the university of IOWA, a scheme was
devised, which theoretically should induce the required physical phenomena (deflection of the sediment rich bottom
flow) and was practical to install.

The screens are 5 meter wide and 4 meter high. The screen is kept upright by floats made of closed PVC pipes
attached to the top of the screen. The screens close to the shore will be fitted with 3 floats, the screens in deeper water
with 4 floats (See Figure 2.1). To keep the screen close to the bottom the screen is connected to two concrete weight
anchors. The anchors are designed such that they have a large resistance to the current forces applied to the screen
(See Figure 2.5 and 2.4). A PVC beam filled with concrete is fixed at the bottom of the screen to keep the screen in
horizontal position (See Figure 2.2).
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Materials Specifications

Geotextile Propex 6088

Beam | PVC pipe filled with reinforced concrete
Floaters 4 PVC pipes; 8" diameter; 5,2 m long
Anchors 2 Concrete blocks; 0,5 m3 each

During the pilot schemes a screen configuration has been used consisting of pairs of screens, 5 meter apart from each
other and 30 to 40 m meter from the shore. The pairs have been placed at intervals of 20 m along 200 m of river
bank. However, future research might develop more effective configurations (See Figure 2.16).

2.3 Construction aspects

Construction of the screen arrays consists of the following main activities:

I. Survey of installation site and selection of screen locations
2. Selection and establishment of work site

3. Casting of concrete anchors and beams

4. Attaching PVC floats and beam to geotextile

5. Installation of screens

Survey of installation site and selection of screen locations

A bathemetric and topographic survey will be conducted of the proposed installation site. The final location of the
screens will be determined based on these survey results and on water level data. The water depth at the selected
location during low water slack should always exceed the height of the screens. Divers should check the river bed for
debris such as trees, rubble or old bank protection works. The projection of the screen locations on the shore will be
marked with permanent marking points.

Selection and establishment of work-site

A suitable onshore work site will be selected and prepared close to the offshore installation site. The work-site should
be accessible by car, truck and launch. Facilities for long-term stay of staff and workers should be available or be
constructed. A clear and understanding relationship should be established with the local people, especially with the
land-owner and chairman of the area.

Casting of concrete anchors and beams
Casting of the concrete anchors and beams should be started well in advance of the installation date of the first set of
screens. Facilities should be available to transport the concrete elements and to lift them on a pontoon.

Attaching PVC floats and beam to geotextile

First, the PVC float elements will be fixed tightly to the geotextile screen. Special yarn will be used and special care
will be taken to the sewing to prevent failure of the seam; every 15 cm a fixation knot will be apllied and extra pvc
rods will be fixed to the seam to prevent rupture of the textile. Geotextile fixed with PVC floats can still be handled
on shore. The concrete beam will be fixed to the geotextile with the same care as the PVC floats. The package of
geotextile, PVC floats and concrete beam will be tied together and lowered into the water. In this way it can be easily
transported to the installation site.

Installation of screens

A special installation pontoon will be used to install the screens. The pontoon consists of two hulls connected by two
lifting frames. The screens will be lifted off a pontoon positioned inside the two hulls and the anchors will be attached
to the screens. The installation pontoon will be manoeuvred into the required position by means of a set of mooring
anchors. Two of these anchors may be fixed to the shore. The current velocity should be limited during the lowering
of the screens to the riverbed. Therefore installation of the screens will take place during high or low water slack.
After lowering the first screen, the installation pontoon will be slightly repositioned to install the second. The position
of the screens will be marked by marker buoys and the exact location of the anchors will be fixed with a positioning
system.

The pilot schemes showed that using one installation pontoon, an average of 4 screens a day could be installed.
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Because of the weather constraints it is advisable to start site preparations in the month of October. Placing the

screens should preferably be carried out in the months December to March and all activities should be finished
before the end of April

Detailed procedures for the installation of screens are presented in Annex A. An overview of labour required to carry
out all activities related to the installation of screens is presented in Annex C.

2.4 Costs

The cost estimate for the screen arrays is set-up according to the guidelines described in the “Flood Action Plan;
Guidelines for Project Assessment”. The guidelines recommend a breakdown of the base costs into materials,
equipment and person power. The principles on which the costs have been calculated are described in Annex E

In general, installation of screen arrays will cost about 60,000 Tk per screen

In addition to these costs the following general costs have to be taken into account:
« mobilisation of equipment

e surveying

e  site preparation

¢ overhead

s profit

¢ physical contingencies

s engineering cost

* maintenance costs.

Detailed calculations of the costs of installing screens is presented in Annex F.
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3. CAISSON SPURS

3.1 General

Spurs, or permeable groins, consist of one or several rows of vertical piles placed perpendicular to the riverbank.
Conventionally these piles are driven into the river bed with water born equipment. Due to high current velocities in
the Megna river this can only be done during slack water, when the current velocity is low. MES developed the
concept of spurs made of wooden “box shaped” caissons. Sections of the caisson can be partly prefabricated on
shore, after which the caisson can be assembled on the water using a special pontoon. Installation of the caisson can
be done in the relatively short time during slack water.

The caisson spurs are placed on a geotextile bed protection and initially ballasted with a layer of gunny bags. On top
of these gunny bags a layer of concrete blocks is placed. The tip of the spurs is protected by a geotextile mattress to
which concrete blocks are attached. This mattress will act as a falling apron in case of bed erosion at the tip of the
spurs.

As the caissons require a minimum water depth to be installed they can not be placed right up to the shore line (See
Figure 5.15 and 3.16). The connection between the caissons and the shore can be realised by constructing a
connecting dam of gunny bags. This connecting dam will also be placed on a geotextile mattress and covered by
concrete blocks. This mattress will be extended a certain distance onto the shore, in anticipation of initial scouring at
the sides of the spurs.

3.2 Design considerations

The dimensions of a caisson spur will eventually be determined by local conditions at the location to be protected.
The spurs tested by MES, however can be considered representative for many locations along the Megna river.

The standard dimensions of a caissons used during the pilot schemes are 12 meter long, 4 meter wide and 5.7 meter
high. The caisson is build up by bullah pole frames placed at 2 meter distance. The frames consist of diagonal crosses
to ensure stability of the structure. Bamboo poles are placed in between the bullah frames with an interval of 25 cm.

The geotextile mattress is 20 m wide and 15 m long. The mattress is 3 meters longer than the caisson to allow for an
overlap. Steel anchors or concrete blocks with hooks are used to fix the edges of the mattress to the riverbed and to
ascertain that the mattress will follow the decline of the river bed in case of erosion at the edges.

Depended on the required length of the spur, several caissons can be placed in line with each other. During the pilot
schemes at Haim Char and Khorki spurs were installed with a length of 18 meter (1.5 caisson). The half caisson was
placed at the river side of the spur and the protruding 12 meter length of geotextile mattress will serve as a bed
protection at the tip of the spur.

Materials Specifications

Bullah 15 cm diameter

Bamboo 7,5 cm diameter

Geotextile Propex 6088

Concrete blocks 40x40x30 cm3 with steel hook

Geo bags Propex 6082 with non-woven innerbag
Gunny bags New bags; 50 kg capacity

Earth Borrow pit at site

MES June 199§ 7
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3.3 Construction aspects

Construction of the spurs consists of the following main activities:
Survey of installation site and selection of the spur locations
Selection and establishment of the work-site

Construction of the side panels of the caissons

Preparation of geotextile mattresses.

Positioning of installation pontoon

Assembling and installation of caissons

Installation of shore mattress

Construction of connection dam

Placing of ProFix bank protection

J‘—PJ!\J:-—
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Survey of installation site and selection of spur locations

A bathymetric and topographic survey will be conducted of the proposed installation site. The final location of the
spurs will be determined based on these survey results and on water level data. The water depth at the selected
location during low water slack should preferably not exceed the height of the caissons. Divers should check the
river bed for debris such as trees, rubble or old bank protection works. The projection of the spur locations on the
shore will be marked with permanent marking points.

Selection and establishment of work-site
A suitable onshore work site will be selected and prepared close to the offshore installation site. The work-site should
be accessible by car, truck and launch. Facilities for long-term stay of staff and workers should be available or be

constructed. A clear and understanding relationship should be established with the local people, especially with the
land-owner and chairman of the area.

Construction of the side panels of the caissons

The side panels of the caissons can be constructed on the shore at the work site. The bulah poles will be connected to
each other by steel bolts and the bamboo is connected by steel wire and nylon rope. The panels can be pulled into the
water by manpower en floated to the installation site.

Preparation of veotextile mattresses

The geotextile mattresses will have to be sown together at the work site. Bamboo poles will be fixed to the mattress
by nylon rope. When ready, the mattress can be folded and rolled up into a compact package. This package can be
rolled into the water and floated to the installation site.

Positioning of installation pontoon

The caissons will be placed perpendicular to the shore using a custom made installation pontoon (See Figure 3.6).
The same pontoon will be used to assemble the caissons. The pontoon will be positioned at the required location
using a small tugboat and anchor wires fixed to the shore as well as to anchors.

Assembling and installation of caissons

The sequence of assembling and installation the caissons is as follows:
floating side panels under pontoon

lifting side panels with lifting frame

floating folded geotextile under pontoon

inter-connecting side panels with cross-beams and diagonals
connecting side panels to bottom frame on geotextile
pre-ballasting caisson with gunny bags

lowering caisson to channel bed

placing steel anchors or concrete anchor blocks

connecting geotextile to anchor blocks

spreading out geotextile

dumping ballast bags on geotextile

L D —
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Installation of shore mattress

The geotextile mattress between the caissons and the shore can be installed manually. The floating mattress package
is unpacked and positioned in alignment of the shore end of the caisson. Divers fix the end of the mattress to the
bottom of the caisson and the mattress is spread out onto the shore with manpower. Gunny bags are dumped onto the
mattress starting from the caisson towards the shore.

Construction of connection dam
The connection between the caisson and the shore is established by constructing a 4 meter wide dam consisting of a

core gunny bags. To protect the gunny bag core from wave action this core can be either covered by geotextile sheets
or concrete blocks or both.

Placing of ProFix bank protection

Before placing the ProFix on the bank, the bank profile has to be adjusted. The ProFix is filled with coarse sand with
the assistance of sawn off PVC pipe and a water pump.

The pilot schemes showed that a spur with a length of 18 m (1.5 caisson) can be placed in approx. 3 days.

Because of the weather constraints it is advisable to start site preparations in the month of October. All activities
should be finished before the end of April.

Detailed procedures for the installation of spurs are presented in Annex B. An overview of labour required to carry
out all activities related to assembling and installing spurs is presented in Annex D.

3.4 Costs

The cost estimate for the caisson spurs is set-up according to the guidelines described in the “Flood Action Plan:
Guidelines for Project Assessment”. The guidelines recommend a breakdown of the base costs into materials,
equipment and person power. The principles on which the costs have been calculated are described in Annex E.

In general, installation of a spur with a length of 18 meter (1.5 caisson) will costs about 1,700,000 Tk per spur.

In addition to these costs the following general costs have to be taken into account:
* mobilisation of equipment

s surveying

e site preparation

* overhead

* profit

* physical contingencies

* engineering cost

* maintenance costs.

Detailed calculations of the costs of installing spurs is presented in Annex G.

MES June 1998 0
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4. CROSS-DAM

4.1 General

Cross-dams can be build to connect main land with developing chars at it foreshore. Closure of the channel in between
will not only stop erosion of the mainland , but will also enhance accretion in the channel, effectively connecting the char

to the mainland. Traditionally, in Bangladesh, cross-dams consist of a large volume of gunny bags, dumped by local
labour.

The side slope of the cross-dam mainly determines the volume of the cross-dam. If steeper slopes can be applied the
volume of the dam will decrease dramatically. Using filled gunny bags as construction material, the maximum slope
considered to be safe is 1:1,5. A more gentle slope would be required for a dam build up of loose soil.

If, however, the gunny bags are to be placed in a box-type framework, a practically vertical slope could be obtained. To

ensure the stability of the structure the height of the “box™ will be restricted. The frame work can be made of bamboo and
bullah poles.

Due to waves, wind and currents the working conditions at cross-dam location can be very unfavourable. To
minimise working time at the actual dam location, a construction method has been adopted using wooden caissons.
The caissons consist of pre-fabricated wooden frame elements which will be assembled at a sheltered location. The

geotextile bed protection will also be pre-fabricated and fixed to the caisson before installation. The connection with
the channel bank will be established by a gunny bag dam section.

The principle of using caissons to install a cross-dam is basically the same as the principle described for construction
of caisson spurs.

4.2 Design considerations

Main design aspects of a cross-dam are the following:
*  Core material

e Crest level

e Crest width

e Side slope

¢« Wave protection

e Bed-protection

*  Alignment

Core material

As “hard” materials are rare in Bangladesh and good quality sand is also not available, the core of the cross-dam will
consist of gunny gags filled with earth. The earth can be supplied from local borrow pits in the vicinity of the cross-dam.
Using earth filled gunny bags to construct a cross-dam is common practise in Bangladesh.

Crest level

A logical crest level of the cross-dam would be the level of the adjoining. However, higher water levels can occur during
extreme spring tides, particularly in the monsoon season (say June to September/October). Once the cross-dam has been
completed, and also during the construction phase, differential water levels will occur on both sides of the cross-dam. To
prevent a substantial flow of water over the cross-dam, its crest should be raised above the level of adjacent land.

Crest width

During construction the crest will be used to transport construction material along the alignment of the dam. A crest
width of 4 m is deemed desirable to facilitate smooth two way traffic along the crest. This width will also allow
sufficient area to elevate the crest level with approx. 1 m in a later stage if required.

MES June 1998 10
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Side slope
Because the cross-dam is made out of box-type caissons, the sides of the cross-dam are vertical.

Bed protection

A geotextile layer is placed between existing bed level and the gunny bag filled caissons. The geotextile extends 8 m
meter from the base of the dam to prevent erosion of the existing bed during the construction period. The geotextile is
fixed to the river bed by anchor blocks at its edges. Furthermore, a layer of gunny bags is placed on top of the
geotextile. The textile also serves as soil stabilisation, preventing excessive differential settling of the cross-dam.

Alignment
The cross-dam alignment is determined based on bathymetric data and hydro-morphological analysis. The bathymetric
data will allow for a most economic alternative with reference to the volume and length of the cross-dam,; the hydro-

morphological analysis will determine which location will induce the most effect with reference to diversion of flow and
land accretion.

4.3 Construction aspects

Construction of the cross-dam consists of the following main activities:
Selection and establishment of the work-site

Construction of the side panels of the caissons

Preparation of geotextile mattresses.

Positioning of installation pontoon

Assembling and installation of caissons

Filling of caissons with gunny bags

Installation of shore mattress

Construction of connection dam

N

Selection and establishment of work-site
A suitable onshore work site will be selected and prepared close to the offshore installation site. The work-site should
be accessible by car, truck and launch. Facilities for long-term stay of staff and workers should be available or be

constructed. A clear and understanding relationship should be established with the local people, especially with the
land-owner and chairman of the area.

Construction of the side panels of the caissons
The side panels of the caissons can be constructed on the shore at the work site. The dimensions of the panels
depends on the bed profile where they will be installed. The bulah poles will be connected to each other by steel bolts

and the bamboo is connected by steel wire and nylon rope. The panels can be pulled into the water by manpower en
floated to the installation site.

Preparation of geotextile mattresses
The geotextile mattresses will have to be sown together at the work site, Bamboo poles will be fixed to the mattress

by nylon rope. When ready, the mattress can be folded and rolled up into a compact package. This package can be
rolled into the water and floated to the installation site.

Positioning of installation pontoon
The caisson cross-dam sections will be placed along the alignment of the cross-dam using a custom made installation

pontoon (See Figure 3.6). The same pontoon will be used to assemble the caissons. The pontoon will be positioned at
the required location using a small tugboat and anchors.

MES June 1998 1
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Assembling and installation of caissons

The sequence of assembling and installation the caissons is the same as for the caisson spurs:
floating side panels under pontoon

lifting side panels with lifting frame

floating folded geotextile under pontoon

inter-connecting side panels with cross-beams and diagonals
connecting side panels to bottom frame on geotextile
pre-ballasting caisson with gunny bags

lowering caisson to channel bed

placing steel anchors or concrete anchor blocks

connecting geotextile to anchor blocks

0. spreading out geotextile

1. dumping ballast bags on geotextile

a0 W B e
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Filling of caissons with gunny bags

The proposed construction strategy is the following:

install the wooden caissons along the whole length of the cross-dam

fill the caissons with gunny bags up to low water level along the whole length of the cross-dam

finalise the construction of the cross-dam core up to the crest level of the dam except for approx. 100 m (the
actual closure gap)

4. close the closure gap at neap low water tide

(U 0% I

Assuming a (temporary) closure profile with a width of 100 m, a crest width of 4 m and a difference between low
water neap and high water neap of 3 meter, the volume of earth filled gunny bags required to close the gap is
approximately 1.200 m® (say 50.000 bags*). If these bags have been prepared in advance and stockpiled at both sides
of the cross-dam, a labour force of maximal 1.000 should be sufficient to close the gap between a low and high water
period, ideally during the tide with the lowest predicted range.

* Theoretically one m’ can be made up of 32 filled gunny bags (50 ke of fill each). In practice, at least as experienced

in the construction of the Feni closure dam (where also a very large number of gunny bags was use) at least 40 bags
are required to "arrive" at one m’.

Construction of connection dam

The geotextile mattress between the caissons and the shore can be installed manually. The floating mattress package
is unpacked and positioned in alignment of the shore end of the caisson. Divers fix the end of the mattress to the
bottom of the caisson and the mattress is spread out onto the shore manpower. Gunny bags are dumped onto the
mattress starting from the caisson towards the shore, hence lowering the mattress to the river bed. The connection
dams between the end caissons and the shore are established by constructing gunny bag dam with the same crest level

as the caisson and a side slope of 1:2, To protect the gunny bags from wave action this dam can be either cavered by
geotextile sheets or concrete blocks or both.

Based on the experience with pilot schemes it is estimated one cross-dam section of 12 meter (1 caisson) can be
installed every day.

During part of the year weather and sea conditions are not suitable for off-shore construction activities. It is advisable
to carry out main construction activities from November to March. The optimum period to carry out the actual
closure of the dam is in the months January/February.

Detailed procedures for the installation of caissons are presented in Annex B.
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4.4 Costs

The cost estimate for the cross-dam is set-up according to the guidelines described in the “Flood Action Plan;
Guidelines for Project Assessment”. The guidelines recommend a breakdown of the base costs into materials,
equipment and person power. The principles on which the costs have been calculated are described in Annex E

In general, installation of a cross-dam section with a length of 12 meter (I caisson) and a height of 6 meter will
costs about 860,000 Tk per section.

[n addition to these costs the following general costs have to be taken into account:
* mobilisation of equipment

e surveying

e site preparation

* overhead

s profit

s  physical contingencies

s engineering cost

* maintenance costs.

Detailed calculations of the costs of installing cross-dams is presented in Annex H.
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