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1.	SUMMARY



This report considers the designs, conditions and functioning of sluices, constructed in the coastal area of Bangladesh, in particular in ‘POLDER 59/3B’ between Bagua Nadia and Noakhali Khal (Figure 1). In the coastal areas LRP, DDP, CEP, SRP, CDSP, CERP and MES have been, or are, involved in construction and/ or rehabilitation of sluices. The sluices are constructed by contractors on contracts from BWDB.



A number of sluices has been inspected during field visits at the end of April 1998. The present functioning has been investigated and compared. Information was gathered from local people, project staff and government staff. Designs of different projects have been compared. And the experience of CDSP during all stages of design, construction, reimbursements, etc. of sluices has been used. 



With the collected information expectations on efficacy, efficiency and present and future functioning have been given, with recommendations for improvements. 



This is the first draft. A new version, updated with additional collected data, will be made in September 1998.





2.	PROJECTS AND SLUICES



The sluices in the coastal embankments of Polder 59/3B  (Figure 2) have been considered in detail. Some attention has also been paid to the sluices in the coastal embankments of Polder 59/3C (Figure 3).



In the past and at present several projects have been active in the coastal areas of Bangladesh. These projects (name and period) and the sluices constructed in Polder 59/3B under these projects and others are:



Land Reclamation Project (LRP; 1979 to 1991) 

Two sluices in Char Baggar Dona I and II.

Delta Development Project (DDP; 1979 to 1991)

No sluices in the embankments of Polders 59/3B and 59/3C.

Coastal Embankment Project (CEP)

One sluices in Char Majid.

Char Development and Settlement Project (CDSP; 1994 to 1999)

Two sluices, one recently completed in Char Batir Tek and one nearly completed in Char Majid. 

Coastal Embankment Rehabilitation Project (CERP; 1996 to 1999)

Four and six sluices are planned in the embankments of Polders 59/3B and 59/3C. A number of these sluices is at present under construction.

Systems Rehabilitation Project (SRP; 19.. to mid 1998 (just closed)

Only involved in (coastal) projects near Chittagong and west of Pathuakhali.

Meghna Estuary Study (MES)

	No implementation of works under this project.

Other projects, or BWDB

A number of older sluices of which the organizations responsible for design and 

financing could not be traced. All coastal sluices are implemented by BWDB.





 3.	SLUICE DESIGNS



	3.1	General



There are two types of BWDB-sluices in the coastal embankments:



 - regulator sluices, with vents of 1.5 m wide and 1.8 m high (5’x6’).

These sluices, placed in major khals, have flapgates on the sea side and vertical lifting gates at the land side. The lifting device for the vertical gates is a standard wheel and lifting rod, for manual operation. The sluices will have one vent for each 260 ha (1 sq. mile) of catchment area.



 - surface drainage sluices, with vents of 0.9 m wide and 1.2 m high (3’x4’).

These sluices, common in minor khals, have flapgates and only stoplog grooves on the other side. The downstream channel can be shallow and will therefore be less costly to re-excavate.



The regulator and surface drainage sluices allow the outflow of excess of rainwater to the sea (wet season). They prevent inflow of saline sea water (whole year) and reduce sedimentation of the landside khals. Together with embankments they provide protection against flooding by cyclones and tidal bores. In addition the regulator sluices can store fresh water (during first rains at the end of the dry season and the last rains of the wet season).

The sluices are constructed in construction pits, adjacent to a khal. The connecting approach channels and closures of the original khal are part of the sluice works.



3.2	Design Process, Principles and Criteria

All new sluices are designed in reinforced concrete. Before the start of a design all necessary data are collected by the local BWDB offices, under responsibility of an XEN. These data include topographical survey of the land and khal on the sluice site. Sub-soil investigations are obligatory for all sluices, but in polders 59/3B and 59/3C pile foundations were not required.



BWDB Design Cell in Dhaka is responsible for the preparation of design drawings, including reinforcement drawings and cost estimates. The contractor prepares bar bending schedules. In several projects consultants support BWDB with the preparation of the designs. In CERP the consultants prepared the designs and submitted them to BWDB for approval. In LRP the consultants carried out the hydraulic part and BWDB the structural part of the designs. The sluices in CDSP were designed by BWDB, and submitted to CDSP for approval.



In August 1987 one sluice in char Baggar Dona was nearly destroyed due to high discharges causing extreme turbulences. For details and recommendations is referred to Technical Report No.42; LRP, Dec.’89.



All procedures from data collection, designs, up to tendering, supervision, payments, etc. have been fixed, and are known by all parties involved. The Design Cell files the designs of many projects. They can be used and adjusted for a new situation.



	3.3	Comparison of Designs

CDSP compared the designs of LRP, CDSP and CERP (Volume 4 of the Contract Documents No. 14 and 15, prepared by Kampsax, et all).



In LRP the design of sluice (BDII) included adjustments of (BDI). There are no principle differences between the (BDII) sluice designs of LRP and CDSP, and only a few between the sluice designs of CDSP and CERP, i.e.:

 - CDSP sluices have stilling basins on both sides, whereas CERP sluices have a stilling basin on the riverside and only a short protection on the landside. The landside stilling basin of the CDSP sluices offers additional safety when flapgates and sliding gates remain both in open position.

 - The regulator sluices of CDSP are box culverts with frontwalls at each side, whereas the CERP-sluices have the deck of the culvert at the crest level of the embankment, and only one frontwall at the flapgate side. With the sliding gates of CDSP-sluices the sluice opening can be closed. At the CERP-sluices discharge takes place when the waterlevels rise above the top of the gates.



CDSP has no surface drainage sluices in the program. CERP has designed these sluices as box culvert with a flapgate at the outlet side.

   

Further there are differences in the details. For new sluices both designs (and others) should they should be compared and adjusted for the new situation.



3.4	Design Details and Quality



The sluice designs include location, plan, sections and a number of details. In particular the details are often insufficient or not clear.



Major remarks of CDSP on the design were:

 - missing design report, which should include most relevant data and considerations so that CDSP could be able to check the design;

 - dimensions and levels in ‘feet’; 

 - missing main levels on the drawings;

 - missing bar bending schedules (made by the contractors);

 - confusing details;

- low quality of the presentation. 



3.5	Construction Cost of Sluices



The Design Cell of BWDB (or consultants) prepare cost-estimates. The cost of the sluices, recently constructed or under construction, are about Tk 9,000,000 for the 2-vent sluice in Char Batir Tek and Tk 21,000,000 for the 8-vent sluice in Char Majid. A 3-vent sluice of CERP cost about Tk 10,000,000. The cost of older sluices could not be traced in the available time. The cost include the sluice with its foundation, superstructure, gates, stilling basins, protection works and earthwork. Re-excavation of khals has not been included. The cost estimates are based on quantities and fixed rates for labour and materials. The bidding of the contractors is a certain percentage below or above the estimated cost.



The cost of canal excavation is in the order of Tk 170,000/km (CDSP; Char Baggar Dona). This work is often carried out by LCS-groups or under Food For Work (FFW). 





4.	EFFICACY, EFFICIENCY AND (PERIOD OF) FUNCTIONING



4.1	Observations during Field Visits



On 20 and 23 April 1998 the technical staff of CDSP visited most of the sluices, completed and under construction, in Polder 59/3B. Due to heavy rains in this period a number of sites could not be reached. The major sluice particulars, the observed condition, and some data from drawings, have been summarized in Table A. 



The coastal embankments, in which the sluices are located, are often far away from the ‘open’ water (Bagua Nadi, sea and Noakhali Khal). The new sluice in Bashkhali Khal  is about 2.5 km (along the khal) from the sea. On the outer lands several activities take place, from grazing to agriculture. Shrimp farming is developing outside Char Baggar Dona, along the Bagua Nadi, and outside Char Batir Tek, along the Noakhali Khal. Development of shrimp farms on the seaside of Char Majid started immediately after the construction of the new embankment. Also people settle more and more on the riverside, but so far not outside Char Majid. Most houses are, as expected, near the embankments, where the lands are highest.



Besides khals with sluices there are still a number of other khals. The number and locations could not be checked. It was also not clear if the khals were open or closed, and if there were plans for structures or closures.



Based on the field visits in Polder 59/3B and discussions with CERP staff it has been concluded that the situation of the coastal embankment and sluices in Polder 59/3C, between Noakhali Khal and Little Feni River is comparable. The areas with sedimentation extend from the Lower Meghna River to the Muhuri accretion area south of the Feni River. South of Muhuri, towards Chittagong the accretion decreases; see Figure 1.



4.2	Sedimentation and Erosion



Sedimentation

On the seaside of the present coastal embankments land accretion took place, and most embankments are now often far inland. These big distances are the unavoidable result of the high rate of land accretion between the planning of a new embankment and its implementation. On the other hand embankments should only be constructed around land with a sufficient high level. As a consequence the outflow channels of the sluices are long. And when the sluices remain closed during the dry season these channels will quickly silt up. 



Land accretion, increased by coastal forestry, may continue at the present rate. The land will extend horizontal (extension into the ‘open’ water) as well as vertical (higher land levels). New embankments, with sluices, more to the seaside could be feasible, and present sluices may become superfluous, as happened in Char Majid. 



When land accretion continues the distances between the embankments and sluices and the ‘open’ water increase. The silting up of outflow channels will also increase and the proper functioning of the sluices will be more and more difficult.



In practice it means that each outflow channel requires frequent re-excavation. CDSP adopted the principle to limit the number of outlets by sluices on the main khals only. Minor khals were connected on the landside of the embankments to this main khal, by connecting borrowpits and increasing them to design capacity. An example is Char Majid where the outlet of Gupter Khal into Nangulia Khal has been closed. A new ‘khal’ has been made through the borrowpits on the landside of the embankment and connected with Bashkhali Khal. Both khals now have one common outlet through the new 8-vent sluice in Bashkhali Khal.



Sluices have a main function in reducing the rate of sedimentation in a drainage system (khals) of a polder. Sediments in inflow will settle. The khals of the drainage systems of Char Baggar Dona I and II have been (re-)excavated under LRP, and again under CDSP.



Sedimentation may go rapidly. Some measurements by CDSP showed that 0.30 to 0.50 m per year are common. Although sedimentation took place the outflow channels of the sluices (BDII) and (BDI), re-excavated in 1996/97 and 1994/95, are still open,. But the outflow sluice and khals of sluice (8e) are completely blocked by sediments. The villagers living near the sluice informed that the khals had been re-excavated three years before, under FFW. In Bashkhali Khal and Ganchil Khal closure dams have been built for the supply of materials of sluices (M) and (3), and after short time quick sedimentation has been observed on the seaside.



Prevention of inflow reduces the sedimentation on the landside considerably, but the sedimentation in the outflow channel will increase. The ‘benefits’ depend on the ratio between inland drainage khals and the outflow channel. 



	Erosion

The only two places with erosion in Polder 59/3B are locally in Char Batir Tek, where outer bends of Noakhali Khal are eroding an embankment section; see Figure 2. This is natural meandering process of the khal.



4.3	Efficacy and Efficiency



The efficacy and efficiency of the sluices will be described in sequence, counter clockwise from Bagua Nadi to Noakhali Khal. The figures in brackets refer to the locations in Figure 2. To avoid confusion an ‘w’ has been added to the sluice numbers on the westside, and an ‘e’ to those on the east side. 



The collected data of the inspected older sluices could not be verified. They give only indicative information. If used for other purposes they should be checked. The locations where khals without sluices crossing the embankment could not be visited.



sluices (BDII) and (BDI) in Char Baggar Dona

The two LRP-sluices in Char Baggar Dona I and II still function well. The main drainage systems have been re-excavated under CDSP in 1994/95 and 1996/97. Sedimentation again took place in the outflow channels, between the sluices and Bagua Nadi, but the present capacities are still sufficient for the required drainage. The drainage may be hampered by high waterlevels in the Bagua Nadi.



sluices west side (3w), (4w) and (5w)

The sluices (3w), (4w) and (5w) have no longer any gates, and act only as culverts. The sluices are located far inland on khals that all discharge into the Mara Dona Khal. They do no longer function and the khals are silted up. More upstream in the Mara Dona Khal, north of sluice (3w), is a bridge under construction. 



khals without sluices

Between sluices (12w) and (2) a number of khals cross the embankment, and according to local people without sluices. If these khals are open or with crossdams, or if there is a planning for crossdams or sluices, could not be confirmed, nor with the local people neither with BWDB. The embankment is at least 3 km away from the sea. The sites were not accessible.



sluice (2) in Bashkhali Khal

The flapgates of the sluice, located where the former coastal embankment crosses Bashkhali Khal, in the north of Char Majid, are already long time in an open position. They are damaged (rusted) beyond repair. Apparently operation was (no longer) needed as result of the land accretion. This sluice will anyhow be superfluous when the sluice, about 2 km further downstream will be completed.



sluice (M) in Bashkhali Khal

The new sluice in Bashkhali Khal, in the south of Char Majid is near completion. Water will allowed to pass during the rainy season of 1998. The Bashkhali Khal downstream of the sluice has severely been silted up during the construction period of the sluice. 

 

sluice (8e)

This sluice, located far inland, close to Lakshmir Khal, is in bad condition. The gates are missing and the sluice and khal are heavily silted up, and will hamper the drainage. 

sluices east side (12e), (13e), (14e), (16e), (3e) and (17e)

These sluices will be constructed under CERP. The construction of sluices (12e) and (16e) has started recently. They are located far inland and at this stage nothing can be said about their functioning, etc. 



Local people informed that no activities for sluices (13e) and (14e) had been started and that the sites, due to recent rains, were hardly accessible. Sluice (3e) is under construction. The ‘culvert’ is ready and wingwalls in progress. Sluice (17e) is under construction, with the reinforcement for the base slab in progress.



sluices (5e) and (4e)

About these sluices, indicated as existing sluices in FIGURE 1, no information could be obtained. The sites were not accessible.



sluice (BT) in Nabagram Khal

This sluice has recently been constructed under CDSP, and is just in operation.



4.4	Functioning of the Sluices



A number of sluices function properly, other require re-excavation of the supply and/or outflow channels, or repairs to restore their operational functioning.



The functioning of the sluices in the coastal embankment of Polder 59/3B is:

(at present) functioning well:	
(
BDII
)
, 
(
BDI
)
 and 
(
BT
)


required channel re-excavation



and 
(urgent) repair:
 
	
	
(
14w
)
, 
(
13w
)
, 
(
12w
)
 and 
(
8e
)



under construction:			(M), (12e), (13e), (14e), (15e), (3e) and (17e)

khals without sluices:		about 7 n
o
’
s
 (from Fig
.
 2)
; to be checked




For functioning under extreme discharges is referred to LRP; Review of the Hydraulic Design of Drainage Sluices (Technical Report No. 42; Dec.’89).



Sluice (2) will soon no longer be needed, and replaced by a more downstream sluice. This sluice has not been operated during the last years. The flapgates were permanently open. And also the (flap)gates of a number of other sluices were missing or open.
 
It 
is
 
possible that these sluices are not, or no longer, needed for agriculture. Du
r
ing the rainy season the drainage is sufficient
 (
until the khals have been silted up
)
 and temp
o
rary flooding with fresh water hardly causes damage. During the dry season the ente
r
ing saline water does not flood the lands and thus not hamper the remaining 
crops on the fields.




The fishermen like the sluices open for migration of the fish and the farmers 
will 
have no objection 
as long as 
it does not harm them. However with the 
inflow 
of 
saline water also sed
i
ments enter and 
will 
rapidly silt up the drainage system. Then longer and deeper floo
d
ing cause damage as result of reduced drainage capacities. 



It is recommended to investigate, under CDSP, the changed influences of the changed circumstances, mainly for farmers and fishermen, caused by the construction of embankments, sluices and continuing land accretion.

It is recommended that CDSP 
water management 
staff pays a few visits to the western area between Char Baggar Dona and 
C
har Majid. In this area are sluices (14w), (13w) and (12w)
 draining on Mara Dona Khal. Where th
e
 khal crosses the embankment it 
has never been closed
. And there are a number of khals between sluices (12w) and (2) that may be open, closed, or non existing.




CDSP should
 complete the investigation of the embankments, sluices, open and closed khals. During these investigations 
it should be 
discuss
ed
 with farmers, fishermen and ot
h
ers 
how this new situation, in their opinion has been changed for their group:

 - how was the situation before the embankment;

 - what changed when the embankment was constructed; 

 - what changed after the sluices came into operation;

 - why are the sluices no longer operated;

 - how changed the khals;

 - how changed the accreted lands;

 - what problems do they face;

 - what happens during cyclones and tidal bores.
 




The interview should focus on the change in life for the different groups of the population as result of the civil works, and not on modifications or additional works to improve the situation.
 
From the survey and discussions conclusions may be drawn on the (non)-functioning of the sluices. In particular the effects on drainage and water logging in the wet season, rate of sedimentation, inflow of saline water in the system, damage by cyclones and tidal bores, etc. should be considered.



How long sluices will function in the accretion areas will among others depend on the rate of accretion. They become superfluous when a new embankment, with new sluice, further to the sea is constructed. The practical functioning, i.e. the possibility to operate the gates depends on the maintenance. And the drainage capacity depends on the maintenance of the inland drainage system and the outflow channel, i.e on the regular removal of the deposited sediments. For example sluice (2) in Bashkhali had a practical life time of about 15 years.



The O&M and LWE, together with the Agriculturist, Fishery Expert and others involved or affected by the (future) water management should be permitted 
to carry out 
(together
)
 
some experiments with the operation of the sluices. Such experiments, for e
x
a
m
ple to allow saline water to enter in the dry season, should be closely monitored by CDSP.



Sluices that may not be needed any longer for water management, 
will still be useful to
 pr
e
vent sediment intrusion and 
damages by cyclones and tidal bores. The duration of cyclones and tidal bores is limited. 
Therefore 
the quantity 
of water 
entering
 
through
 
open
 
sluices openings
 
will be relatively small and hardly cause (local) damage.





 5.	CONSTRUCTION




The tendering of sluices, selection of contractors and submission of workorders is carried out by BWDB, following fixed rules.
 The construction is carried out by exper
i
enced Class A co
n
tractors. They are usually able to organize the work satisfa
c
tory. Equipment is still li
m
ited and most work is ca
r
ried out by unskilled labourers (earthwork, carrying concrete, etc.) and skilled labourers (concrete formwork, bar ben
d
ing, m
a
sonry, etc.).
 
However, equipment for ramming of foundation piles, vibrator rollers for earth compaction, co
n
crete mixers, concrete vibrators, etc. are quit
e common and often obligatory. 
Very often workorders are submitted late in the construction season
, causing problems during construction of the foundations when rains start early
.








 6.	OPERATION  AND  MAINTENANCE



6.1	Operation



Only sluices (BDII) and (BDI) have housing for an operator. The operators are at present BWDB employees, but due to a change in policy Polder Committees will take over the operation. The Polder Committees and the new operators should be trained, so that they at least have basic knowledge of the functioning of the water management system and the function of a sluice in this system. The interests of different groups may be different, and then it will be difficult for the operator to carry out his instructions.



6.2	Maintenance



Maintenance of the sluices is the responsibility of BWDB. It is not known if this
, i
n
cluding the budget,
 will also be handed over to the Polder Committees. 
Not only the sluice has to be mai
n
tained, mainly the gates, lifting devices and prote
c
tion works, but also landside khals and ou
t
flow cha
n
nels.
 
When 
a
 sluice 
prevents 
the inflow of saline water, full of sediments, 
the re-excavation cost 
on 
 lan
d
side khals will r
e
duce consi
d
er
a
bly
, but on the 
seaside 
it 
is expected to i
n
crease.

 



 7.	RECOMMENDED IMPROVEMENTS



Based on experience during the project period CDSP recommends to improve:



 - coordination by staff of the Design Cell and fieldstaff, i.e. at least once together visit the future sluice location;

 - the (critical) checking and the comparison between the design and the circumstances at the new location;

 - designs made, or adjusted, for a particular situation; 

 - only the metric system only (as officially adopted by Bangladesh long ago);

 - a design report with all important data, etc. should be provided together with the design drawings;

 - detailed calculations with ‘design’ and ‘extreme’ discharges that prove the safety of the design, and to include these in the design report;

 - details of existing designs, according to new developments;

 - thorough cross checking of the items on different drawings;

 - checking of reinforcement calculations for each new design.


 
- quality of the presentation of designs;

 - submission of workorders in the beginning of the (dry) construction season; 

 - when workorders are submitted late to consider consequences (early rain) and adjust the time schedule;

 - preparation by client (BWDB) and contractor (and consultant) of a realistic time schedule for implementation;

 - penalty system for contractors, related to the time schedule, if the works are delayed unnecessarily;

 - supervision and quality control;

 - regular inspection and carrying out of commonly neglected maintenance;

 - cooperation and contacts between BWDB and the local population;



And further (see also chapter 4.2):

 - collection of additional data of the present status of sluices, khals, etc. and water management system; 

 - interviews of farmers and fishermen for comments on the management, functioning and actual operation of the sluices and cooperation with BWDB staff, including suggestions for improvements;

 - experiments with the sluice operation, supervised by CDSP, should be allowed. 

 - training courses for operators and members of Polder Committees, by BWDB before handing over the operation of sluices, etc. to these committees. This should include information about measures to be taken in cases of emergency. 





 8.	CONCLUSIONS



CDSP is active in a coastal area with important land accretion. Every sluice in this area is affected by sedimentation of its outflow channel. When sluices remains open the tidal volume will help to keep the outflow channel open, but then the inland drainage system will silt up. In principle sluices should have short outflow channels, but in practice they will be constructed in existing khals. A new, short outflow channel will in some cases be possible. In other cases minor khals can be connected with a major khal, with a sluice at a joint outlet should be checked.



BWDB Design Cell should critical consider every new design and adjust existing designs for the new location and conditions, and the designers should look critical at the details of each new design and include a design report with data, calculations and conclusions for later reference.



Operation of the sluices
 is part of the total water management of a polder. It should be further improved, taking into account the interest
s
 of farmers, fis
h
ermen and others.
 
Maint
enance is often neglected and should get more attention.







* 
- 
* - * - *
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