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Executive Summary 

Introduction 

The proposed Bangabandhu Sheikh Mujib Shilpanagar (BSMSN) will be the first multi sector 

economic zone comprising an area of around 30,000 acres, located in Mirsharai Upazilla of 

Chittagong district and Sonagazi Upazilla of Feni district (Figure E.1) BSMSN will be situated at 

the mouth of Feni river, covering 25 KMs of coast lines of Sandweep channel of the Bay of 

Bengal. Bangladesh Economic Zone Authority (BEZA) is in the process of developing a 

comprehensive master plan including incorporation of sea port, rail connectivity, marine drive, 

residential area, power plant, hospital, school and university for developing this self-sustained 

industrial city. The entire area is divided into 30 sub-zones. Sub-zones 2A, 2B, 3, 4 and 5, 

comprising an area of around 2,382 acres will be developed first as priority. The area is very 

strategically located for its water way connectivity. However due to non-availability of 

sufficient water resources, water supply solution for the area will have to depend on the use 

of surface water, groundwater and also sea water conjunctively.  

Demand Assessment 

Assessment of industrial rate of utility demand is expressed in practicing unit of demand per 

day per unit of area. Preliminary unit rate of water demand for BSMSN, in absence of its 

detailed industrial allocation plan, has been assessed, reviewing yearly water consumption of 

eight EPZs of BEPZA and other reports. It may be mentioned that Master Plan of BSMSN and its 

land use plan is conducted jointly by Sheltech Consultants (Pvt.) Limited and STUP Consultants 

Private Limited.  

Total water demand is divided into two major portions: 1. Industrial Water Demand, and 2. 

Domestic and non-domestic water demand. Unit rate of demand of 97 m3/d/ha (0.0392 

MLD/acre) of gross industrial land or 162 m3/d/ha (0.066 MLD/acre) of operating industrial land 

has been considered for present purpose. Considering total industrial area of about14606 acre 

in 2040, the projected water demand for industrial part is about 665 million liter daily. Domestic 

and non-domestic water demand is estimated based on the total population living in BSMSN 

area and in-direct employee which is about 174 million liter daily. Considering some losses in 

distribution system the required production capacity is 965 million liter daily. Also there will be 

some losses at treatment plant, so total water withdrawal is about 1013 million liter daily. 

Based on the assumption the water required production capacity will be 343 million liter in 

2025, 482 million liter in 2030, 683 million liter in 2035 and 965 million liter in 2040.  

Surface Water Resource Assessment 

Feni River 

Existing surface water reservoir in the Feni River is a potential source of water supply for the 

BSMSN area. The reservoir was built at Sonapur, by constructing Feni Regulator to supply the 

irrigation water during dry season (December to April) in the Muhuri Irrigation Project (MIP) 

area. The gates are designed to allow flood flow, prevent sea water intrusion and to maintain 

appropriate water levels for irrigation water supply from the reservoir. The effective storage of 

the reservoir depends on the combined upstream supply of water from Muhuri, Selonia and 
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Feni River. Originally the irrigation was planned for a net irrigable area of 23,067 ha. Presently 

the available active storage of Feni reservoir is about 17.4 Mm3. Under average rainfall and 

stream flow conditions use of 100 MLD water from the reservoir to meet the industrial 

requirement of BSMSN after meeting crop water requirements would be a problem. However, 

withdrawal of 100 MLD for industrial requirement during dry condition in February and March 

would reduce a bit the minimum reservoir storage for use in the later part. 

 

E. 
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Little Feni River 

The existing surface water reservoir on the Little Feni River is also a potential source of water 

supply for the BSMSN area. A surface water reservoir was built on the little Feni River by 

constructing Musapur Regulator and a dam closure at about 1 km north of Sandwip channel. 

The main purpose of the regulator is to protect the area from saline water intrusion, drainage 

control and facilitate small scale irrigation in the area. The effective storage volume in the 

reservoir is estimated to be about 20.14Mm3. The analysis shows that about 40MLD water can 

be withdrawn for BSMSN industrial requirement without disturbing minimum reservoir storage 

requirement. 

Other Khals and Reservoir 

There are other khal and reservoir in the area. Analysis shows that year-round water available 

in Ichakhali & Bamon Sundor Khal and water available in Mohamaya, Bawa Chhara, Boro-

Komoldoho and Sahasradhara reservoir is not sufficient for BSMSN area, therefore not 

considered as potential source of surface water. 

Groundwater Investigation and Resource Assessment 

Hydrogeological Investigation and Aquifer Properties Determination 

10 VES (Vertical Electrical Sounding) of Schlumberger configuration with 600 m spread were 

carried out at different sites of the study area. Hydrogeological investigation shows that the 

top soil in the study area is composed of mainly by silty clay. The shallow (10m to 121m) aquifer 

consists of very fine to fine sand is mainly brackish in nature and showing a resistivity range 

between 0.9 Ωm to 12 Ωm. The aquitard thickness is highly variable and varies from  ~15m to  

~100m. The resistivity of the aquitard range between 1.24 Ωm to 17 Ωm, and composed of clay 

or silty clay.  

The deep aquifer shows resistivity range varying between 23 Ωm to 73 Ωm and confirms having 

fine to medium sand with fresh pore water. The depth to the deep aquifer varies between 

~50m to ~150m and is increasing towards southeast. 

It is observed that shallow or deep aquifers in the study area are interrupted by discontinuous 

clay deposition at multiple depth levels of different thickness. 

Aquifers containing saline water show low resistivity value and it is difficult to identify lithology 

or pore water quality unless direct information about the texture of the formation or the water 

quality of the formation water is available. 

For aquifer system analysis, 10 (Ten) exploratory drilling and test well construction up to a 

depth 300m were carried out in the study area. For this purpose of identifying hydrogeological 

parameters of the aquifer, the area was divided into four zones: Zone A, B, C & D. One 

production well (near CP More), 8 (eight) observation well boreholes were drilled and 2 (two) 

long term (72 hrs) aquifer test carried out (one at CP more PTW and another in DPHE well) for 

this purpose. 

At DPHE PTW, average transmissivity and storage coefficient is found 1282 m2/day and 

0.000175514 respectively, indicating that the aquifer is confined in nature and suitable for 

groundwater development.  
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At BEZA PTW, average transmissivity and storage coefficient is found 1333 m2/day and 

0.0016872 respectively, indicating that the aquifer is semi confine in nature and also suitable 

for development.  

The Figure E.2 shows area of influence of pumping is 285 m (935 ft) at DPHE well, and 405 m 

(1328 ft) at CP More well surrounding the above pumps. 

 

Figure E.2: Area of influence due to pumping at DPHE PTW (left) and CP More PTW (right) 

Groundwater Resource Assessment 

Groundwater resources available is estimated based on the targated drawdown of 10m in the 

Mirsharai area using the Depth-Storage Model for the purpose. Figure E.3 shows the Depth-

Storage relationship used for the estimation of groundwater resources availability.  

 

Figure E.3: Depth-storage relationship of the study area 

The drainable storage volume estimated is about 205 MLD that can be obstructed from the 

deep aquifer and total of 100 nos of 1 cusec pumps (28.414 litre/sec), operating for 20 hours 

per day will be required for its development.  

Rainwater harvesting 

Annual rainfall of the study area is about 3300mm and 90% rainfall is received between the 

months from May to October. Rainwater harvesting is considered as a very potential source for 

water supply in this economic zone. If 50% of the area is considered as catchment area for 

rainwater harvesting and 60% of rainfall from May to October can be utilized, then about 

65,487 million liters volume rain water will be available from potential area annually, which is 
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equivalent to about 179 MLD. This huge amount of harvested rainwater can be utilized as non-

potable usage.    

Feni Surface Water treatment plant 

Selection of Intake Site 

The intake site for raw water collection has been selected at Osmanpur, which is about 2.5 km 

upstream of the Feni Regulator near confluence of the Azampur Khal and the Feni River. This 

intake site has been found feasible in terms of availability of land, water and long term stability 

of the river bank. Water quality analysis for both dry and wet seasons has been conducted for 

the treatment plant. Maximum water level in the Feni River at Sonapur during dry season is 

maintained by BWDB at 4.5 mPWD while corresponding minimum water level during wet 

season is 0.6 mPWD. The bed level of the river at intake point is -5.27 mPWD. The pipe intake 

solution appears to be the most effective considering initial and recurrent operation and 

maintenance cost. The capacity of the intake will be 105 MLD considering two phase 

development of the surface water treatment plant. The land acquisition required at the intake 

site is about 15.44 acre. 

Selection of Sites for Surface Water Treatment Plant 

Based on the study, treatment plant site at Poshchim Ichakhali Mouza on the east side of CDSP 

embankment has been selected. The site is free from social disturbance. The capacity of the 

treatment plant will be 50 MLD in Phase-1. The land required for treatment plant is about 9.26 

acre (3.75 ha). Another 9.26 acre (3.75 ha) area need to be preserved for Phase-2 of the 

treatment plant. As the location is within the project area so land acquisition is not required. 

Process Selection of WTP 

A detailed study for the proposed water treatment plant has been carried out by BUET expert 

team to select the treatment processes. Coagulation-flocculation-sedimentation with PAC was 

found to be very effective in removing turbidity, suspended solids, and color from the raw 

water. Provision of a rapid sand filtration unit will be beneficial for removing suspended and 

floating flocs of turbidity, and suspended solids.  

Pre-chlorination is required to remove fecal/total coliforms from raw water, prevent growth of 

microorganisms. The model process studies indicate that post-chlorination is not necessary 

prior to feeding the treated water into the water distribution network. However, in actual plant 

operation, the microbial quality may vary at different conditions, which may require a post-

chlorination process for effective disinfection. The proposed treatment process flow diagram 

is depicted in Figure E.4. 
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Figure E.4: Treatment process flow diagram of the Water Treatment Plant for treating raw 
water from the Feni River to supply water to the BSMSN 

Raw Water Transmission Mains  

RAW water of 52.5 MLD (Phase-1) will be transported from the intake site to the treatment 

plant along the existing Vanghani road (BWDB old embankment) and then along proposed BEZA 

project road by diameter 800mm ductile iron pipe. The length of the raw water transmission 

main is about 9.56 km. The land acquisition required for raw water transmission main from 

intake site to Vanghani road is about 7.71 acre.  

Treated Water Transmission and Secondary Distribution Mains 

About 50 MLD treated water will be carried from the proposed SWTP to the priority area. The 

transmission main length is about 10.44 km. The treated water transmission main will follow 

the CDSP embankment road and then Vanghani road. Ductile iron pipes is recommended for 

treated water transmission main as well. The diameter of transmission main and distribution 

pipe line has been considered from 800mm to 300mm and 300 mm to 100mm respectively.  

Outline Design of Infrastructures 

A Conventional treatment plants including its related structures have been prepared. The 

general layout of the water treatment plant is shown in Figure E.5.  
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Figure E.5: Layout of Surface Water Treatment Plant at Poshchim Inhakhali 

Geotechnical Investigation and Foundation Design 

The exploratory work involves drilling through cohesive and non-cohesive soil on firm ground   

upto 20m depth.  Standard penetration tests and permeability tests have been executed in the 

boreholes. According to geotechnical report the cast in situ of 50cm diameter of piles at intake 

and treatment plant recommended are listed as follows. 

Sl. No. Description Depth (m) 
Average ultimate 

pile capacity 

1 Intake pumping station 15 1154kN 

  Clarifier 15 1189kN 

  Filter 15 1119kN 

  Storage tank 18 1450kN 

 2 Treated water pumping station 18 1400kN 

 

Cost of SWTP 

The estimated capital cost for the surface water treatment plant of 50MLD capacity (Phase-1), 

transmission and distribution network and road & bridge cost along the transmission line is 

about 5879.37 Million BDT as given in Table E.1. 

Table E.1: Summary of Capital Cost for SWTP and pipeline 

Sl. No. Description 
Total Price in 
Million BDT 

A) SWTP and water supply network    

  
I) Civil Works for SWTP and Intake (including general cost items 
structure)  

1375.24 

  
ii) Water supply network (Transmission and Distribution 
pipeline)  

1552.26 

  iIi) Mechanical Equipment  754.04 

  iv) Electricity Equipment  378.56 
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Sl. No. Description 
Total Price in 
Million BDT 

  v) Land development for intake and SWTP site  115.26 

  Sub-total of A= 4175.76 

B) 
CD & VAT for pipe materials, mechanical and electrical 
equipment 988.06 

  Sub-total of B= 988.06 

C) Linking road     

  ii) Approach road  131.57 

  i) Bridge (62.5m) 78.90 

  Sub-total of C= 210.47 

D) Land Acquisition & Purchase   

  i) Land acquisition for intake and approach road   166.85 

  Sub-total of D= 166.85 

E) Consultancy   

  

i) Consultant for Design Supervision and Construction 
Supervision of Treatment Plant including Intake and  
Transmission Main and Tertiary Network  

75.10 

  Sub-total of E= 75.10 

F) Contingency    

  i) Physical contingency (1% of A+C cost) 43.86 

  ii) Price contingency (5% of A+C cost) 219.31 

  Sub-total of F= 263.17 

  Total cost (A+B+C+D+E+F) 5879.41 

Operation and Maintenance Cost 

Annual operating costs of the SWTP have been estimated separately for labor, chemicals, 

electricity & miscellaneous costs based on current rate. It is found that 104.36 Million BDT Per 

year is required for O&M of SWTP and related structures.  

Groundwater Wells 

Design of PTW 

According to the resource estimation a sample well design and its component dimension has 

been given. It is considered that the rated drawdown would be 5m and capacity of each pump 

is 1 cusec. If the pump is operated for 20hours a day, about 2MLD water will be available from 

each well. 

Cost of PTW 

 Cost Estimate for 25nos. deep tube well is about 414 million BDT as given in Table E.2. 

Table E.2: Summary of Capital Cost 

Sl. No. Description 
Total Price in 
Million BDT 

A) 25 nos. Production Well    

  i) Construction of Tube well and ancillary structures  303.66 

 

a) Construction of 350mmx200mm diameter Deep Tube 
Well with related works including supply of all necessary 
materials 

146.46 
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Sl. No. Description 
Total Price in 
Million BDT 

 

b) Construction of Pump house, Chlorine Room of DTW with 
related works including supply of all necessary materials 

35.64 

 

c) Construction of RCC Column with R.S. Joist of DTW with 
related works including supply of all necessary materials 

      4.22  

 

d) Construction of 11/0.415KV 200KVA Pad Mounted Sub-
Station of DTW Compound with related works including 
supply of all necessary materials 

    56.22  

 

e) Installation of Submersible Pump Set and Chlorine Set 
with related works including supply of all necessary 
materials 

    26.49  

 

f) Construction of boundary wall and approach road of DTW 
compound with related works including supply of all 
necessary materials 

    34.63  

  ii) Land Development of PWT site 80.00 

  Sub-total of A= 383.66 

B) Consultancy   

  

i) Consultant for Design Supervision and Construction Supervision 
of Deep Tube Well (25nos.)   

7.53 

  Sub-total of B= 7.53 

C) Contingency    

  i) Physical contingency (1% of A cost) 3.84 

  ii) Price contingency (5% of A cost) 19.18 

  Sub-total of C= 23.02 

  Total cost (A+B+C) 414.21 

Operation and Maintenance Cost 

Annual operating costs of the PTWs have been estimated separately for labor, electricity & 

miscellaneous costs based on current rate. It is found that 16.66 Million BDT Per year required 

for O&M of 25nos. PTW and related structures.  

Project Implementation & Operation (Phase I) 

Bangladesh Economic Zone Authority (BEZA) will be the Executing Agency of the water supply 

project, responsible for the overall technical supervision and execution of the projects. A 

Project Implementation Unit (PIU) headed by a Project Director (PD) will be set up at in BEZA 

and will be responsible for day to day management of the project including but not limited to 

the following: 

 Prepare overall Project Implementation Plan (PIP) 

 Provide overall construction supervision works of the project components 

 Initiate tendering and executing contracts 

 Monitor and supervise all project management activities 

 Organize monitoring and evaluation activities 

 Prepare Project Progress Report (PPR) and Project Completion Report (PCR) 

 Ensure full compliance with resettlement, environmental and other safe guard issues 

and policies.  
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 The PIU will be assisted by the consultants for design supervision and construction 

supervision. 

 PIU will continue the O&M of the project up to defect liability period and then PIU will 

hand over the operation and maintenance of the project to the Executive Engineer 

O&M division for proper operation and maintenance of the Project.   

A proposed organizational structure for Project Implementation unit (PIU) has been given 

Figure E.6. 

 

Figure E.6: Proposed organizational structure for Project Implementation Unit (PIU) 

BEZA will setup a Unit for operation and maintenance (O&M) of Water Treatment Plants and 

Ground Water Wells including Transmission and Distribution System by an Executive Engineer. 

The O&M unit will be responsible for 

a) Procurement of chemicals, operation and maintenance of different units of SWTP 

b) Operation and maintenance of 

 raw water transmission main 

 treated water transmission  

 distribution network 

 groundwater wells 

c) Providing service connection to the consumers 
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d) Receive complains and provide emergency services 

Proposed Organizational Structure for O&M unit of the overall water supply system is shown 

in Figure E.7. 

 

 Figure E.7: Proposed Organogram for O&M Unit of Water Supply System 

Water Quality of Sea Water and Desalination Plant 

Water quality of sea water 

To assess the marine pollution marine and design of desalination plant water sample has been 

collected from the Sandwip channel at the downstream of Shaherkhali khal. The water sample 

has been tested in BUET laboratory and are shown in Table E.3. 

Table E.3: Water quality data of Sandwip channel 

Sl. 

No. 
Parameter Unit Concentration 

1 pH -- 7.90 

2 Turbidity NTU 616 

3 Electrical Conductivity (EC) mS/cm 30.5 

4 Dissolved Oxygen (DO) mg/l 7.81 

5 Temperature C 23.8 

6 Total Dissolved Solids (TDS) mg/l 22,068 

7 Total Suspended Solids mg/l 712 

8 Total Hardness  mg/l as CaCO3 3,750 

9 Chloride  mg/l 12,275 

10 Manganese (Mn) mg/l 0.12 

11 Total Iron (Fe) mg/l 6.80 
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Sl. 

No. 
Parameter Unit Concentration 

12 Nitrate (NO3-N) mg/l 0.40 

13 Orthophosphate (PO4
3-) mg/l 0.17 

14 Sulfate (SO4
2-) mg/l 1,340 

15 Biochemical Oxygen Demand 

(BOD5) 

mg/l 0.4 

16 Chemical Oxygen Demand (COD) mg/l 60 

17 Magnesium(Mg) mg/l 789.6 

18 Lead (Pb) mg/l < 0.001 

19 Cadmium (Cd) mg/l < 0.001 

20 Chromium (Cr) mg/l < 0.001 

21 Zinc (Zn) mg/l 0.071 

22 Mercury (Hg) mg/l < 0.001 

23 Copper (Cu) mg/l 0.006 

24 Nickel (Ni) mg/l 0.011 

25 Total Organic Carbon (TOC) mg/l 1.69 

 Desalination plant for BSMSN 

With current technology trend a sea water reverse osmosis (SWRO) plant would be suitable for 

BSMSN area as it is relatively less energy intensive technology. The performance of SWRO 

depends heavily on the quality of the seawater at the intake location. The following treatment 

scheme can be considered for SWRO. 

 Intake & Outfall System, Intake Basin & Intake Pumps 

 Tube Settler, Dual Media Filtration 

 Ultra Filtrations (UF), Nutrient Removal Filter 

 Sea Water Reverse Osmosis (SWRO) 

 Brackish Water Reverse Osmosis (BWRO) 

 Product Water Collection and Transfer System 

 Waste Water Collection and Transfer System 

 

Approximately 15 acres of land may be required for the plant. The approximate power 

requirement for a 50 MLD plant can be 200 MWh/day. Based on similar project and assessment 

of current study the following approximate costs can be assumed for the 50MLD desaliation 

 Capital Cost - $50 million 

 Operating Cost - $6 million/yr 

 Cost of Water – 50 BDT/m3 

 

If traditional financing is not availabe for the project, a Concessions or BOOT financing  can be 

considered as an alternative. Typically these contracts are 25 year long. This will require 

creation of Special Purpose Vehicle (SPV) to raise fund and to manage the development work. 

The client has to ensure ‘Guarantee of sale’ or ‘Payment Security’ for the service provider in 

this type of financing process. 
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Project Cost 

The overall project components includes 2 nos. 50 MLD surface water treatment plant from 

Feni River, 90 MLD surface water treatment plant from Halda river (Mohra), 40 MLD surface 

water treatment plant from Little Feni river, installation of 100 nos. DTW each of 2.0 MLD , 11 

nos @50 MLD desalination plant and transmission main & distribution networks. The tentative 

total cost to meet the water requirement for 30,000 acre area of BSMSN is about 83,387 Million 

BDT. The summary of tentative cost is shown in Table E.4. 

Table E.4: Summary of cost for full filled the total water demand  

SL. No. Description 
Total Price in 
Million BDT 

1 
50 MLD Surface Water Treatment Plant (Phase I) including Intake 
for 105 MLD 5,676 

2 50 MLD Surface Water Treatment Plant (Phase II)  4,898 

3 90 MLD Surface Water Treatment Plant (Mohra)  5,565 

3.1 
About 65 km Transmission Main with 2 nos. Booster Pump from 
Mohra to BSMSN 10,022 

4 40 MLD Surface Water Treatment Plant (Little Feni River)  2,968 

4.1 12 Km Raw &T Water Transmission for 40 MLD SWTP 828 

5 205 MLD Groundwater (100 nos. DTW) 1,657 

6 11 nos @ 50 MLD Sea Water Desalination Plant 46,750 

7 About 380 km water distribution networks 5,022 

Total 83,387 

Water management plan 

Use of Available Resources and Phasing 

About 100 MLD water can be supplied from Feni river reservoir and the plant has been 

proposed to be construct in two phases. In the 1st phase, 50 MLD treatment plant with 25 nos. 

DTW will be constructed for supplying water in priority zone 2A, 2B, 3, 4 & 5.  

In the 2nd phase, another surface water treatment plant from Feni River will be constructed for 

next priority zones. The location for 50 MLD water treatment plant (phase II) has been selected 

adjacent to the phase I. 

Another potential source of surface water is Mohra treatment plant Phase-2. The source of this 

treatment plant is Halda River in Chittagong. About 65km transmission line is required to carry 

the treated water from the treatment plant to BSMSN area. A treated water transmission main 

of 1000 mm diameter Ductile Iron pipe or steel pipe with 2 (two) number booster pump 

stations will be required. 

Little Feni river is another source of surface water which can provide 40MLD water to meet 

water demand of BSMSN area. A surface water treatment plant is required in this regard and 

the water can be distributed in the western zones beside the right bank of Feni River.  About 

6km raw water transmission line is required to carry the river water to the treatment plant in 

BSMSN area. The raw water transmission main of 800 mm diameter Ductile Iron pipe or steel 

pipe will be required.  
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Detailed groundwater investigation in BSMSN area reveals that average thickness of deeper 

aquifer in this area varies between 120m to 205m. The available water that can be extracted 

from groundwater is maximum 205 MLD.  

The total amount of water that will be available from surface water and groundwater source is 

about 430 MLD. The additional water that will be required to fulfil the water demand of the 

whole project area will be about 535MLD. This amount of water will need to be managed by 

using treatment of sea water and other sources.  

In the Master Plan the development of BSMSN area has been divided into four main time 

horizon- 2020-2025, 2026-2030. 2031-2035 and 2036-2040. Accordingly, the production water 

from surface water, groundwater and desalination plant has been planned for BSMSN as shown 

in Figure E.8. 

 

Figure E.8: Future Sources of Supply for BSMSN 

Uncertainties in Resource Availability and Management 

There could be several uncertainties associated with availability of water from surface water 

sources or groundwater sources. Also issues such as reduced water demand or damage to the 

infrastructures due to natural disaster can immerge. Therefore, it is necessary to have a 

management plan to overcome the uncertainties as follows. 

Planning hoizone 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2035 2040

Water Demand 30 60 100 150 250 344 380 400 450 450 482 682 965

Feni Reservoir - Phase I 50 50 50 50 50 50 50 50 50 50

Feni Reservoir - Phase II 50 50 50 50 50 50 50 50

Total Feni Reservoir 0 0 0 50 50 100 100 100 100 100 100 100 100

Goundwater Phase I 30 50 50 50 50 50 50 50 50 50 50 50 50

Goundwater Phase II 10 50 50 50 50 50 50 50 50 50 50 50

Goundwater Phase III 10 10 40 60 70 70 100 100 100

Total Groundwater 30 60 100 100 110 110 140 160 170 170 200 200 200

Mohra Treatment Plant 90 90 90 90 90 90 90 90 90

Little Feni Treatment Plant 40 40 40 40 40

Offstream Reservoirs 0 0 0 0 0 0 0 0 0 0 0 0 0

Mahamaya Reservoir 0 0 0 0 0 0 0 0 0 0 0 0 0

Other Reservoirs 0 0 0 0 0 0 0 0 0 0 0 0 0

Sub-total (SW+GW) 30 60 100 150 250 300 330 350 400 400 430 430 430

Gap 0 0 0 0 0 44 50 50 50 50 52 252 535

Desalination Plant (sea water) 

& other sources
0 0 50 50 50 50 50 50 250 535

Required Production Capacity 30 60 100 150 250 350 380 400 450 450 480 680 965
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1. Decrease in Surface Water and Groundwater Availability 

Over the years, availability of freshwater in the Feni river reservoir can get hampered due to 

Trans-boundary withdrawal, extended draught governed by climate change and water quality 

issue such as river pollution. Besides availability of groundwater can get reduced over the time 

due to excessive withdrawal, reduced natural recharge governed by climate change impacts 

and quality issues such groundwater pollution, salinity instruction etc.  

Impacts: The probable impact would be less production in the surface water treatment plants 

and less production or shutdown of the deep tube wells.  

Mitigation Measures: Following measures shall be taken to mitigate the impacts: 

 Signing water sharing treaties or MoU with the neighboring countries. 

 Establishing a monitoring mechanism both for surface water and groundwater sources.  

 In case the reduction in water availability is emerged as a result of quantity issues, the 

probable deficiency in supply requirement shall be managed by installing additional 

desalination plants. 

 Waste water with or without treatment from the industries, domestic and non-

domestic should not be discharged from upstream of Intake to Feni regulator. 

 However, in case of quality issues additional treatment steps shall be added to the 

SWTPs for maintaining treated water quality standard. Additional treatment facilities 

(RO, chlorination, aeration etc.) shall be installed for DTWs in groundwater quality issue 

arises. 

 Efficient management of produced water from SWTPs and DTWs such as reducing 

system loss, installing water recycling facilities in industries where feasible. 

2. Reduction in Water Requirement 

Requirement of water is likely to decrease during vacations such as Eid festivals or during labour 

strikes and shutdown of industries due to financial or other implications. This will lead to 

shortfall in requirement for a limited period. In addition, the future growth in industries may 

not follow the projected pattern which will result reduction in long term water requirement. 

Impacts: Financial loss of the investments for water production 

Mitigation Measures: Following measures shall be taken to mitigate the impacts: 

 Limited operation of the SWTPs and DTWs during vacation or period of labour strike 

 Periodical updating of the implementation plans of different phases based on the actual 

water requirement at different time frames. 

3. Natural Disasters 

Natural disasters in the form of cyclone, earthquake etc. may occur and cause longer time 

power failure, partial damage to the infrastructures related to SWTP, DTW and transmission 

and distribution network. 

Mitigation Measures: 

Following measures shall be taken to mitigate the impacts: 
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 Design of structures shall include consideration of seismic load according to the 

guidelines of BNBC 

 Warning system shall be established in the industrial park to limit probable damage due 

to natural disasters.  

 Rapid action shall be taken for restoration of power supply and damaged 

infrastructures.  

 The officer in charge of the industrial park will take immediate actions with the 

assistance from the O&M team. In case he is unable to act by his own capacity, he will 

involve the top management of BEZA to undertake the matter.   

 The damage shall be considered as an act of God and immediate action for assessment 

of damage and restoration of the same shall be taken. 

Findings and Recommendations 

The Final Report has covered water demand estimation, resource assessment of surface water 

and groundwater, water management plant, project cost estimation, selection of sites and 

outline design of SWTP and related structures and production tube wells.  

Findings  

 Total water demand for the Bangabandhu Sheikh Mujib Shilpanagar will likely to be 

around 839 MLD in 2040 after the full development of the economic zone. Considering 

losses, the required production capacity is about 965 MLD. 

 Average thickness of deeper aquifer in the project area varies between 120m to 205m. 

 Estimated maximum drainable storage volume stands at 205 MLD for the whole project 

area. 

 Discharge of the production well should not be more than 1 cusec (28.3 litre/sec). 

 Maximum of 100 wells can be installed for 20 hours operation/ day.  

 Feni reservoir is suitable for water abstraction for surface water treatment plant. 

 Considering the shortage of water in dry period, a maximum of 100 MLD plant can be 

constructed for BSMSN. 

 Osmanpur, located 2.5 km upstream of the Feni Regulator, has been selected as intake 

location point based on field verification and discussion with stakeholder, local people 

and BEZA.  

 Pipe intake solution appears to be feasible considering initial and recurrent operation 

and maintenance cost.  

 Route of raw water transmission main has been chosen along the existing Vanghani 

road (BWDB old embankment) and proposed project road. The length of raw water 

transmission main from intake site to treatment plant is about 9.56 km. 

 The proposed surface water treatment plant will be located at Poshchim Ichakhali 

Mouza in the east side of CDSP embankment. The capacity of the treatment plant will 

be 50 MLD in Phase-1 and another 50 MLD in Phase-2. The location is finalized after 

field verification and discussion with BEZA. 

 Route of treated water transmission main has been chosen along the existing CDSP 

embankment cum road and then Vanghani road (BWDB old embankment). The length 

of treated water transmission main is about 10.44 km. 
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 The project would require acquisition of land of about 23.15 acre for intake and raw 

water transmission main.  

 Preliminary cost of the SWTP including transmission and distribution of 50MLD capacity 

has been estimated to be about 5,879.41 million BDT. 

 Preliminary cost of 25 nos. Production well field system has been estimated to be about 

414 million BDT. 

 Mohra surface water treatment plant is a potential water source which production 

capacity is 90MLD. 

 Little Feni River is another potential water source to supply water of about 40MLD after 

proper treatment. 

 Desalination RO plant is required in future to fulfill the water requirement of the 

economic zone. A 50MLD desaliation may require $50 million as capital cost.  

 The tentative total cost to meet the water requirement for 30,000 acre area of BSMSN 

is about 83,387 Million BDT. 

Recommendations 

 Maintenance dredging arrangement will need to be kept assuring water availability in 

the Feni River at intake point throughout the design life of the treatment plant.  

 Continuous monitoring and maintenance of the river training works are important for 

the safety of intake. 

 Preparation of Sewerage Master Plan for the BSNSN area and engagement of relevant 

consultant is recommended strongly for proper management of waste water. 

 For appropriate technology transfer and maintenance of the plant, the required staffs 

need to be trained adequately (training both on the job and at abroad). 

 Necessary MoU need to be signed between the Ministry of Water Resources and BEZA 

to abstract water from the Feni River and use of land for laying of raw water 

transmission main owned by Bangladesh Water Development Board (BWDB). 

 If needed in future, water sharing treaties or MoU should be signed with neighboring 

countries. 

 Waste water with or without treatment from the industries, domestic and non-

domestic should not be discharged, at upstream of Intake to Feni regulator. 

 The surface water quality monitoring should be included at discharge monitoring 

stations. Besides there should be a monitoring wells for observing periodical changes in 

groundwater level and groundwater quality. 

 The monitoring of river function requires specialization, BEZA may borrow the services 

of BWDB under some long-term contract. 

 Further study is necessary to check whether the option carrying treated water from 

Mohra water treated plant to the BSMSN area is technically and financially acceptable. 

 A detail study is necessary for withdrawn and supply water from Little Feni River. 

 Metering system should be installed with the water supply pipeline at every industry 

and other buildings. In that case, BEZA should establish and follow the rules & 

regulations prepared and approved by the Government of Bangladesh best on WASA 

Act 1996.  
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1 Introduction 

1.1 Background 

Bangladesh Economic Zones Authority (BEZA) is providing an overall framework for 

establishing Economic Zones EZs throughout Bangladesh under the Bangladesh Economic 

Zones Act, 2010. BEZA aims to establish economic zones in all potential areas in Bangladesh 

including backward and under developed regions with a view to encourage rapid economic 

development through increase and diversification of industry, employment, production and 

export. BEZA aims to establish 100 economic zones in the country over the next fifteen years. 

Development of these economic zones is expected to create employment opportunities, 

contribute to poverty reduction and higher standard of living.   

The proposed Bangabandhu Sheikh Mujib Shilpanagar (BSMSN) will be the first multi sector 

economic zone comprising an area of around 30,000 acres, located in Mirsharai Upazilla of 

Chittagong district and Sonagazi Upazilla of Feni district. The BSMSN area is divided into 

several sub-zones. The BSMSN area is very potential due to its strategic location. It is only 10 

Km west of the national highway (Dhaka-Chittagong highway) and 11.5 Km west of the 

nearby railway station. There are ten Mouzas in the Mirsharai Upazilla and six Mouzas in the 

Sonagazi Upazilla. 

1.2 Objective and Scope of the Study 

The main objective of the study is to prepare a Water Supply Master Plan to fulfill water 

demand for BSMSN requirement in the context with water availability and demand.  

To accomplish the objective the following tasks were identified and have been done by the 

consultant: 

1) Examine the project site and document the existing condition of the project site. 

2) Review the policy and plans of the project site and meet with water related 

stakeholders. 

3) Prepare water related baselines and base maps for the project site in order to 

document the existing aquatic conditions and features of the land, community, 

infrastructure and utilities. 

4) Marine, surface water survey and groundwater investigation. 

5) Identify all possible source with relevant water quality and validate water availability 

in the context of development program for the project area. 

6) Prepare a water zoning and phasing plan for the project area. 

7) Conduct a stakeholder workshop to share the water supply related utility planning for 

the project area and obtain feedback. 

8) Prepare a water management plan for the project on the point of environmental 

context. 

9) Arrange training programme for capacity building of BEZA officials. 

1.3 Expected Outputs 

The expected outputs of the study are as follows: 
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 Assessment of surface water and groundwater resources; 

 Water demand estimation for the economic zone; 

 Identified source of water for fulfilling the demand of the industries and other 

uses; 

 Water quality and geotechnical data sets related to construction of the river intake 

structure and the SWTP; 

 Map showing the suitable area demarcated for intake structure and primary and 

secondary water distribution network; 

 Water zoning and phasing plans ; 

 Water Management Plan (WMP); 

 Process design of treatment plant and related issues; 

 Detail design of the all structures and transmission and distribution main; 

 Preparation of BOQ and cost estimation; 

 Tender documents. 

1.4 Study Area 

The proposed Bangabandhu Sheikh Mujib Shilpanagar (BSMSN) is located (Figure 1.1) at the 

end of the eastern side of the Bay of Bengal, surrounded by the coast at the north-western. 

The nearby town is Mirsharai Pourashava, and Sonagazi Pourashava, located about 10km and 

4.5km from the proposed area respectively. It is situated only 10 Km west of the national 

highway (Dhaka-Chittagong highway) and 11.5 Km west of the nearby railway station. The 

Shah Amanat International Airport at Chittagong is located, south of the BSMSN area at a 

distance of 79 Km. Chittagong seaport is located 67 Km south of BSMSN area. BWDB 

embankment is aligned almost parallel to the Dhaka-Chittagong National highway and create 

the south-eastern boundary of the BSMSN area. Muhuri irrigation project embankment 

creates the northern boundary of BSMSN and the CDSP embankment is within the project 

area boundary. 
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Figure 1.1: Base Map of BSMSN Study Area 
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1.4.1 Climate and Hydrology 

Bangladesh is located at the central part within the Asiatic monsoon region where the climate 

is tropical. Relatively small size of the country and generally low-lying area cause moderate 

spatial variation of temperature, precipitation, relative humidity, wind speeds and other 

climatic variables. However, the climate of Bangladesh exhibits pronounced temporal 

variability. This is because of the moisture-laden monsoon winds flowing predominantly from 

the south-west during summer and the comparatively dry and colder north-western winds 

during winter. 

Three seasons are generally recognized in the project area: a hot, muggy summer from March 

to June; a hot, humid and rainy monsoon; and a moderately cold, dry winter from December 

to February. 85% of the total annual rainfall occurs during June to November. The beginning 

of the rainy season varies from year to year; heavy rains may commence anywhere between 

mid-April and early June and ends anywhere between the end of September and mid-

November. Usually winter season is dry with occasional rains. The summer season ranges 

between March to April. During summer, the air becomes hot with very low humidity. Early 

summer is also dominated by Sitakundu cyclone and rains. 

1.4.1.1 Precipitation 

The general pattern of precipitation (which consists entirely of rain) follows the monsoon 

pattern with the cooler, drier months of November to March, increasing rains in April and 

May, and highest rainfall in the months of June to September (Figure 1.2) when the prevailing 

wind direction from the southwest brings moisture-laden air from the Bay of Bengal. Annual 

rainfall of Sitakunda is about 3,300mm. About 62% of the rainfall occurs in the months of 

June, July and August.  

 

Figure 1.2: Average monthly rainfall and relative humidity pattern during 1983-2012 
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1.4.1.2 Relative Humidity 

As would be expected, humidity during the wet season is significantly higher, as shown in 

Table 1.1 and Figure 1.2 than those occurring at other times of the year. Maximum average 

relative humidity for the project area is found as 87.1% in the month of July, whereas 

minimum relative humidity is 69.3% in the month of February. 

Table 1.1: Monthly averages of climatic variables at the Sitakunda BMD Station, 1983-2012 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainfall (mm) 5.2 24.5 74.7 165.1 355.6 583.8 771.6 595.7 405.6 275.6 54.4 6.8 

Mean Temp (°C) 19.3 22.0 25.7 28.0 28.6 28.5 28.0 28.4 28.5 27.9 24.6 20.8 

Max Temp (°C) 26.7 29.1 31.5 32.4 32.5 31.4 30.7 31.3 31.9 32.2 30.4 27.9 

Min Temp (°C) 11.9 14.8 19.8 23.6 24.7 25.5 25.4 25.4 25.2 23.6 18.8 13.8 

Humidity (%) 71.6 69.3 73.3 77.6 80.4 85.0 87.1 85.8 84.2 81.9 77.5 74.8 

Avg. Wind speed(knots) 3.2 3.7 4.2 4.7 4.4 4.6 4.4 4.0 3.6 2.8 2.6 2.6 

Max Wind Speed(knots) 6.0 7.1 8.1 9.7 9.7 9.4 8.0 7.8 7.4 7.3 5.9 4.9 

Sunshine (Hours) 5.8 6.8 7.1 7.1 5.9 3.9 3.6 4.1 4.8 5.9 6.0 5.8 

Evaporation (mm/D)* 3.3 3.6 3.8 3.5 3.3 2.7 1.9 2.2 2.6 3.0 3.5 3.6 

Solar Radiation (MJ/m2day) 13.2 16.2 18.7 20.0 18.9 15.9 15.3 15.7 15.7 15.5 13.8 12.7 

1.4.1.3 Ambient Air Temperature 

The temperature of the country is related to the period of rainfall. In general, cool seasons 

coincide with the period of lowest rainfall. Figure 1.3 shows the monthly average mean, 

maximum and minimum temperature of the project area. Maximum average temperature of 

32.5°C was observed in May and minimum average temperature was 11.9°C in January (Table 

1.1).  

 

Figure 1.3: Monthly Average maximum, minimum and average temperature during 1983-
2012 
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Figure 1.4: Average monthly sunshine hours and evaporation during 1983-2012 

1.4.1.4 Sunshine and Evaporation 

The average incident solar radiation is comparatively higher during the period between 

February to May than the other months of the year. Consequently the amount of evaporation 

is also higher during that period (Figure 1.4). 

1.4.1.5 Wind Speeds and Direction 

The predominant wind directions at the project site are from to south and southeast. During 

November to February the wind directions are from north to northeast and during March to 

October it is from south to southeast. It can be observed from Table 1.1 that the maximum 

wind speed prevails during the month of May which is about 9.7 Knots.  

1.4.2 Topography 

The topography data of the BSMSN area has been collected from Master Plan Report 

conducted by Sheltech Consultants (Pvt.) Ltd. (SCPL).  They have collected about 46,080 spot 

level data during the Master Plan Study where the lowest spot height is -3.33 mMSL and the 

highest +8.71 mMSL. Based on the collected spot level data they have generated Digital 

Elevation Model (DEM) (Figure 1.5) for the study area. It is observed from the DEM that the 

elevation varies from -2.91 mMSL to 7.87mMSL with average elevation 3.62mMSL. The slope 

of the study area is from north-east towards south-west. 
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Figure 1.5: Digital Elevation Model of Bangabandhu Sheikh Mujib Shilpanagar 

 

1.5 Approach, Methodology and Activities 

A clear understanding of the river/khal system of the surrounding area of BSMSN area and 

their flowing pattern is vital for assessing the surface water resources in quantity and quality 

terms. Knowledge about the aquifer system, salinity intrusion into the aquifer is important for 

groundwater resource assessment. After assessing the total availability of freshwater, the 

plan for meeting the water demand of the BSMSN area has been formulated.  

For detail surface water and groundwater resource assessment and demand calculation for 

the BSMSN area, scientifically comprehensive following approach has been adopted:  

Digital Elevation Model of Bangabandhu Sheikh Mujib Shilpanagar 
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 Field survey and data acquisition (from primary as well as secondary sources); 

 A clear understanding of the river/khal system in and around the BSMSN area and 

ascertain their flowing pattern; 

 Selection of possible locations of impounding reservoir and to calculate their storage 

capacity based on hydrology, hydraulic and soil characteristics; 

 Knowledge about the aquifer system, salinity intrusion possibility into aquifer to 

calculate the safe yield capacity of groundwater; 

 Demand calculation of the BSMSN zones based on the Master Plan; 

 Planning for proper water zoning; 

 Selection of treatment plant sites based on field verification and consultation with 

BEZA; 

 Selection of appropriate treatment process and design of the water treatment plant to 

produce acceptable quality of treated water from rivers and reservoirs; 

 Outline design of the intake, water treatment plant and transmission mains for Phase-

1; 

 Develop a water management plan for utilization of available water resources to meet 

present and future water demand. 

A schematic diagram showing the approach and methodology to achieve the objective of the 

study is presented in Figure 1.6. 
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Figure 1.6: Schematic Diagram of Approach and Methodology 
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1.6 Review of Relevant Policies, Plans and Acts in Water Sector  

There has been a series of policy documents issued in 1990’s and 2000’s for different key 

sectors to accelerate the balanced way of water resources use and development. The policies, 

plans and legislations relevant for conservation of water resources and its usages may be as 

follows:  

a. National Water Policy (1999);  

b. National Industrial Policy, 2016; 

c. National Environmental Policy, 2013 (draft); 

d. Coastal Zone Policy (2005);  

e. Environmental Conservation Act (2005) ; 

f. Bangladesh Water Act 2013; 

g. National Water Management Plan (2001);  

h. Coastal Development Strategy (2006). 

1.6.1 National Water Policy (1999)  

Issuance of Bangladesh Water and Flood Management Strategy (BWFMS) in 1996, as an 

outcome of Flood Action Plan (FAP) process led the GoB to issue National Water Policy 

(NWPo) in 1999.  Preparation of National Water Management Plan (NWMP) started in 1999 

and ended in 2001. NWMP was approved by National Water Resources Council (NWRC) in 

2004. NWRC is the apex organization, responsible for coordinated implementation of policy 

and plan as per NWPo. 

The NWPo is essentially the key document describing the need for a coherent water strategy 

for water resource exploration, use and management. The broad objectives of the policy are 

as follows:   

a)  Development of all forms of surface and ground water management through equitable 

manner; 

b)  Ensuring the availability of water to all level people of the society emphasizing on women 

and children; 

c)  Accelerating sustainable public and private water delivery systems with legal and financial 

measures; 

d)  Bringing institutional changes to decentralize the water management and to enhance the 

role of women; 

e)  Formulating a legal and regulatory environment in water management systems; 

f)  Developing a state of knowledge to design future water resource management plans with 

economic efficiency and social justice. 

 

Important clause of the document relevant to the water resources availability, use and 

conservation are as follows: 

 “Prepare National Water Code by revising and consolidating the laws governing 

ownership, development, appropriation, utilization, conservation and protection of 

water resources” (GoB, 1999, p. 16). 
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 " Water will be considered an economic resource and priced to convey its scarcity 

value to all users and provide motivation for its conservation” (GoB, 1999, p. 16); 

 “The rates for surface and groundwater will reflect, to the extent possible, their actual 

cost of delivery." (GoB, 1999, p. 16); 

 “Appropriate financial incentives will be introduced for water re-use and conservation, 

responsible use of groundwater, and for preventing overexploitation and 

pollution”(GoB, 1999, p. 16) 

1.6.2 Coastal zone policy (2015) and Coastal Strategy (2006)  

The coastal zone policy was prepared and accepted in 2005; Coastal strategy was issued in 

2006. The main objective of the policy is to protect the livelihood and ecosystem of the 

coastal zone. The strategy focused on regular maintenance of the coastal embankments for 

protection against storm surges during cyclones, maintenance of the coastal mangroves for 

protection against cyclones, coordinate with the Comprehensive Disaster Management Plan 

(CDMP) considering the coastal zones. 

1.6.3 National Industrial Policy, 2016 

The prime objectives of the National Industrial Policy 2016 are to accelerate industrial growth 

led by private sector investment and production. 

In general it has no contradiction with the policies relevant to water policy and Environmental 

policy. To promote environment friendly industrial management the policy encourage 

industrial units [under Chapter 14] to establish effluent treatment plant (ETP), common 

effluent treatment plant (CETP) and waste recycling process and committed to provide 

financial subsidies and other facilities for that. It is also committed to ensure enforcement of 

provision under Environmental Conservation Act (ECA) 1995 and Bangladesh Water Act 2013. 

However presently there is no representation of Ministry of Industry or association of 

industries in the apex National consultative bodies’ i.e.  National Water Resources Council 

(NWRC) and its executive committee (ECNWRC) to facilitate an integrated approach in 

industrial zoning and pollution control so far water resources and environment protection is 

concerned. 

1.6.4 National Environmental Policy, 2013 (draft) 

The Bangladeshi Government issued the National Environmental Policy in 1992 to reflect its 

worries as regard impact of development on environment.  

The draft National Environment Policy 2013 is yet to be adopted but it has set forth policies 

[Clause 3.2] for water resource to protect rivers, canals, lake, wetlands and water resource 

from pollution and to corrective measure to purify polluted wetlands. 

As activities for environmental conservation (clause 5.8) the policy direct Ministry of Industry, 

Ministry of Forest and Environment; Ministry of Agriculture; Ministry of Water Resources; 

Ministry of Jute and Textile; DoE; Investment Board; WASA; City Corporation; Pourashova; 

Department of agricultural Extension to strictly regulating not to dump industrial wastes 

directly to the river, canal or wetland before retreat it in the effluent treatment plant. 
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1.6.5 Environmental Conservation Act (2005) and Rules (2006)   

The Bangladesh Environmental Conservation Act of 1995 and Rules 1997 was promulgated, 

are currently the main legislation in relation to environmental protection of the country.  

Environment Conservation Rule of 1997 gives a framework for issuance of environmental 

clearance for new industries/projects that include the assessment of the project area and the 

pollutants to be emitted or discharged by the industries/projects. 

For highly polluting industries environmental clearance is given only after an Effluent 

Treatment Plant (ETP) has been constructed and commissioned.  It is also obligatory to issue a 

site clearance for the site of the industry first and then only owner can proceed for the 

construction of the site and ETP to get final clearance 

However, despite its strict adherence to safe environment, untreated industrial waste, 

including heavy metals are discharged unregulated and water bodies are being polluted. The 

enforcement of the environmental conservation law and rules are yet to strengthen for a 

sustainable environmental protection.  

The Environmental Standards established in the Rules need to be revised in line with the 

other international standard and enforcement of the rules set need to be strictly monitored. 

Environmental Conservation Act 1995 may need additional rules for an effective integrated 

pollution control for a sustainable water management in the country. 

1.6.6 Bangladesh Water Act 2013 

The Bangladesh Water Act 2013 has been issued for an integrated development, 

management, extraction, distribution, usage, protection and conservation of water resources 

in Bangladesh. Bangladesh Water Act (BWA) is a framework Law to integrate and coordinate 

the water resources management in the country. 

As per the Water Act, all forms of water (e.g. surface water, ground water, sea water, rain 

water and atmospheric water) within the territory of Bangladesh belong to the Government 

on behalf of the people. 

The Bangladesh Water Act has established the right to access water by everyone. However 

certain area may be declared as stressed area and abstraction may be restricted to safe yield 

to protect the resources for future generation. Any over abstraction, overuse, and 

contamination would be controlled through protection, compliance order. 

Water quality would be maintained to certain set standards as per Environmental 

conservation rules (ECR) 2006. The industrial effluent discharge would be monitored, and 

necessary enforcement would be done as per ECA and ECR.  

However, there are several Acts that can be related to cross cutting issues with water and 

environment. Groundwater ordinance for abstraction (1985), is now suspended. Thana 

Irrigation Committees as per ordinance can be reintroduced to advise the Thana Parishads 

(Councils) on the granting of permits as per rules (draft) under Bangladesh Water Act. In 

order to achieve a balance between the existing acts/rules and BWA, it would need to 

harmonize with some of the principal Acts/rules, ordinance, policy and plan with those of 
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Bangladesh Water Act and its rules (under development). WARPO is also preparing additional 

rules for coast in line with Coastal Zone Policy within the framework of BWA. The Water Act 

will establish a new, integrated approach to the protection, improvement and sustainable use 

of Countries Rivers, lakes, estuaries, coastal waters and groundwater. 

1.6.7 National Water Management Plan (2001)  

Bangladesh embarked upon preparation of a National Water Management Plan (NWMP) in 

1998, in parallel with the process of drafting National Water Policy which started in 1997. The 

NWMP, a framework plan to implement the policies by the government. NWMP is also a 

guiding framework to formulate projects by the line agencies and invest and support 

development with integrated management of water resources.  

The plan assumed that population would increase by 218 million by 2025, GDP would 

increase @ of 6-7%; as a result, there would be pressure on water resources and its quality 

primarily as a result of population and economic growth. 

The plan assumed both groundwater surface water uses would expand but identified 

groundwater resources has knowledge gap as regard its availability assessment. 

The document is a rolling plan which is required to be updated periodically to incorporate the 

changes in the drivers and knowledge gaps. The Plan included is a firm plan for the next five 

years (2001-2006), an indicative plan for the subsequent five years (2006-2011), and a 

perspective plan up to 2025. The plan is regards as the first step forward introducing 

integrated water resources management in the country in light of the principles of NWPo.  

As per Bangladesh water Act 2013, the update of NWMP would be done as National Water 

Resources Plan. The update of the plan may include among others the water resources 

availability, present and future water use and analysis on water impact incorporating 

elements concerning economic, natural, social, political, environmental, and ecological and 

institutional aspects. 

1.6.8 Regulatory Authorities of Water 

There are several regulatory authorities to implement and supervise the noted activities 

according to various policies and acts on water resources management.  

National Water Resources Council (NWRC) is the apex body to provide policy guidance to the 

implementation of water resources NWPo, NWMP and BWA. The Executive Committee of 

National Water Resources Council (ECNWRC) is to carry out the implementation of the 

decision of the NWRC in terms of planning, management and inter-sectoral coordination on 

water resources. WARPO as secretariat to ECNWRC is responsible for coordinating the 

implementation of BWA. Coordination and interactions between different institutions are one 

of the biggest challenges for implementing BWA.  

Water Resources Planning Organization (WARPO), established in 1992 as the Apex planning 

organization in the Water sector. The Water Resources Planning Act (Act No. 12 of 1992) 

provides the legal framework for WARPO as a statutory body. During 1998 to 2000, WARPO 

under took the preparation of National Water Resources Management Plan (NWMP), a 
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framework Plan to translate the National Water Policy into 84 programs within the 

framework of Integrated Water Resources Management (IWRM). As per Bangladesh Water 

Act WARPO has the role to prepare National Water Resources Plan (update of NWMP) and 

act as ‘Clearing house’ providing technical support to planning commission in the approval 

process of development proposals. As secretariat to ECNWRC, WARPO is responsible for 

coordinating the implementation of BWA through a decentralized institutional setting.  
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2 Reconnaissance Survey and Existing Situation 

Analysis 
Several reconnaissance visits have been made in the BSMSN proposed area and its 

surrounding concerning water resource assessment. The first visit took place during 4 –6 

January, 2018. The team headed by Hydrologist and comprising, Survey Specialist and 

Hydrogeologist visited the sites. The team visited the Feni regulator, test tube well (TTW) and 

production tube well (PTW) sites, planned 100acre reservoir site and Ichakhali khal.  

The second visit took place during 12 –15 February 2018. IWM surface water resources expert 

team has made useful discussions with BWDB officials in Feni and Chittagong. The team 

visited the Musapur regulator and closure site, Mohamaya lake and visited surrounding area 

comprehensively to get a clear picture of the khals system and their flow pattern during this 

field visit. 

The third visit was made by a team of Hydrogeologists during 26-27 February 2018. The 

consultants’ team visited the entire area for selection of exploratory drilling sites and to 

investigate the existing production tube wells.  

2.1 Overview of Present River/Khal in BSMSN & Its Peripheral Area 

Feni and Little Feni are the two major rivers which flow down to the Bay of Bengal on the 

north-west of proposed BSMSN area. These two major rivers make a confluence near Char 

Chandia. The char land at the confluence of these two major rivers has been considered as 

part of BSMSN. The major khals/ chharas which flow through the proposed BSMSN area are 

Ichakhali Khal, Bamon Sundar khal, Saherkhali Khal and Domkhali Khal. Others are Daborkhali, 

Khutakhali, Hoania and Donakhali khals. Most of the khals/ chharas receive water from hills 

on the east of Dhaka-Chittagong highway. 

2.1.1 Little Feni River 

Little Feni River is a trans-boundary rivers of Bangladesh. It originates from the Hill Tripura in 

India and enters in Bangladesh near Comilla district and after running over the southeastern 

direction it cross over Noakhali district.  Flowing further south, the Little Feni debouches into 

falling into the Bay of Bengal at 22°45'49"N and 91°23'16"E. The river contains a lot of 

meanders. A number of streams eg the Dakatia, Gumti meet the river on its course.  

Little Feni closely flows along the west and south border of Sonagazi Upazilla. The original 

course of Little Feni River has a closure on it and a 23 vent regulator on its diversion channel 

at Musapur. Upstream of the Musapur closure serves as a reservoir and recreation place as 

well. 

2.1.2 Feni River 

Feni River originates from the hill ranges of the Indian state of Tripura at nearly 23°20'N and 

91°47'E, flows southwest through Silachari, Sabroom town and marking the boundary with 

the chittagong hill tracts, then flows west, separating Tripura from Chittagong up to Aliganj 

and then emerges out of the hills and passes through the plains dividing Chittagong from 

Noakhali before falling into the Bay of Bengal at 22°45'9"N and 91°25'5"E. This river belongs 

to Bangladesh as it used to form the demarcation line between Chittagong, Noakhali and 
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Nilambor Lake 

Tripura State of India. The river is about 116 km long from the source to the Bay of Bengal.  

Inside Bangladesh the river is navigable throughout the year by small boats. During monsoon 

flash flood occur in this river and it becomes furious with rapid currents and whirling eddies 

at sharp turns. The Feni River gets inflow from a basin of 645 sq. km located in India. Its 

drainage area inside Bangladesh is only 181 sq. km.  

The river has a closure near the sea with a 40 vent regulator on it near Muhurighat bazar. The 

structures are commonly known as Feni regulator and Dam. Upstream of the Muhuri dam 

serves as a reservoir and recreation place as well. 

2.1.3 Domkhali khal 

Domkhali khal originates from Komoldoho waterfalls in eastern hills and crosses the 

Dhaka-Chitagong highway near Choto Komoldoho (Figure 2.1). Domkhali khal bifurcates at 

upstream of existing BWDB embankment and they again meet immediate downstream of 

embankment. A three vent regulator (Figure 2.2) has been constructed on main channel and 

a two vent regulator (Figure 2.3) on its branch channel. Regulators are provided with flap 

gates at downstream to prevent intrusion of sea water. 

 

Figure 2.1: Origin of Domkhali khal 

  

Figure 2.2: 3 vent regulator on Domkhali 
khal 

Figure 2.3: 2 vent regulator on branch  
Domkhali khal 

2.1.4  Shaherkhali khal 

Gobania Chhara and Shaherkhali khal, are the two major Khals which make the Shaherkhali 

Khal system with some other secondary khals. Gobania chhara originates from Boalia 

waterfall in eastern hills. The valley in the hills surrounding the Boalia waterfall may be 
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considered as a reservoir subject to its study for viability. The Gobania khal crosses the 

Dhaka-Chittagong highway at Mirsharai Bazar. After crossing the Dhaka-Chittagong highway, 

the khal traverses about 5 km over the land. Thereafter, Gobania khal flows along the north 

side of the proposed Sheikh Hasina Avenue and crosses the avenue at Abutorab bazar. 

Gobania khal meets Shaherkhali khal near upstream of existing embankment. Gobania khal 

has a distributary, Haonia with a one vent regulator on it (Figure 2.4). 

Shaherkhali khal, the main course originates from Napittachora waterfalls at Ujainnapara and 

crosses the Dhaka-Chitagong highway at 1 km south of Boro Takia Bazar. A six vent regulator 

(Figure 2.5) with flap gates has been constructed on Shaherkhali khal crossing the 

embankment. In stream storage in Shaherkhali khal is observed significant (Figure 2.6). A 

small khal namely Golla Donakhali Khal originates from open land and meets with Shaherkhali 

khal after crossing the embankment. A one vent regulator (Figure 2.7) has been constructed 

on Golla Donakhali khal. 

  

Figure 2.4: 6 vent regulator of Shaherkhali 
khal 

Figure 2.5: Upstream of Shaherkhali khal at 
regulator site 

   

Figure 2.6: 1 vent regulator of Howani khal Figure 2.7: 1 vent regulator of Golla 
Donakhali khal 

2.1.5  Bamon Sundar khal  

Mohamaya khal, Mithanala Rajapur khal and Khontakata khal are the major tributaries of 

Bamon Sundar khal. These tributaries convey water from eastern hills to Bamon Sundar khal.  
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Mohamaya khal conveys its catchment runoff and release from Mohamaya lake to Bamon 

Sundar khal at Sattar Bhuiyar Hat. Mithanala Rajapur khal conveys its catchment runoff 

extending from the vicinity of Mohamaya lake and flows to Bamon Sundar khal near Sufia 

Bazar (Figure 2.8). Khontakata khal takes the distributary flows from Mithanala Rajapur khal 

through Mohachilimpur Khal and that from Gobania Khal through Moghadia Khal, and the 

Khontakata khal conveys the total flow to Bamon Sundar (Figure 2.9). 

  

Figure 2.8: Confluence of Bamonsundar 

& Mithanala Rajapur khal 

Figure 2.9: Confluence of Bamonsundar & 
Khontakata khal 

 The Mohamaya khal originates from Mohamaya lake (Figure 2.10) which releases its 

irrigation water through an under sluice during dry season and a spillway during wet season. 

A rubber dam (Figure 2.11) has been constructed on Mohamaya khal. Bamon Sundar khal 

traverses through Sattar Bhuiyar hat, Bamon Darogar hat, Sufia Bazar and flows down across 

the existing BWDB embankment. A nine vent regulator with flap gates (Figure 2.12) has been 

constructed on Bamon Sundar khal. In stream storage in Bamon Sundar khal is observed 

significant (Figure 2.13) 

  

Figure 2.10: Mohamaya lake Figure 2.11: Rubber dam on Mohamaya lake 
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Figure 2.12: 9 vent regulator of Bamon 
Sundar khal 

Figure 2.13: Upstream of Bamon Sundar 
khal at regulator site 

2.1.6 IchaKhali Khal  

IchaKhali Khal receives water from Feni reservoir site for irrigation purpose (Figure 2.14). 

Excess water at the reservoir site may be considered to pass to the Ichakhali khal for meeting 

its additional requirement. Barmai Chhara, Roypur Gopalpur Khal and Mohamaya Khal convey 

water from eastern hills and make distributary contributions in Ichakhali khal. Ichamoti khal, 

Gopinathpur khal and Omar Ali khal are relatively significant distributaries of Barmai Chhara, 

Roypur Gopalpur khal and Mohamaya khal respectively which make contribution to Ichakhali 

khal. 

 

 Figure 2.14: Flows in Ichakhali sourcing from Muhuri Irrigation project at Jhulonpul Bazar 

The main course of Ichakhali khal has been closed off with BWDB embankment and a 

diversion channel has been made with a construction of 9 vent regulator (Figure 2.15) on the 

diversion. The abandoned course of Ichakhali khal, both upstream and downstream of the 

embankment shows a pool of water (Figure 2.16) and can be considered for a planned 

reservoir. Purba Ichakhali khal is a major drainage khal on country side which crosses the 

embankment and flows down to Ichakhali khal. It has a 5 vent regulator on it (Figure 2.17). 
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Figure 2.15: 9 vent regulator of Ichakhali 
khal 

Figure 2.16: Reservoir at Ichakhali khal 
regulator site 

 

Figure 2.17: 5 vent regulator of Purba Ichakhali khal 

2.2 Existing Structures and Operation Rules 

Existing coastal embankment in BSMSN and its associated regulators on different khals were 

constructed by BWDB for drainage, prevention of salinity intrusion and inundation during 

periods of high sea level. All these regulators have flap gates on the sea side and the gates get 

closed when the sea level is higher than the water level in khals on country side. Flap gets are 

opened for drainage of country side the sea level is lower than the water level in khals on 

country side. These regulators also have vertical gates on country side which are operated as 

and when necessary for storage of freshwater in stream of country side and drainage of 

excess water from country side. 

There are three major structures and sites in connection with likely possible sources of 

surface water for BSMSN. These are i) Musapur closure and regulator, ii) Feni closure and 

regulator and iii) Mohamaya lake. 
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2.2.1 Musapur closure and regulator  

Musapur closure and regulator has been constructed on Little Feni River at Musapur 

objectively for drainage. The original course of the river has been closed off with an earthen 

closure. Its course has been diverted and a 23 vent regulator has been constructed on it 

(Figure 2.18). Upstream gates of the regulator are radial type and those on the downstream 

are flap gates. Radial gates are generally closed in the dry months of November through April. 

This makes a significant storage provision upstream of closure for dry season use of 

freshwater. Radial gates are kept opened during other months. However, the radial gates are 

opened whenever rising storage level is considered a danger for crops land when drainage is 

allowed through automatic opening of flap gates depending on stage difference between 

country and sea side. 

  

Figure 2.18: 23 vent regulator at 
Musapur on Little Feni River 

Figure 2.19: 40 vent regulator on Feni River 

2.2.2 Feni closure and regulator  

Feni closure and regulator (Figure 2.19) has been constructed on Feni River at Sonagazi union 

objectively for irrigation. The original course of Feni River has been partly closed off with an 

earthen closure. A 40 vent regulator has been constructed on rest part of it. Upstream gates 

of the regulator are radial type and those on the downstream are flap gates. Radial gates are 

generally closed in the dry months of November through April. This makes a significant 

storage provision upstream of closure for dry season use of freshwater, dominantly for 

irrigation. Radial gates are kept opened during other months. Design highest storage level at 

Feni regulator site is 3.89 mPWD and dead storage level is 2.59 mPWD. Radial gates are 

designed such that storage water starts spilling over the radial gates when storage level 

exceeds the design highest level. However, the radial gates are opened whenever rising 

storage level exceeds the design highest water level when drainage is allowed through 

automatic opening of flap gates depending on stage difference between country and sea side. 

2.2.3 Mohamaya lake  

Mohamaya lake is the second largest one in Bangladesh in the valley of eastern hills of 

Mirsharai objectively for irrigation. Release of water from Mohamaya lake is made through an 

intake structure (0.9m x 0.9m, invert 11.45 mPWD) and a spillway (12.00m wide). The 

maximum and minimum storage level of the lake is 26.83 mPWD and 15.50 mPWD 

respectively. Crest level of dam is 29.88 mPWD. Release water from Mohamaya lake flows 
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down to Bamon Sundar khal through Mohamaya khal (Mohamaya New Chhara) and 

Mithanala Rajapur khal (Mohamaya Old Chhara) near Sattar Bhuiyar hat and Sufia bazar. 

Irrigation water in dry season is released through intake structure while spillway is activated 

mostly in monsoon or when the water level in lake exceeds the maximum storage level. There 

is a rubber dam for heading up distribution of chhara water in dry season for irrigation. 

2.3 Hydrogeological Setting of the Study Area 

Available lithological information of various explorations reveals that the depth and variable 

thickness of the aquifer in the study area conforms the resemblance of local hydrogeology to 

regional geology. Hydrogeological parameters of this area are governed by the litho-

stratigraphic and prevailing tectonic activities, which is also part of regional hydrogeological 

setting and tectonic features. 

The study area is under the physiographic unit of Chittagong coastal plain of Bangladesh. It 

represents gently sloping piedmont plains near the hills. It is bounded by a small area of a 

young estuarine flood plain in the north, adjoining sub-regional young Meghna estuarine 

floodplain and sandy beach ridges adjoining the coast in the south. Sediments of the study 

area are mainly silt, locally sandy with clays more extensive in floodplain basins. The delta 

building activities are still going on in the south which is attributed to the GBM river system. 

Figure 2.20 shows the tentative location of the study area in Physiographical map of 

Bangladesh. 

The aquifers are generally thick multi-layered with high transmissivity and storage coefficient. 

And the aquifer systems can broadly be distinguished in the study area is recent sand forming 

both confine and semi-confine aquifer. 
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Figure 2.20: Location of the study area in physiographical map of Bangladesh  

[Source: SRDI] 
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3 Water Demand Assessment      

3.1 Introduction 

Feni and Little Feni are the two major rivers which flow down to the Bay of Bengal on the 

north-west of proposed BSMSN area. Both the rivers have closures at their estuaries with 

gated regulations. The water resources projects on Feni River is Muhuri Irrigation Project and 

that on Little Feni River is Dakatia-Little Feni Drainage Project. Upstream of their closures 

serve as freshwater reservoirs and recreation places as well. There is an irrigation demand at 

Feni reservoir while storage at Little Feni reservoir is not defined for uses but facilitate public 

purposes.  Mohamaya lake is a large valley reservoir in the eastern hills which mainly serve 

for meeting the irrigation demand. 

The above existing sources of surface water are identified for meeting the BSMSN demand to 

the possible extent. The allocation of these water resources will be an important issue for 

BSMSN, looking into the growth of industrial and municipal demand especially. However, 

sustaining and meeting future growth aspirations in industrial sector of BSMSN will require a 

befitting approach (combination of surface, ground and sea water) to managing the emerging 

water demand, quality and availability risks. 

3.2 Demand at Existing Surface Water Sources  

3.2.1 Muhuri Irrigation Project 

The original feasibility  study  of  the  Muhuri  Irrigation Project (MIP)  was  done in  1973  and  

construction  completed  in  1986.  In addition to irrigation, the MIP provides flood control 

and protection against the intrusion of tidal water. The design enabled dry season irrigation 

as well as supplemental wet season irrigation by constructing the Feni Closure Dam and 

Regulator to create a reservoir upstream of the dam. 

The main issue in recent years for MIP is the gradual loss of area under irrigation. The main 

causes of the reduction in irrigated area are complex but include: i) siltation of khals, rivers 

and reservoirs, ii) apparent reduction of river flows as a result of increased abstractions  in  

upstream India and partly reduction of baseflow contribution due to groundwater 

abstraction, iii) high prices of irrigation water as pump operators find it too expensive to 

provide water to plots located far from the pumps, iv) There is a significant drop in the 

number of operational pumps and the irrigated areas. However, the on-going Irrigation 

Management Improvement Project (IMIP, funded by ADB) is supporting for rehabilitation and 

modernization of Muhuri Irrigation Project. The existing cropped area for boro rice is about 

9,800 ha (ADB, 2016) and the project is expected to increase the target area 17,000 ha 

through phase development.  

Feni reservoir is a source of water and the balance of its water after securing all demand on it 

may be considered for BSMSN. One of the significant demands on Feni reservoir is irrigation 

requirement. Monthly irrigation requirement at Feni reservoir for dry and average year for 

existing and two alternative future cropping scenarios are given in Table 3.1.  The existing and 

two alternative future scenarios are: 
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 Scenario 1: Existing condition, 100% Boro  

 Scenario 2: Future condition, 85% Boro  

 Scenario 3: Future condition, 60% Boro  

Table 3.1: Monthly Irrigation Demand (Mm3) for different scenario  

Scenario  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Scenario 1: 
dry year 

29.6 40.6 35.5 20.1 1.1 13.3 13.3 0.0 0.2 6.4 0.0 23.2 

Scenario 1: 
average year 

29.4 37.9 24.4 6.9 0.0 13.3 13.3 0.0 0.0 0.0 0.0 23.2 

Scenario 2: 
dry year 

33.4 46.1 42.4 23.7 1.1 15.7 15.7 0.0 0.2 7.6 0.0 22.1 

Scenario 2: 
average year 

33.2 42.8 29.0 7.6 0.0 15.7 15.7 0.0 0.0 0.0 0.0 22.1 

Scenario 3: 
dry year 

29.3 40.7 42.7 20.6 0.7 15.7 15.7 0.0 0.2 7.6 0.0 20.4 

Scenario 3: 
average yea 

29.0 37.2 28.7 5.7 0.0 15.7 15.7 0.0 0.0 0.0 0.0 20.4 

[Source: IMIP Report for MIP, March 2016] 

3.2.2 Mohamaya Irrigation Project 

Mohamaya Reservoir Lake is the second largest reservoir in Bangladesh in the valley of 

eastern hills under Mirsharai District. The reservoir is purposely constructed for irrigation in 

the valley. The Mohamaya Irrigation Project is implemented during 2006-7 through 2009-10 

which provides irrigation to an area of 1295 hectare. Release of water from Mohamaya lake is 

made through an intake and a spillway structure. Irrigation water in dry season is released 

through intake structure while spillway is activated mostly in monsoon or when the water 

level in the lake exceeds the maximum storage level. 

Monthly irrigation requirement assessment at Mohamaya reservoir is given in Table 3.2.  

Table 3.2: Monthly Irrigation Demand (m3/s) for Cultivable Area (1295 ha) of Mohamaya 
Irrigation Project 

Year  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2010-11 
(base yr.)  

0.01 0.33 0.45 0.64 0.04 0.00 0.00 0.00 0.00 0.38 0.51 0.01 

2035-36 
(in trend)  

0.01 0.42 0.57 0.93 0.31 0.00 0.00 0.00 0.00 0.38 0.51 0.01 

*2035-36 
(scenario)  

0.13 0.58 0.70 0.93 0.31 0.00 0.00 0.00 0.00 0.38 0.51 0.12 

* 50% of seasonal fallow land might be brought under suitable crops. 

[Source: WARPO, 2016] 

3.2.3 Dakatia-Little Feni Drainage Project 

Musapur closure and regulator, under the project has been constructed, objectively for 

drainage, at Musapur on Little Feni River. This makes a significant storage facility upstream of 

closure for dry season use of freshwater. This storage is left for public facilitation which is at 
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present locally used for drinking purpose, localized irrigation and local economic activities 

(recreation, vending at site etc.). Local people at the site is not aware of any large and precise 

demand plan on the freshwater storage reservoir upstream of the Musapur closure. The 

available storage capacity of the reservoir and excess water to be used for BSMSN area is 

estimated in sec.4.4. Making available of water for BSMSN from this source, Memorandum of 

Understanding (MoU) is required in between BWDB and BEZA.  

3.3 Land Use Plan of BSMSN 

According to the Master Plan of BSMSN conducted by Sheltech Consultants (Pvt.) Limited and 

STUP Consultants Private Limited (SCPL-STUP), the total area is divided by 15 main category 

of land use as shown in Figure 3.1. The amount of area allocated for each land use type is 

given in Table 3.3. 

 

Figure 3.1: Land use map of Bangabandhu Sheikh Mujib Shilpanagar  

[Source: SPCL-STUP (June 2019)] 
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Table 3.3: Area under each category of land use 

Sl. No. Land use Type Parcel ID Area (Acre) 

1 Residential/ Mixed Residential/ Retail/ Educational R1-2 6079.24 

2 City Center (Commercial/ Retail/ Tech Hub) CC1 1701.27 

3 Educational/ Health EH1 755.65 

4 Cultural Facilities CF1 63.86 

5 Leisure/ Entertainment LE1 350.89 

6 Administrative/ Institutional A1 841.69 

7 Resettlement RS1-3 56.26 

8 Light/ Medium Industrial LM1-21 9936.3 

9 Port/ Logistics PL1 & 3 946.12 

10 Port/ Logistics/ Light/ Medium Industrial PL2/LM22 584.82 

11 Transitional TR1-2 1613.33 

12 Heavy Industrial H1-11 3918.58 

13 Chemical Hub CH1 166.35 

14 Open Space -  5821.8 

15 Water body -  -  

 

In the land use plan, about 14,606 acre area is preserved for light, medium and heavy 

industries including area preserved for chemical hub. Thus about 44.5% area is allocated for 

industrial usage. Other areas are allocated for residential, commercial, community, 

administrative, port/logistic and other usage. 

3.4 Water Demand Assessment for BSMSN 

Assessment of industrial rate of utility demand is expressed in practicing unit of demand per 

day per unit of area. Master Plan of BSMSN and its detailed land use plan is now being 

conducted by SHELTECH. Preliminary unit rate of water demand for BSMSN, in absence of its 

detailed land use plan, has been assessed by reviewing yearly water consumption of eight 

EPZs of BEPZA; Feasibility Study of Mirsharai Economic Zone, JDI-MAXWELL-SHELTECH, 2014; 

and Pre-feasibility Report, Mirsharai 2 Economic Zone, IIFC-BETS, 2017. 

Unit rate of demand of 97 m3/d/ha (0.039 MLD/acre) of gross industrial land or 162 m3/d/ha 

(0.066 MLD/acre) of operating industrial land is considered from the reviews of BEPZA data 

(Table 3.4). The review estimates of unit rate of water demand and hence the total water 

demand for the BSMSN is given in Table 3.4. Estimates from demand data of EPZs and review 

of feasibility study of JDI show fairly close to the above. Both estimates consider operating 

industrial land is about 60% of gross industrial land. A factor of 1.15 is considered at this 

assessment. 
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Table 3.4: Review on Water Demand of EPZs of BEPZA 

 

 

Reference Approach 
Unit Rate of Demand 

Remarks 
(m3/d/ha) (MLD/ha) (MLD/ac) 

Yearly 
consumption of 

Water in Different 
EPZs of BEPZA 

Gross Industrial Land 97 0.097 0.039 Estimate is made from 4 substantially developed EPZs  (CEPZ, 
AEPZ, CoEPZ, KEPZ) and their yearly consumption data. 

Considerations are made as 60% of EPZs is operating land and 
300 operating days a year. 

Operating Industrial Land 162 0.162 0.066 

Feasibility Study 
for 

MIRERSHORAI 
ECONOMIC ZONE, 

August 2014 
JDI-MAXWELL-

SHELTECH 

Gross Industrial Land 108 0.108 0.044 It considered 58.6% of land as operating land and made their 
land use accordingly. The estimation is based on unit rate of 

demand for different operating land uses, and thereby 
estimated total water demand for industrial zone area of 

concern. The zone area was 7195 acre (2913 ha) and reported 
demand for the operating land was 161 m3/d/ha which is 

found requiring correction during review, and is revised to 185 
m3/d/ha. 

Operating Industrial Land 185 0.185 0.075 

Pre-feasibility 
Report, 

Mirsharai 2 
Economic Zone, 

June 2017, 
IIFC-BETS 

Gross Industrial Land 254 0.254 0.103 It considered 71% of land (Zone 2, 1310 ac (530 ha)) as 
operating land and made the operating land uses. It also 

considered unit rate of demand as that of JDI for operating 
land uses regardless of influence of percentage of operating 

land on unit rate of demand. Operating area in vertical 
direction of operating land is generally influenced with the 

consideration of percentage of operating land. This has likely 
resulted excess estimation of unit rate of demand for the Zone 

2. 

Operating Industrial Land 358 0.358 0.145 
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3.4.1 Industrial Water Demand  

3.4.1.1 Land Demand for Industrial Purpose 

About 14606 acre of land is conserved for industrial development. According to the Master 

Plan full development of BSMSN will be completed within 2040. Table 3.5 shows the land 

amount that will be required up to 2040 in BSMSN area.  

Table 3.5: Demand Projection for Industrial Land 

Type of Industries Cumulative land requirement (Acre) 

    2025 2030 2035 2040 

Light and 
Medium 
Industries 

Textiles and Garments 738 1177 1896 3039 

Food &  Beverage 304 454 682 1018 

Other Light and Medium Industries 46 57 70 86 

Pharmaceuticals 434 599 832 1149 

Total Light and Medium 1,522 2,286 3,480 5,293 

Heavy 
Industries 

Steel& Steel Products 1642 2334 3291 4551 

Energy & Power 1321 1658 2090 2622 

Chemicals 46 57 70 86 

Other Heavy Industries 775 1070 1487 2054 

Total Heavy 3,784 5,119 6,938 9,313 

  Grand Total 5,306 7,406 10,417 14,606 

 

3.4.1.2 Industrial Water Demand Assessment 

Industrial water demand has been estimated based on the following consideration: 

 Unit rate of demand 0.066 MLD/acre of operating industrial land; 

 Operating industrial land is about 60% of gross industrial land; 

 For water demand uncertainty a factor 1.15 is considered. 

There are many uncertainly factors for calculating the industrial water demand as shown 

below: 

 Interviews and data gathering are an inherently derived facts, due to lack of accurate 

and reliable data which is critical to assess the demand;  

 Some industries (viz. garments, electrical, electronic etc.) grow vertically and floor 

adjustment factor needs to be considered;  

 Progressive growth of industrial capacity will increase demand with time;  

 BSMSN will be an industrial city, unlike EPZs; weightage of wet industries like that in 

EPZs may be reduced while some more industries with greater water requirement may 

be installed;  

 Reduction in water demand with more efficient industrial water usage pattern: 

 Reuse of water will decrease the water demand.  
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Considering the uncertainty factors, the water demand for industrial water usage will be 

about 665 after full development in 2040. The industrial water demand in different 

development horizon is given in Table 3.6.  

Table 3.6: Demand Projection for Industrial Land 

Type of Industries 
Cumulative Estimation of water 

demand (MLD) 

    2025 2030 2035 2040 

Light and 
Medium 
Industries 

Textiles and Garments 34 54 86 138 

Food &  Beverage 14 21 31 46 

Other Light and Medium Industries 2 3 3 4 

Pharmaceuticals 20 27 38 52 

Total Light and Medium 69 104 158 241 

Heavy 
Industries 

Steel& Steel Products 75 106 150 207 

Energy & Power 60 75 95 119 

Chemicals 2 3 3 4 

Other Heavy Industries 35 49 68 94 

Total Heavy 172 233 316 424 

  Grand Total 242 337 474 665 

 

3.4.2 Residential and Non-residential Water Demand in BSMSN  

Employment and population projection has been collected from the Master Plan conducted 

by SCPL-STUP. SPCL has done the projection for three cases: Base case, Conservative Case and 

Aggressive Case (Cumulative Scenario). For water demand estimation the number of 

employee and other populations that will live inside BSMSN area, base case has been taken 

into consideration. 

3.4.2.1 Employee Projection 

According to the Master Plan, the total employment opportunity created by different 

industries, transport, commercial, health, education sector etc. will be about 1,441,566 (Base 

case) as shown in Table 3.7.  

Table 3.7: Estimated employment for the BSMSN Area 

Cases Type of Employee 
Cumulative Estimation of Employment 

2025 2030 2035 2040 

Base Case 
  
  
  

Direct 328,525  473,779  689,968  1,002,829  

Indirect (25% of Direct 
Employee) 

82,131  118,445  172,492  250,707  

Informal Sector (15% of the 
Direct and Indirect Employee) 

61,598  88,834  129,369  188,030  

Total 472,254  681,058  991,829  1,441,566  

Conservative 
Case 
  

Direct 328,525  457,183  641,511  898,000  

Indirect (25% of Direct 
Employee) 

82,131  114,296  1,60,378  224,500  
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Informal Sector (15% of the 
Direct and Indirect Employee) 

61,598  85,722  120,283  168,375  

Total 472,254  657,201  922,172  1,290,875  

Aggressive 
Case 
  
  
  

Direct 328,525  490,875  741,849  1,119,540  

Indirect (25% of Direct 
Employee) 

82,131  122,719  1,85,462  279,885  

Informal Sector (15% of the 
Direct and Indirect Employee) 

61,598  92,039  139,097  209,914  

Total 472,254  705,633  1,066,408  1,609,339  

 

3.4.2.2 Population Projection 

Population estimation in the BSMSN area has been made estimated by SPCL based on certain 

assumptions. These are:  

• Assuming 30% total job holders in Bangabandhu Sheikh Mujib Shilpanagar will live 

within project area.  

• Among them 60% will live with their families and remaining 40% without family.  

• Average family size has been considered as 3.25.  

It is estimated that about 1,441,000 employees will work in Bangabandhu Sheikh Mujib 

Shilpanagar industrial area (base case). Based on the above assumption about 438,740 

employees (30%) will live within the industrial area. Moreover, about 175,500 employees 

(40%) will live single and 263,500 employees (60%) will live with their family. The final 

population for this city will be 1,031,000 at the end of the 2040. The estimated population for 

BSMSN area at different cases and phases are shown in Table 3.8 and Table 3.9. 

Table 3.8: Estimation of population at Bangabandhu Sheikh Mujib Shilpanagar  

Case 
 

Estimated Employees that will live at BSMSN Area Total 
Population Employee Single Family Family Population 

Base Case 438,738 175,495 263,243 855,539 1,031,034 

Conservative Case 392,875 157,150 235,725 766,107 923,257 

Aggressive Case 489,799 195,920 293,879 955,108 1,151,027 

 

Table 3.9: Year wise cumulative population at Bangabandhu Sheikh Mujib Shilpanagar  

Case Events 
Year 

2025 2030 2035 2040 

Base Case Employee 143730 207278 301861 438738 

Single  57492 82911 120744 175495 

Family 86238 124367 181117 263243 

Family Population 280273 404193 588629 855539 

Total Population 3,37,765 4,87,104 7,09,373 10,31,034 

Conservative 
Case 

Employee 143730 200018 280661 392875 

Single  57492 80007 112264 157150 

Family 86238 120011 168397 235725 

Family Population 280273 390034 547289 766107 
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3.4.2.3 Domestic & Non-domestic Water Demand Assessment 

For calculating the domestic and non-domestic water demand the considerations are as 

follows: 

 Water demand for residents live within BSMSN area is 150 lpcd 

 Water demand for non-domestic purpose for the working force (In-direct) will not live 

within the BSMSN area is 45lpcd 

 Water demand is 5% of domestic water demand for miscellaneous usage  

Accordingly the domestic and non-domestic water demand has been estimated as given in 

Table 3.10. It is observed that 155 MLD water is required to fulfil the water demand for the 

residents that will live within the economic zone area. For the other employees those will not 

live within the economic zone area is about 56 MLD. Including water usage for other 

miscellaneous purpose the total domestic and non-domestic water demand become 214 

MLD. 

Table 3.10: Domestic and non-domestic water demand estimation (cumulative) 

Year 

Domestic Usage Non-domestic Usage 
Water Demand  

for 
Miscellaneous 
Usage (MLD) 

Domestic and 
Non-domestic 

Water 
Demand 

(MLD) 

No. of 
Population 

Water 
Demand 

(MLD) 

No of In-
direct 

Employees  

Water 
Demand 

(MLD) 

2025 337765 51 82131 3.7 2.5 57 

2030 487104 73 118445 5.3 3.7 82 

2035 709373 106 172492 7.8 5.3 119 

2040 1031034 155 250707 11.3 7.7 174 

 

3.4.3 Gross Water Demand in BSMSN 

For the evaluation of gross water demand (Table 3.11, Figure 3.1) an additional provision of 

the following losses has been considered over the net water requirement for industrial, 

domestic and non-domestic water usages:  

• Loss along the raw water transmission main and distribution system: 15%  

• Loss at water treatment plant and along the raw water transmission main: 5.0%  

 

 

 

Total Population 3,37,765 4,7,0042 6,59,553 9,23,257 

Aggressive 
Case 

Employee 143730 214758 324559 489799 

Single  57492 85903 129824 195920 

Family 86238 128855 194735 293879 

Family Population 280273 418778 632890 955108 

Total Population 3,37,765 5,04,681 7,62,713 11,51,027 
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Table 3.11: Gross water demand for Bangabandhu Sheikh Mujib Shilpanagar 

Description 
Cumulative water requirement (MLD) 

2025 2030 2035 2040 

Industrial water demand 242 337 474 665 
Domestic & non-domestic water demand 57 82 119 174 

Net water requirement at user end 299 419 594 839 

Required production Capacity 343 482 683 965 

Water required to be withdrawal for treatment 360 506 717 1013 

Gross water demand 360 506 717 1013 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Estimated water demand for BSMSN 

3.5 Water Requirement at Priority Area 

Zone 2A, 2B, 3, 4 & 5 is considered as priority area which will be developed in Phase-1. The 

land area of these zones is around 2383acre and will be developed mainly as industrial area. 

Considering the factors as describe in sec. 7.3.1.2 the total water demand of these priority 

area is 106 MLD (without considering any loss). 

3.5.1 Detail water requirement of Zone 2A 

3.5.1.1 Land use of Zone 2A 

Zone 2A comprises of an area of around 938.5 acre (379.9ha) and land allocation of these 

area has already done by BEZA. Many garments, textiles, food processing, LPG, 

pharmaceuticals industries will be developed in this area. Deducting the area allocated for 

transportation & communication and water body, the area for industrial and other usage are 

about 824 acre (337.5ha). The land use of zone 2A is given in Table 3.12 and shown in Figure 

3.2. 

Table 3.12: Land use of Zone 2A 

Type of land Area (ha) % of area 

Administrative Zone 50.5 15% 
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Type of land Area (ha) % of area 

Community Facility 7.9 2% 

Green Buffer 0.1 0% 

Residential Area 5.9 2% 

Service Facility 14.8 4% 

Training Center 4.8 1% 

Battery Manufacturing 4.0 1% 

Chemical Industry 0.8 0% 

Food Manufacturing 52.5 16% 

Leather Industry 19.5 6% 

LPG 40.7 12% 

Pharmaceuticals 4.1 1% 

Steel Industry 8.1 2% 

Textile 123.8 37% 

 
337.5 100% 

 

Figure 3.3: Land use of Zone 2A 

3.5.1.2 Assumptions for water demand calculation 

The assumptions for water demand calculation for Zone 2A area: 

 Operating land area for industries and other usage is 60%.  

 Loss along the raw water transmission main and distribution system is considered 15%   
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Moreover, data used in Feasibility Study for Mirsharai Economic Zone, July’ 2014 has been 

considered as reference for demand calculation. Assumptions for demand estimation for 

industrial and other purposes are given in Table 3.13 and Table 3.14. 

Table 3.13: Industry wise daily water consumption 

Type of Industry  
Daily Water Consumption 

(m3 / hectare) 

Garment  399 

Garment accessories  302 

Integrated textile  1921 

Motorbike assembly  70 

Automobile assembly  56 

Automobile parts  18 

Other parts & machine 18 

Chemical & other products 700 

Food & beverage  33 

Rental factory  397 

Warehouse zone 20 

 

Table 3.14: Daily Water Consumption of Various Land Use 

Type of Land Use 
Daily Water Consumption 

(m3 / hectare) 

Commercial  200 

Resident/ housing 100 

Warehouse 50 

Others (clinics & training, services)  100 

Coal-fired power plants & jetty  20 

3.5.1.3 Water demand 

Considering the above factors the total water requirement of Zone 2A has been estimated 

about 50MLD without considering system loss.   

3.6 Water Requirement at Zone of Influenced Area 

The development of Bangabandhu Sheikh Mujib Shilpanagar will influence the surrounding 

area. These zone of influenced (ZoI) area comprises Mirsarai, Sitakunda and Sonagazi Upazilla 

with total area of about 209,384 acre (Table 3.15). 

Table 3.15: Zone of Influence Area 

District Name Upazila Name Area (Acre) 

Chattogram Mirsarai 114,238 

Sitakunda 33,732 

Feni Sonagazi 61,414 

Total  209,384 
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3.6.1 Population in Zone of Influenced Area 

The population caused by natural growth in the zone of influence and the migrated workers 

living singly or with family will make up the total population in the Zone of Influence area of 

Bangabandhu Sheikh Mujib Shilpanagar. The following assumptions have been considered 

while estimating the population in ZoI area: 

 Annual growth (BBS, 2011) has been considered while calculating the natural growth 
of population; 

 About 50% of the total employees will live in ZoI area ; 

 About 30 % of these employees/ job holders live without families and 70% with their 
families; 

 Average family size has been considered as 3.25. 

Considering the above assumptions the local population and migrated population for 

employment generation will be 1.6 million and 1 million in the zone of influenced area in 

2040. So the total population will be about 2.6 million in 2040. The population in different 

time horizon is given in Table 3.16.  

Table 3.16: Population in zone of Influenced Area 

Year 
Number of Population 

In-Migration Local Total 

2025 595,838 838,117 1,433,955 

2030 829,605 892,184 1,721,789 

2035 1,177,534 950,347 2,127,881 

2040 1,683,231 1,012,953 2,696,184 

 

3.6.2 Water requirement in Zone of Influenced Area 

For calculating the domestic and non-domestic water demand the considerations are as 

follows: 

 Water demand for residents live in ZoI area is 120 lpcd; 

 Water demand is 5% of domestic water demand for miscellaneous usage. 

Accordingly water requirement for the ZoI area is estimated as given in Table 3.17. About 

34MLD water will be requirement to fulfill the water demand in zone of influenced area in 

2040.  

Table 3.17: Population in zone of Influenced Area 

Year 
  

Water Demand (MLD) 

Domestic Misc. Total 

2025 172 9 181 

2030 207 10 217 

2035 255 13 268 

2040 324 16 340 
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3.6.3 Source of water to meet the water requirement in ZoI area 

The consultant team has identified the possible sources for supplying water in ZoI area, which 

is beyond the Terms of References of the Study. The identified sources are as follows: 

 The main potential sources will be groundwater. But detail study is required to 

identify the safe yield from groundwater resources. 

 Due to city development in ZoI area, the agricultural land will be reduced in future. 

The water that has been used earlier for irrigation is expected to be utilized for 

fulfilling the future water requirement. 
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4 Resource Assessment of Surface Water 
One of the key components of this present study is to assess surface water resources 

availability that would provide continuous water supply throughout the year, meeting the 

water demand for industrial and other purposes in the project area. The year-round 

availability of surface water resources in the rivers and khals has been determined from 

historical discharge data.  

Hydrodynamic modelling has been employed for this purpose. Two modules of DHI tool has 

been used for developing HD model: Rainfall-Runoff (MIKE11 RR) for hydrological modelling 

and one dimensional hydrodynamic (MIKE 11 HD) for hydraulic modelling. The detail 

description of the HD model has been described in Annex-2.  

4.1 Climate Change Effects 

According to the synthesis of the IPCC’s Fifth Assessment Report (IPCC 2014), climate change 

will lead to two major changes in Bangladesh:  

(i) Flooding of rivers/lakes, and/or droughts; and  

(ii) Coastal erosion and/or sea level rise and other related effects.  

4.1.1 Sea Level Rise (SLR) 

The proposed BSMSN and its influenced areas are located besides the Bay-of-Bengal and 

under the influenced of sea level fluctuation and sea level rise due to climate change. 

According to IPCC’s Working Group-1 report the global sea level will be increased by about 

30cm in 2055 and 63cm in 2090 under Representation Concentration Pathway (RCP) 8.5 

scenario, for high emission. 

Table 4.1: Projected change in global mean sea level rise for the mid and late 21st century 
relative to the reference period of 1986-2005  

Scenario 

(Representative 

Concentration 

Pathways RCP) 

Emission 

Scenario 

2100 CO2 

concentration 

(ppm) 

Mean sea 

level rise 

(cm) 

Year 2055 

(average 

of range) 

Likely 

range of 

mean sea 

level rise 

(cm) 

Year 

2046-

2065 

Mean sea 

level rise 

(cm) 

Year 2090 

(average 

of range) 

Likely 

range of 

mean 

sea level 

rise (cm) 

2081-

2100 

RCP 2.6 Low 421 24 (17-32) 40 (26-55) 

RCP 4.5 
Medium 

Low 
538 26 (19-33) 47 (32-63) 

RCP 6.0 
Medium 

High 
670 25 (18-32) 48 (33-63) 

RCP 8.5 High 936 30 (22-38) 63 (45-82) 

[Source: IPCC working group 1 report, chapter 13, table 13.5] 

The relative mean sea level rise for Bangladesh can be calculated considering local effect and 

land subsidence. Based on the global scenarios by Hinkel et al. 2014, the sea level rise in 

Bangladesh are slightly higher than the global average mean i.e. by 2050 sea level rise could 
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be up to 4 cm higher than global mean and by the end of the century up to 10 cm. No 

detailed and fully reliable study on land subsidence is available for Bangladesh. Considering 

uncertainties, 8 cm land subsidence is considered. Thus the relative mean sea level rise will be 

then 50 cm by 2050.   

4.1.2 Change in Rainfall  

Many climate models show that due to climate change, the volume of rainfall would increase 

during the summer monsoon (May–October) and reduce during the dry period (December–

March). Moreover, the frequency of short duration, high-intensity rainfall is expected to 

increase during the monsoon. From existing reports and data available in IWM, it is assumed 

that the monsoon rainfall will be increase by about 10% and dry season rainfall will decrease 

by 7% to 9% in this area. 

4.1.3 Climate change near BSMSN  

The river system around the BSMSN area is separated from sea by Musapur regulator on 

Little Feni River and Feni regulator on Feni River. Moreover, since the proposed economic 

zone area is planned to be protected by super dyke, sea level rise is not likely to any impact. 

Again, since the dry season flow of Feni River is mostly depended on base flow rather than 

rainfall runoff, the availability of flow is likely to be positively influenced if monsoon rainfall 

increases.  

Therefore, it may be safely conclude that climate change is not likely to have any adverse 

impact on the hydraulic system of the area. 

4.2 Application of Model 

The calibrated BSMSN model has been developed to generate historical simulated water level 

and discharge data from February 1995 to December 2017. Surface water availability has 

been assessed in terms of dependable flow analysis for Ichakhali khal and Bamin Sundor khal 

based on the simulated discharge data as no observed data was available for these khals. 

Monthly and seasonal (dry & wet) flow duration curve of these khals has been developed.  

Moreover, the rainfall runoff generated from the model has been used for assessing flow in 

Little Feni River, Bawa Chhara reservoir and Moro-Komoldoho reservoir as well. 

4.2.1 Dependable flow analysis 

The flow duration curve of a stream is a plot of discharge against the percent of time the flow 

was equalled or exceeded. The discharge at any percentage of probability represents the flow 

magnitude in an average year that can be expected to be equalled or exceeded. This type of 

analysis is very much suitable for evaluating dependable flows. 

The Weibull flow-duration method has been used in this study for dependable flow analysis. 

In this method, the desired value (i.e. dependable flow) is obtained by ranking the daily flows 

in ascending order and assigning each with a non- exceedance probability of: 

1


N

i
P  

Where i is the rank number from 1 to N and N is the total number of ranked flow. 
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This method has been chosen due to its simplicity, non-subjectivity and easy adaptability to 

computers. 

4.3 Resource Assessment of Feni River 

4.3.1 Existing Features of Feni River 

A surface water reservoir has been built-up by constructing Feni regulator at Sonapur to 

supply the irrigation water during dry season (December to April) in the Muhuri Irrigation 

Project (MIP). The scheme operation started in 1986-87. The Feni regulator comprises 40 

bays, radial gates and flap gates. It is designed to discharge flood flows during wet season and 

to prevent sea water intrusion and to maintain appropriate water levels for irrigation in the 

reservoir during dry season. The reservoir formed consisting of three major rivers, namely, 

Feni-Muhuri-Selonia Rivers and its adjoining khals. The net irrigable area at the beginning of 

MIP was 23,067 ha. The effective storage of the reservoir depends on the combined upstream 

supply of water from Muhuri, Selonia and Feni River. The designed normal high pool elevation 

is 3.81 mPWD and normal low pool elevation is 2.59 mPWD. BWDB regularly monitor the 

river flows and water levels at the following locations:  

o Muhuri River:  Parshuram (Q & H),  

o Selonia River:  Malipur (H),  

o Feni River:  Kaliachari (Q & H), Dhumghat (H) and Sonapur (H); 

Note: Q means discharge (flow) and H means water level 

Dhumghat and Sonapur water levels used for monitoring reservoir levels is shown in Figure 

4.1. The monitoring (measurement) locations are shown in Figure 4.2 which also shows the 

Muhuri Irrigation Project area and proposed BSMSN area. The downstream part of Feni River 

(d/s of Feni regulator) flows through the BSMSN area.  The freshwater at u/s of Feni regulator 

would be the one of major surface water source for industrial use by the BSMSN.  

 

Figure 4.1: The monitoring water levels at Dhumghat and Sonapur for 2016-17 hydrological 
event 
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Figure 4.2: The monitoring gauging location map including MIP area and BSMSN area 

Presently net irrigable area under MIP is reducing. It is learned that peoples/farmers/land 

owners are are no longer interested to grow paddy as the investment cost for producing rice 

is higher than that of produced rice. Labour cost is very high. Recently, a report on “water 
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resources, crop water requirements, reservoir storage and water balance of MIP” has been 

published by the Irrigation Management Improvement Project (IMIP) under ADB funded in 

March 2016. In the study, an analysis of monthly field level crop water requirements has been 

made for average and dry years based on the existing cropping pattern and the two 

alternative future cropping scenarios. Monthly crop water requirements have been assessed 

by summing of crop evapotranspiration, land preparation requirements (for rice crops) and 

with irrigation efficiencies. The developed scenarios under present situation are for 9800 ha 

cropped area: 

o Scenario-1a: Existing Condition – 100% Boro, Dry Year Rainfall and Stream flow 

o Scenario-1b: Existing Condition – 100% Boro, Average Year Rainfall and Stream flow 

The developed scenarios under future situation are for 17000 ha cropped area: 

o Scenario-2a: Future Condition – 85% Boro, Dry Year Rainfall and Stream flow 

o Scenario-2b: Future Condition – 85% Boro, Average Year Rainfall and Stream flow 

o Scenario-3a: Future Condition – 60% Boro, Dry Year Rainfall and Stream flow 

o Scenario-3b: Future Condition – 60% Boro, Average Year Rainfall and Stream flow 

The round the year availability of water in Feni River have two parts: (i) wet season (from May 

to November) – when all 40 gates of Feni regulator at Sonapur have been opened and the 

system acts as natural flow in the rivers, (ii) dry season (from December to April) – when 

regulator gates are closed and the system acts as reservoir. There are plenty of perennial flow 

in the Feni-Muhuri-Selonia Rivers during wet season and at that time irrigation demand is also 

low. The dry season is considered as critical because very low perennial flow in the Feni-

Muhuri-Selonia Rivers and at that time irrigation demand is also very high. As a result, in this 

study the availability of surface water resources in Feni River under reservoir condition (from 

December to April) has been assessed to maintain the continuous water supply throughout 

the year for fulfilling the industrial water demand at BSMSN. 

4.3.2 Capacity of Feni Reservoir Storage 

Storage of irrigation water for MIP is provided by the Feni regulator which is located 

downstream of the confluence of the Feni, Muhuri and Selonia (known as Kalidas-Pahalia) 

Rivers. IMIP study in 2016 defined reservoir storage vs its level (see Figure 4.3) considering 

the mainstream of Feni-Muhuri-Selonia Rivers and associated khals. As on recommendation 

of this study all associated khals has been re-excavated to maintain the minimum water level 

at which water would flow in to the khals will be about 2.5 mPWD or possibly a little lower 

depending on the individual khal. The minimum design bed level of excavated khals ranges 

from 1.07 m to 2.0 m, PWD. Thus the active storage could be available to meet the irrigation 

demand. In this study, to define the storage of irrigation water following proposition have 

been made: 

o The maximum reservoir water level of 4.08 mPWD corresponds to the crest level of 

the regulator gates instead of previously defined maximum pond level of 3.81 mPWD; 

o The currently adopted minimum reservoir water level of 3.0 mPWD (instead of 

previously defined dead storage level of 2.59 mPWD) represents a conservatively high 
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estimate of the minimum water level required to allow water to enter the khals from 

which water is pumped for irrigation; 

Thus, the available active storage, between these minimum and maximum reservoir levels, is 

17.4 Mm3 (54.3 – 36.9), which is regarded as storage estimated to meet the irrigation 

demand.  

 

Figure 4.3: The estimated reservoir storage vs levels by IMIP, March 2016 

4.3.3 Analysis of Dry Season Perennial Flow in Feni-Muhuri-Selonia River 

Feni River flow data at Kaliachari (located adjacent Indian Border) has been measured by 

BWDB normally bi-weekly/fortnightly and are collected for a period of 1996 to 2019. 

However, the recorded data has many gaps, including a multi-year gap from 2006 to 2010. 

The average monthly discharge data (from December to April for all year collected data) has 

been analysed. The available records show some unusual variations and the estimates of 

average monthly discharge are of suspicious quality. In this regard, all dry season flow data 

has been plotted against water level and discarded some inconsistent data. Then a rating 

curve (water level vs discharge) has been generated and curve shows loop (twist) pattern due 

to backwater effect under the reservoir condition as shown in Figure 4.4. The generated 

rating curve indicates two hydrological events: (a) average year – lower part of the loop and 

(b) dry year – higher part of the loop.   
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Figure 4.4: The generated rating curve at Kaliachari on Feni River 

Similarly, Muhuri River flow data at Parshuram (located a short distance downstream from 

the Indian Border) has been measured by BWDB normally bi-weekly/fortnightly and are 

collected for a period of 1996 to 2019. Still the recorded data has many gaps. The average 

monthly discharge data (from December to April for all year collected data) has been 

analysed. The available records show some unusual variations and the estimates of average 

monthly discharge are of suspicious quality. In this regard, all dry season flow data has been 

plotted against water level and discarded some inconsistent data. Then a rating curve (water 

level vs discharge) has been generated and curve also shows loop (twist) pattern due to 

backwater effect under the reservoir condition as shown in Figure 4.5. Consistently, the 

generated rating curve indicates two hydrological events: (a) average year – lower part of the 

loop and (b) dry year – higher part of the loop.   

In the same way, the model simulated Selonia River flow data at Upstream (located a short 

distance downstream from the Indian Border) has been analysed due to non-availability of 

measured data by BWDB. The average monthly discharge data (from December to April for a 

period of 1996 to 2018) has been analysed. Incidentally, all dry season flow data has been 

plotted against water level. Then a rating curve (water level vs discharge) has been generated 

and curve also shows loop (twist) pattern due to backwater effect under the reservoir 

condition as shown in Figure 4.6. Correspondingly, the generated rating curve indicates two 

hydrological events: (a) average year – lower part of the loop and (b) dry year – higher part of 

the loop. 
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Figure 4.5: The generated rating curve at Parshuram on Muhuri River 

 

 

Figure 4.6: The generated rating curve at Upstream of Selonia River 

The comparison of monthly (from December to April) rated discharge under two hydrological 

events for three perennial rivers are shown in Figure 4.7 and Figure 4.8: (a) average year – 

frequency of occurrence is 2 to 3 years within 5 years, (b) dry year - frequency of occurrence 
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is also 2 to 3 years within 5 years. Sometimes it (average & dry year) occurs in consecutive 

years and occasionally it occurs in alternative year.  

 

Figure 4.7: The comparison of rated average year discharge for Feni, Muhuri and Selonia 
Rivers 

 

Figure 4.8: The comparison of rated dry year discharge for Feni, Muhuri and Selonia Rivers 

The Figure 4.9 shows that the generated dry year flow data in the Feni and Muhuri river 

catchment follow the line of perfection ranging the discharge from 5 m3/s to 15 m3/s. 

However, the generated average year discharge data in the Muhuri River catchment is higher 

than the Feni River catchment though the drainage catchment area of Feni River (128676 ha) 

is almost double than the Muhuri River drainage catchment (62420 ha).  
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Figure 4.9: The comparison of rated dry period (Dec. – Apr.) flow data of Feni and Muhuri 
River 

4.3.4 Surface Water Balance in Feni River under Reservoir Condition 

A surface water balance in Feni River under Reservoir Condition has been assessed for above 

mentioned 3 scenarios shown in Table 4.2, Table 4.3 & Table 4.4 respectively based on the 

following data analysis.  

o Monthly field level crop water requirements (Mm3) were undertaken for average and 

dry years for the existing cropping pattern and the two alternative future cropping 

scenarios [source: IMIP (March 2016)]; 

o Total reservoir monthly inflow (Mm3) by summing up the rated perennial flow of the 

Feni, Muhuri and Selonia River;  

o Anticipated monthly reservoir live storage is 17.4 Mm3 (ref. Figure 4.4); 

o Total monthly surface water excess (+ve) or deficit (-ve) by fulfilling the irrigation (crop 

water requirement) demand; 

o Assessment of remaining reservoir storage if 100 MLD (3.0 Mm3) is withdrawn for 

BSMSN industrial demand; 

4.3.5 Key Findings of Feni River Surface Water Resource Analysis 

o The calculated water balance (see Table 4.2, Table 4.3 & Table 4.4) shows that under 

average rainfall and streamflow conditions, surface water supply is adequate to meet 

estimated crop water requirements for MIP. There is excess inflow in the reservoir water. 

If 100 MLD (3.0 Mm3) is withdrawn for BSMSN industrial requirement there would be no 

impact on reservoir storage.  

o The calculated water balance (see Table 4.2, Table 4.3 & Table 4.4) shows that under dry 

rainfall and streamflow conditions, surface water supply is inadequate to meet estimated 

crop water requirements for the month February (Scenario-1a) and for the month of 

February & March (Scenario 2a & 3a) respectively. The deficit of these month crop water 

requirement could be adjusted from the reservoir live storage. In this case, if 100 MLD 
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(3.0 Mm3) is withdrawn for BSMSN industrial requirement there would be little bit 

reduction on reservoir storage. 

o Initial requirement of 100 MLD (3.0 Mm3) for BSMSN industrial zone from surface water 

source (Feni River) could meet the whole year; In this connection, a Memorandum of 

Understanding (MoU) in between BWDB and BEZA is required for using the Feni River 

water under reservoir condition (December – April).  

Table 4.2: Summary of Surface Water Balance under Reservoir Condition (December – April) 

for Existing Condition – 100% Boro 

Scenario: 1a (Existing Condition - 100% Boro) Dry Year Stream Flow & Crop Water Demand

Cropped Area: 9800 ha

Dec Jan Feb Mar Apr

Reservoir Inflow (Mm3) - from Feni River at Kaliachari 33.71 28.70 21.76 20.40 28.78

Reservoir Inflow (Mm3) - from Muhuri River at Parshuram 39.82 27.11 11.99 18.30 25.53

Reservoir Inflow (Mm3) - from Selonia River at U/S 2.60 2.80 2.07 1.97 1.90

Total Reservoir Inflow (Mm3) 76.13 58.62 35.82 40.68 56.22

Crop Water Demand (Mm3) * 23.20 29.6 40.6 35.5 20.1

Anticipated Reservoir Live Storage end of month (Mm3) ** 17.40 17.40 17.40 17.40 17.40

Total Surface Water Excess (+ve) or deficit (-ve) (Mm3) 52.93 29.02 -4.78 5.18 36.12

Change in Reservoir Storage end of month (Mm3) 0.00 0.00 12.62 0.00 0.00

Excess Inflow (m3/s) 19.76 10.83 0.00 1.93 13.49

Remaining Reservoir Storage, if 100 MLD withdrawn for MICITY (Mm3) 17.40 17.40 9.62 17.40 17.40

Scenario: 1b (Existing Condition - 100% Boro) Average Year Stream Flow & Crop Water Demand

Cropped Area: 9800 ha

Dec Jan Feb Mar Apr

Reservoir Inflow (Mm3) - from Feni River at Kaliachari 54.99 51.82 48.43 51.89 45.28

Reservoir Inflow (Mm3) - from Muhuri River at Parshuram 61.52 76.42 83.09 76.12 80.13

Reservoir Inflow (Mm3) - from Selonia River at U/S 4.66 3.72 2.76 4.00 6.56

Total Reservoir Inflow (Mm3) 121.18 131.96 134.29 132.01 131.97

Crop Water Demand (Mm3) * 23.20 29.4 37.9 24.4 6.9

Anticipated Reservoir Live Storage end of month (Mm3) ** 17.40 17.40 17.40 17.40 17.40

Total Surface Water Excess (+ve) or deficit (-ve) (Mm3) 97.98 102.56 96.39 107.61 125.07

Change in Reservoir Storage end of month (Mm3) 0.00 0.00 0.00 0.00 0.00

Excess Inflow (m3/s) 36.58 38.29 35.99 40.18 46.70

Remaining Reservoir Storage, if 100 MLD withdrawn for MICITY (Mm3) 17.40 17.40 17.40 17.40 17.40

Note: * & **  IMIP Report of MIP, March 2016

Conversion factor: 100 MLD = 1.16 m3/s = 3.00 Mm3  
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Table 4.3: Summary of Surface Water Balance under Reservoir Condition (December – April) 
for Future Condition – 85% Boro 

Scenario: 2a (Future Condition - 85% Boro) Dry Year Stream Flow & Crop Water Demand

Cropped Area: 17000 ha

Dec Jan Feb Mar Apr

Reservoir Inflow (Mm3) - from Feni River at Kaliachari 33.71 28.70 21.76 20.40 28.78

Reservoir Inflow (Mm3) - from Muhuri River at Parshuram 39.82 27.11 11.99 18.30 25.53

Reservoir Inflow (Mm3) - from Selonia River at U/S 2.60 2.80 2.07 1.97 1.90

Total Reservoir Inflow (Mm3) 76.13 58.62 35.82 40.68 56.22

Crop Water Demand (Mm3) * 22.10 33.4 46.1 42.4 23.7

Anticipated Reservoir Live Storage end of month (Mm3) ** 17.40 17.40 17.40 17.40 17.40

Total Surface Water Excess (+ve) or deficit (-ve) (Mm3) 54.03 25.22 -10.28 -1.72 32.52

Change in Reservoir Storage end of month (Mm3) 0.00 0.00 7.12 15.68 0.00

Excess Inflow (m3/s) 20.17 9.41 0.00 0.00 12.14

Remaining Reservoir Storage, if 100 MLD withdrawn for MICITY (Mm3) 17.40 17.40 4.12 12.68 17.40

Scenario: 2b (Future Condition - 85% Boro) Average Year Stream Flow & Crop Water Demand

Cropped Area: 17000 ha

Dec Jan Feb Mar Apr

Reservoir Inflow (Mm3) - from Feni River at Kaliachari 54.99 51.82 48.43 51.89 45.28

Reservoir Inflow (Mm3) - from Muhuri River at Parshuram 61.52 76.42 83.09 76.12 80.13

Reservoir Inflow (Mm3) - from Selonia River at U/S 4.66 3.72 2.76 4.00 6.56

Total Reservoir Inflow (Mm3) 121.18 131.96 134.29 132.01 131.97

Crop Water Demand (Mm3) * 22.10 33.2 42.8 29 7.6

Anticipated Reservoir Live Storage end of month (Mm3) ** 17.40 17.40 17.40 17.40 17.40

Total Surface Water Spill (+ve) or deficit (-ve) (Mm3) 99.08 98.76 91.49 103.01 124.37

Change in Reservoir Storage end of month (Mm3) 0.00 0.00 0.00 0.00 0.00

Excess Inflow (m3/s) 36.99 36.87 34.16 38.46 46.43

Remaining Reservoir Storage, if 100 MLD withdrawn for MICITY (Mm3) 17.40 17.40 17.40 17.40 17.40

Note: * & **  IMIP Report of MIP, March 2016

Conversion factor: 100 MLD = 1.16 m3/s = 3.00 Mm3  
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Table 4.4: Summary of Surface Water Balance under Reservoir Condition (December – April) 
for Future Condition – 60% Boro 

Scenario: 3a (Future Condition - 60% Boro) Dry Year Stream Flow & Crop Water Demand

Cropped Area: 17000 ha

Dec Jan Feb Mar Apr

Reservoir Inflow (Mm3) - from Feni River at Kaliachari 33.71 28.70 21.76 20.40 28.78

Reservoir Inflow (Mm3) - from Muhuri River at Parshuram 39.82 27.11 11.99 18.30 25.53

Reservoir Inflow (Mm3) - from Selonia River at U/S 2.60 2.80 2.07 1.97 1.90

Total Reservoir Inflow (Mm3) 76.13 58.62 35.82 40.68 56.22

Crop Water Demand (Mm3) * 20.40 29.3 40.7 42.7 20.6

Anticipated Reservoir Live Storage end of month (Mm3) ** 17.40 17.40 17.40 17.40 17.40

Total Surface Water Excess (+ve) or deficit (-ve) (Mm3) 55.73 29.32 -4.88 -2.02 35.62

Change in Reservoir Storage end of month (Mm3) 0.00 0.00 12.52 15.38 0.00

Excess Inflow (m3/s) 20.81 10.95 0.00 0.00 13.30

Remaining Reservoir Storage, if 100 MLD withdrawn for MICITY (Mm3) 17.40 17.40 9.52 12.38 17.40

Scenario: 3b (Future Condition - 60% Boro) Average Year Stream Flow & Crop Water Demand

Cropped Area: 17000 ha

Dec Jan Feb Mar Apr

Reservoir Inflow (Mm3) - from Feni River at Kaliachari 54.99 51.82 48.43 51.89 45.28

Reservoir Inflow (Mm3) - from Muhuri River at Parshuram 61.52 76.42 83.09 76.12 80.13

Reservoir Inflow (Mm3) - from Selonia River at U/S 4.66 3.72 2.76 4.00 6.56

Total Reservoir Inflow (Mm3) 121.18 131.96 134.29 132.01 131.97

Crop Water Demand (Mm3) * 20.40 29 37.2 28.7 5.7

Anticipated Reservoir Live Storage end of month (Mm3) ** 17.40 17.40 17.40 17.40 17.40

Total Surface Water Spill (+ve) or deficit (-ve) (Mm3) 100.78 102.96 97.09 103.31 126.27

Change in Reservoir Storage end of month (Mm3) 0.00 0.00 0.00 0.00 0.00

Excess Inflow (m3/s) 37.63 38.44 36.25 38.57 47.14

Remaining Reservoir Storage, if 100 MLD withdrawn for MICITY (Mm3) 17.40 17.40 17.40 17.40 17.40

Note: * & **  IMIP Report of MIP, March 2016

Conversion factor: 100 MLD = 1.16 m3/s = 3.00 Mm3  

4.3.6 Water quality of Feni River 

Water quality samples has been collected in dry and wet season in Feni River at Azampur. The 

detail is described in Sec. 8.4. 

4.4 Resource Assessment of Little Feni River 

4.4.1 Existing Features of Little Feni River 

A surface water reservoir has been built-up by constructing Musapur Regulator and dam 

closure at about 1 km north of Sanwip channel. The main purpose of the regulator is to 

protect the area from saline water intrusion, drainage control and facilitate small scale 

irrigation. The Musapur Regulator comprises 23 bays, radial gates and flap gates. The 

effective storage of the reservoir depends on the upstream supply of water from Karki which 

is originat in the hilly area of Tripura in India. BWDB regularly monitor the river water levels at 

the following locations:  

o Companigonj 

o Gunabati railway bridge 

4.4.2 Capacity of Little Feni Reservoir Storage 

From the bathymetry data collected under this study from Musapur regulator to 20km 

upstream of Little Feni River near Daganbhyiyan volume-elevation curve has been developed 
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for Little Feni River as shows in Figure 4.10. The average bed level of this river is nearly -

2.2mPWD and the bank level nearly 4.7mPWD. If we considered dead storage level at 

2.0mPWD and maximum water level maintain in the reservoir in dry season at 4.0mPWD, the 

effective storage volume is about 20.14Mm3.  

Figure 4.10: Volume-elevation curve for Little Feni River 

4.4.3 Analysis of Dry Season Perennial Flow in Little Feni River 

There is no discharge measuring station on Little Feni River. Therefore perennial flow of Little 

Feni River has been analyzed based on rainfall-runoff model developed under this study. The 

dry season runoff volume from December to April has been shown in Figure 4.11. It is 

observed that the minimum flow volume occur in dry season is about 0.82 Mm3 and average 

flow volume is about 20.99Mm3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11: Dry season runoff volume of Little Feni River 
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4.4.4 Surface Water Balance in Little Feni River under Reservoir Condition 

A surface water balance in Little Feni River under Reservoir Condition has been assessed for 

minimum flow and average as shown in Table 4.5 & Table 4.6 respectively based on the 

following data analysis.  

o Monthly field level crop water requirements (Mm3) were undertaken based on  

existing cropping pattern of MIP project irrigation scheme; 

o Total reservoir monthly inflow (Mm3) by summing up the simulated runoff flow of the 

Little Feni River;  

o Anticipated monthly reservoir live storage is 24.01 Mm3 (ref. Figure 4.10); 

o Total monthly surface water excess (+ve) or deficit (-ve) by fulfilling the irrigation (crop 

water requirement) demand; 

o Assessment of remaining reservoir storage if 40 MLD (1.2 Mm3) is withdrawn for 

BSMSN industrial demand; 

4.4.5 Key Findings of Little Feni River Surface Water Resource Analysis 

The calculated water balance (see Table 4.5 & Table 4.6) shows that under minimum and 

average runoff flow condition, there is excess water available after meeting some irrigation 

demand which can be supplied to BSMSN area. If 40 MLD (1.2 Mm3) is withdrawn for BSMSN 

area requirement there would be no impact on reservoir storage.  

In this connection, a detail feasibility study and Memorandum of Understanding (MoU) in 

between BWDB and BEZA is required for using the Little Feni River water under reservoir 

condition (December – April). 

Table 4.5: Summary of Little Feni River Water Balance under Reservoir Condition 
(December – April) for minimum flow condition 

 
Dec Jan Feb Mar Apr 

Inflow (Mm3) 0.38 0.17 0.12 0.09 0.06 

Storage volume (Mm3) 34.49 31.35 27.37 22.23 17.56 

Irrigation demand (Mm3) 2.32 2.96 4.06 3.55 2.01 

Water requirement for 40MLD SWTP (Mm3) 1.2 1.2 1.2 1.2 1.2 

Total demand (Mm3) 3.52 4.16 5.26 4.75 3.21 

Excess storage (Mm3) 31.35 27.37 22.23 17.56 14.41 

Dead storage & environmental flow (Mm3) 14.36 14.36 14.36 14.36 14.36 

Change in storage ( (Mm3) 17.00 13.01 7.87 3.21 0.06 

 

Table 4.6: Summary of Little Feni River Water Balance under Reservoir Condition 
(December – April) for average flow condition 

 
Dec Jan Feb Mar Apr 

Inflow (Mm3) 5.93 0.46 0.49 3.16 10.95 

Storage volume (Mm3) 34.49 34.49 30.79 26.02 24.44 

Irrigation demand (Mm3) 2.32 2.96 4.06 3.55 2.01 
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Dec Jan Feb Mar Apr 

Water requirement for 40MLD SWTP (Mm3) 1.2 1.2 1.2 1.2 1.2 

Total demand (Mm3) 3.52 4.16 5.26 4.75 3.21 

Excess storage (Mm3) 36.90 30.79 26.02 24.44 32.17 

Dead storage & environmental flow (Mm3) 14.36 14.36 14.36 14.36 14.36 

Change in storage ( (Mm3) 22.55 16.44 11.67 10.08 17.82 

4.4.6 Water quality of Little Feni River 

4.4.6.1 Water Sampling Program 

Raw water samples of the Little Feni River has been collected during both dry and wet 
seasons. Two sampling campaigns have been conducted in October 2018 and January 2019. 
Water samples were near Musapur Bridge about 7kn upstream of Musapur regulator as 
shown in Figure 4.12. 

 

Figure 4.12: Location of water quality the sampling site on Little Feni River 

During the sampling campaign, a country boat was anchored parallel to the direction of 

current at the point of sample collection, and water samples were collected manually from a 

depth of about 0.30 m using a pre-washed container. The container was rinsed with the river 

water prior to the sample collection. The sampling campaign was carried out jointly by BUET 

and IWM. Collected water samples were transported to the Environmental Engineering 

Laboratory of the Department of Civil Engineering, BUET quickly for water quality parameters 

testing. 

4.4.6.2 Testing at BUET Laboratory 

As soon as the water samples reached BUET Laboratory, detailed laboratory analysis s were 

carried out to determine the water quality.  The water quality parameters selected include 
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Color (true and apparent), Turbidity, Electrical Conductivity (EC), DO, TS,TDS, TSS, Iron, 

Ammonia, Total Coliform, Fecal Coliform (FC), COD, BOD5, and some heavy metal. The water 

quality parameters were measured following Standard Methods (APHA). 

4.4.6.3 Characteristics of Raw Water Collected from the Sites 

The results of laboratory analysis (at BUET) of raw water samples collected in dry and wet 

season from Musapur Bridge are presented in Table 4.7, along with Bangladesh Drinking 

Water Standard (GoB, 1997).  

Table 4.7:  Characteristics of raw water collected from Little Feni River 

Sl. 
No. 

Water Quality Parameter Unit 

Concentration Present Bangladesh 
Drinking 
Water 

Standard 

Wet 
season 

Dry 
season 

1 pH* -- 8.15 7.9 6.5-8.5 

2 Color (True) Pt.Co. Unit 36  15 

3 Color (Apparent) Pt.Co. Unit 128  15 

4 Turbidity NTU 26.3 616 10 

5 Temperature* C 29.3 23.8 20-30 

6 
Electrical Conductivity 
(EC)* 

mS/cm 0.197 
30.5 - 

7 Dissolved Oxygen (DO)* mg/l 8.10 7.81 6 

8 Total Solids (TS) mg/l 991  - 

9 
Total Dissolved Solids 
(TDS) 

mg/l 948 
22,068 1000 

10 
Total Suspended Solids 
(TSS) 

mg/l 43 
712 10 

11 
Total Alkalinity  mg/l as 

CaCO3 
95 

- - 

 
Total Hardness mg/l as 

CaCO3 
 

3,750 200-500 

12 Total Iron (Fe) mg/l 0.56 6.8 0.3-1.0 

13 Total Ammonia (as NH3-N) mg/l 0.26  - 

14 Nitrate (NO3-N) mg/l 0.80 0.1 10 

15 Orthophosphate (PO4
3-) mg/l 0.25 0.17 6 

16 
Biochemical Oxygen 
Demand (BOD5) 

mg/l 6.4 
0.4 0.2 

17 
Chemical Oxygen Demand 
(COD) 

mg/l 70 
60 4 

18 Lead (Pb) mg/l < 0.001 < 0.001 0.05 

19 Cadmium (Cd) mg/l < 0.001 < 0.001 0.005 

20 Chromium (Cr) mg/l 0.108 < 0.001 0.05 

21 Zinc (Zn) mg/l 0.128 0.071 5 

22 Mercury (Hg) mg/l < 0.001 < 0.001 0.001 

23 Manganese (Mn) mg/l  0.12 0.1 

24 Sulfate (SO4
2-) mg/l  1,340 400 

25 Magnesium(Mg) mg/l  789.6 30-35 

26 Copper (Cu) mg/l  0.006 1 
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Sl. 
No. 

Water Quality Parameter Unit 

Concentration Present Bangladesh 
Drinking 
Water 

Standard 

Wet 
season 

Dry 
season 

27 Nickel (Ni) mg/l  0.011 0.1 

28 
Total Organic Carbon 
(TOC) 

mg/l 
 

1.69 - 

29 Chloride mg/l  12,275 150-600 

30 Total Coliform (TC) cfu/100 ml 262  0 

31 Fecal Coliform (FC) cfu/100 ml 128  0 

 

Table 4.7 shows that water quality of Little Feni River is within Bangladesh Drinking Water 

Standard for DO, Nitrate, Orthophosphate, Lead, Cadmium, Zinc, Mercury, Copper and Nickel 

concentrations. But water quality parameters like Color, Turbidity, TSS, TDS, Hardness, Iron, 

BOD, COD, Sulfate, Magnesium, Chloride concentrations exceed the Bangladesh Drinking 

Water Standard. It can be concluded, based on the test results, that to make the raw water 

suitable for drinking purpose, treatment of this water is necessary to remove the impurities.   

4.5 Resource Assessment of Ichakhali Khal 

Monthly and seasonal dependable flow based on model simulation data of Ichakhali khal is 

given in Table 4.8. Monthly flow duration curve for Ichakhali khal is given in Figure 4.13. It is 

observed that in wet season 80% & 50% dependable flow is about 0.7 m3/s and 2.2 m3/s 

respectively while in dry season 80% & 50% dependable flow is only about 0.7 m3/s and 11.9 

m3/s respectively in Ichakhali khal. It is observed that is dry season the 50% dependable flow 

is more than monsoon flow. This is because, in dry season the gates of Feni regulator become 

closed and Ichakhali khal get water from this river. But in monsoon the gates are opened and 

the khal get very little water from Feni River. That’s why in the months of monsoon the flow is 

not sufficient. Ichakhali khal is not a potential source of water for BSMSN area. 

Table 4.8: Dependable flow for Ichakhali Khal 

Period 
Dependable flow (m3/s) 

80% 50% 

Dry (Dec-Feb) 0.7 11.9 

Wet (Jun-Oct) 0.7 2.2 

Jan 12.0 19.8 

Feb 7.2 14.2 

Mar 4.9 10.5 

Apr 5.1 11.5 

May 0.1 0.3 

Jun 0.4 2.5 

Jul 1.1 3.8 

Aug 0.0 17.7 

Sep 0.9 2.1 

Oct 0.5 1.3 

Nov 0.2 0.5 

Dec 3.3 13.5 
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Figure 4.13: Flow duration curve for Ichakhali Khal 

4.5.1 Water quality of Ichakhali Khal 

Some water quality samples has been collected in Ichakhali Khal at Jhulonpul Bazar as it was 

initially selected as intake option. The detail is described in Sec. 8.4. 

4.6 Resource Assessment of Bamon Sundor Khal 

Monthly and seasonal dependable flow based on model simulation data of Bamon Sundor 

khal is given in Table 4.9. Monthly flow duration curve for Bamon Sundor khal is given in 

Figure 4.14. It is observed that in wet season 80% & 50% dependable flow is about 0.0 m3/s 

and 14.2 m3/s respectively while in dry season 80% & 50% dependable flow is only about 0.0 

m3/s and 2.3 m3/s respectively in Bamon sundor khal. It is observed that is dry and wet 

season most of the time there is no water in the khal. In this regard Bamon sundor khal is not 

suitable to be considered as water source. 

Table 4.9: Dependable flow for Bamon Sundor Khal 

Period 
Dependable flow (m3/s) 

80% 50% 

Dry (Dec-Feb) 0.0 2.3 

Wet (Jun-Oct) 0.0 14.2 

Jan 0.0 3.3 

Feb 0.0 1.3 

Mar 0.0 0.6 

Apr 0.0 0.7 

May 0.0 0.8 

Jun 0.0 15.3 

Jul 1.9 20.0 

Aug 0.0 17.7 

Sep 0.0 13.9 

Oct 0.0 9.4 

Nov 0.0 2.9 

Dec 0.0 2.2 
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Figure 4.14: Flow duration curve for Bamon Sundor Khal 

4.7 Resource Assessment of Mohamaya Reservoir 

Mohamaya reservoir (Figure 4.15) was developed by BWDB under Mohamaya Chhara 

Irrigation (MCI) project in 2010 to supply water for irrigation in 1295ha area. The reservoir is 

about 12km away from BSMSN area. The reservoir area is about 1070ha and design lowest 

water level is 15.5mPWD. The water demand of the reservoir is given below: 

Water demand for irrigation (for 2040):   5.92Mm3 

Water demand for Mirsharai Pourashava (for 2040): 0.23Mm3 

Total demand for irrigation and municipal supply:  6.15Mm3 

Net water available in the reservoir:     6.8 Mm3 

[Source: IWM, BETS, BCL, SARM, 2014] 

After meeting water demand for irrigation and Mirsharai Pourashava municipal supply, about 

0.65 Mm3 water is available for other purposes. This indicate we can get 1.7MLD water for 

BSMSN area which is very negligible water compare to total water demand of the economic 

zone. So Mohamaya reservoir is not a potential water source for BSMSN project. 
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Figure 4.15: A glimpse of Mohamaya Chhara Irrigation Extension project 

4.8 Resource Assessment of Bawa Chhara Reservoir  

Local Government Engineering Department (LGED) implemented water conservation sub-

project from 30 Dec 2007 to 31 July 2008 entitled as “Bawa Chhara Sub-project” located at 

the upstream of Domkhali khal. The sub-project is situated 7.5 km east of BSMSN (Zone 25) 

area. Gross area and net area of the project are 850ha and 700ha respectively. The land 

elevation varies from 3.95 mPWD to 11.75 mPWD within the sub-project. The Bawa Chhara 

originated from the hills on the eastern part of Wahedpur union and enters into the sub-

project area. The reservoir water is used for irrigation of Boro and Robi crops. Figure 4.16 

shows the glimpse of the project area. Major physical components of the project are: 

 Earthen Dam   (length 94m) 

 Reservoir   (average length 250m, width 200m, depth 9m, max storage  

 450,000m3, retention level 20 mPWD) 

 WRS    (irrigation outlet with distribution box 1V-0.9mX0.9m) 

 Syphon   (0.9mX0.9m) 

 Check Structure-1  (3V-1.5mX1.2m, 50m upstream of the existing railway bridge) 

 Check Structure-2  (4V-1.5mX1.2m, 20m upstream of the existing highway bridge) 

 Check Structure-3  (5V-1.5mX1.2m, near Chhara) 

 Spillway Structure  (length 9m, 3V-3.0mX2.0m) 

 Khal re-excavation  (0.95 km of Bawa Chhara) 

From the hydrological model it is estimated that the total runoff volume of the Domkhali 

catchment surrounding the Bawa chhara reservoir is 4.6Mm3 (Table 4.10). But the storage 

capacity Bawa chhara reservoir is about only 0.45Mm3, i.e. about 1.0MLD water can be 

extracted from the reservoir. As the water is using for irrigation Bawa Chhara reservoir is not 

a potential source to supply water for BSMSN area. 

 

Reservoir 

Spillway 

Rubber 

Dam 

Intake  

Structure 

Earthen Dam 

Dhaka- 

Chittagon

g 

 Railway 
Dhaka- 

Chittagon

g 

 Highway 



 Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

 58 Final Report 
 

Table 4.10: Average monthly runoff of Bawa Chhara catchment 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Runoff 
volume 
(Mm3) 

0.07 0.05 0.06 0.08 0.24 0.79 1.16 0.90 0.59 0.44 0.17 0.10 

 

 

Figure 4.16: A glimpse of Bawa Chhara sub-project 

4.9 Resource Assessment of Boro-Komoldoho Reservoir  

Boro-Komoldoho water fall is about 7.5km east of BSMSN area. The source of water of the 

waterfall is perennial. The catchment area is approximately 3.15km2. The Catchment area lies 

in the Bariadyala union of Sitakunda Upazilla and Wahedpur union of Mirsharai Upazilla.  

From the hydrological model the runoff generated has been analyzed as shown in Table 4.11. 

It is estimated that the yearly average storage of the reservoir is about 6.2Mm3. If the 

generated rainfall water is stored in a reservoir by constructing embankment and related 

other structures about 13.5 MLD water can be available for using. Comparing the total water 

demand and considering distance from the economic zone to the reservoir, it is not a 

potential source to supply water for BSMSN area. 

Table 4.11: Average monthly runoff of Boro-Komoldoho catchment 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Runoff 
volume 
(Mm3) 

0.09 0.07 0.08 0.10 0.32 1.06 1.55 1.20 0.79 0.59 0.23 0.13 
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4.10 Resource Assessment of Sahasradhara Reservoir  

Local Government Engineering Department (LGED) implemented water conservation sub-

project entitled as “Sahasradhara Sub-project” near Sitakunda of Chittagong from 28 Feb 

2006 to 05 June 2008. The sub-project is situated approximately 6.5 km east of BSMSN (Zone 

25) area. The sub-project area stretches from the eastern foothill of Sitakunda towards the 

coastal embankment on the west. Gross area and net area of the project are 600ha and 

528ha respectively. The sub-project area is mostly a high land and flood free. A short duration 

and shallow inundation has been reported due to heavy downpour in the sub-project area. 

The water is drained out in a short period of hours of time. The sub-project people suffer 

from the shortage of water for irrigation during dry season since the existing base flow in 

Sahasradhara is inadequate in compare to requirement. The sub-project concept developed 

by the beneficiaries is to conserve water in the upstream valley of hills from Sahasradhara 

chhara to an acceptable level during cessation of monsoon with the aim to provide irrigation 

water during dry season. Land level within the sub-project area is found to vary from 12.3 

mPWD on the east to 3.1 mPWD on the west. Figure 4.17 shows the glimpse of the project 

area. Major physical components of the project are: 

 Earthen Dam   (length 55m) 

 Reservoir   

 WRS    (1V-0.9mX0.9m) 

 Check Structure-1  (3V-1.5mX1.5m) 

 Check Structure-2  (3V-1.5mX1.5m) 

 Check Structure-3  (3V-1.5mX1.5m) 

 Spillway Structure  (3V-3.4mX2.0m) 

 O&M shed   (12mX6m) 

 Khal re-excavation  (5.6 km) 

 

 

Figure 4.17: A glimpse of Sahasradhara sub-project 

Sahasradhara 

Chhara 

Sahasradhara 

Waterfall 
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As the water available in Sahasradhara Reservoir is using as irrigation, it is not a potential 

source to supply water for BSMSN area. 

 

4.11 Off-stream Reservoir (8nos.)      

For BSMSN area, initially Off-channel reservoir was planned and designed as a water supply 

artificial lake built next to or near to Ichakhali Khal, Bamon Sundar Khal and Govania-

Shaherkhali Khal. Finally, 4 off-channel reservoirs (Figure 4.18) have been planned and 

designed along the Ichakhali and West Ichakhali khal to conserve the surface water for 

recreation purposes and make the industrial zone as eco-friendly. Round-the-year surface 

water resource availability does not permit the off-channel reservoir along the Bamon Sundar 

Khal and Govania-Shaherkhali Khal. The planned Off-channel reservoir is relatively 

environment friendly without disturbing the main flow path of the khal.    

4.11.1 Selection of suitable site for off-channel reservoir 

Following criteria have been followed to select suitable site for off-channel reservoir: 

o A thorough field investigation has been made by evaluating the surface water flow 

path in the BSMSN area including its perennial sources.  

o Collected and assembled relevant information of topography, geology, meteorology 

and hydrology from different sources; on the basis of that  

o 1 no. off-channel reservoir has been planned by cutting loops to straighten the flow 

path along the Ichakhali khal; 

o Other 1 no. off-channel reservoir has also been planned along the Ichakhali khal 

considering the availability of flow including its seasonal variation; 

o 2 nos. off-channel reservoir have been planned along the west Ichakhali khal by 

connecting this khal with Dawkhali khal, perennial source of water would be from 

Ichakhali khal; 

o A wide and deep reservoir (around 6m depth) is preferred instead of shallow one 

considering the less evaporation loss and less possibility of weed growth; 

o The geological formation of the reservoir banks, walls etc. have been planned to 

design to entail minimum leakage, minimum water losses through absorption and 

percolation; 

o Intake channel have been planned to design by avoiding too much silt as much as 

possible. 
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Figure 4.18: Identified off-channel reservoir 
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4.11.2 Planning concept of off-channel reservoir 

Following steps have been followed in planning stage of off-channel reservoir: 

o Straighten the flow path of Ichakhali khal by cutting loops; 

o Extent (location, size, connectivity with intake and outlet etc.) of each proposed 

reservoir: The size could be rectangular, triangular, circular or any irregular shapes. 

The reservoir banks have been planned with a side slope 2:1 and a 3m berm to 

stabilize the 7m deep reservoir bank. The 4m wide motorway on the crest of 

dyke/embankment has been proposed with motor-bay at 4 locations of each side of 

the reservoir.   

o Generated flood volume including time and duration of monsoon along the peripheral 
river:  

- The generated rainfall-runoff for 5-day 1 in 25-year frequency from Feni 
rainfall data (secondary source data, 1986 to 2009) have been analysed.  

- The calculated catchment flow discharge through Ichakhali khal at 9 vents 
regulator point is 31 m3/s.  

- The existing khal system would be re-sectioned/re-excavated to accommodate 
the design rainfall-runoff (5-day 1 in 25-year) data and khal would be 
straightened, both bank would be protected with a 4m motorway.   

- The off-channel reservoir has been planned to fill-up by gravity flow during 
monsoon, post-monsoon season and Ichakhali water surface would be head up 
by closing the regulator to attain the full reservoir level during post-monsoon. 
In this connection, existing 9 vents regulator would be used for proposed off-
channel reservoir along the Ichakhali khal.  

- A link channel would be developed by connecting West Ichakhali khal with 
Dawkhali khal to ensure the perennial flow from Ichakhali system. In this 
connection, existing 5 vents regulator on West Ichakhali khal would be used to 
head up water surface level for off-channel reservoir.  

- In addition, all major khals would be designed for accommodate the design 
flood and both banks will be protected with a 4m motorway on both banks. 
 

o Fixation of elevation of the crest level (height) of the proposed reservoir dyke:  
- The crest level (height) of the proposed reservoir dyke have been fixed at 

+7.00 m,PWD considering the existing ground level would be developed up to 
+6.00 m,PWD.   

 
o Fixation of bed elevation of the proposed reservoir:  

- The minimum bed level of the proposed reservoir has been fixed at -1.00 
m,PWD to maintain the total active storage depth at least 5.5m excluding dead 
storage depth around 1.0m which may vary with reservoir size. The reservoir 
bed would be treated depending on the permeability test results of soil 
properties.  
 

o Live storage capacity of the proposed reservoir: 
- Live storage capacity of each proposed off-channel reservoir has been analysed 

based on two criteria: (i) average potential evaporation rate at Chittagong 
hydro-meteorological station data – 6mm/day, (ii) deep percolation losses – 
2mm/day (considering treated reservoir bed). 
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o Fixation of the invert level of inlet and outlet of each reservoir: 
- The invert level of inlet structure (regulator) has been fixed adjusting with the 

dead storage level of each proposed off-channel reservoir. The reservoir water 
(only active storage) would be pumped for Water Treatment Plant (WTP) and 
maximum total head, diameter of suction & distribution pipe for each reservoir 
has been calculated separately.  
 

o Wave protection plan:  
- Wind generated wave is an important factor for evaporation loss from a wide 

water surface of off-channel reservoir. The greater the movement of air over 

the water surface, greater is the evaporation loss. Water hyacinth casing (2m 

wide) would be placed at a certain interval as an effective measure for 

checking evaporation loss. In addition, plants (small trees, shrubs or grass) 

would be grown around the rim of dyke/embankment in a row or rows to act 

as wind breaker. Plants to be arranged as conical formation with tallest one in 

the middle and smallest one at the end (shaped like a wave). 

4.11.3 Typical plan of off-channel reservoir 

Typical plan of off-channel reservoir with bank protection work is shown in Figure 4.19. The 

characteristics features of the proposed reservoir is: 

o Reservoir banks (2:1 slope) would be protected by CC block at two stages and in 

between gabion box would be placed at 3m wide berm; 

o Banks under water part (dead storage part) would be protected by geo-bag which 

would be connected with CC block by another 3m wide berm; 

o Reservoir bed would be treated based on permeability test results of soil samples; 

o 4m wide motor road on the crest of dyke has been proposed with a 4 motor-bay of 

each side for operation and maintenance of reservoir; 

o Wave protection plan by 2m wide water hyacinth casing is shown in Figure 4.20. 

Water hyacinth could be arranged in tapering formation (as like as half sinusoidal 

curve) with a long stem colorful water lily; 

o Each reservoir will provide individual archeological aesthetic outlook where peoples 

can spend their leisure time in the morning, afternoon and evening;   
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 Figure 4.19: Typical plan of off-channel reservoir 
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Figure 4.20: Typical wave protection plan by water hyacinth casing 
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4.11.4 Proposed Off-Channel Reservoirs 

Finally, 4 off-channel reservoir as shown in Figure 4.18 has been selected to restore the water 

body in the BSMSN area to make the industrial zone as eco-friendly recreation purposes. The 

area of the off-channel reservoirs are given in Table 4.12. 

Table 4.12: Proposed off-channel reservoirs 

Reservoir Zone 
Off-channel 

Reservoir No. 
Area in Acre 

Ichakhali Khal Off-res-1 19 

Off-res-2 78 

West Ichakhali Khal Off-res-3 150 

Off-res-4 50 
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5 Resource Assessment of Groundwater  
Groundwater recharge and flow depends mostly on hydrogeological settings of that area. As 

such, hydrogeological investigation has been carried out for the lithology and stratigraphic 

classification to ascertain the aquifer depth location and extent in the study area. The water 

bearing formations in the study area are identified and explored as sedimentary aquifers 

based on the aquifer delination. 

5.1 Hydrogeological Settings 

The study area is located under Chittagong Coastal Plain (Figure 5.1). Eastern part of this 

project area is bounded by Sitakunda hilly range which is dipping in the eastern and steeper in 

the western flanks of the anticline and truncated abruptly by the alluvial plain of the Feni 

River. As the south western part is bounded by Bay of Bengal so the beach and dune sand 

deposit is the dominant feature of the area (Reimann 1993). So, the project area has direct 

influence on its hydrogeological settings by Little Feni River, Swandip channel and Bay of 

Bengal. Groundwater of this area lies on the valley alluvium deposits. Some channel deposit is 

also common on its hydrogeological settings. This region covers the piedmont deposits of 

Chittagong hill tracks and the Meghna estuarine floodplains (UNDP 1982).  

 

Figure 5.1: Three major units separating coastal area of Bangladesh  

[Source: PDO-ICZMP] 

Aquifers in the area are generally confined. At places, semi-confined conditions exist but 

leakage from the overlying water-bearing formations is negligible. As the study area 

comprises the floodplains of Chittagong coastal plain, groundwater quality is highly variable 

by intrusion of brackish and saline water. The ground water potentiality depends upon the 

development of the deeper aquifer, which is relatively unknown but there are indications that 

freshwater is being encountered in the deeper depth. 
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5.2 Hydrogeological Investigation 

5.2.1 Surface Resistivity Survey  

10 VES (Vertical Electrical Sounding) of Schlumberger configuration with 600 m spread were 

carried out at different sites of the study area (Figure 5.2). 

 

Figure 5.2: Map of the study area showing VES and CST locations and cross-sections 

5.2.1.1 Geologic cross-sections of the study area 

Geo-electric cross-sections have been made to delineate the aquifer system. Geo-lelectric 

cross section along line A-A` (Figure 5.3) is from south-east to north-west corner of the study 

area. Top layer is composed of silty clayey soil and the following layer is an Aquitard. At the 

south-eastern part of the study area aquitard is thick at the upper portion which is 140-150 m 

thick and the following layer is an aquifer. At the middle and south-eastern part of the cross 

section aquitard is interrupted by lens like sandy material. At the north-western part of the 

study area the aquitard is relatively thin and is followed by the deep aquifer. The shallower 
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(about 50m) part of the aquifer of is brackish and the aquifer of deeper part is fresh. There is 

no continuation of clay layer (aquitard) separating the aquifer into isolated ones. Aquifers at 

different depth levels are hydraulically interconnected. 

 

Figure 5.3: Geo-electric cross-section along line A-A` of the study area 

Geolelectric cross section along line B-B` (Figure 5.4) is run from south-east to north-west 

(VES_07, VES_08 and VES_09) of the study area. Top soil is composed of clayey silt and the 

following layer is an Aquitard. In the left part of the cross section aquitard is not much thick 

and is followed by an aquifer. Below this aquifer a thick discontinuous aquitard is found at the 

middle part of the cross section. At the right part of the cross section at VES 9 a thick aquifer 

is identified below 50m. The aquifer at shallower depth (below 10m to 50m) is brackish while 

the deeper part is fresh. Below 150m no continuous clay layer is demarcated.   

 

Figure 5.4: Geo-electric cross-section along line B-B` of the study area 

Geo-electric cross section along line C-C` (Figure 5.5) is from southwest to northeast (VES_12, 

VES_13) corner of the study area. Surface layer is composed of silty clayey soil and is followed 

by a shallow (10m to 50m) brackish aquifer (low resistivity). A continuation of aquitard is 

found from southwest to northeast just below this shallow aquifer at depth around 50 m. This 

aquitard is not much thick at the shallower portion and is underlain by a deep aquifer.  
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Figure 5.5: Geo-electric cross-section along line C-C` of the study area 

5.2.1.2 Findings from Surface Resistivity Survey 

Electrical resistivity sounding survey and existing bore hole data of the study area have been 

analyzed for the assessment of subsurface geological and hydrogeological conditions and 

ground water quality of the study area. Model parameters obtained through interpretation of 

the field sounding curves characterize the subsurface condition. The study area lies in the 

coastal area of Mirsharai Upazilla consists of shallow and deep aquifers.  

The following conclusions are made considering the geology and hydrogeology of the area:  

The top soil is composed by silty clay followed by a shallow aquifer showing resistivity range 

of 0.9 Ωm to 12 Ωm. Comparing with borelog data it is said that the shallow (10m to 121m) 

aquifer consists of very fine to fine sand is mainly brackish in nature.  

The next geoelectric unit is aquitard which shows resistivity range of 1.24 Ωm to 17 Ωm and 

composed of clay or silty clay. Thickness of this unit varies from  ~15m to  ~100m and is highly 

variable. 

The deep aquifer shows resistivity value varying from 23 Ωm to 73 Ωm confirms the aquifer as 

fine to medium sand with fresh pore water. The depth to the deep aquifer varies from ~50m 

to ~150m and is increasing towards southeast. 

It is observed that shallow or deep aquifers in the study area are interrupted by discontinuous 

clay deposition at multiple depth levels of different thickness. 

Aquifers containing saline water show low resistivity value in the range of clay resistivity or 

even less and is difficult to identify lithology or pore water quality unless direct information 

about the texture of the formation or the water quality of the formation water is available. 

5.2.2 Drilling and Installation of Test well 

For further information about aquifer system of the project area 10 (Ten) exploratory drilling 

have been carried out in selected locations (Figure 4.6). The target drilling depth was about 

300m comparing the secondary information and probable depth of the aquifer. Actual drilling 

depth and location obtained after field investigation, which is furnished in the Table 5.1. 
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Figure 5.6: Locations of Exploratory and monitoring well locations for GW investigation 

Direct circulation rotary method has used for exploratory drilling considering the sedimentary 

nature of the subsurface formation of the study area. Diameter of the borehole is 5 inch 

(127mm) up to the bottom of the borehole. In all exploratory wells 1.5inch (38.1mm) dia 

uPVC test wells have been installed. Drilling information such as: drilling time, lithology and 

cutting sediments characteristics has been recorded during drilling operation on approved 

form for further analysis. 

 

5.2.3 Hydrostratigraphic Classification 

For detail study of Hydrogeological parameter of the aquifer of the study area, 10 (Ten) 

exploratory wells have been installed on different locations. The study area is completely 

unknown in terms of aquifer properties to estimate the groundwater storage. To have 

borehole information and other aquifer properties of the subsurface, the study area is divided 

into four zones. These are: 

 Zone A: The area consisting 3 exploratory well location (TTW-02, TTW-03, TTW-04) 

 Zone B: The area consisting 3 exploratory well location (TTW-01, TTW-07, TTW-08) 

 Zone C: The area consisting 3 exploratory well location (TTW-05, TTW-06, TTW-09)  

 Zone D: The area consisting 1 exploratory well location (TTW-10) 

 

Summary of the zones are given below on (Table 5.1) and map of the zones on study area 

given on Figure 5.7. 
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Table 5.1: Description of zones for ground water resource assessment 

Zone Well ID 
Location Depth (m) 

Hydrostratigraphic 
unit 

Aquifer 
Thickness 

(m) 
Lat Long From To 

Zone A 

Test 
Well-02 

22.683 91.562 

0 170.73 Aquiclude  

170.73 198.17 Aquifer 27.44 

198.17 298.78 Aquiclude  

Test 
Well-03 

22.704 91.541 

6.1 60.98 Aquifer 54.88 

60.98 79.27 Aquitard  

79.27 100.61 Aquiclude  

100.61 121.95 Aquifer 21.34 

121.95 146.34 Aquiclude  

146.34 176.83 Aquifer 30.49 

176.83 179.88 Aquiclude  

179.88 204.27 Aquifer 24.39 

204.27 295.73 Aquiclude  

Test 
Well-04 

22.727 91.507 

0 24.39 Aquitard  

24.39 30.49 Aquifer 6.1 

30.49 103.66 Aquitard  

103.66 109.76 Aquifer 6.1 

109.76 115.85 Aquitard  

115.85 121.95 Aquifer 6.1 

121.95 137.2 Aquiclude  

137.2 189.02 Aquifer 51.82 

189.02 286.59 Aquiclude  

Zone B 

Test 
Well-07 

22.761 91.482 

6.1 36.59 Aquifer 30.49 

36.59 146.34 Aquitard  

146.34 173.78 Aquifer 27.44 

173.78 292.68 Aquitard  

Test 
Well-08 

22.801 91.462 

0 30.49 Aquitard  

30.49 42.68 Aquifer 12.19 

42.68 70.12 Aquitard  

70.12 109.76 Aquifer 39.64 

109.76 121.95 Aquitard  

121.95 195.12 Aquifer 73.17 

195.12 231.71 Aquitard  

231.71 256.1 Aquifer 24.39 

256.1 304.88 Aquiclude  

Test 
Well-01 

22.766 91.519 

6.1 27.44 Aquifer 21.34 

27.44 33.54 Aquitard  

33.54 60.98 Aquifer 27.44 

60.98 70.12 Aquitard  

70.12 109.76 Aquiclude  

109.76 152.44 Aquitard  

152.44 158.54 Aquiclude  

Zone C 
Test 

Well-05 
22.768 91.433 

0 73.17 Aquitard  

73.17 79.27 Aquifer 6.1 

79.27 94.51 Aquitard  

94.51 134.15 Aquifer 39.64 

134.15 146.34 Aquiclude  

146.34 176.83 Aquifer 30.49 

176.83 182.93 Aquiclude  
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182.93 189.02 Aquifer 6.09 

189.02 304.88 Aquiclude  

Test 
Well-06 

22.752 91.459 

9.15 21.34 Aquifer 12.19 

21.34 79.27 Aquiclude  

79.27 91.25 Aquifer 11.98 

91.25 106.71 Aquiclude  

106.71 149.39 Aquifer 42.68 

149.39 170.73 Aquiclude  

170.73 207.32 Aquifer 36.59 

207.32 304.88 Aquiclude  

Test 
Well-09 

22.771 91.458 

3.05 6.1 Aquitard  

6.1 18.29 Aquifer 12.19 

18.29 42.68 Aquitard  

42.68 54.88 Aquifer 12.2 

54.88 121.95 Aquitard  

121.95 134.15 Aquifer 12.2 

134.15 304.88 Aquitard  

Zone D 
 

 

Test 
Well-10 

22.803 91.407 

6.1 42.68 Aquifer 36.58 

42.68 48.78 Aquiclude  

48.78 54.88 Aquifer 6.1 

54.88 60.98 Aquiclude  

60.98 73.17 Aquifer 12.19 

73.17 79.27 Aquiclude  

79.27 219.51 Aquifer 140.24 

219.51 225.61 Aquiclude  

225.61 231.71 Aquifer 6.1 

231.71 304.88 Aquitard  
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Figure 5.7: Different zones to estimate the total availability of groundwater
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5.2.4 Aquifer System Delineation 

Aquifer characteristics of the study area have been determined from the lithologs prepared 

from the borehole information and subsequent hydrostratigraphic classification and their 

hydraulic properties. Grain size analyses data of collected sediment samples and the 

lithological information has been analyzed using customized computer software for 

constructing borelog probability (Figure 5.8 to 5.12) and hydrogeological cross section (Figure 

5.13 to 5.16) and spatial distribution etc. Lithological characterization and aquifer storage 

volume has been estimated from such analyses. Formation permeability (K) and 

transmissibility (T) is determined from 10 nos. exploratory wells data. 

Result of Test well-1 shows that there are three distinct aquifers; (i) 6.1 to 27.44 m (thickness 

21.34m) comprising fine sand (ii) 33.54 to 60.98 m (thickness 27.44 m) comprising fine to very 

fine sand (iii) 158.54 to 176.83 m (thickness 18.29). The aquifer is found in a single layer at 

Test well-02, where it exits at 170.73 to 198.17 m (thickness 27.44m) but its grain size is 

coarser comparing to the Test well-01. At Test well-03 shows four aquifers with shallow one 

6.1 to 60.98 m (thickness 54.88m), 2nd aquifer at 100.61 to 121.95 m (thickness 21.34m), 3rd 

aquifer at 146.34 to 176.83 m (thickness 30.49m) and last aquifer exits at 179.88 to 204.27 m 

(thickness 24.39m). Only the last aquifer is having good porous and permeable medium sand 

comparing to the other aquifer in shallower depth. Considering the thickness, sand quality 

and on field observation on water quality suggests that Test well-03 has some potentiality for 

good source. Test Well-4 is showing total four aquifers having three on the top (0-121.95 m). 

Considerable thickness found at 137.2 to 189.02m (thickness 51.82m). At Test well-05 where 

four aquifers are exits. But considerable thickness and grain size (i) 94.51 to 134.15 m 

(thickness 39.64m) and (ii) 146.34 to 176.83 m (thickness 30.49m). Two other pocket aquifers 

are also present around 73-79 m and 182-189m. Test Well-6 shows the aquifers at top most 

(i) 9.15-21.34m (thickness 12.19m), (ii) then 2nd aquifer lies in between 79.27 to 91.25m 

(thickness 11.98m) and (iii) 3rd one lies in between 106.71 to 149.39 m (thickness 42.68m) 

and (iv) fourth one lies between 170.73 to 207.32 (thickness 36.59). So, this area has that 

potentiality for good source. At Test well-07 has got only two water bearing sand layers (i) 6.1 

to 36.59 m (thickness 30.49m) and (ii) 146.34 to 173.78 m (thickness 27.44m). At Test well-08 

four individual aquifers found on different depth. (i) 30.49 to 42.68 m (thickness is 12.19m), 

(ii) 70.12 to 109.76 m (thickness is 39.64m), (iii) 121.95 to 195.12 m (thickness is 73.17m) and 

(iv) 231.71 to 256.1 m (thickness is 24.39m) these wells including TTW-06 and TTW-07 are 

suggested to have a closer look for good source. At TTW-09 there are three aquifers has been 

encountered like: (i) 6.1 to 18.29 m (thickness is 12.19m), (ii) 42.68 to 54.88 (thickness is 

12.2m), (iii) 121.95 to 134.15 m (thickness is 12.2m). And final and far most from the 

economic zone area the Test well-10 has four water bearing layer on different depth. (i) 6.1 to 

42.68 m (thickness is 36.58m), (ii) 48.78 to 54.88 m (thickness is 6.1m), (iii) 79.27 to 219.51 m 

(thickness is 140.24m) and (iv) 225.61 to 231.71 m (thickness is 6.1). At this location highest 

thickness has encountered which is 79.27 to 219.51 m (thickness is 140.24m). This area is in 

Feni sonagazi, so this area can be a good source. Detail is given below in Table 5.2. 
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Figure 5.8: Borelog probability constructed from individual borelog section 
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Figure 5.9:  Borelog probability constructed from individual borelog section 
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Figure 5.10: Hydrogeological cross section (A-A’) for zone C  

 

Figure 5.11: Hydrogeological cross section (A-A’) for zone B 

 

Figure 5.12: Hydrogeological cross section (A-A’) for zone A 
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Figure 5.13: Hydrostratigraphic columnar section of the study area 

 

 

 

 

Hydrostratigraphic Columnar Section of Test Well (Zone- A) 
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Figure 5.14: Hydrostratigraphic columnar section of the study area 

 

 

 

 

Hydrostratigraphic Columnar Section of Test Well (Zone- B) 
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Figure 5.15: Hydrostratigraphic columnar section of the study area 

 

 

 

Hydrostratigraphic Columnar Section of Test Well (Zone- C) 
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Figure 5.16: Hydrostratigraphic columnar section of the study area 

 

Hydrostratigraphic Columnar Section of Test Well (Zone-D) 
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5.3 Aquifer Properties Determination and Analysis 

5.3.1 Production Well Construction 

For groundwater situation analysis and aquifer properties determination, 1 (one) production 

well borehole, 8 (eight) observation well boreholes have been drilled and 2 (two) long term 

(72 hrs) aquifer test carried out. Soil samples were collected at every 1.52 m interval. 

Borelogs and production well design were prepared at site by Hydrogeologist of IWM and 

long term aquifer tests were carried out with the presence of respective officials of IWM and 

DPHE (in case of DPHE well).  

5.3.1.1 Borelog Analysis and Interpretation 

Depth storage relationship for the current study area has also been determined using the 

borelogs of exploratory wells  and fed into a computer program developed by WARPO 

(Depth/Storage Model, Van Wonderen) for groundwater resource assessment. It may be 

mentioned that Depth-Storage Model has been extensively used for groundwater resources 

assessment under the National Water Management Plan (NWMP). During determination of 

the specific yield value of the granular formation of all exploratory well, borelog data has 

been analyzed using this customized programme and results are discussed below. 

Granular Formation Evidenced in newly constructed PTW 

PTW near CP More (Figure 5.17)at BSNSM shows that there are six distinct granular layer:  

(i) 6.10 to 24.39 m (thickness 18.29m) comprising very fine to fine sand and fine to 

medium sand,  

(ii) 39.63 to 51.83 m (thickness 12.20m) comprising very fine to fine sand and fine to 

medium sand little coarse sand,  

(iii) 60.98 to 64.02 m (thickness 3.04) comprising of medium to coarse sand,.  

(iv) 79.27 to 92.99 m (thickness 13.72m) comprising fine to medium sand,  

(v) 94.51 to 118.90 m (thickness 24.39 m) comprising very fine to fine and fine to medium 

sand and  

(vi) 129.57 to 193.60 m (thickness 64.03m) comprising fine to medium sand, medium to 

fine sand, medium to fine sand little coarse sand, fine to medium sand little coarse 

sand and coarse to medium sand little fine sand and trace of mica.  

Table 5.2: Aquifer thickness evidenced in borehole of PTW near CP More 

Well ID 
Depth (m) Thickness 

(m) 
Hydrostratigraphic 

Unit From To 

BEZA-PTW 
(GL1553035) 

0 6.1 6.10 Aquitard 

6.1 24.39 18.29 Aquifer 

24.39 39.63 15.24 Aquitard 

39.63 51.83 12.2 Aquifer 

51.83 60.98 9.15 Aquiclude 

60.98 64.02 3.04 Aquifer 
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Well ID 
Depth (m) Thickness 

(m) 
Hydrostratigraphic 

Unit From To 

64.02 79.27 15.25 Aquiclude 

79.27 92.99 13.72 Aquifer 

92.99 94.51 1.52 Aquiclude 

94.51 118.9 24.39 Aquifer 

118.90 129.57 10.67 Aquitard 

129.57 193.60 64.03 Aquifer 

193.60 201.22 7.62 Aquiclude 

 

 

 

 

 

 

 

 

 

 

Figure 5.17: Columnar section of production well GL1553035 

5.3.1.2 Geophysical Logging 

Geophycial logging was carried out by RFL Plastics Limited at the newly constructed PTW near 

CP more.  The cuttings were logged for lithology by geologist. The data analysis was 

concentrated on aquifer delineation and water quality determination from the conventional 

down-hole geophysical data.                              

Borehole: Newly constructed PTW near CP more, BSMSN area 

Geophysical logging of the borehole was completed upto the depth of 202.12m and individual 

bed boundaries were identified to obtain the continuous lithology from surface up to 

borehole depth. Within the facities of the geophysical logger, a single log run has been done. 

Resistivity (SN, LN and SPR), Spontaneous Potential (SP) and natural Gamma logging has been 

carried out downhole automatically. The graphysical outputs were visualized on laptop 

computer monitor. The graphical presentation of geophisical log data is shown in Figure 5.18.  

Interpretation of geophysical logging data: 

The geophysical log shows mainly five distinct layer boundaries (Table 5.3). These layers are 

prominent mainly in the resistivity curves.  
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Table 5.3: The depth boundaries of different layers along with resistivity (LN) values 

Layer 

# 
Depth(m) 

Resistivity 

(Ohm-m) 

Lithology as indicated 

within logging depth 

boundaries 

Formation boundaries 

Depth 

(m) 
Lithology 

1 Upto 105 40-140 Alternation of finar 

lithology as sand-clay 

lnter layer 

Upto 

118.90 

Inter layer of sand 

and clay,Sands are 

mainly fine to very 

fine 

2 105-124 140-230 Comparatively fine 

sand layer 

 

118.90-

129.57 

 

Sandy clay 

3 124-136 90-140 Layer of silt/clay 

4 136-190 140-290 Thick coarser sandy 

layer 

129.57-

193.60 

Fine and medium 

sand 

5 Below 

190 

110-160 Silt/clay with finar 

sand 

193.60-

201.22 

Clay 

 

The resistivity curve indicates that the changes of lithology are also influenced by the 

electrical conductivity (EC) of formation water. The formation water against the sand layers 

(layer 2 and 4) indicate freshwater.The EC of groundwater at these sand layers is within 350 

µS/cm. 
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Figure 5.18: Combined Gamma, SP and Resistance logs of borehole at PTW near CP more 

 

5.3.1.3 Production well design and installation 

After completion of drilling up to required drilling depth, sieve analyses, geophysical logging 

and well assembly, design of newly constructed PTW was developed and approved by IWM 

after necessary verification and discussion. Production well was designed for obtaining 

102m3/h or 28.32 liter/sec discharge water. 

Total fixture length of newly constructed PTW is 182.81 m. Well assembly design of newly 

constructed production well is shown in Figure 5.19.  

 

Figure 5.19: Well assembly design of newly constructed PTW near CP More 
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After completion of fixture lowering, required quantity of gravel were sorted and shrouding 

of 34.04 m3 of gravel was completed by the supervision of the consultant. After that the 

constructed well was washed for 10 hours at a constant discharge rate by air compressor with 

200 psi pressure.  

For well development dispersant agent Sodium Hexa-meta-phosphate (Calgon) was used for 

easy removing of clayey materials from the drilling fluid used and to destroy the iron bacteria 

developed during well construction. Dispersant agent- solution has been used before water 

jetting development start. Development by high velocity water jetting was carried using 

freshwater for 72 hours with 750 psi pressure horizontally from four opposite nozzles with 

100m per second velocity.  

5.3.1.4 Step Drawdown test and data analyses 

The performance of installed production well was assessed by carrying out step drawdown 

test at four variable rates (0.75, 1.00, 1.25 and 1.50 cusec) of pumping for 2.0 hours at each 

stage at newly constructed PTW site on 19 May 2019. Data recoded during step drawdown 

test are presented in Figure 5.20. Result of analysis for installed production well is given in 

Table 5.4.  

 

Figure 5.20: Graphical representation of step drawdown test and recovery data of PTW near 
CP More 

The step drawdown tests were performed in the installed production tube well on 19 May 

2019 to determine the well performance versus yield relationship.  

Table 5.4: Step Drawdown Test result analysis of PTW near CP More 

Steps 
Manometer 
Reading (m) 

Yield SWL 
(m) 

PWL 
(m) 

Drawdown 
(m) 

Sp. 
Capacity 

(L/Sec)/m) 

Sp. 
Drawdown 
(min/m²) Cusec L/Sec m3/min 

1 0.203 0.75 21.24 1.27 4.71 9.16 4.45 4.77 3.50 
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Steps 
Manometer 
Reading (m) 

Yield SWL 
(m) 

PWL 
(m) 

Drawdown 
(m) 

Sp. 
Capacity 

(L/Sec)/m) 

Sp. 
Drawdown 
(min/m²) Cusec L/Sec m3/min 

2 0.330 1.00 28.32 1.70 10.64 5.93 4.78 3.49 

3 0.508 1.25 35.40 2.12 12.46 7.75 4.57 3.66 

4 0.711 1.50 42.48 2.55 14.21 9.50 4.47 3.73 

 

The plot of specific drawdown (Sw) versus discharge (Q) determines B & C values. Evaluation 

of C gives the well loss while B gives the aquifer loss and together is the total draw down. 

Figure 5.21 is also prepared for calculating the well loss and aquifer loss of the PTW. The test 

results of installed PTW reveal that is 90.33% aquifer loss and 9.67 % well loss with 97.17 % 

recovery within five hours of time. 

 

Figure 5.21: Graph for computing well loss and aquifer loss 

Calculation of well loss and aquifer loss at installed PTW 

From Figure 5.21, 

  

 

Y = 0.21 min/m² 

   

 

X = 1.00 m³/min 

   

 

Co-efficient of well loss = C = Tan θ = Tan(Y/X) = 0.2027 min²/m5 

 

 

Co-efficient of aquifer loss = B = 3.22 min/m³ 

  Equation used are, 

                                    Drawdown or Total Loss, S = BQ + CQ2 

                                   Well Loss, CQ² = CQ2/S x 100% 

                                   Aquifer Loss, BQ = BQ/S x 100% 

  
       When, Discharge, Q = 28.32 liter/sec 
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                                 = 1.70 m³/min 

   
       

 

S = BQ + CQ2  

   

 

   = 5.47 m + 0.59 m 

   

 

   = 6.06 m 

   
                Well Loss, CQ2 = (CQ2/S) x 100 % 

  

 

   = 9.67 % 

   
             Aquifer Loss, BQ = (BQ/S) x 100 % 

  

 

    = 90.33 % 

   Specific Capacity,    = Discharge/Drawdown (lt/sec)/m 

      = 4.78 (lt/sec)/m 

5.3.1.5 Determination of Specific capacity 

The specific capacity data was measured from water levels and pumping rate during the step 

drawdown test.  The specific capacity is a measure of the capacity of a wells effectiveness per 

unit drawdown; i.e. Q/Sw. Table 5.4 shows the step drawdown data with specific capacity. 

The specific capacity decreases with increase in Q and time, because the draw down 

continually increases with time as the cone of influence of the well expands.  

The specific capacity analysis data shows that the installed production well is efficient enough 

for discharging 102 m3/h or 28.32 lt/sec at a maximum drawdown of 5.93 m and the specific 

capacity is found 4.78 lt/sec/m which states that the effectiveness of the well is high and 

performed for a long time with its designed discharge. 

By analyzing the drawdown data with IWM customized software, it is observed that well loss 

constant, Cw is 9.6677914E-08 and formation loss constant, Cf is 0.00221473. Consideration of 

the well loss of the tube well and observed drawdown indicates that the design of the well is 

adequate. It is also observed that slight increment of discharge results in large drawdown. 

Well loss of this production well calculated by IWM customized software is 9.65% (Figure 

5.22) which is nearly same by manually calculated result.  

A discharge drawdown curve is also given here in Figure 5.23 which shows drawdown due to 

well loss, Drawdown due to formation loss and Total drawdown. For optimum design of the 

supply well, the well loss, also the formation loss of the screened aquifer should be 

considered. Maximum drawdown of the pumping well in steady condition and drawdown 

measured from the Discharge drawdown curve of step drawdown test are almost same which 

indicate that the design of the well is adequate. 
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Figure 5.22: Step Drawdown test data analyzed by IWM customized software 

 

 

Figure 5.23: Relation between Discharge and Drawdown 

5.3.2 Layout Design 

For groundwater analysis, soil condition and aquifer properties, 8 (eight) observation well 

(Figure 5.24 and Figure 5.25) boreholes were drilled and 2 (two) long term (72 hrs) aquifer 

test were carried out in the project area. Soil samples were collected at every 1.52 m interval 

in the boreholes. Borelogs and production well design were prepared at site by 

Hydrogeologist of IWM. 
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Figure 5.24: Layout plan of pumping well and observation well screens at DPHE PTW site 

 

 

Figure 5.25: Layout plan of pumping well and observation well at PTW site near CP More 

5.3.3 Long Term Aquifer Test 

Aquifer test was conducted after completion of long-term aquifer test and analyses to 

determine the performance of the well and hydraulic parameters of the aquifer. From the 

aquifer test data, the principal factors of aquifer performance e.g. Transmissivity (T) and 

Storage coefficient (S) can be calculated.  

Constant head pumping test at both newly constructed PTW and DPHE constructed PTW 

were carried out at the rate of 102 m3/hr or 28.32 liter/sec of pumping for 72 hours. The 
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static water level before the test, pumping rate, dynamic groundwater levels at various 

interval, water levels just after the pump was stopped (recovery data) were measured during 

the pumping. Water levels were measured both manually and by automatic data logger.  

The long duration aquifer test was done to determine the (lateral and vertical) extent of the 

aquifer, the chemical characteristics and potability of the aquifer water and the response of 

the deep aquifer to development stresses. Time series water quality was monitored during 

the 72-hour test to determine if higher concentration of ions could be captured by the well 

during the test. Observation and interpretation of aquifer test data analyses by the IWM 

customized software is presented below. 

The prime information about aquifer test at newly constructed PTW and DPHE constructed 

PTW is given in Table 5.5. 

Table 5.5: Well information 

Well information Newly constructed PTW DPHE constructed PTW 

Production well depth  181.81 m 182.11 m 

Aquifer thickness 64.03 m 54.88 m 

Aquifer materials Fine to medium little Coarse 
sand 

Medium to fine sand and 
medium sand 

Screen position of main well 158.10 to 178.81 m 148.58 to 179.07 m 

Screen length 20.71 m 30 m 

Screen diameter 200 mm 200 mm 

Percent of aquifer thickness 
screened 

32% 55% 

Screen slot size 0.76 mm 0.76 mm 

Open area of screen 22 % 22 % 

Depth of observation well no.1 175.16 m 160.98 m 

Depth of observation well no.2 175.46 m 160.98 m 

Depth of observation well no.3 175.46 m 160.98 m 

Depth of observation well no.4 91.32 m 53.66 m 

Depth of observation well no.5 170 m - 

Distance of obs. well no. 1, 2, 
3, 4 and 5 from pumping well. 

3 m, 30 m, 100 m, 10 m and 5 
m respectively. 

5 m, 32 m, 100 m and 10 m 
respectively. 

 

5.3.3.1 Response of Groundwater Level 

Response in the Pumping Well 

The water level in the pumping well declined abruptly during the first 36 hours (2040 

minutes) of pumping, then stabilized at about 13.69 m in case of DPHE PTW (Figure 5.26). The 

water level in the pumping well declined abruptly during the first 24 hours (1440 minutes) 

and then stabilized at about 9.45 m in case of PTW near CP More (Figure 5.27). The pumping 

phase of the aquifer test was closed after 4320 minutes (72 hours), and recovery data was 

collected for 1440 minutes (24 hrs) after the end of the test. 
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Figure 5.26: Drawdown in pumping well at DPHE constructed PTW 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.27: Drawdown in pumping well at newly constructed PTW 

Response in Shallow Observation Wells 

One observation well (Obs. Well - 04) was placed in shallow aquifer at both two sites. No 

water level changes in the wells were observed during pumping in the deep aquifer. This 

indicates that there exist a confining layer between the deep (pumped) aquifer and shallow 

depth layer and therefore not hydraulically connected.   

Response in Deep Observation Wells 

At DPHE PTW site, groundwater levels in the deep aquifer observation wells 1, 2 and 3 (5 m, 

32 m and 100 m respectively from the pumping well) declined by about 2.32 m, 1.4 m  and 

1.01 m respectively in response to pumping.  

At PTW near CP More, groundwater levels in the deep aquifer observation wells 1, 2 and 3 

(3m, 30m and 100m respectively from pumping well) declined by about 1.62 m, 1.16m and 

0.97 m respectively in response to pumping.  
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Water level in pumping well and observation wells rose rapidly at the end of the aquifer test 

during recovery, faster initially, but very slowly with time to reach pre-test water level. 

5.3.4 Analysis of Aquifer Properties  

The aquifer test data of both production wells were analyzed by IWM customized software 

using different methods, namely: Jacob’s method, Walton’s method, Chow’s method and 

Theis’s recovery method. Storage coefficient (S), Transmissivity (T), Hydraulic resistance (C), 

Leakage factor (L) and Permeability estimated from the analysis are given in Table 5.6.  

Table 5.6: Summaries of aquifer properties from different methods 
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DPHE PTW (GA1553001) 

Theis 
Recovery 

Main 
Well 

1238 -- -- -- 0.000175514 1282 23 

Jacob Obs#1 1320 0.00001553 -- -- 

Theis 
Recovery 

Obs#1 1211 -- -- -- 

Jacob Obs#2 1306 0.00021269 -- -- 

Walton Obs#2 1312 0.0001618 1951.22 1600 

Chow’s Obs#2 1313 0.00020508 -- -- 

Theis 
Recovery 

Obs#2 1218 -- -- -- 

Jacob Obs#3 1381 0.00028247 -- -- 

Theis 
Recovery 

Obs#3 1238 -- -- -- 

BEZA PTW (GA1553002) 

Theis 
Recovery 

Main 
Well 

1325 -- -- -- 0.0016872 1333 20 

Jacob Obs#1 1310 0.00461005 -- -- 

Theis 
Recovery 

Obs#1 1324 -- -- -- 

Jacob Obs#2 1357 0.00107563 -- -- 

Theis 
Recovery 

Obs#2 1376 -- -- -- 

Walton Obs#2 1324 0.0012507 1699.4 1500 

Chow’s Obs#2 1365 0.0010649 -- -- 

Jacob Obs#3 1375 0.00043717 -- -- 

Theis 
Recovery 

Obs#3 1290 -- -- -- 

Jacob Obs#5 1352 0.00168475 -- -- 

Theis 
Recovery 

Obs#5 1269 -- -- -- 
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5.3.4.1 Aquifer Properties  

At DPHE PTW, average transmissivity is found to be around 1282 m2/day and which indicates 

that the aquifer is suitable for groundwater development. The average storage coefficient is 

found to be around 0.000175514, which indicate that the aquifer is confined in nature. 

At BEZA PTW, average transmissivity is found to be around 1333 m2/day and which indicates 

that the aquifer is suitable for groundwater development. The average storage coefficient is 

found to be around 0.0016872 which indicates that the aquifer is semi confined in nature. 

5.3.4.2 Area of Influence 

The area of influence of pumping has been determined as observed in the well nos. 1, 2 and 

3. The observed area of influence at DPHE well and near CP More well is approximately 285 m 

(935 ft) (Figure 5.28) and 405 m (1328 ft) surrounding the pump (Figure 5.29) respectively. 

 

Figure 5.28: Area of influence due to pumping at DPHE PTW 

 

Figure 5.29: Area of influence due to pumping at BEZA PTW 
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5.3.5 Water Quality Survey 

5.3.5.1 Exploratory Wells Water Quality Test 

Groundwater sampling of eleven existing exploratory wells and two DPHE exploratory wells 

(Figure 5.30) both In-situ test and laboratory analysis were carried out to monitor water 

quality. 

 

Figure 5.30: Location of existing groundwater quality monitoring wells 

In situ Test Result Analysis  

In situ water quality test was carried out during filed visit and the test results are given in 

Table 5.7. The following observations are found: 

 Electrical conductivity (EC) at TTW-02, Line well - 2, TTW-08, TTW-09 and TTW-DPHE-
01 wells show higher values than the allowable limit of Bangladesh standard.  

 Total dissolve solids (TDS) at Line well - 2, TTW-08, TTW-09 and TTW-DPHE-01 wells 
show higher values than the allowable limit of Bangladesh standard.  

 Concentration of Iron (Fe) was found higher than Bangladesh standard in all the wells 
except TTW-04 and TTW-10.  

 Arsenic is found within allowable limit of Bangladesh standard except Line well-2.  

 Manganese is found within allowable limit of Bangladesh standard except TTW-08 and 
Line well-2.  

 Temperature and pH are found within allowable limit of Bangladesh standard. 
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Table 5.7: In-situ test results of different wells 

 

Laboratory Test Result Analysis 

Great variation in water quality has been is observed in the analysis of periodic sampling 

(Table 5.8) collected from same depth, except well-2 (from the first sampling to the second 

one). 

Summary comments on the water quality analysis: 

Arsenic concentration:  

 Concentration of arsenic of all the exploratory wells is within allowable limit of 

Bangladesh except Line Well-2 which is 0.17mg/l.  

 In the 1st cycle (on June 2018) of sampling the concentrations are between 0.001 mg/l to 

0.003 mg/l. 

 In the 2nd cycle (on June 2019) the concentration varies between 0.004 mg/l to 0.018 

mg/l. 

Iron concentration:  

Iron concentration data of 1st cycle of 8 (eight out of ten) exploratory wells were found within 

Bangladesh drinking water standard which ranges from 0.1mg/l to 0.85 mg/l except test wells 

TTW-07 and TTW-08. 

Iron concentration data of 6 exploratory well in the 2nd cycle shows much higher 

concentration than the previous year, ranging between 2 mg/l to 19.60 mg/l. Iron 

concentration of TTW-08 was 8.4 mg/l in the previous year and present concentration is 

19.60 mg/l). In case of TTW-01 Iron concentration was 0.85 mg/l but present year shows 9.00 

mg/l. Other 4 exploratory wells (TTW-02, TTW-03, TTW-09 and TTW-10) show similar 

difference. The concentration of iron in 2 DPHE wells (TTW-DPHE-01 and TTW-DPHE-03) also 

show similar differences. 

Manganese concentration:  

Manganese concentration varied between 0.007 mg/l to 0.187 mg/l of 1st cycle (10 wells 

concentration are within Bangladesh drinking water standard) in 12 wells. The concentration 
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in 10 wells (other three wells have no data) varied between 0.024 mg/l to 0.450 mg/l of 2nd 

cycle (4 wells concentration are within Bangladesh standard). 

Chloride concentration:  

Concentration of chloride were found within Bangladesh standard in all 12 wells (1 well no 

data) of 1st cycle. But 2nd cycle data shows that in TTW-08 and Line well-2 chloride 

concentration are higher than Bangladesh standard (other 8 wells are within Bangladesh 

drinking water standard). 

Sodium concentration:  

Concentration of sodium in 3 wells were higher than Bangladesh standard out of 10 wells in 

2018, but only 1 well (TTW-10) contains allowable limit of sodium concentration in 2019. 

Since quality varies with time monitoring of groundwater quality need to be continued. 

These variations might be due to accumulation of iron for about 1 year in unused wells.  

Table 5.8: Periodic water quality laboratory analysis of different wells 

 

5.3.5.2 Time Series Water Quality Test 

5 (Five) groundwater samples were collected from both the pumping wells of DPHE 

constructed PTW and newly constructed PTW while aquifer tests were running, for time 

series analysis at site and in the laboratory.  

In situ Time Series Water Quality Analysis 

In situ quality test was done by using field kits after 1 hr, 5 hr, 24hr, 48hr and 72hr (before 

just end of the test) during aquifer test for both the production wells as shown in Table 5.8. 

Main objective of sampling and quality test is to detect the change of water quality with time. 

Time series quality test reflects changing water quality as water is drawn from distance by the 

pump.  
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Table 5.9: In-situ water quality test results during long term aquifer test  

Well ID Date Time 
Parameter 

Fe 
(mg/l) 

Mn 
(mg/l) 

As 
(mg/l) 

pH 
Temp. 

(⁰C) 
EC 

(µS/cm) 
TDS 

(mg/l) 

Analytical method Field Kits Multi-parameter 

Bangladesh Standard 0.3-1.0 0.1 0.05 6.5-8.5 20-30 600-1000 1000 

DPHE 
Constructed 

PTW 

11.05.2019 1 hr 3.5 Nil Nil 7.06 30.9 2360 1031 

11.05.2019 5 hr 3.5 Nil Nil 7.66 30.4 2260 987 

12.05.2019 24 hr 3.5 Nil Nil 6.88 30.8 2330 1058 

13.05.2019 48 hr 3.5 Nil Nil 7.01 30.2 2310 1022 

14.05.2019 72 hr 3.5 Nil Nil 7.01 30.5 2240 1014 

 

Newly 
Constructed 

PTW 

22.05.2019 1 hr 0.5 Nil Nil 8.09 30.4 740 313 

22.05.2019 5 hr 0.5 Nil Nil 8.3 30.6 741 314 

23.05.2019 24 hr 0.5 Nil Nil 7.73 29.8 737 314 

24.05.2019 48 hr 0.5 Nil Nil 7.84 29.3 735 311 

25.05.2019 72 hr 0.5 Nil Nil 8.19 27.3 683 318 

 

The following observations were made from the test results are: 

 Iron concentration remained constant for 72 hours during running in both the wells. 

The iron concentrations were found 3.5 mg/l and 0.5 mg/l in DPHE constructed well 

and CP More well respectively.  

 Manganese and Arsenic concentration were not found during pumping in both wells.  

 Measured pH varied between 6.88 to 7.66 and 7.73 to 8.3 from 1st hr to 72th hr in 

DPHE constructed well and in CP More well respectively.  

 Temperature were found almost constant during the 72 hours running period in both 

the wells. 

 EC value was found higher and ranges from 2240 µs/cm to 2360 µs/cm and 683 µs/cm 

to 741 µs/cm in DPHE constructed well and the well near CP More respectively.  

 TDS is slightly higher than Bangladesh standard found in DPHE well but within the 

standard range standard in CP More well. 

From the water quality data and above observation, it can be inferred that these two aquifers 

in the vicinity of CP More and DPHE PTWs are not connected. 

Time Series Water Quality Test at Laboratory 

The major constituents (Na+, Cl- and HCO3-), minor constituents (Fe) and some trace 

elements (As and Mn) of collected water samples of DPHE constructed well and CP More well 

were tested in the laboratory by the standard methods. The results of the chemical analysis 

are interpreted to delineate spatial and vertical trends (Table 5.10).  
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Table 5.10: Time series groundwater quality laboratory analysis result 

Well ID Date Time 

Parameter 

HCO₃ 
(mg/l) 

Na 
(mg/l) 

Cl 
(mg/l) 

Fe 
(mg/l) 

As 
(mg/l) 

Mn 
(mg/l) 

Bangladesh Standard (ECR'97) − 200 150-600 0.3-1.0 0.05 0.1 

WHO Guideline Values, 2004 − 200 250 0.3 0.01 0.4 

DPHE 
Constructed 

PTW 

11.05.2019  1 hr 270.80 277 530 0.16 0.017 0.091 

14.05.2020 72 hr 398.40 163 490 0.60 0.011 0.081 

  

Newly 
Constructed 

PTW 

22.05.2019 1 hr 391.00 245 9 0.14 0.007 0.024 

25.05.2020 72 hr 378.60 258.30 10 0.15 0.007 0.010 

 

Detail water quality analysis and interpretations are given below: 

 It is observed that Bi-carbonate, Chloride, Iron, Arsenic and Manganese concentration 

in both the wells are within the allowable limit of Bangladesh except for sodium.  

 Though field kit test (Table 5.9) shows Fe concentration as 3.5 mg/l in DPHE well, 

Laboratory test shows much lower concentration of 0.16 mg/l to 0.60 mg/l.  

5.4  Groundwater Resource Assessment 

Based on the available data groundwater resource volume of deep aquifer can be calculated 

by using Depth- Storage model. For Mirsharai area target rated drawdown is taken as 10m for 

estimating the available water resource. Using maximum lowered limit (10m) of groundwater 

level, depth-storage model is determined as shown in Figure 5.31. 

 

Figure 5.31: Depth-storage relationship of the study area 

Storage of the aquifer system depends on the combined effect of available groundwater 

column and specific yield values of the aquifer material. Depth-storage relationship of the 

study area has been determined by using a customized computer program. Similar program 
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has also been used by WARPO for groundwater resource assessment and in the National 

Water Management Plan (NWMP). 

Instead of groundwater table flactuation data of this area, rated drawdown value has been 

used. From the depth-storage curve, available groundwater volume from the storage of the 

aquifer has been computed considering 10m drawdown and 98.4 sq. km area using the 

following relationship. 

Method1: 

Total water resource=Extractable water depthX Area 

Total storage water depth according to the depth-storage model is 880mm but                                                    

extractable water depth is 768 mm. Considering 98.4 sq. km area of drainable area, the 

drainable storage volume is around 75 Mm3 per year or 205 MLD. If the capacity of each 

pump is 1 cusec (28.414litre/sec) and the pumping period is 20 hours per day then total 100 

nos. PTW can be installed in the BSMSN project area. 

Method2: 

Groundwater resource estimate is also compared with quantification based on specific yield 

of the soil material and rated drawdown. Considering lowering of groundwater level up to 

10m depth drainable storage volume stands at 0.222 Mm3 per day or 222 MLD (Table 5.11). If 

the capacity of each pump is 1 cusec (28.414 litre/sec) and the pumping period is 20 hours 

per day then total 109 nos. PTW can be installed in the BSMSN project area. 

Table 5.11: Resource estimation considering rated drawdown 10.0 m and 28.414 litre/sec 

discharge at 20 hrs daily 

Zone 
Average 

Sp. 
Yield 

Area of 
Zone (km2) 

Total 
storage 

Mm3 

Considering 
Aquifer 

Retention 
(Available) 

Mm3 

Total 
storage 

Mm3/day 

Total 
storage 

MLD 

Number 
of the 
well 

A 0.103 29.3 30.2 24.1 0.066 66 32 

B 0.103 27.7 28.5 22.8 0.063 63 31 

C 0.103 22.9 23.6 18.8 0.052 52 25 

D 0.103 18.5 19.0 15.2 0.042 42 20 

Total  98.3 101.2 81.0 0.222 222 109 

Based on the above observation safe yield abstraction of 205 MLD water by installing 100 

nos. PTW with capacity 1 cusec is recommended for the project area. 

5.5 Concluding observations 

After processing and evaluation of primary and secondary data including extensive field 

investigation, lithological characterization and necessary analyses following observation are 

furnished below; 

 Salinity exist in shallow aquifer in most part of the project area. Therefore shallow 

aquifer (0-70m) need to be avoided for large quantity water supply.  
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 Average thickness of deeper aquifer varies between 120m to 205m;  

 Water quality data of the existing wells were tested and found to differ in two cycle 

sampling and laboratory testing. This may be further verified. 

 Time series water quality analysis during aquifer test for of 60, 300, 1440, 2880- and 

4320-minutes elapsed time shows acceptable limit for potable water.  

 Aquifer near CP More and DPHE PTW are not connected and therefore water from 

lower, upper or nearby aquifer is negligiable. 

 Deep aquifer yield good quantity of water. 

 Aquifer may be classified as semi confined to confined in nature.  

 The discharges of the production well should not be more than 28.3 litre/sec (1 

cusec). 

 The area of influence is considered to be about 300m and distance from one well to 

another should not be less than 500 m. 

 The aquifer is not suitable for large scale development due to possibility of saline 

water intrusion. 

 Total volume of groundwater resource is estimated to be around 205 MLD based on 

10m drawdown in the aquifer.  

 Maximum 100 wells can be installed for 20 hours operation/ day, considering 1 cusec 

(28.3 litre/sec) capacity of each production well.  
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6 Desalination of sea water      

6.1 Ocean current circulation pattern of Bay of Bengal 

Semidiurnal fluctuations with two nearly equal high and low tides each day is observed in the 

Bay of Bengal. The upper layer circulation of the Bay of Bengal is subject to strong seasonal 

variability (Figure 6.1). During the early northeast monsoon in November the large-scale flow 

pattern in the bay is cyclonic (clockwise circulation), and the western boundary current, the 

East Indian Coastal Current (EICC), flows southward from the Bengal Shelf north of 20øN to 

the east coast of Sri Lanka. In February the EICC reverses and flows northward along the 

Indian coast, reaching its maximum strength during the early southwest monsoon in 

April/May [Shetye et al., 1993]. In the interior of the Bay of Bengal the large-scale flow is 

anticyclonic (clockwise circulation) during this time. This variability is associated with the 

Indian monsoon: dry northeasterly winds coupled with cooling and evaporation in winter and 

southwesterly winds coupled with heating, precipitation, and an increased freshwater runoff 

into the northern bay in summer.  

 

Figure 6.1: Typical large-scale ocean current circulation pattern in the Bay of Bengal in dry 
and wet season (Deutsches hydrographic Institute (1960)) 

6.2 Tide Fluctuation 

To estimate the tidal range of the sea, two stations: one in the mouth of Feni River and 

another at Saidpur has been selected in the Sandwip channel. One pressure cell as well as 

staff gauges were installed at each location to observe the water level where applicable 

starting from 2nd week of February 2018. Manual gauge readings were taken by gauge 

readers at 30-minute interval during daytime only (where possible). Automatic data were 

recorded at 10-minute interval by pressure cell (continuously). The gauges have been 

connected from a Temporary Bench Mark (TBM) kept nearby, which was connected with the 

SoB Benchmark. A dedicated team was involved in monitoring tide gauge and downloading 

sensor data time to time. The water level data, collected upto May 2018 for Feni River mouth 

and July 2018 for Saidpur are presented in Figure 6.2 and Figure 6.3. It is observed that the 

water level fluctuated between -2.6 to 3.2 mPWD at Feni River mouth and -3 to 3.75 mPWD 
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at Saidpur in the Sandwip channel during February to May. The distance between these two 

stations is 25 km and water level difference is almost 0.5m. 

 

Figure 6.2: Water Level on the Sandwip channel at Feni river mouth 

 

Figure 6.3: Water Level on the Sandwip channel at Saidpur 

6.3 Water Quality of Sea Water 

Chittagong Port in about 67km from the project area. Moreover, there are many ship 

breaking yard on the bank of Bay of Bengal near the project site. These cause marine 

pollution which propagate near the economic zone area with tidal wave. To assess the marine 

pollution marine and design of desalination plant water sample has been collected from the 

Sandwip channel at the downstream of Shaherkhali khal. The water sample has been tested 

in BUET laboratory and are shown in Table 6.1.  

 



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

105    Final Report 

Table 6.1: Water quality data of Sandwip channel 

Sl. 

No. 
Parameter Unit Concentration 

1 pH -- 7.90 

2 Turbidity NTU 616 

3 Electrical Conductivity (EC) mS/cm 30.5 

4 Dissolved Oxygen (DO) mg/l 7.81 

5 Temperature C 23.8 

6 Total Dissolved Solids (TDS) mg/l 22,068 

7 Total Suspended Solids mg/l 712 

8 Total Hardness  mg/l as CaCO3 3,750 

9 Chloride  mg/l 12,275 

10 Manganese (Mn) mg/l 0.12 

11 Total Iron (Fe) mg/l 6.80 

12 Nitrate (NO3-N) mg/l 0.40 

13 Orthophosphate (PO4
3-) mg/l 0.17 

14 Sulfate (SO4
2-) mg/l 1,340 

15 Biochemical Oxygen Demand 

(BOD5) 

mg/l 0.4 

16 Chemical Oxygen Demand (COD) mg/l 60 

17 Magnesium(Mg) mg/l 789.6 

18 Lead (Pb) mg/l < 0.001 

19 Cadmium (Cd) mg/l < 0.001 

20 Chromium (Cr) mg/l < 0.001 

21 Zinc (Zn) mg/l 0.071 

22 Mercury (Hg) mg/l < 0.001 

23 Copper (Cu) mg/l 0.006 

24 Nickel (Ni) mg/l 0.011 

25 Total Organic Carbon (TOC) mg/l 1.69 
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7 Rainwater harvesting 

7.1 Introduction 

Through Rainwater harvesting rainwater can be collected and store for reuse on-site, rather 

than allowing it to run off. The rainwater collected can be used for gardens, livestock, 

irrigation, domestic use with proper treatment, indoor heating for houses, etc. The harvested 

water can also be used as drinking water, longer-term storage, and for other purposes such as 

groundwater recharge.  

7.2 Scope of Rainwater Harvesting in BSMSN Area 

It reveals that the annual rainfall of the BSMAN area is 3300mm (sec. 1.4.1). About 90% of the 

total rainfall occur from May to October.  

For rainwater harvesting the roof top area should be >300m2. The Master plan has been 

conducted for an area of 27,014 acre excluding the area of water bodies and open space 

(Table3.3). Among this total area 20% area may be used as transportation and 

communication. It is found that the areas used for transportation and communication, 

transitional, port/logistic, open spaces and water body cannot be used for rainwater 

harvesting. The remaining area can be used for rainwater harvesting. If 50% of the plot area 

considered to be used for industrial and other purpose and 60% of rainfall from May to 

October can be collected, then annually about 65,487 million liters volume rainwater will be 

available for storage which is equivalent to about 179 MLD.  

7.3 Rainwater Harvesting for Artificial Recharge 

Excess groundwater abstraction could lead to either mining or saltwater intrusion. This threat 

is being cropped up because of imbalance in groundwater recharge and abstraction volume. 

Such situation should be avoided either by decreasing the dependency on groundwater or 

gradually increasing the groundwater storage volume by artificial recharge to aquifer 

systems. Recommendation has been given for measures for rainwater harvesting from the 

roof tops and open grounds for industrial, household and commercial use and for artificial 

recharge of groundwater aquifer.  

Quantity of recharge depends on  

 Characteristics of soils; 

 Quantity of rainfall; and  

 Rainfall pattern.  

The available techniques are easy, cost-effective and sustainable in long term. Several 

methods of groundwater recharge like spreading, pit, induced recharge and injection well 

method are practiced. The area requirement of spreading method sometimes limits its use. 

Among them the recharge / injection wells can directly feed depleted aquifers with 

freshwater by gravity from ground surface. The recharge through this technique is fast and 

has no transit losses or evaporation losses. It may ensure timely disposal of the excess runoff 
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as well as replenishment of aquifer. Except recharge pit, other structure of recharge well 

remains underground; there is hardly any loss of land. Figure 7.1 shows the schematic 

diagram of artificial recharge of ground water aquifer. 

 

Figure 7.1: Schematic diagram showing artificial recharge of aquifer 

 

7.3.1 Pipe Network for Rainwater Collection and Transmission to Recharge Pit 

Pipe network should be designed for rainwater collection and transmission to recharge pit 

considering the existing outlet of drop pipe and rainwater. Drop pipe of enough diameter 

needs to be fixed at every existing rainwater draining outlet. The drop pipes should again be 

fixed with circular pipe for collection of rainwater, which should again be connected with 

a150mm delivery pipe for transmitting the water to recharge pit. Two gate valves need to be 

fixed with delivery pipe for flashing out initial rainwater to avoid harmful materials and to 

discharge water to recharge pit. Sufficient shower pipes are to be fixed with the delivery pipe 

horizontally above the recharge pit for uniform distribution of collected water on the filter 

bed of recharge pit. Figure 7.2 shows a typical roof top rainwater collection network. 
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Figure 7.2: A typical Roof Top and collection network for Rainwater Harvesting 

7.4 Rainwater Harvesting for Household Usage 

Rainwater harvesting can be used to help solve water crisis problems. To this day, the 

concept of rainwater harvesting for house has been accepted all over the world. Rainwater 

from the house roof is collected through rainwater gutters and stored in a storage tank and 

can be used later after. Schematic diagram of arrangement system within tank is given in 

Figure 7.3. For using the water for drinking or industrial purpose need some treatment as 

follows.  
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Figure 7.3: Schematic diagram of arrangement system within tank 
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8 Feni Surface Water treatment plant 

8.1 Option Studies of Intake Selection for Surface Water Treatment 

Plant Considering Source of Feni River 

8.1.1 General 

Specific components that make up an intake facility are influenced by many factors, such as 

characteristics of the water source, required percent of intake flow and future capacity, water 

level variations, water quality variations, climate conditions, existing and potential pollution 

sources, protection of aquatic life, navigations hazards, foundation conditions, sediments at 

intake, bed loads and economic considerations. 

More specifically the intake facility design should achieve the following: 

 Reliability during water level fluctuations or channel instability 

 Flexibility for water withdrawal at various depths, where desirable and feasible 

 Protection against hydraulic surges, floods, floating debris, boats etc. 

 Location to provide the best available water quality 

 Prevention of entry of objects that might damage pumps and treatment facilities 

 Adequate space for routine equipment cleaning and maintenance 

 Facilities for removing pumps and other equipment for inspection and maintenance 

 Minimize damage to aquatic life 

 Adequate space and facilities for receiving, storing, containing, and feeding treatment 

chemicals 

8.1.2 Intake Capacity 

Unlike water system components such as pumping stations, basins, and filters, intake facilities 

are difficult to expand to provide additional future capacity. For this reason, long range water 

supply needs must be carefully considered during the intake design. In general, intake 

requirements to meet water needs for 40 to 50 years in the future (minimum) are considered. 

By considering future demand, the initial investment may be on the higher side but 

incremental costs of provisions for future demand will be relatively lower. 

8.1.3 Intake Reliability 

Reliability is essential, especially for waterworks that depend on a single intake facility. For 

larger systems, construction of duplicate intake structures is becoming increasingly common, 

including multiple inlet ports and screens, screen chambers, pump wet wells, and discharge 

conduits. 

8.1.4 Considerations for Selecting Intake Location 

Selecting the appropriate location for an intake facility must include an evaluation of the 

major factors presented in Table 8.1. 

Table 8.1: Considerations for Selecting Intake Location 

Criteria for Selecting 
Intake Location 

Remarks 

Water quality 
Local surface drainage 

Wastewater discharge points 
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Criteria for Selecting 
Intake Location 

Remarks 

Stream flow condition 

Stream currents 

Wind and wave impacts 

Water depth and variation 

Water depth 
Water depth and variation as available 

Adequate submergence over inlet ports 

Silt, Sand Location to minimize impact 

Navigation Uninterrupted navigation 

Trash and debris Provisions for unrestricted flow 

W.S. elevation Maximum practical hydraulic gradient 

Treatment facility Minimum conduit length to treatment plant 

Cost Lowest cost consistent with long-term performance and O&M 

8.1.4.1 Water Quality Considerations 

The preferred location for a shore intake system should provide deep water, a stable channel, 

and water of consistently high quality. The intake location should be upstream of local 

sources of pollution. Variation in water quality can result from the entrance of pollution from 

tributary streams upstream of the proposed intake location, and water quality near one bank 

may be inferior to the quality encountered midstream or at the opposite shore. 

8.1.4.2 Flood Considerations 

It is essential to protect intake structures against flood damage. The intake structure must be 

designed to prevent flotation and overturning. Flood stages at the intake site should be 

considered carefully, and a substantial margin of safety should be provided. 

8.1.4.3 Sediment Considerations 

Many rivers carry heavy loads of suspended silt at times, and heavy material move along the 

beds. The intake must be designed so that it will not be clogged by silt and bed load deposits. 

Silt, sand, and gravel can also cause abrasion of pumps and other mechanical equipment, 

leading to severe problems at the treatment plant. To prevent such deposits, adequate safety 

provision should be in place of intake. 

8.1.5 Intake Options 

Several reconnaissance visits were conducted to ascertain location of the intake sites at 

different points of the Feni River and its distributaries. The following locations were selected 

after visiting the entire area to gain first-hand information and knowledge:  

 about 2.5 km upstream of the Feni regulator near confluence of the Azampur Khal and 

the Feni River at Azampur 

 about 1 km downstream from Julanbazar near confluence of Omar Ali Khal and 

Ichakhali Khal  

During the visits in-depth discussions were also held with the community to gather 

information viz. riverbank erosion, cost of land, and economic condition of the people and 

effects of land acquisition for proposed intake point. During discussion number of issues were 
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identified that has been incorporated for successful outcomes of this project. Detailed 

overview of the possible intake locations are given in the following sections. The location of 

the possible intakes are shown in Figure 8.1. 

 

Figure 8.1: Proposed Intake and WTP Map Considering Source Feni River 

Option 1: About 2.5 km upstream of the Feni regulator at Muhurighat near confluence of 
the Azampur Khal and the Feni River at Azampur Mouza of Osmanpur Union 
During field visit, this proposed intake location was found reliable but it needs to be finalized 

after water quality analysis and morphological study. Discussions were made with the local 

people regarding availability of water throughout the year. The intake is located about 22.5 

km away from the Mirsharai. If this location would find suitable through morphological study 

there may need primary sedimentation basin near the intake pumping station because of the 

higher sediment load in the Feni River. After that raw water will need to be transported by a 

closed conduit to the economic zone for treatment. 

Option 2: about 1 km downstream from Julanbazar near confluence of Omar Ali Khal and 
Ichakhali Khal  

The intake site is located at about 1 km downstream from Julanbazar near the confluence of 

Ichakhali and Omar Ali Khal. It is learnt from the discussion with the local people and the 

officials of Bangladesh Water Development Board that during wet season there is availability 

of water in the khal. Additional water comes from Mohamaya Lake to Omar Ali Khal. It may 

be noted here that if this intake point is selected, requirement of raw water for the 

Treatment Plant can be assured during wet season. Major disadvantage of this location is that 

low flow of water in the Khal can cause scar of water in dry season. 



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

113    Final Report 

8.1.5.1 Comparison among Different Intake Options 

Comparison among the two above mentioned alternatives are summarized in Table 8.2. 

Table 8.2: Comparison of Different Intake Options 

Intake Locations Advantages Disadvantages 

Option 1  

About 2.5 km upstream of 

the Feni regulator at 

Muhurighat near 

confluence of the 

Azampur Khal and the 

Feni River 

 Riverbank is stable 

 Water quality is acceptable 

for treatment by 

conventional method 

 Available land for intake and 

treatment plant 

 Less social disturbance 

 Far from the project 

area 

 may need primary 

sedimentation basin 

near the intake 

pumping station 

 

Option 2 

about 1 km downstream 

from Julanbazar near 

confluence of Omar Ali 

Khal and Ichakhali Khal 

 Water quality is acceptable 

for treatment by 

conventional method 

 Available land for intake and 

treatment plant 

 Nearer to the economic zone, 

thus requirement of 

transmission pipe is less 

 Scar of water during 

dry season 

 Possibility of poor 

water quality in future 

as located downstream  

 Higher social 

disturbance 

 

8.1.5.2 Optimum Intake Location for Surface Water Treatment Plant 

Considering the above mentioned facts and based on morphological study Option 1 has been 

found to be the best. Though morphological study and historical analysis provides evidence 

about the suitability of this location but considering the unpredictable nature of the Feni 

River dredging arrangement will need to be kept assuring water availability at intake 

throughout the design life of the treatment plant. 

8.1.6 Hydro-Morphological Analysis for Intake Option  

One of the criteria for assessment of suitability of the proposed intake location is to check the 

stability of the left bank of the Feni River and availability of adequate water near the location. 

In this present case, both the criteria have been investigated from hydro-morphological 

viewpoint supported by analysis of secondary data. The following sections present the 

analysis of hydro-morphological data of the Feni River focusing the reach, which covers the 

proposed intake location and information. The selected intake location is about 2.5 km 

upstream of the Feni regulator near confluence of the Azampur Khal and the Feni River at 

Azampur. 

Investigation of the hydro-morphology of the Feni River includes assessment of the bank and 

bed erosion situation, channel changing pattern, flow, water depth in the vicinity of the 

intake location.  
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8.1.6.1 Discharge Data Analysis 

Historical observed discharge data up to December 2017 of Feni River at Kaliachari and 

Muhuri River at Parshuram has been collected from Bangladesh Water Development Board 

(BWDB). Records of maximum flow has been used for frequency analysis; results being used 

as boundary condition in the model to assess sustainability of the Intake structure. Minimum 

flow records has been used to assess the water availability at the intake locations. The intake 

location receives the combined flow of three river Feni, Muhuri and Selonia. The observed 

minimum combined discharge of Feni and Muhuri River is is around 8.84 m3/s during April 

2014, which is adequate to meet requirement of flow of 100 MLD at treatment plant. 

To find a suitable surface water source from which water can extract throughout the year, 

IWM carried out discharge measurement per fourth nightly (Table 8.3) in wet and dry season.  

Table 8.3: Primary discharge data of Feni, Muhuri and Selonia River 

Date 

Discharge (m3/s) 

Feni  River at 
Suvopur Bridge 

Muhuri River at 
Daulatpur 

Selonia River at 
Highway Bazar (Lemua 

Bridge) 
Total 

30/03/2018 9:00 23.93 5.733 8.026 37.69 

24/04/2018 12:28 62.052 3.467 12.297 77.82 

20/05/2018 4:48 166.145 115.780 25.960 307.89 

26/05/2018 10:00 46.55 29.640 13.037 89.23 

09/06/2018 9:33 25.444 20.317 14.216 59.98 

27/06/2018 10:07 172.985 134.841 24.271 332.10 

10/07/2018 11:04 75.313 35.290 18.990 129.59 

30/07/2018 11:15 146.5345 188.546 3.987 339.07 

12/08/2018 10:00 71.63 41.941 17.318 130.89 

31/08/2018 11:04 88.11 49.826 18.736 156.67 

12/09/2018 11:15 85.22 49.834 18.424 153.48 

28/09/2018 9:10 47.34 19.352 18.144 84.84 

14/10/2018 9:20 73.72 32.672 24.092 130.48 

30/10/2018 9:20 103.11 25.228 27.787 156.12 

It is observed from the above primary data that the rivers Feni, Muhuri and Selonia have the 

required flow available during both dry and wet season. The minimum combined flow of 

these three rivers has been observed to be around 37.69 m3/s. Therefore based on observed 

data the combined flow of Fein River can be reliable source of water. 

8.1.6.2 Water Level Data Analysis 

Historical water level data from 1987 to 2017 of Feni River at Sonapur (Feni regulator site) has 

been collected from BWDB. The proposed intake location is located at 4.5 km downstream 

from this water level measurement site. Figure 8.2 shows the water level hydrograph of Feni 

River at regulator site during 2013-14. Maximum, minimum and average values of these 

water levels have been plotted in Figure 8.3 and Figure 8.4 to have an idea about the 

characteristics of flood intensity and dry flow of the Feni River. It is observed from the 

historical data that the lowest and highest water level is 0.6mPWD and 5.48mPWD in 
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monsoon respectively. In dry season the lowest and highest water level is 1.1mPWD and 

5.03mPWD respectively.  

 

Figure 8.2: Water Level Hydrograph of Feni River at Sonapur 

 

Figure 8.3: Maximum, average and minimum water level at Sonapur in monsson 
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Figure 8.4: Maximum, average and minimum water level at Sonapur in dry season 

8.1.6.3 Planform analysis 

Satellite images from 2010 to 2019, covering the study area, have been collected from USGS 

website with resolution of 30 m. After superimposition of the digitized bank lines, it has been 

observed that left bank of Feni River is quite stable (Figure 8.5), though some bank line 

shifting is observed in the right side. The left bank is stable upto 3.3km from the Feni 

regulator.  The observed left bank shifting is only 2m. 
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Figure 8.5: Bank lines of the Feni River during 2010-2019 near the proposed intake  
(Zoomed view in bottom) 

8.1.6.4 Bed Level 

In order to see the bed scour and thalweg shifting, observed cross-sections for two different 

years 2006 and 2012 near the three intake location have been examined and plotted in Figure 

8.6. The cross-section data of 2006 and 2012 have been collected from IWM database.  Figure 

8.6 shows no significant thalweg shifting from 2006 to 2012. The proposed intake is located at 

the left bank of the river which shows very little changes. But bed erosion of about 1.5m has 

been found at the right side of the cross section. Bed erosion ensures water depth availability 

and from such consideration, the intake location shows potential.  

 

Figure 8.6: Cross-sections near proposed intake locations for different years 
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8.1.7 Selection of type of Intake  

The intake structure is located and designed in a way to help in safely withdrawing raw water 

from the Feni River and to transfer it through a transmission system until it reaches 

treatment facilities. The water is expected to flow by gravity from the intake to the pump 

sumps from where it will be pumped to the water treatment plant. The raw water intake 

structure and various facilities to be provided have been designed to cater for the 100-year 

flood and dry season low levels in the Feni River watercourse. 

The type of intakes to be envisaged for such flow to be withdrawn from a quite large and 

navigable watercourse shows three possible alternatives: 

 Simple Submerged Intake  

 Intake Tower 

 Side Intake along the riverbank 

The Consultant prefers the type of intake, as per recommendations from hydro-

morphological study and taking into full considerations to the BEZA observations. Brief 

descriptions of the three possible intakes are given in the following. 

8.1.7.1 Simple Submerged Intake  

The simple submerged intake, located at the bottom of the watercourse, would consist of a 

simple concrete block of suitable size that supports the starting end of the withdrawal pipe. 

For safety and for more flexibility in operation, multiple pipes in parallel of identical size is 

envisaged for withdrawing the required flow. Each pipe will be sized to cater for 50% of the 

optimum flow at least. 

The intake opening will be covered by a safety screen mesh to protect humans and to 

prevent entrees of fishes and debris into the conduit. The intake opening will be kept at 

not less than 1.00m below the lowest water level in the watercourse.  

This type of intake is economically acceptable and can be envisaged in a place where it will 

not affect navigation. Nevertheless, it has the disadvantage to keep installations not easily 

accessible for cleaning and repairing all over the year. A typical arrangement of simple 

submerged intake is shown in Figure 8.7. 
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Figure 8.7: Simple Submerged Intake 

8.1.7.2 Tower Intake 

Tower intake (Figure 8.8) is generally used for large flow to be drawn from rivers and 

reservoirs having large change in water level, which is the case of the Feni River. Gate control 

openings or ports are provided at various elevations of the tower which generally consists of 

a reinforced concrete structure built in water. Ports which are always submerged do not 

show clogging problems by debris and any other floating matters as course screens are 

placed in front of the ports.  

 

 

Figure 8.8: Typical Tower Intake 

Two types of tower intake namely wet intake tower and dry intake tower is possible. Wet 

intake tower (Figure 8.9) would consist of a reinforced concrete circular structure filled with 

water up to the water level in the River. They have a concentric concrete shaft inside which 

is connected to the withdrawal pipes. The withdrawal pipes may lie over the bed of the River 

or may be provided in the form of tunnels to be built under the River bed. Openings are 

provided in both the outer and in the inner tower in order to receive the necessary flow. Wall 

gates are usually placed on inner tower openings for flow control. 
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Figure 8.9: Components of Wet Intake Tower 

In Dry intake tower water (Figure 8.10) water is directly drawn into the withdrawal conduit 

through openings or entry ports provided with wall gates.  

 

Figure 8.10: Components of Dry Intake Tower 

The inside of the tower is expected to remain dry if gates are closed while the structure will 

be subjected to additional buoyant forces. Therefore, the reinforced concrete structure to be 

provided is supposed to be thicker and heavier than the structure of the wet intake tower. 

Gates are very useful since water can be withdrawn from any selected level of water in 

the River by opening the port at that level. 
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The intake tower solution is not recommended in watercourses used for navigation as it may 

constitute a threat for ships during limited visibility conditions such as darkness, bad weather 

etc. 

8.1.7.3 Riverbank Intake 

With such solution, a side intake (Figure 8.11) will be provided starting from the Riverbank. 

Flows will be admitted into horizontal intake pipes through protection mesh followed by 

coarse screens before reaching by gravity to settling basins or settling channels. Automatic 

fine screens will also be provided between the channels outlet and pumps sump. 

 

Figure 8.11: Typical Riverbank Intake 

The side intake alternative has the advantage to be quite simple and requires little 

maintenance as compared to the two other preceding ones. However, important protection 

measures against erosion along the Riverbank where it will be installed should be provided. 

Moreover, results of morphologic study should also validate the location of the intake along 

the Riverbank for this kind of intake. Protection measures recommended by the morphology 

study should be adopted. It is worth noting that the intake bottom should always remain 

under the lowest water level and enough water depth should remain above the top of the 

intake in order to secure the flow of the required raw water quantities into the settling basins 

and pumps sump by gravity.  

8.1.7.4 Comparison among Different Intake Types  

A summarized comparison among the three above mentioned alternatives is given in 

Table 8.4. 

Table 8.4: Advantages and Disadvantages of Different Options  

Type of Intake Advantages Disadvantages 

Submerged Intake  Avoids large structure on 

the river/riverbank 

 Less capital investment and 

relatively lower 

 Cleaning arrangements for the 

pipes will be necessary but with 

the provision of higher velocity 

this may be avoided. 
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Type of Intake Advantages Disadvantages 

maintenance cost 

 Also avoids navigation 

problems 

Tower Intake  Less sediment deposition 

 Economy in pipe size 

 Initial capital cost is very high 

 May create navigation problem 

 High operation and maintenance 

cost 

Riverbank Intake  Simple structure 

 Maintenance is relatively 

simple 

 Large structure on Riverbank 

 Possible sedimentation/scouring 

 

8.1.7.5 Optimum Intake Type for BEZA SWTP 

Taking into consideration prevailing conditions in Osmanpur area, the Tower intake solution 

appears to be the most attractive not only in cost but also in control and maintenance. This 

recommendation is also based on the study conducted on analysis of historical satellite 

image consequences at the selected point. 

For Feni River at Sonapur estimated historical lower water level is about 0.6 mPWD and 

highest water level is about 5.48 mPWD. Thus the intake pipes will be laid at -2.2 mPWD (2 

m below the lowest water level).  

Intake pipe edge can be found from the left bank at about 25m. So, from distance and water 

depth view point, Sonapur seems potential location for intake.  

 

Figure 8.12: Cross-section along with intake pipe level 

8.1.8 Uncertainties and Risks near Intake 

The planform analysis for the past years shows that Feni River left bank is quite stable. But 

during major flood or due to strong earthquake the planform may changes.  

As bed deposition-erosion observed at the right bank of the cross section near the intake, 

regular monitoring of bed aggression should be maintained. 



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

123    Final Report 

The past year discharge shows decreasing tread though enough water is available in the Feni 

River and reservoir to ensure withdrawal water for the SWTP. Discharge data shows that the 

most critical month is February. In dry year there is possibility of zero flow in Feni River in 

February. But in that case water can be withdrawn from Feni reservoir without interrupting 

irrigation water demand.  

At present that is no water diversion at upstream of Feni, Muhuri or Selonia river which feed 

water at the intake location. In future if there is any water diversion or major withdrawal, 

water availability may be at risk for the proposed SWTP. In that case Regional Corporation or 

treaty is essential to ensure flow in these rivers. 

The monitoring of river function requires specialization, BEZA may borrow the services of 

BWDB under some long term contract. 

8.2 Outline Design of Intake Structure and Raw Water Transmission 

Main 

8.2.1 Introduction 

It has been observed that water quality of river Feni will be treatable by chemical process of 

treatment.  Based on this assumption and conceptual outline design of the water treatment 

plant and its related works have been prepared. As soon as the process selection is finalized 

the design will be reviewed and modified where necessary. 

This section will address outline design of various components considering the intake location 

at Azampur Mouza of Osmanpur Union along the Feni River. It mainly includes the design of 

intake structure with intake pump station and raw water transmission main until treatment 

facilities. Various solutions/options have been analyzed, and conclusions with 

recommendations have been made as summarized in the Table 8.5. 

Table 8.5: Overview of Technical Alternatives 

Structure Alternative Method Recommendations 

Intake 

Intake at bottom Alternative 

Intake Tower Alternative 

Pumping from the River body Recommended 

Gravity Intake channel Alternative 

Gravity Intake pipes Alternative 

Intake Pump Station 

Pump station at Azampur for 
Mirshari WTP will be of 
rectangular size pump house 
with a provision of high 
tension (HT) electric line, step 
down transformer and standby 
generator 

Recommended 

Raw Water Transmission 
System 

Pipe in Trench Recommended 

Ductile Iron 
Recommended for Raw water 
transmission main 

Steel 
Recommended for canal & road 
crossings 
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Structure Alternative Method Recommendations 

Road Crossings 

Pipe laying by tunnelling under 
the road surface 

Recommended 

Pipe laying by open excavation Alternative 

Discharge Point at Arrival 
To the selected injection points 
of the Misharai WTP 

Recommended 

 

The proposed system includes the following facilities:  

a) The intake is designed for 105 MLD (for 100 MLD of treated water in two phases),  

b) In Phase-1 size of the raw water transmission main would be for 52.5 MLD of water up to 

the WTP. Provision will be kept for raw water transmission main of Phase-2 of similar 

capacity. 

8.2.2 Design Capacity 

Selection of design criteria and flow rates should reflect the longer planning period, 

appropriate for major intake facilities. Hydraulic criteria to be evaluated are summarized in 

Table 8.6. The need of constructing an enlarged intake facility in advance should be carefully 

evaluated, for the likely capacity increase under future need. This would mean installing an 

oversized screen structure or intake channel to facilitate future expansion. Hydraulic analysis 

considered a hydraulic overload condition to provide a safety factor against loss of capacity 

due to channel deterioration over time or for emergency conditions. 

Table 8.6: Hydraulic Criteria for Intake Design 

Flow criteria Capacity Remarks 

Design flow Q Treatment plant capacity 

Minimum flow 0.1Q to 0.2Q System-specific 

Ultimate flow 2.0Q or higher System-specific 

Hydraulic overload 1.25Q to 1.5Q 
To evaluate for all design 
conditions 

The intake should be designed to meet maximum water required for the SWTP (in two 

phases) during its projected service life, and the intake capacity should be available during the 

period of minimum water level. 

The design flow for intake at Azampur is 105 MLD, which include 5% of water loss at the 

treatment plant due to backwashing and removal of sludge. Raw water transmission main in 

Phase-1 has been designed for 52.5 MLD. 

8.2.3 Constituting Elements 

To transmit of surface water flow from the River Feni to water treatment plant located at 

Poshchim Ichakhali is consist of a single transmission system with the following elements: 

 An Intake consists of 3 nos. of pipe, constructed  to collect  the required flow from the 

River to the intake pump station irrespective of the water level in the watercourse; 
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 Pumping facilities to secure the transmission of required flow to the water treatment 

plants site (Figure 8.13 and Figure 8.14); 

 Buried type transmission main through the selected  route and discharge into water 

treatment plant; 

 

Figure 8.13: Process Diagram of Water Intake from River to Water Treatment Plant 

 

 

Figure 8.14: Layout of Intake Pumping Station 

8.2.4 Riverbank Protection Works 

Riverbank protection works in the form of revetment will be required along the stretch of 

300m and 200m at both upstream & downstream of the intake and intake pumping station 

respectively. 

8.2.4.1 Design Data 

The design data of bank revetment for proposed site are given in below: 
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Table 8.7: Design Data for Bank Revetment (At Intake Point) 

Sl. No. Design Parameter Value Remarks 

1 
Design high water level (m 

PWD) 
5.48 

Observed highest water 

level (1986-2017) 

2 
Design lowest water level 

(m PWD) 
0.6 

Standard lowest water 

level (1986-2017) 

3 Design velocity (m/sec) 0.6 
Near bank maximum 

velocity 

4 Existing bank level (m PWD) 4.5 Obtained from survey data 

5 
Present lowest bed level ( m 

PWD) 
-4.0 Near bank observed data 

 

Table 8.8: The Other Parameters Used for Computation of Various Elements of Protection 

Parameters Value 

Mass density of cc block (kg/m3) 2,150 

Mass density of water (kg/m3 ) 1,000 

 

8.2.4.2 Design Considerations 

The following design considerations have been followed for detail design of various structural 

elements of bank protection works: 

 Design return period: The return period for design of bank protection works has been 

used as 100 year.  

 Design discharge and water level: Site specific annual maximum design discharge and 

annual maximum water level have been taken from mathematical model study result.  

 Design maximum velocity: One of the most important design parameter for 

calculating the cover layer material size of bank protection works is depth average 

maximum velocity along the riverbank. The design velocity has been taken from model 

result. 

 Scour depth: Structure induced depth of scour has been calculated using Lacey’s 

formulae. The minimum bed level observed from the survey sections has also been 

taken into consideration in determining the design scour level. 

 Size of cover layer material: The size of cover layer material has been calculated 

considering stability against velocity using widely used formula proposed by Pilarczyk. 

 Size of launching apron: The length and thickness of launching apron have been based 

on design scour depth, apron setting level and concept of T.S.N. Rao as provided in 

BWDB’s Design Manual. The placed apron is considered to be launch at 1:2 slopes. 

 Type of filter material: Geo-textile has been used over sand filter.  
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 Bedding layer: A khoa bedding layer has been provided in between armor layer and 

geo-textile. The main functions of this layer are to prevent damages of geo-textile 

during placement of blocks, to prevent flapping of geo-textile which may cause loss of 

base material and also to prevent damage by ultra-violet light. 

8.2.5 Design of Bank Protection Works 

As per the requirements of Mirsharai WTP, the bank protection works have been considered 

as 300m upper stream and 200m downstream from the location of proposed intake at 

Azampur on the left bank of Feni River, taking the centerline of the channel as the baseline. 

The raw water pipes are designed with a desalting basing and desalting basing water will 

enter into the sump of the intake pump station. The bottom of the sump will be at least 2.0 m 

below the minimum water level of the river. 

8.2.5.1 Slope protection 

The proposed design top level of bank protection is at 7.8 mPWD, and it is 3.0m wide at the 

top. The embankment will be constructed with sandy soil and the soil imported from 

available source. And the design slope of the water facing side and the back side is 1:3 and 1:2 

respectively. The protection structure of the water facing side is specified in sequence as 

follows: sandy soil slope, geotextile row, thick clay layer and brick lattice beam grass turf. The 

compactions of the embankment shall be no less than 92%. 

The geotextile shall be provided with reinforced strips at certain spacing. Polypropylene 

woven fabric and polyester non-woven base fabric is supposed to be used. The upper end of 

geotextile shall be anchored within an anchoring trench and the anchoring trench shall be 

refilled with sand and then compacted. The clay layer could be clay from market or clay on 

site including natural clay, red clay, bentonite, loess or silty clay.  

The lattice beam shall use the local clay brick laid with M7.5 cement mortar, which makes up 

the grid in 1m*1m. There should be 2m wide expansion joint at every 5m which is packed by 

tarred oakum. Settlement joint shall also be provided at places where soil property changes. 

Cross section of grid beam is in 24cm*24cm. The clay brick used here shall be of uniform 

texture and laid flat and stably and in staggering manner, using small stones to fill the gaps. 

The mortar for the masonry work shall be fully stuffed. The grid shall be refilled with planting 

soil and base fertilizer when the masonry work is finished. Grass shall be planted and curing 

shall be provided. 

8.2.5.2 Foot Protection 

The unit gabion is of 0.5(H)×2.0m(W)×2.0m(L), forming an integral gabion by connecting 

each other. And each unit shall be further divided into 4 parts in 0.5m×1m×1m. The steel wire 

is machine braided and is galfan (of 5% aluminum-zinc alloy and rare earth element) 

galvanized, and coated with plastic against corrosion. The gabion is throw-filled in two layers, 

the mesh whole size is of 60*80mm, packed with clay bricks inside. The diameter of the steel 

wire is of 2.0mm-4.0mm, with a tensile strength of no less than 380 MPa. 

The geotextile shall be provided with reinforced strips at every certain spacing. Polypropylene 

woven fabric and polyester non-woven base fabric is supposed to be used. The geotextile 

shall be connected to the geotextile of the upper slope as an integral part. The top is 
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anchored within an anchoring trench of 60cm wide or above and the bottom shall be pinned 

down by the gabion. 

8.2.6 Design of Intake Structure 

General Descriptions 

The proposed piped intake consists of: 

 A concrete intake structure in the river  

 3 pipes with diameter 1000 mm Glass fiber reinforced plastics (GRP) pipes 

transporting the raw water to the settling basin 

 De-settling Basin 

The piped intake avoids a large structure on the bank of the river (as in the case of the 

channel intake). 

Design Considerations 

The capacity of the intake will be 105 MLD with 3 pipes of 800 mm diameter; the velocity in 

the pipes at full capacity (0.61 m3/s) will be 1.2 m/s. It is recommended that this minimum 

velocity is kept in order to avoid settlements in the pipes (sand should settle in the settling 

basin and not in the inlet pipe). The intake pipes can be constructed in seamless MS and 

buried in a trench and protected for outside damage e.g. ships at high water level) by 

concrete or a layer of soil and boulder. 

Coarse screening 

Three large safety screens with 5 cm mesh will be installed adjacent to the 3 inlet sluice gates, 

in order to prevent the intrusion in the system of large items floating or submerged. These 

screens may be checked on a regular basis and hand raked if needed. Bar screens shall be 

fabricated of stainless steel, with guides in stainless steel also. 

Settling tank  

Silt basins will be provided between the inlet pipes and the raw water pumping. They will be 

constituted of two rectangular shape adjacent tanks each connected to one of the three inlets 

Pipes. The tank will have 14m length and 5m width and its total height will be 9.0m. The tank 

bottom will be narrow for the collection of the deposited grits & other solid waste. It will have 

a “V” shape 0.80m deep trap ending with a collection trough where deposited grits and mud 

will be removed by pumping. Whatever will be the water level in the settling tanks, the 

average velocity of the flow should not be exceeding 0.15m/s. 

 The length of the tank, its depth, and the maximum expected average velocity of the raw 

water flow should always allow the retaining of 100 micron size solid particles and larger. 

Such a measure should be considered as enough to retain most of sand particles in the 

diverted raw water. Only colloid matters would remain, which are not considered as a threat 

for the transmission line operation at expected velocities. The settling tank bottom will be at -

2.10 mPWD and the top of its wall will be fixed at +7.80 mPWD, i.e. at half meter vertical 
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distance from the finished ground level. A protection guardrail should be installed on the 

settling tanks wall. 

 Two compartments will be provided at the tanks inlet and outlet. They will constitute a 

control box equipped with sluice gates. The outlet box will be constituted of two cells 

interconnected laterally with an opening equipped by a sluice gate which will remain closed 

during normal operation. 

Mechanical screening 

A battery of six fine screens in parallel will separate each de-settling basin from the pumping 

station sump, so a total of 6 rake automatic bar screens will be installed to provide fine 

screening (10 mm) of the inlet raw water. These self-cleansing screens shall be located at the 

inlet of each of the 6 pump sumps. At design flow these screens shall be capable of removing 

any additional detritus from the flow. The head loss through the screens should not, under 

normal operating conditions, lead to risk of cavitation in the pumps. 

8.2.7 Design of Intake Pumping Station 

8.2.7.1 General 

The pump station consists of the following facilities: 

 Pumps 

 Control panels 

 Electrical facilities 

 The station compound furthermore includes the following facilities: 

 Electrical sub-station and Transformers 

 Standby generators 

 Operators building with residence facilities 

 Storage facility 

8.2.7.2 Intake pumps 

Detail consideration needs to be devoted to the intake pump design to serve various 

objectives, as follows- 

 to prevent vortex formation 

 to obtain uniform distribution of the inflow to all the operating pumps and to prevent 

starvation of any pump 

 to maintain sufficient depth of water to avoid air entry during draw down 

Civil structure of the intake pump station will be constructed for total capacity of 105 MLD. A 

total of 8 pumps (each of capacity 0.305 m3/sec) will be installed for 105 MLD capacity intake. 

In the 1st phase 4 pumps will be installed and provision will be kept for installing 4 additional 

pumps under the 2nd phase of the project. 

8.2.7.3 Choice and Design 

Four (4) centrifugal vertical turbine mix flow pumps (including one for stand by and one for 

maintenance) have been considered. The capacity of each pump will be 0.305 m3/s. To avoid 
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mutual interference between two adjoining pumps by maintaining sufficient clearance of 2.0 

m has been considered. To reduce the velocity gradually to about 0.25 m/s near the pump 

and to avoid sudden change in the direction of the flow tapered walls between the approach 

channels has been considered. Again to avoid dead spots bottom clearance of 0.25 m at the 

suction bell mouth has been considered also. A preferable slope of 100 is considered to avoid 

sudden drop between the approach channel and the sump. Adequate submergence of 2.0 m 

of the pump under the lowest water level has been considered in order to prevent entry of air 

during draw down and to satisfy NPSHr (Figure 8.15). 
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Figure 8.15: Determination of Minimum Submergence and the Position of Trash Rack 
According to CPHEEO, 1999. 

Raw water from intake pumping station will enter into the treatment plant site through raw 

water transmission main having 800 mm diameter. Before entering into the pumping station 

an energy dissipation chamber will be constructed to reduce the velocity up to 0.6 m/s. A 

rectangular channel of about 25 m length will link the dissipater and the raw water pumping 

station. No additional screening is necessary for pump protection as a fine screening (10 mm) 

will be installed at the intake. The characteristic of the raw water pumping station are 

described in Table 8.9 and Table 8.10. 

Table 8.9: Characteristic of the Intake Pumping Station of Mirsharai WTP 

Capacity of the pumping station 1.22  m3/s 

No. of on duty pumps 2 

No. of Standby pumps 2 

Capacity of each pump 0.305 m3/s 

Pump efficiency above 80 % 

 

Table 8.10: Levels Used for the Design of Raw Water Intake 

Maximum water level at intake pumping station 5.48 mPWD 

Design low  water level at intake pumping station 0.6 mPWD  
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Bottom level of the pump sump -3.86 mPWD 

Top level of pumping station 7.8 mPWD 

Maximum estimated water level in intake pumping station  5.48 mPWD 

8.2.7.4 Surge protection 

Each row of four pumps will be interconnected to one of the transmission lines where an 

interconnection set of butterfly valves will be provided. Vertical type air vessel will be 

connected to the transmission line by a large size pipe at bottom. The top of the vessel will 

have a compression air chamber limited by a dipping/ventilation tube equipped with a shut 

off float valve for air admission and air escape. Such vessel is expected to secure three ways 

of operation: 

 Compressed air vessel trapping air at top; 

 Chimney to admit air with shut off valve float open; 

 Air valve for air escape when all the water volume has been delivered to the 

piping system. 

 The optimum flow per pump is estimated at 0.305m3/s and the corresponding 

total dynamic head will be in the range of 25m. Nevertheless, final figure will 

be closely depending on:  

 The transmission line optimum size to be adopted;  

 The transmission pipe material; and 

 The position of the transmission line outlet as well as the water level of 

the discharge basin at the downstream end of the line. 

8.2.7.5 Electromagnetic Flow Meters 

In order to control flows transferred per each transmission pipe, 4 electromagnetic flow 

meters of DN400 mm shall be installed at the discharge of each pump.  

This type of flow meters shall consist of a flanged flow tube and associated signal 

amplification and transmission equipment. The flow meter shall be sized so as to have a 

maximum range in excess of the design flow rate and an accuracy of 0.5% of span. The flow 

meter shall employ a pulsed DC excitation to ensure stable operation without the need for 

regular calibration. The flow convertor shall be housed in a separate enclosure mounted 

adjacent to the flow tube. The convertor shall provide the excitation for the flow tube and 

shall produce a 4-20 m. A analogue signal for connection to a chart recorder. The convertor 

shall also have a locally mounted digital display of actual flow rate and totalized quantity.  

Flow meters shall be installed so that they are removable with the minimum of disturbance 

by disconnecting an adjacent flange adaptor or adjacent coupling. A suitable location should 

be proposed to insure flow meter accuracy and avoid non-linear flow turbulence resulting 

from valves or pipe elbows with minimum distance 10 m upstream and 5 m downstream. 

8.2.7.6 Lifting Equipment 

A double way 3 tons crane will secure installation of equipment and maintenance works as 

required. The crane and other auxiliary facilities shall be installed, for equipment heavier than 

100 kg and requiring maintenance on a regular basis, like pumps and motors. It shall be 
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arranged so as to be able to transport large items to an internal or external loading bay and 

lift it onto and off a lorry. 

8.2.8 Electrical Installation 

8.2.8.1 Power Requirements 

A preliminary estimate has been made, based on the maximum power absorbed in steady 

state by units and the number of units running simultaneously: 

Table 8.11: Power Requirements for Azampur Intake 
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Intake Pumps at Azampur 130 4 520 2 104 208 

Electro-magnetic flow meter-
DN400mm 

0.015 4 0.06 4 0.015 0.06 

Lifting Equipment-3 ton bridge crane 2.0 1 2.0 1 2.0 2.0 

Mechanical Screening-rack automatic 
bar screen 

0.55 4 2.2 2 0.55 1.1 

Mechanical sand removal-mobile 
bridge for raking & pumping 

0.55 2 1.1 2 0.55 1.1 

Provision for valves and actuators, 
ventilation, surge protection, switch 
boards, starters, variable speed drive, 
power factor correction capacity, 
alarm, lighting, general power, 
instrumentation and control 

50 1 50 1 50 50 

TOTAL 
  

575.36 
  

262.26 

With P.F. 0.90 and a provision of 20 % as safety factor, it can be summarized as follows: 

 Installed Load: 535.36 / 0.90 + 20 % = 714 kVA 

 Application/Operation load: 246.26 / 0.90 + 20 % = 349 kVA  
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8.2.8.2 Power Consumption 

Table 8.12: Power Consumption for Azampur Intake 
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Intake Pumps at Azampur 130 4 2 104 24 4992 

Electro-magnetic flow meter-DN400mm 0.015 4 4 0.015 24 1.44 

Lifting Equipment-3 ton bridge crane 2.0 1 1 2.0 0 0 

Mechanical Screening-rack automatic bar 
screen 

0.55 4 2 0.55 1.2 1.32 

Mechanical sand removal-mobile bridge for 
raking & pumping 

0.55 2 2 0.55 12 13.2 

Provision for valves and actuators, 
ventilation, surge protection, switch boards, 
starters, variable speed drive, power factor 
correction capacity, alarm, lighting, general 
power, instrumentation and control 

50 1 1 50 24 1200 

TOTAL      6207.96 

8.2.8.3 Power Distribution 

As the usual and main source of energy, the electricity supply for the plant will be taken from 

Power Development Board (PDB) of Bangladesh. With an estimated installed load of about 

714 kW and application / operation load of about 349 kW, an 11 KV/415 V substation will be 

provided with 350 KVA transformer. The 11 kV/ 415V sub stations will have H.T. switchgear 

equipped with P.T., P.C., Bus-bar, Vacuum Circuit Breaker, Meters, DC operating power 

supply, etc. 

The power factor (P.F.) of electric motors for the intake pumps implements the quantified 

compensation with static power capacity to ensure a total minimum P.F of 0.95 at the 

switchboard bus-bar for the whole electrical system. 

In general, the particular relevant applicable IEC, EN or ISO Standards will be used as well 

requirements of electricity utility company REB (Rural Electrification Board). 

The following voltages will be used: 

 11 kV Network supply voltage from grid 

 415 V Generator network supply 

 415 V Supply voltage for pumps 

 3 x 400 / 230 V Power supply to small power consumptions 

 230VAC for lighting and plugs 
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 110VAC for control power supply 

 24 V DC for control and signal voltage 

The electricity power supply to the pumping station consists of two main systems: 

 Electricity power supply through one voltage feeder with 11 kV cable from electricity 

utility company REB 

 Electricity power supply from generators 415 kV with a capacity sufficient to power 2 

duty pumps and necessary electrical equipment for operating the pump station. 

 The main power including 11 kV medium voltage switchgear and low voltage 

switchgear 415V will be located inside the building. Transformers will be located 

outside buildings. 

 Separate rooms for power distribution as: 

 11 KV switchgear from grid (Power generating station) 

 415 V switchgear from generator as well the generators (Power generating station) 

 11 KV medium voltage switchgears (Separate room in Pump room) 

 415 V variable frequency drive (Separate room in Pump room) 

 415/240 V low voltage switchgear (Separate room in Pump room) 

 Outside building for transformers 

Design parameters of transformers will be as per Table 8.13: 

Table 8.13: Design Parameters of Transformers 

Intake Pumping 

Station 

Flow per 

each 

Pump 

Initial 

Pump 

Head in 

mwc 

Mechanical 

Power 

Requirement to 

Pump Efficiency 

Approximately: 

80% 

Power Factor 

Compensation to 

cos phi > 0.9 

Safety Factor 

for Design of 

Transformers = 

1.2; 

Azampur intake 

to the Treatment 

Plant 

1094 
m3/h 

26 96 KW 107 KVA 350 KVA 

 

8.2.8.4 Standby Generators 

Required Capacity 

Stand-by generators for intake pumping station must allow the operation of the pumping 

station at full capacity excluding any degradation mode, with all plant options available when 

operating in generator mode. Based on the maximum power absorbed in steady state, 

minimum P.F. 0.95 and 20 % safety factor, required power capacity is 500 kVA.  

Specifications 

Proposed generators should be standard units, in this case 1 identical units of 500 kVA, to 

optimize standardization and redundancy. 
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The output voltage of the alternator powered by the generator will be 415 V to be connected 

to the Low-Tension distribution panel. 

The generator room shall be sound proof shielded to reduce noise nuisance. 

Energy Resource for Generator 

Recommended option for back-up energy resource should be Diesel, as intake site is remote 

and not supplied from gas distribution network. Diesel fuel should be supplied by truck. An 

on-site fuel storage will be needed to secure not less than 6 hours operation during power 

failure (estimated capacity including 25% reserve: 2500 l), in addition to regular engine tanks. 

It will be proposed to consider diesel power generators as base solution and to allow bidders 

to propose alternative gas or dual-fuel solutions, subject to their demonstration that their 

alternative solution is technically and economically preferable to the base one. 

Control System 

To ensure highest reliability during operation of the pump station in case of grid failure the 

emergency power generator system should allow continuous operation of all required 

equipment for the pump station process and required central facilities. For automatic control 

of feeder circuit breakers 415 V, a control system will manage the work to start up the entire 

pump station in case of grid failure and disconnection of the grid supply. 

In case of a grid fault (no voltage, less voltage), the incoming circuit breaker for 11 kV grid 

supply will be switched off and the pump station will be shut down. 

At the same time the generator system will be started automatically. Thereafter the control 

system will start the individual pumps in a sequence. 

After the grid power is returned, detected by voltage measurement, the pumps will be 

switched off in a sequence and thereafter the emergency power system will be switched off 

and generators stopped. 

Then feeder circuit breakers for 11 kV supply will be switched on automatically and the 

control system will again start the individual pumps in a sequence. 

8.2.8.5 Power Supply System for Building Services and Control System 

Power for the system of building services and control system as SCADA with Programmable 

Logic Controller (PLC) and redundant Uninterruptible Power Supply (UPS), one transformer 

with a capacity of 250kVA will be installed as well as a redundant similar transformer. The 

power shall be supplied through UPS having the function to supply continuously stable power 

even if the main normal power supply system has any failure. UPS shall be rated to supply the 

required load for 08 hours in case of a power outage. A redundant power system is essential 

because a failure in the supply of the control system will cause a complete shut-down of the 

entire pumping station. 
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8.2.8.6 Control and Monitoring 

The pump house shall be provided with one set of Remote Control Unit (RTU) which includes 

a Programmable Logic Controller (PLC) in order to collect and store technical parameters of 

the intake pumping station, inlet works including settling channels. 

Parameters concerned include operational signals of pumps and motors, control of 

processing equipment and delivered signals. All information will be sent to central control 

room at the pumping station building and to treatment facilities through wireless data 

transmission. 

Flow Measuring 

Each outlet on the main transmission line will be equipped with ultrasonic flow measuring 

device, sending signal to PLC. 

Pressure Measuring 

 Each outlet from the pump is equipped with a pressure sensor 

 Transmission pipe is equipped with a pressure sensor. 

Level Sensor in Pump Sump 

 Level sensors shall be installed at suitable levels in the pump sump. 

Controls 

 Low level in pump sump: Pump operations will be controlled by level meters in the 

pump sump. If the water level drops below a certain level, then the pumps will stop 

one by one, in order to match the out flow to the inflow. At rising levels the pumps 

will start one by one. 

 Very Low level in pump sump: All pumps will stop if the water level drops below a 

certain minimum level, in order to avoid damage to the pumps. 

 High pressure in transmission line: A pressure sensor will register if the pressure in the 

main line rises and a signal is sent to the PLC, which will stop a pump. If the high 

pressure continues further pumps will be stopped. 

 Low pressure in transmission line: If the pressure in the main line falls, a signal is sent 

to the PLC to start a pump. 

 Very low pressure in outlet pipe: If the pressure suddenly drops with all pumps 

running, then the pumps stop (there may be a leak on the line). 

8.2.9 Raw Water Transmission Main 

Raw water transmission in closed type conduits will necessitate a special attention for the 

flow velocity to be considered. Velocities should remain enough high all through the 

transmission line in order to avoid a possible settling of suspended matters carried out in the 

water although large size particles are supposedly removed after a retention time in settling 

tanks that can be provided to the upstream side of pumping facilities and immediately after 

the intake structure. 
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With the removal of suspended matter particles sizing 100 microns and above from the raw 

water in settling basins the remaining will mainly consist of colloidal matters that can be 

removed at the water treatment plant. 

Using cleansing velocity limits for sand particles sizing less than 100 microns, the threshold of 

the minimum average velocity to be secured in the pipe will be in the range of 0.6 m/s and 

the maximum velocity should be within 1.5 m/s. Considering this velocity criteria raw water 

transmission pipe may vary in size from 700 mm diameter to 1100 mm. It is to be mentioned 

here that higher diameter of pipe may reduce the pumping cost but the capital cost for pipe 

material will be much higher and ultimately will increase the project cost a lot. Thus 

considering economic viability of the project it is wise to choose pipe of lesser diameter. 

Considering above the pipe size for raw water transmission has been chosen 800 mm. ductile 

iron pipes is recommended for raw water transmission main. The total length of transmission 

main is 9.564 km. (Figure 8.17). The details of pipe material selection, criteria for installation 

of pipes and transient protection are discussed in Sec. 8.6. 

8.2.9.1 Transient Condition-Water Hammer Protection 

Pressure surge or water hammer is generally occurring in pressure lines when the flow 

suddenly varies. The usual causes of flow changes in pressure line are: valves operation 

(opening/closing of valves), the starting or the stopping of pumps and/or power failure which 

has the most devastating effects as all pumps in operation come to a sudden stop 

simultaneously. The risk applies to positive and negative pressures as well. For the later, the 

pipes risk to buckle or even to collapse completely. 

Measures to reduce water hammer will be ensured by slowly opening and closing of all valves 

and the start-up or stopping of pumps is not done at once but rather in sequence. However, 

the most critical conditions, specifically when several pumps are operating in parallel, will be 

a sudden stop of all of them due to power failure. 

In order to limit the magnitude of anticipated surge pressures, the following appurtenances in 

the intake pumping station may be provided: 

 At least two by pass lines connected between intake pumping station to discharge 

header 

 Check valves at each pump delivery  

 Installation tees and air release valve in each pump delivery 

In addition, following measures may need to be taken: 

 Normal pump starting and stopping will need to be staggered by at least 10 minutes’ 

intervals 

 After a power failure, the starting of the first pump will need to be delayed by at least 

15 minutes 

 Air valves are to be added along the raw water transmission main generally at 600 m 

interval allowing air entry and exit in order to avoid negative pressure. 

Recommendation 
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In order to have an additional safety factor in the raw water transmission system, surge 

vessel/pressure vessel of sufficient capacity may need to be provided in the pump station 

delivery pipe. The decision have to be finalized in detail design report. 

8.3 Option Studies for SWTP Location and Transmission Route 

Alignment 

8.3.1 Selection of Location for SWTP 

8.3.1.1 General 

Selection of potential site for a new water treatment plant must take into consideration a 

number of factors. Some of the principal ones are: 

 Proximity of plant site to the intake and to customers being served 

 Consideration of water transmission requirements to interconnect the plant to 

the intake and the water distribution system 

 Proximity of plant site to sludge disposal location 

 Environmental and land use concerns 

 Subsurface and geotechnical considerations 

 Land availability, cost, and zoning 

 Compatibility with surrounding, existing and planned developments 

 Potential for flooding and storm water handling requirements 

 Availability of utilities (power, natural gas, sewer, telephone etc.) 

 Site topography and accessibility 

 Vulnerability to security risks and natural disasters 

Water supply source, treatment, and treated water transmission facilities must function as a 

complete system to provide a safe, reliable source of drinking water to the water distribution 

system.  

8.3.1.2 Options for SWTP Location 

The locations of the treatment plant have been selected for all the intake options 

independently. The options of the locations of the treatment plant are mentioned below:  

 Option 1: Water Treatment Plant Location about 2.5 km upstream of the Feni 

regulator near confluence of the Azampur Khal and the Feni River 

 Option 2: Water Treatment Plant Location at Takerhat 

Proposed WTP sites are shown in Figure 8.1. 

After successive field visits and in-depth discussions with the local people, the following 

treatment plant options are preliminary selected. The options of location of water treatment 

plant are described below: 

Option 1: Water Treatment Plant Location at about 2.5 km upstream of the Feni regulator 

near confluence of the Azampur Khal and the Feni River (220 51’ 14.4’’, 910 28’ 10.4’’) 

The proposed site is located near the confluence of the Azampur Khal and the Feni River. 

Sufficient land for constructing intake and water treatment plant is available at this site. The 

length of transmission main from the treatment plant to BEZA project area is about 10 km. 
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Muhuri project road and Vanghani road (BWDB old embankment) can be used for laying 

transmission main. But, the road is not straight enough to select the route of transmission. 

The proposed location of the WTP is nearby depression area, which might be used as a 

storage reservoir for dry weather flow. However, the requirement of storage reservoir is 

depending on the morphological and other associated studies 

Option 2: Water Treatment Plant at Takerhat (220 48’ 37.2”, 910 27’ 47.64”) 

The proposed water treatment plant is located at Takerhat near Takerhat Cyclone Centre is a 

close vicinity of BEZA project area. Land elevation is comparatively high and relatively suitable 

for flood protection. Sufficient land is available at this site. 

8.3.1.3 Comparison among Different Options 

A summarized comparison between the above mentioned options is given in Table 8.14. 

Table 8.14: Comparison between SWTP Locations 

SWTP Location Advantages Disadvantages 

Option 1: Water 

Treatment Plant 

Location at about 

2.5 km upstream of 

the Feni regulator 

near confluence of 

the Azampur Khal 

and the Feni River  

 

 Sufficient land for WTP site 

is available but need 

aquisition.  

 Proximity of plant site to the 

intake will be comparatively 

easier. 

 Proximity of plant site to 

sludge disposal location will 

also be comparatively easier. 

 Availability of utilities 

(power, telephone etc.). 

 Sufficient land for 

impounding reservoir is 

available 

 Consideration of water 

transmission requirements to 

interconnect the plant to the 

intake and the water 

distribution system. 

 Environmental and land use 

concerns will be comparatively 

less. 

 Site topography is in 

depression area and not easily 

accessible. 

 May vulnerable to security risks 

and natural disasters 

 8 km away from economic zone 

2A & 2B and route cover zigzag 

roads. Difficult to construct 

transmission main along the 

zigzag roads. 

 O&M cost will be 

comparatively high. 

Option 2: Water 

Treatment Plant at 

Takerhat 

 

 Sufficient land for WTP site 

is available.  

 Land cost is comparatively 

low 

 Water transmission 

requirements to 

interconnect the plant to the 

intake and the water 

distribution system will be 

 Acquisition of land for 

construction of WTP is 

required. 

 Proximity of plant site to sludge 

disposal location has to be 

determined consciously. 

 Vulnerable to security risks and 

natural disasters 
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SWTP Location Advantages Disadvantages 

easier. 

 Compatible with 

surrounding, existing and 

planned developments. 

 Better resistance for 

flooding and storm water 

handling requirements. 

 Availability of utilities 

(power, telephone etc.). 

 Site topography is plain and 

the route of proposed plant 

is easily accessible. 

 

 

A map showing the proposed treatment plant locations at the economic zone is given Figure 

8.16. 

8.3.1.4 Optimum Location for SWTP 

Based on the above mentioned facts, Option 2 i.e. SWTP at Takerhat is likely to be the most 

reliable and cost effective. But after discussion with BEZA officials and availability of 

acquisition land, BEZA proposed a new location for SWTP located (22°47'31.64"N, 

91°27'17.96"E) at Poshchim Ichakhali Mouza which is 1.5 km radial distance toward 

southwest direction form Option 2. This new location is just east side of CDSP embankment. 

Though the new location is far away from the locality but the site is close vicinity of BEZA 

project priority area and it will be free from social disturbance. Moreover, permanent 

residence will be arranged in the vicinity of treatment plant for the staffs who will be involved 

with the operation and maintenance. Thus possible negative issues like enjoying facilities, 

spending time with family will not be of much concern. However, the new Option proposed 

by BEZA may be taken into consideration subjected to the availability of land and other 

technicalities. 

Two treatment plant at the selected location will be constructed in two phases with each 

50MLD capacity. The proposed treatment plant location by BEZA is given in Figure 8.16. 
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Figure 8.16: Map Showing the Proposed Treatment Plant Locations at Takerhat beside CDSP 
embankment 

8.3.2 Selection of Water Transmission Main Alignment 

Treated water from the WTP can be transported to the priority area along the existing CDSP 

embankment. After that the transmission main follow main road as per the master plan 

proposed (Figure 8.17).  

8.3.3 Khal Crossing & Other Barriers 

According to the field condition, the transmission main will cross khals and culverts. These 

crossings should be made by maintaining gentle slope and using small angled bents. Pipe 

jacking construction method is recommended for such crossings if necessary. Diameter of the 

jacking pipe should be sufficient so that the transmission main can pass through the jacking 

pipes smoothly. 

 

Phase 1 

Phase 2 
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Figure 8.17: Selected Treated Water Transmission Main Route 
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8.4 Selection of Treatment Process for SWTP 

8.4.1 Introduction 

8.4.1.1 Background 

Institute of Water Modelling (IWM) has engaged The Bureau of Research, Testing, and 

Consultation (BRTC) of Bangladesh University of Engineering and Technology (BUET) to 

carrying out a detailed study to select the treatment processes for the proposed water 

treatment plant.  

8.4.1.2 Objective and Scope of treatment process selection 

The main objective is to select the water treatment processes to supply water to the BSMSN 

area. The specific aims and scopes are: 

 Finalize the proposed selected intake for the water treatment plant. 

 Investigate the water quality of the raw water at the two locations identified as 

potential sources and select the most appropriate location for the treatment 

operation. 

 Identify, develop, and carry out model studies to investigate various treatment 

processes. 

 Select the required treatment processes to get the treatable water that would satisfy 

the drinking water standard in Bangladesh. 

 Find the required chemical doses for the selected treatment processes to get the 

drinkable water from the treatment plant. 

8.4.2 Outline of Methodology 

For detail characterization of river water and carrying out of process studies, a water 

sampling program was chalked out, which involved collection of water samples from selected 

locations near the BSMSN (see Section 7.4 for details) during both dry season and wet season. 

Six sampling campaigns have been undertaken (from July 2018 to March 2019). For detail 

characterization, the collected water samples were analyzed for a wide range of parameters, 

including Temperature, pH, Color (true and apparent), Turbidity, Electrical Conductivity (EC), 

TDS, TSS, Iron, Ammonia, Total Coliform, Fecal Coliform (FC), Dissolved Oxygen (DO), COD, 

BOD5, and Chlorophyll-a.  

For selection of appropriate treatment processes for the proposed WTP, the raw water 

quality parameters were compared with Bangladesh drinking water standard, and the 

parameters which did not satisfy the standard were identified. Then a number of process 

studies were carried out to remove the identified pollutants from the water samples collected 

from the Feni River. Based on the target pollutants, different processes were studied to 

determine their effectiveness in removing the pollutants. The process studies included pre-

chlorination, plain sedimentation, coagulation-flocculation-sedimentation, rapid sand 

filtration, and post-chlorination. Based on the results of the process studies, the chain of 

treatment processes has been selected and design parameters have been established. The 

characteristics of treated water achieved after employing the selected treatment processes 

were determined and compared with Bangladesh drinking water standard.  
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8.4.3 Water Sampling Program 

To capture seasonal variation of water quality, raw water samples of the Feni River were 

collected during both dry and wet seasons. Six sampling campaigns have been conducted 

from July, 2018 to March, 2019. Water samples were collected from two locations during 

each sampling campaign: (a) proposed intake site in Feni River at Azampur, and (b) Ichakhali 

Khal at Jhulonpul Bazar. Although Azampur site was tentatively selected as the intake location 

by IWM, water samples were also collected from the additional location at Jhulonpul Bazar to 

compare the water quality of this location with the water collected from Azampur site. The 

sampling locations are shown in Figure 8.18 and the details of the sampling campaigns are 

presented in Table 8.15. 

 

Figure 8.18: Location of the sampling sites. 

At each sampling site, the sampling location was about 100 – 150 ft from the Riverbank water 

line and water samples were collected manually from a depth of about 0.30 mm below the 

water surface to avoid the presence of floating impurities using a pre-washed container. The 

container was rinsed with the river water prior to the sample collection. Separate sampling 

bottles were used for collecting water samples for physical and chemical water quality 

analysis, bacteriological water quality analysis, metal concentration analysis (acidified sample 

using HNO3 acid) for each location. The sampling campaign was carried out jointly by BUET 

and IWM.  

Table 8.15: Time and location of the six sampling campaigns 

Sampling Location 
Azampur 

(Feni River) 
Jhulonpul Bazar 
(Ichakhali Khal) 

GPS Co-ordinates 
22o51’27.50” N 
91o28’11.10” E 

22o48’45.56” N 
91o29’31.55” E 

Batch No. Time of Sample Collection 

Batch 1 17/07/2018 - 18/07/2018 (wet season) 

Batch 2 01/09/2018 - 02/09/2018 (wet season) 

Batch 3 10/10/2018 - 11/10/2018 (wet season) 

Batch 4 28/01/2019 - 29/01/2019 (dry season) 
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Sampling Location 
Azampur 

(Feni River) 
Jhulonpul Bazar 
(Ichakhali Khal) 

Batch 5 25/02/2019 - 26/02/2019 (dry season) 

Batch 6 13/03/2019 – 14/03/2019 (dry season) 

 

During each sampling campaign, in-situ measurements were done for a number of water 

quality parameters (pH, Temperature, Turbidity, and DO). All collected water samples except 

those to be used for process studies were put into ice box and all the samples were 

transported to the Environmental Engineering Laboratory of the Department of Civil 

Engineering, BUET quickly for water quality parameters testing and batch experiments for 

treatment process selection. 

8.4.4 Testing of Water Samples 

8.4.4.1 In-situ Testing 

A few water quality parameters were tested at the sampling site just after sample collection, 

because of possible changes of their values with passage of time. These parameters included 

pH, dissolved oxygen (DO), temperature and turbidity.  A pH meter, a DO meter (fitted with a 

temperature probe), and a turbidimeter were used for these in-situ measurements.  

8.4.4.2 Testing at BUET Laboratory 

As soon as the water samples reached BUET Laboratory, detailed laboratory analysis of the six 

batches of collected water samples were carried out to determine the water quality and the 

extent of treatment required to make them potable. The water quality parameters selected 

include Color (true and apparent), Electrical Conductivity (EC), TDS, TSS, Iron, Ammonia, Total 

Coliform, Fecal Coliform (FC), COD, BOD5, and Chlorophyll-a. The water quality parameters 

were measured following Standard Methods (APHA). 

8.4.5 Characteristics of Raw Water Collected from the Sites 

The results of the in-situ testing and laboratory analysis (at BUET) of raw water samples 

collected in the wet season from the Azampur site are presented in Table 8.16, along with 

Bangladesh Drinking Water Standard (GoB, 1997). Similar results for the sample collected in 

the dry season from Azampur site are presented in Table 8.17, Table 8.18 and Table 8.19 

present the raw water analysis data of the samples collected from Jhulonpul Bazar site in wet 

and dry season, respectively. In these Tables, the parameter values not satisfying the 

corresponding drinking water standards have been marked in “bold” font style.  

Table 8.16:  Characteristics of raw water collected in the first three batches from Feni River 

at Azampur location. 

Sl. 
No. 

Water Quality 
Parameter 

Unit 

Concentration Present Bangladesh 
Drinking 

Water 
Standard 

Batch 1 Batch 2 Batch 3 

1 pH - 7.35 7.62 7.18 6.5-8.5 

2 Color (Apparent) Pt-Co 628 314 376 15 

3 Color (True) Pt-Co 176 147 147 15 

4 Turbidity NTU 218 69 72.4 10 
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Sl. 
No. 

Water Quality 
Parameter 

Unit 

Concentration Present Bangladesh 
Drinking 

Water 
Standard 

Batch 1 Batch 2 Batch 3 

5 
Total Dissolved Solids 
(TDS) 

mg/L 78 88 118 1000 

6 Iron (Fe) mg/L 3 3 1.52 0.3-1.0 

7 Total Coliform (TC) CFU/100 mL 8600 TNTC TNTC 0 

8 Fecal Coliform (FC) CFU/100 mL 7000 TNTC 160 0 

9 
Electrical Conductivity 
(EC) at 25oC 

µS/cm 125 143 163 -- 

10 Dissolved Oxygen (DO) mg/L 6.32 6.32 5.44 6 

11 Ammonia (NH3-N) mg/L 0.4 0.45 0.26 -- 

12 
Total Suspended 
Solids (TSS) 

mg/L 186 42 26 10 

13 Temperature oC 30.1 29.6 28.9 20-30 

14 
Chemical Oxygen 
Demand (COD) 

mg/L 7 7 12 4 

15 
Biochemical Oxygen 
Demand (BOD5) 

mg/L 0.8 3 3.2 0.2 

16 Chlorophyll-a µg/L 1.2 3.2 2 -- 

 

Table 8.17:  Characteristics of raw water collected in the dry season (Batch 4, 5, and 6) from 

Feni River at Azampur location. 

Sl. 
No. 

Water Quality 
Parameter 

Unit 

Concentration Present Bangladesh 
Drinking 

Water 
Standard 

Batch 4 Batch 5 Batch 6 

1 pH - 7.19 7.42 7.59 6.5-8.5 

2 Color (Apparent) Pt-Co 244 636 404 15 

3 Color (True) Pt-Co 176 280 224 15 

4 Turbidity NTU 46.2 80.2 55.8 10 

5 
Total Dissolved Solids 
(TDS) 

mg/L 119 160 132 1000 

6 Iron (Fe) mg/L 1.04 1.6 2.0 0.3-1.0 

7 Total Coliform (TC) CFU/100 mL 38 380 1050 0 

8 Fecal Coliform (FC) CFU/100 mL 10 240 350 0 

9 
Electrical Conductivity 
(EC) at 25oC 

µS/cm 178 210 190 -- 

10 Dissolved Oxygen (DO) mg/L 6.51 6.19 5.48 6 

11 Ammonia (NH3-N) mg/L 0.41 0.53 0.38 -- 

12 
Total Suspended 
Solids (TSS) 

mg/L 23 32 36 10 

13 Temperature oC 21.2 22.8 26.1 20-30 

14 
Chemical Oxygen 
Demand (COD) 

mg/L 2 5 6 4 

15 
Biochemical Oxygen 
Demand (BOD5) 

mg/L 0.4 1 2.6 0.2 

16 Chlorophyll-a µg/L 8.2 1.2 37.8 -- 
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Table 8.18:  Characteristics of raw water collected in the first three batches from Ichakhali 

Khal at Jhulanpul Bazar location. 

Sl. 
No. 

Water Quality 
Parameter 

Unit 

Concentration Present 
Bangladesh 

Drinking 
Water 

Standard 
Batch 1 Batch 2 Batch 3 

1 pH - 7.14 7.07 7.34 6.5-8.5 

2 Color (Apparent) Pt-Co 1084 361 194 15 

3 Color (True) Pt-Co 130 201 33 15 

4 Turbidity NTU 190 152 78.3 10 

5 
Total Dissolved Solids 
(TDS) 

mg/L 75 71 133 1000 

6 Iron (Fe) mg/L 3.2 4.8 2 0.3-1.0 

7 Total Coliform (TC) CFU/100 mL 26000 TNTC TNTC 0 

8 Fecal Coliform (FC) CFU/100 mL 17400 TNTC TNTC 0 

9 
Electrical Conductivity 
(EC) at 25oC 

µS/cm 113 136 247 -- 

10 Dissolved Oxygen (DO) mg/L 5.95 5.31 5.48 6 

11 Ammonia (NH3-N) mg/L 0.55 0.8 1.48 -- 

12 
Total Suspended 
Solids (TSS) 

mg/L 153 119 97 10 

13 Temperature oC 29.6 29.5 27.7 20-30 

14 
Chemical Oxygen 
Demand (COD) 

mg/L 10 11 13 4 

15 
Biochemical Oxygen 
Demand (BOD5) 

mg/L 2.8 2.8 3.6 0.2 

16 Chlorophyll-a µg/L 3.7 5.1 0 -- 

 

Table 8.19:  Characteristics of raw water collected in the dry season (Batch 4, 5, and 6) from 

Ichakhali Khal at Jhulonpul Bazar location. 

Sl. 
No. 

Water Quality 
Parameter 

Unit 

Concentration Present Bangladesh 
Drinking 

Water 
Standard 

Batch 4 Batch 5 Batch 6 

1 pH - -- 7.26 7.49 6.5-8.5 

2 Color (Apparent) Pt-Co -- 150 197 15 

3 Color (True) Pt-Co -- 64 122 15 

4 Turbidity NTU -- 26.3 39.2 10 

5 
Total Dissolved Solids 
(TDS) 

mg/L -- 129 136 1000 

6 Iron (Fe) mg/L -- 0.70 1.28 0.3-1.0 

7 Total Coliform (TC) CFU/100 mL -- TNTC TNTC 0 

8 Fecal Coliform (FC) CFU/100 mL -- TNTC TNTC 0 

9 
Electrical Conductivity 
(EC) at 25oC 

µS/cm -- 221 216 -- 

10 
Dissolved Oxygen 
(DO) 

mg/L -- 4.44 4.18 6 

11 Ammonia (NH3-N) mg/L -- 0.38 0.35 -- 

12 
Total Suspended 
Solids (TSS) 

mg/L -- 27 32 10 
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Sl. 
No. 

Water Quality 
Parameter 

Unit 

Concentration Present Bangladesh 
Drinking 

Water 
Standard 

Batch 4 Batch 5 Batch 6 

13 Temperature oC -- 22.1 28.8 20-30 

14 
Chemical Oxygen 
Demand (COD) 

mg/L -- 7 5 4 

15 
Biochemical Oxygen 
Demand (BOD5) 

mg/L -- 1 1.6 0.2 

16 Chlorophyll-a µg/L -- 0.9 6.8 -- 

 

Table 8.16 – 8.19 show that water quality at these two sites (Azampur and Jhulonpul Bazar) 

does not differ much. With some exception, for most of the samples, the apparent color, true 

color, turbidity, total suspended solids, iron, fecal coliform, total coliform, COD and BOD5 

concentrations exceed the Bangladesh Drinking Water Standard. It can be concluded, based 

on the test results, that to make the raw water from the proposed intake site suitable for 

drinking purpose, treatment of this water is necessary for the removal of color (apparent and 

true), turbidity, total suspended solids, total coliform, fecal coliform, iron and organic matter 

(BOD and COD). 

8.4.6 Treatment Process Studies 

To remove the impurities identified above from the raw water of the Feni River at Azampur 

site, separate process studies have been conducted with the water sample collected during all 

six sampling campaigns. The results from the process studies are discussed in the following 

Section. 

8.4.6.1 Imhoff Cone Test 

Imhoff cone test was done to determine the concentration of settleable suspended solids 

present in the raw water sample collected from the Feni River at Azampur site. Required 

volume of raw water (1 Liter) was placed in an Imhoff cone and the water was stirred to have 

a uniform mixture. Then the settling of the suspended particles was observed from time to 

time. The results of the Imhoff cone test of the samples that are collected during all six 

batches are presented in Table 8.20. 

It was observed that for samples collected in all six batches are very small. Though the 

volume of settled solids of the sample collected in batch 1 (July 2018 – wet season) is the 

highest, it was still very small (<0.2 ml) even after a very long detention time (over three 

hours). For all other batches the volume of settled solids are even smaller (<0.02 ml). It 

should be noted that the TSS concentrations of the water sample is the highest (186 mg/l) 

among all the six batches. TSS of the samples of Batch 2, Batch 3, Batch 4, Batch 5, and Batch 

6 are smaller (<50 mg/L). The Imhoff cone test results clearly show that only plain 

sedimentation is not suitable for removal of suspended solids as well as turbidity from the 

raw water.  
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Table 8.20:  Volume of settled solids in Imhoff cone tests carried out with samples collected 

from Feni River at Azampur site in different batches 

 
Batch 1 

(Jul 2018) 
Batch 2 

(Sep 2018) 
Batch 3 

(Oct 2018) 
Batch 4 

(Jan 2019) 
Batch 5 

(Feb 2019) 
Batch 6 

(Mar 2019) 

Turbidity (NTU) 218 69 72.4 46.2 80.2 55.8 

TSS (mg/L) 186 42 26 23 32 36 

Settling Time 
(hour) 

Volume of Settled Solids (ml) 

0 0 0 0 0 0 0 

0.5 <0.1 0 <0.01 0 0 0 

1 <0.15 0 <0.01 0 0 0 

2 <0.2 0 <0.02 0 0 0 

3 <0.2 0 <0.02 0 0 ~0.1 

 

8.4.6.2 Pre-chlorination Test 

Break point chlorination test was carried out with the raw water samples to estimate chlorine 

dose to be employed during “pre-chlorination”. Pre-chlorination test was carried out for all 

three sets of raw water samples collected so far. Bleaching powder was used as the source of 

chlorine and a contact time of 30 minutes was employed. After the completion of contact 

time, the residual chlorine was measured. The results from the batch chlorination test are 

presented in Figure 8.19. From the figure, break-point was identified, and pre-chlorination 

doses were selected for the different raw water samples (Table 8.21). The pre-chlorination 

dose for the raw water varies between 2 to 4.5 mg/L for the samples collected at various 

batches. Pre-chlorination dose is the highest (4.5 mg/L) for the Batch 5 sample collected in 

February 2019 and the lowest for the Batch 3 sample collected in October 2018. For the 

samples of Batch 2 and Batch 4, required dose is 4 mg/L, while required dose for Batch 1 and 

Batch 6 is 3 mg/L. 

The pre-chlorination doses were applied to raw water samples during the subsequent process 

studies and tests (e.g., Jar tests). It should be noted that pre-chlorination of raw water is 

often carried out in surface water treatment plants (e.g., Saidabad Water Treatment Plant in 

Dhaka), not only to kill pathogens but also for prevention of algal growth and efficient 

removal of algae in the subsequent unit operations (e.g., coagulation-flocculation-

sedimentation).  
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   Figure 8.19: Break Point Chlorination Curve raw water sample from Feni River at Azampur 
site 

Table 8.21:   Chlorine Dose for the pre-chlorination of samples collected from Feni River at 

Azampur site in different batche. 

Sampling Batch Sampling Time 
Chlorine Dose 

(mg/L) 

Batch 1 July 2018 3.0 

Batch 2 September 2018 4.0 

Batch 3 October 2018 2.0 

Batch 4 January 2019 4.0 

Batch 5 February 2019 4.5 

Batch 6 March 2019 3.0 

 

8.4.6.3 Coagulation-Flocculation-Sedimentation Test (Jar Test) 

Coagulation-flocculation-sedimentation test (Jar test) is widely used for determination of 

optimum coagulant dose for removal of turbidity and color of water. Alum (aluminum sulfate) 
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is an easily available and cheaper coagulant. Hence, this chemical was used as the coagulant 

for the jar tests. Jar tests were carried out for all three sets of raw water sample collected 

from Feni River at Azampur site so far. 

For each set, 500 mL water sample was taken in each of a series of 1000 mL beakers. Prior to 

jar test, pre-chlorination (with 30 minutes of contact time) of the raw water samples were 

carried out with chlorine dose determined in the earlier from pre-chlorination tests described 

in Section 8.4.6.2. Different alum doses, varying from 25 to 400 mg/L, were employed in the 

jar tests. After addition of the required volume of alum stock solutions in the beakers 

containing raw water samples (to attain desired alum dose), a rapid mixing (45 rpm) of one 

minute duration was applied to the contents of each beaker followed by a slow mixing (25 

rpm) of 19 minutes. For the Batch 1 sample, the tests were performed with additional two 

different mixing time – 1 minute rapid mixing followed by a slow mixing of 9 and 14 minutes. 

For each different mixing time, after a settling time of 10 minutes, the residual turbidity and 

pH were measured. Changes in turbidity and pH during the Jar test with alum as the 

coagulant is presented in Figure 8.20 and Figure 8.21. Initial turbidity of the samples collected 

in the wet season (Batch 1, Batch 2, and Batch 3) were relatively higher with Batch 1 sample 

being the most turbid (Table 8.22). For Batch 1 sample collected in July 2018, the coagulation-

flocculation-sedimentation process reduced the turbidity below 3 NTU with alum dose of 

70mg/L if the mixing time was20 minutes. However, with alum dose 50 mg/l or higher the pH 

of water is decreased and falls below 6.5. For the samples collected in Batch 2, Batch 3, and 

Batch 4, the alum dose of 75 mg/L was also able to reduce the turbidity below 3 mg/L. 

However, for each of these three batch, the pH falls below 6.5 at this dose with mixing time 

of 20 minutes. For Batch 5 sample (in dry season), 75 mg/L of alum dose was also required to 

get the turbidity below 3 mg/L and the pH remained above 6.5. However, the samples 

collected in Batch 6 (in dry season), turbidity was less than 3 NTU even at 50 mg/L of alum 

dose with pH within 7.0 – 7.5. 
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  Figure 8.20: Variation of residual turbidity with alum dose for Feni River water sample 
collected from the Azampur site in all six batches 

As the application of alum as coagulant resulted in significant drop in pH, Poly-Aluminium 

Chloride (PAC) was used as an alternative coagulant. Figure 8.22 and Figure 8.23 present the 

turbidity and pH of the treated water with varying PAC dose. For the samples collected in 

Batch 1, Batch 2, and Batch 3(wet season), turbidity was reduced below 3 mg/l with PAC dose 

of 25 mg/l (with 20-minute mixing time). Additionally, the pH value remained above 6.5 

(Bangladesh standard for drinking water) for all these three batches, when PAC was used as 

the coagulant. At the same PAC dose (25 mg/L) and 20-minute mixing time, turbidity of the 

samples collected in Batch 4 and Batch 5 (dry season) reduced to less than 4 mg/L with pH > 

6.5. However, 25 mg/L of PAC dose was able to reduce the turbidity below 3 mg/L with pH > 

6.5 when mixing time is 20 minutes. True color of the water after coagulation-flocculation-

sedimentation with PAC was below 5 mg/L for all the six batches 
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 Figure 8.21: Variation of pH with alum dose for Feni River water sample collected from the 
Azampur site in all six batches 



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

154    Final Report 

 

Figure 8.22: Variation of residual turbidity with PAC dose for Feni River water sample 
collected from the Azampur site in all six batches 
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Figure 8.23: Variation of pH with PAC dose for Feni River water sample collected from the 
Azampur site in all six batches 

Table 8.22: Summary of the water quality parameters after the coagulation-flocculation-

sedimentation process with the optimum PAC dose for the samples collected from Feni 

River at Azampur site in different batches 

Sampling Batch 
PAC Dose 

(mg/L) 
Turbidity (NTU) pH 

Apparent Color 
(Pt-Co) 

True Color 
(Pt-Co) 

Batch 1 25 2.23 7.22 12 2 

Batch 2 25 2 7.33 12 2 

Batch 3 25 1.8 7.34 10 3 

Batch 4 25 3.07 7.19 15 3 

Batch 5  25 3.76 7.46 22 4 

Batch 6 25 1.51 7.86 10 2 
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8.4.6.4 Flocculent Settling Column Test 

After the jar test, flocculent settling column test was carried out in a transparent column of 

175 cm in height and 15 cm in diameter having four sampling ports for all three batches of 

samples collected till now. In each case, raw water samples were pre-chlorinated (with 30 

minutes of contact time) with a chlorine dose determined from pre-chlorination. PAC was 

then added to the water samples and a rapid mixing was performed in a large bucket 

manually using a flat stick. Then the water was transferred in the settling column and the 

slow mixing for 30 minutes time was performed using a mechanical mixture (paddle type) 

fitted inside the column. For the samples collected in wet season (Batch 1, Batch 2, and Batch 

3), 25 mg/l PAC dose was applied and for the samples collected in dry season (Batch 4, Batch 

5, and Batch 6), 50 mg/l PAC dose was applied. Since the mixing in the column was less 

efficient than that in the Jar test, a PAC dose higher than the optimum dose determined 

through the jar tests (for the dry season samples Batch 4, 5, and 6) was applied. The mixing 

time was also longer in column tests than the jar test for the samples of all batches. Water 

samples were collected from the different sampling ports after 20 minutes, 40 minutes, 60 

minutes, and 120 minutes of settling time after the completion of the slow mixing. The 

residual turbidity of the water samples collected from different ports was measured; the four 

ports located at 77 cm, 107 cm, 137 cm, and 167 cm below the highest water level in the 

column. The results of settling column experiment is presented in Figure 8.24. 

Based on the settling column test, coagulation-flocculation-sedimentation process with PAC 

as the coagulant was effective in removing turbidity from the water collected from the 

Azampur site of Feni River. Turbidity was below 5 NTU when settling time is 60 minutes or 

longer for samples of all six batches with the applied PAC dose. However, light flocs settled 

satisfactorily in the column test may not be removed satisfactorily in the flocculation unit of 

the treatment plant because of water in motion. Hence coagulant aid may be necessary in 

actual plant operation. 
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Figure 8.24: Variation of Residual Turbidity with settling time in column test for the water 
samples collected in different batches from the Feni River at Azampur site  

8.4.6.5 Rapid Sand Filtration 

A rapid sand filter (RSF) column was designed and constructed to treat the outflow of the 

flocculent settling column. The diameter and depth of the filter column were 147 mm and 

1050mm, respectively. The filter column consisted of four different layers: the top two layers 

comprising of graded sand and the bottom two layers comprising of graded gravel material. 

The discharged water from the flocculent settling column (collected from Port-4) after 2 

hours settling time was passed through the filter column and the outflow was collected to 

measure water quality parameters. 
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8.4.6.6 Post Chlorination 

The out flow from the sand filter column was collected for all six batches of the samples. The 

chlorine concentration in the filtered water was above 0.2 mg/L for all six batches. Since the 

total chlorine of the filtered water discharged from the sand filter column was above 0.20 

mg/L, the Bangladesh Drinking Water Standard for chlorine, post-chlorination was not 

required in any of the six sampling batches.  

8.4.7 Characteristics of Treated Water Samples 

As no post-chlorination was required, outflow from the RSF was considered as the treated 

water that would be supplied to the distribution network. Table 8.23 shows characteristics of 

treated water of each of the three batches (Batch1, 2, &3) of water samples collected from 

Feni River at Azampur site during the wet season. All water quality parameters tested 

(including turbidity, TSS, TC, FC and Iron) satisfy the Bangladesh Drinking Water Standard, 

except COD and BOD5 which exceed the standard slightly for Batch 1 sample. 

Table 8.23: Water quality analysis results of treated water samples for the first three 

batches of water samples collected from Feni River at Azampur site (July to October, 2018) 

Sl. 
No. 

Water Quality 
Parameters 

Unit 

Concentration Present Bangladesh 
Drinking 
Water 

Standard 
Batch1a Batch2b Batch3c 

1 pH -- 7.62 7.3 7.62 6.5-8.5 

2 Color (Apparent) Pt-Co 12.0 3 3 15 

3 Color (True) Pt-Co 2.0 2 1 15 

4 Turbidity NTU 0.50 0.32 0.64 10 

5 
Total Dissolved 
Solids (TDS) 

mg/L 95.0 98 122 1000 

6 Iron (Fe) mg/L <0.02 <0.02 <0.02 0.3-1.0 

7 Total Coliform (TC) CFU/100 mL 0 0 0 0 

8 Fecal Coliform (FC) CFU/100 mL 0 0 0 0 

9 
Electrical 
Conductivity (EC) 

µS/cm 152 178 194 -- 

10 Nitrate (NO3-N) mg/L 0.6 0.7 0.8 10 

11 
Ammonia  
(NH3-N) 

mg/L 0.02 0.01 0.01 -- 

12 
Chemical Oxygen 
Demand (COD) 

mg/L 6 3 2 4 

13 
Biochemical Oxygen 
Demand (BOD5) 

mg/L 0.5 0.2 0.2 0.2 

14 Total Chlorine (Cl2)  mg/L 0.22 1.01 0.37 0.2 

15 Aluminum (Al) mg/L 0.008 0.006 0.003 0.2 
Notes:  

a = Treatment chain: Pre-chlorination (3.00 mg/L) + Coagulation-Flocculation-Sedimentation (PAC 25 mg/L) + 
Rapid Sand Filtration 

b = Treatment chain: Pre-chlorination (4.00 mg/L) + Coagulation-Flocculation-Sedimentation (PAC 25 mg/L) + 
Rapid Sand Filtration 

c = Treatment chain: Pre-chlorination (2.00 mg/L) + Coagulation-Flocculation-Sedimentation (PAC 25 mg/L) + 
Rapid Sand Filtration 
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Table 8.24 shows characteristics of treated water of each of the three batches (Batch 4, 5, & 

6) of water samples collected from Feni River at Azampur site during the dry season. All water 

quality parameters tested (including turbidity, TSS, TC, FC and Iron) satisfy the Bangladesh 

Drinking Water Standard, except COD and BOD5 which exceed the standard slightly for Batch 

5 sample. 

Table 8.24: Water quality analysis results of treated water samples collected in dry season 

(Batch 4, Batch 5, and Batch 6) from Feni River at Azampur site 

Sl. 
No. 

Water Quality 
Parameters 

Unit 

Concentration Present Bangladesh 
Drinking 
Water 

Standard 
Batch 4a Batch 5b Batch 6c 

1 pH -- 7.06 7.28 7.45 6.5-8.5 

2 Color (Apparent) Pt-Co 5 4 2 15 

3 Color (True) Pt-Co 2 2 2 15 

4 Turbidity NTU 0.52 0.49 0.35 10 

5 
Total Dissolved 
Solids (TDS) 

mg/L 132 157 131 1000 

6 Iron (Fe) mg/L <0.02 <0.02 <0.02 0.3-1.0 

7 
Total Coliform 
(TC) 

CFU/100 mL 0 0 0 0 

8 
Fecal Coliform 
(FC) 

CFU/100 mL 0 0 0 0 

9 
Electrical 
Conductivity (EC) 

µS/cm 226 259 237 -- 

10 Nitrate (NO3-N) mg/L -- 0.6 0.6 10 

11 
Ammonia  
(NH3-N) 

mg/L 0.01 0 0.01 -- 

12 
Chemical Oxygen 
Demand (COD) 

mg/L 3 6 3 4 

13 
Biochemical 
Oxygen Demand 
(BOD5) 

mg/L 0.2 0.4 0.2 0.2 

14 
Total Chlorine 
(Cl2)  

mg/L 1.2 1.5 0.84 0.2 

15 Aluminum (Al) mg/L 0.017 0.015 0.011 0.2 
Notes:  

a = Treatment chain: Pre-chlorination (4.00 mg/L) + Coagulation-Flocculation-Sedimentation (PAC 25 mg/L) + 
Rapid Sand Filtration 

b = Treatment chain: Pre-chlorination (4.50 mg/L) + Coagulation-Flocculation-Sedimentation (PAC 25 mg/L) + 
Rapid Sand Filtration 

c = Treatment chain: Pre-chlorination (3.00 mg/L) + Coagulation-Flocculation-Sedimentation (PAC 25 mg/L) + 
Rapid Sand Filtration 

8.4.8 Selection of Treatment Processes 

Based on the results of treatment process studies and treated water analysis, the unit 
operations and processes can be selected to produce drinking water of desired quality for the 
BSMSN from the raw water of the Feni River at or near Azampur site. Then the treatment 
process flow diagram can be constructed with the selected unit operations and processes. 

As plain sedimentation was not effective in removing suspended solids from the raw water, 
pre-settling is not recommended for suspended solids reduction. 
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Coagulation-flocculation-sedimentation with PAC was found to be very effective in removing 
turbidity, suspended solids, and color from the raw water. Hence, rapid mixing chamber, 
flocculation unit and efficient clarifier must be provided in the treatment chain. A coagulant 
aid may be required to sustain the efficiency of the turbidity/suspended solids removal, in 
special cases. 

The filtration of the outflow of flocculent settling column through normal filter column 
reduced the color substantially. If a rapid sand filter is installed after the coagulation-
flocculation-clarification process, it will remove the suspended and floating flocs from the 
outflow of the clarifiers, thereby removing the suspended solids and turbidity further. Hence, 
provision of a rapid sand filtration unit will be beneficial for further improvement of water 
quality in terms of color, turbidity, and suspended solids. 

Break Point Chlorination showed that low chlorine dose was required to make the water 
completely free from fecal and total coliforms. So, pre-chlorination is required to remove 
fecal/total coliforms from raw water, prevent growth of microorganisms in the raw water 
transmission pipeline, and prevent algal growth and improve efficiency of algae (if any) 
removal. From the model process studies, it is observed that the available residual chlorine 
after rapid sand filtration process will be satisfactory. The residual chlorine was above 0.2 
mg/L for all the sampling batches. Hence, post-chlorination was not necessary prior to 
feeding the treated water into the water distribution network. However, in actual plant 
operation, the microbial quality may vary at different conditions, which may require a post-
chlorination process for effective disinfection. The operator should monitor the microbial 
quality and residual chlorine in the treated water on a frequent basis to ensure effective 
disinfection. 

It should be noted that iron and organic matter are also removed by different mechanisms 
when the raw water is passed through the unit operations and processes described above. 

The proposed treatment process flow diagram is depicted in Figure 8.25. A suitable screen 
should also be installed in the intake structure to avoid the entry of objectionable suspended 
matters into the inlet pipes, and sufficient number of flushing outlets shall be provided in the 
raw water transmission line. 

 

Figure 8.25: Treatment process flow diagram of the Water Treatment Plant for treating raw 
water from the Feni River to supply water to the BSMSN 
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8.4.9 Process Design Parameters 

Based on the process studies carried out with the samples collected in the both the wet and 

dry season, the following design parameters can be recommended for the proposed Water 

Treatment Plant for the BSMSN. 

For pre-chlorination, the break point dose is 3.0 – 4.5 mg/L for dry season and 2.0 – 4.0 mg/L 

for wet season. 

The PAC dose requirement for coagulation-flocculation process is 25 mg/L all year round. The 

velocity gradient (G) for rapid mixing for the process studies (Jar Tests) performed was in the 

range of 35 s-1 to 48 s-1with mixing time of 1 minute. However, rapid mixing tanks operate 

best at G values from 700s-1 to 1000 s-1, with detention times of approximately 2 minutes 

(Peavy et al., 1986). Hence, this data can be used for design of the unit. 

The favorable CAMP Number from the process studies is in the range 10000-20000 with 

detention time varying from 9 to 19 minutes, and G values in the range from 14 to 20 s-1. 

Values of the CAMP Number from 10000 to 100000 are commonly used with detention time 

ranging from 10 to 30 minutes, and reduction in G values by a factor of 2 from the intake end 

to the outflow end of the flocculator has been found to be effective (Peavy et al., 1986). The 

range of G values from 20 to 100 s-1 and the CAMP Number values from 20000 to 150000 

have been found in practice to be the most effective for plants using mechanical flocculators 

(Schulz and Okun, 1984). Hence, the design G values may be in the range 10-30 s-1 and the 

CAMP Number in the range 10000-20000, with reduction of G values from the intake end to 

the out flow end of flocculator may be adopted for the proposed Water Treatment Plant for 

the BSMSN. 

From the flocculent settling column tests, the minimum settling time has been determined as 

40 minutes – 60 minutes. Practical limitations dictate longer detention time to be employed 

in the design of settling basins. The detention period should not be less than 2 hours in case 

of horizontal flow settling basins. Also, it should be noted that in transferring water from the 

flocculator basin to the clarifier, extreme care must be exercised to avoid turbulence that can 

break up the flocs. 

A rapid sand filter column was designed and constructed at BUET to use it for process studies 

of the Feni river water. The features of the filter column are as follows: 

Depth of filter material in the first layer (sand layer, FM=3.10), second layer (sand layer, 

FM=4.52), third layer (gravel layer, FM=6.07), and fourth layer (gravel layer, FM=7.70) is 30, 

30, 30, and 15 cm, respectively. 

8.4.10  Conclusions 

From the above analysis, results and discussion, the following conclusions can be made: 

(a) The Feni River at or near Azampur site is a good source of water for the proposed 
water treatment plant at the BSMSN. 

(b) The turbidity, suspended solids, color, iron, fecal coliform and total coliform are to be 
removed from the raw water to make it suitable for drinking. 

(c) Pre-settling of raw water is not required. 
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(d) Pre-chlorination of the raw water at the intake pumping station should be employed. 

(e) Coagulation-flocculation-clarification using PAC is effective for removing turbidity and 
color from the raw water. Coagulant aid may be required in actual plant operation. 

(f) Rapid sand filtration improves the water quality in terms of color and turbidity 
removal. 

(g) Post-chlorination was not needed in the process studies. However, in the actual plant 
scenario post-chlorination may be required to ensure microbiological safety of the 
treated water at specific conditions. 

(h) The process design parameters established through this study should be used for 
design of the proposed water treatment plant at the BSMSN. 

The water quality of the Feni River should be protected against further pollution to preserve 

it as a good source of drinking water supply. 

8.5 Outline Design of Surface Water Treatment Plant  

8.5.1 Introduction 

Upgraded and more environment friendly technologies are now available in the developed 

countries but in Bangladesh adaptation of such technologies will be very difficult in terms of 

operation and maintenance. In case of Mirsharai, conventional treatment plants has been 

proposed and accordingly outline design has been initiated. It will be advantageous for 

Mirsharai operation and maintenance problem can seek technical support from Chittagong 

one exiting water treatment plant as well as DWASA or other such organizations in case of 

emergency operation and maintenance problems.  

In general, two common approaches for water treatment can be followed namely, natural 

process and chemical process. It may be mentioned here that natural process of treatment 

will increase both capital and O&M cost, therefore the project might not be financially viable. 

Considering the problem mentioned above chemical process of treatment has been selected. 

It is based on the result of the treatment process selection study previously completed and 

recommendations expressed at the end of this study. 

It is recalled that the proposed treatment process includes:  

 Raw water intake: 

 Coarse and fine screening 

 Collection raw water from the river by installing closed conduit and de-silting basin 

will be provided before pumping station 

 Intake pumping station; 

 Water treatment plant: 

 Inlet pump station; 

 Pre-chlorination; 

 Coagulation (rapid mixing after addition of lime milk and Poly-Aluminium Chloride 

(PAC)); 

 Flocculation; 

 Clarification (Sedimentation); 
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 Rapid filtration on sand filters; 

 Final water chlorination for disinfection (post-chlorination); 

 Water storage and distribution  

The outline design is related to the water treatment plant. For intake structure design and 

screening treatment refer to the specific part of the outline design report for intake 

structures. 

8.5.2 Water Treatment Layout 

8.5.2.1 Design Parameters and Reference Design Criteria 

Based on the results of treatment process studies and treated water analysis, the unit 

operations and processes can be selected to produce treated water of desired quality from 

the raw water of the Feni River.  

Coagulation-flocculation-sedimentation with PAC was found to be very effective in removing 

turbidity, suspended solids, and color from the raw water. Hence, rapid mixing chamber, 

flocculation unit and settling tank must be provided in the treatment chain.  

Laboratory tests have proved that filtration of effluent from flocculent settling column 

through normal filter column reduce the color substantially. If a rapid sand filter is installed 

after the coagulation-flocculation- sedimentation process, it will remove the suspended and 

floating flocs from the effluent, thereby removing the suspended solids and turbidity further. 

Hence, provision of a rapid sand filtration unit will be beneficial for further improvement of 

water quality in terms of color, turbidity, and suspended solids.  

Pre-chlorination at the treatment plant over the break-point is required to prevent growth of 

algae, oxidize ammonia, organic matter, iron and manganese and remove the most part of 

microorganisms, including coliform, from water. 

It is likely that the residual chlorine due to chlorination will not be present in sufficient 

concentration after rapid sand filtration. Hence post-chlorination will be required prior to 

feeding the treated water into the water distribution network. 

The following criteria have been adopted in order to select the water treatment plant type 

and unit operations: raw water quality, type of community, water supply, operation and 

maintenance capacity, and level of industrial development. 

8.5.2.2 General Layout 

The treatment plant has been designed to be constructed into an integrated treatment unit 

up to filtration. The capacity of the plant will be 52.50 MLD (for 50 MLD of treated water) and 

the total plant capacity will be the same. Process diagram and general layout of the water 

treatment plant are shown in Figure 8.26 and Figure 8.27 respectively. 
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Figure 8.26: Process Diagram of Water Treatment Plant 
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Figure 8.27: Layout of Water Treatment Plant at Poshchim Ichakhali 
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8.5.3 Design of Water Treatment Units 

8.5.3.1 Inlet Pumping Station 

Four (4) centrifugal pumps (including one for stand by and one for maintenance) have been 

considered. The capacity of each pump will be 0.305 m3/s. To avoid mutual interference 

between two adjoining pumps by maintaining sufficient clearance of 3.0 m c/c of bowel has 

been considered. The adequate submergence is 2.0 m of the pump under the lowest water 

level in order to prevent entry of air during draw down and to satisfy NPSHr. 

Raw water from intake pumping station will enter into the treatment plant site through raw 

water transmission main having 800 mm diameter. A rectangular pump sump with 15 

minutes’ water storage reservoir and the individual size of pumps will provide the sufficient 

head at the mixing chamber. The characteristic of the raw water pumping station is shown in 

Table 8.25. 

Table 8.25: Characteristic of the Inlet Pumping Station inside the WTP Site 

Capacity of the pumping station 0.61 m3/s 

No. of on duty pumps 2 

No. of Standby pumps 2 

Capacity of each pump 0.305 m3/s 

Pump efficiency above 80 % 

Pump Capacity in KW 30 KW 
 

The following levels which will be used are shown in Table 8.26. 

Table 8.26: Levels Used for Raw Water Pumping Station inside the WTP Site 

Maximum water level at raw water pumping station 4.5 mPWD 

Minimum water level at raw water pumping station 0.6 mPWD  

Bottom level of the pump sump -1.4 mPWD 

8.5.3.2 Pre-chlorination for Disinfection 

Raw water can be disinfected by adding Cl2 which is widely used. Also O3, ClO2 and UV ray are 

now being used as disinfection agent in developed countries but involve high cost and 

complex maintenance. Thus considering economic viability and easy availability in Bangladesh 

Cl2 has been recommended as disinfection agent. Maximum 5 mg/l of Cl2 is recommended for 

the disinfection process. 

8.5.3.3 Coagulation (Rapid Mixing) and Dividing Chamber 

Two rapid mixing and flow dividing chamber will be constructed for mixing and distributing 

the water into the two sets of flocculation basin. Each mixing & distribution chamber will 

distribute water into the two flocculation basins. The design sizes of mixing chamber have 

been considered from USDA, 1994 and lecture notes of conventional and advanced treatment 

methods of IHE-Delft (van Breemen, n.d.). Mixing and distribution chamber has been selected 

considering the following: 
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Table 8.27: Design of Mixing and Distribution Chamber 

No. of mixing and dividing chambers 2 

Total design Q  2 X 0.304 m3/sec  

Size of the Mixing and Dividing chamber 2 X (9m X 4m X 1.5m)  

Velocity of the pipes connected to mixing and 
dividing chambers from raw water pumping station 

1.55 m/s (500 mm dia. twin pipes) 

Velocity of the channels connected to flocculator 
from mixing and dividing chamber  

0.4 m/s  

 

A very fine screening is necessary in order to avoid the clogging of filters by large size 

particles. For that purpose, it is proposed to set a battery of fine screens at the head of each 

mixing chamber. Mesh spacing will be 6 mm at most. 

8.5.3.3.1 Plan and Section of Mixing Chamber 

A sectional plan and elevation of mixing chamber is shown in Figure 8.28. 

 

Figure 8.28: Plan and Section of Mixing Chamber 

8.5.3.4 Flocculation Basin 

Flocculation is the clarification process of gentle and continuous agitation, during which 

suspended particles in the water coalesce into larger masses so that they can be removed 

from the water in subsequent treatment processes, particularly by sedimentation. 

Flocculation follows directly after the rapid mixing process. 
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8.5.3.4.1 Objectives 

 Providing suitable condition and time for formation of floc particles 

 Keeping the water in a state of controlled agitation 

 Formation of the moderately large dense and heavy flocs which will easily settle in the 

settling basin. 

8.5.3.4.2 Choice 

Selected flocculator type for this treatment is horizontal-flow baffled channel flocculator as 

capacity of the treatment plant is about 50 MLD. Baffled channel flocculator have been 

considered in order to maintain sufficient head losses in the channel for slow mixing due to 

the flow rates. 

Again horizontal-flow flocculator with around-the-end baffles are preferable over vertical-

flow flocculator with over-and-under baffles, because-  

 Easier to drain and clean; 

 Head loss which governs the degree of mixing can be changed more easily by installing 

additional baffles or removing portion of existing ones; and 

 In vertical flow unit depth of the channel can be as high as 3 m. But the major problem 

is accumulation of settled material on the chamber floors and difficulty in removing it. 

8.5.3.4.3 Design 

The design sizes of flocculation basin and associate hydraulics have been considered mainly 

from the lecture notes of conventional and advanced treatment methods of IHE-Delft (van 

Breemen, n.d) and WASH, 1984. Flocculators of BSMSN drinking water treatment plant have 

been designed considering the following design parameters- 

i. Number and Size 

Two (2) independent flocculation basins have been considered for BSMSN WTP, which will 

encompass the sedimentation and filtration units, sharing a common side wall. Modified 

baffles and a sloped basin floor will be arranged in such way that the minimum water depth is 

at inlet and depth gradually increases to a maximum at outlet. Detail of the basins are given 

below- 

 Size of each basin is 21 m x 18.9 m 

 Each basin will comprise of three sub-chambers. Size of each chamber is 21m x 

6.3m 

 Number of baffles in each sub-chambers are designed as- 

a) 1st sub-chamber: 20 nos. horizontal baffle@ 0.945 m c/c 

b) 2nd sub-chamber: 18 nos. horizontal baffle@ 1.107 m c/c 

c) 3rd sub-chamber: 14 nos. horizontal baffle@ 1.415 m c/c 

 Depth of each sub-chamber is 1.0 m 

 Wooden baffles are preferable 

ii. Hydraulic Components 

• Total flow is 0.608 m3/s (flow of each basin is 0.304 m3/s) 
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• Total detention time is 19.9 minutes (which is less than 21 minutes and the 

individual detention time of each sub-chamber will not exceed to more than 

7.0 minutes) 

• Total head loss (HL) is 0.307 m 

• Permissible horizontal velocity through each sub-chambers are- 

a) 1st sub-chamber: 0.324 m/s 

b) 2nd sub-chamber: 0.287 m/s 

c) 3rd sub-chamber: 0.215 m/s 

• Gt (velocity gradient x detention time) of each sub-chambers are 

a) 1st sub-chamber: 29160 

b) 2nd sub-chamber: 19770 

c) 3rd sub-chamber: 6165 

8.5.3.4.4 Plan and Section of Flocculation Basin 

A sectional plan and elevation of flocculation basin is shown in Figure 8.29. 

 

Figure 8.29: Plan of Flocculation Basin 
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8.5.3.5 Sedimentation Basin 

The purpose of sedimentation basin is to accumulate impurities at pre-determined location. 

Sedimentation process contains (Blokland, n.d.) the followings, 

 Impurities accumulate at pre-determined location (usually tank floor) 

 Continuous or intermittent sludge removal is required to maintain settling zone 

8.5.3.5.1 Choice 

Tilted corrugated separator basins have been used for sedimentation for many years in 

different countries and will be in operation for years to come. Main advantage of tilted 

corrugated type basins is that settling depends on the settling area rather than detention 

time. For this tilted corrugated PVC separator sedimentation basin has been selected for 

Mirsharai.  

Therefore, selected sedimentation basin type for this treatment is tilted corrugated PVC 

separator tank sedimentation.  

Tilted corrugated PVC separator sedimentation basin is preferable due to following reasons, 

 Not very sensitive for flow variation and some overloading 

 Reliable and flexible 

 Higher removal efficiency 

 Not subjected to the scouring action of the flow through velocity 

 Less short circuiting 

 Lower losses at inlet and outlet 

 Less power consumption for sludge collection 

8.5.3.5.2 Design of Settling Zone 

Sedimentation of BSMSN drinking water treatment plant has been designed considering the 

following design parameters- 

i. Overflow Rates 

Hydraulic overflow rate is the primary design parameter for sizing sedimentation basins. 

Acceptable overflow rates vary with the nature of the settling solids, water temperature, and 

hydraulic characteristics of the settling basin. It can be mentioned here that the higher rates 

are typical for warmer waters with heavier suspended solids. Rates higher than these may be 

applicable for warm waters greater than 20° C. Lower rates should be used for colder waters 

with lower turbidity or that are high in organic color or algae. Warm water temperature is 

considered as 25°C in most of the time and the corresponding kinematic and dynamic 

viscosities of water have determined as 8.96 x 10-7 m2/s and 8.96 x 10-3 kg/m.s. 

For Horizontal flow tank after coagulation with PAC and/or iron floc the range of surface 

loading and detention time varies from 25 to 75 m3/m2/d (typical value: 30-40 m3/m2/d) and 

2 to 8 hours (typically 2 to 2.5 hours) respectively. The space occupied by tilted plate settling 

tanks is thus a factor 20 smaller than is needed for horizontal flow tanks because of 20 times 

smaller surface overflow rates. 
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ii. Detention Time 

Detention time (i.e., flow rate divided by tank volume) is usually not an important design 

parameter because settling depends on the settling area rather than detention time for tilted 

corrugated plate. It is likely that this detention requirement is a carryover from the days of 

manually cleaned basins designed to provide a sludge storage zone. According to the 

Huisman, 2004 (in Fig. 4.8), for rectangular sedimentation basin, SOR value varies 

from0.35x10-3 m/s to 0.46 x 10-3 m/s, the minimum detention time is required for 95% 

removal ratio is in the range of 4.8x103 sec to 6.5x 103 sec (1.33 hours to 1.80 hours) 

respectively. The detention time of this practice for tilted corrugated separator is considered 

as 1.472 hours for designing maximum flow and for the better efficiency against turbulence of 

flow, instability of flow, bottom scour and flocculation (TU-Delft, n.d), which is 2.20 times less 

than rectangular sedimentation basin. 

iii. Number of Tanks 

One important choice to be made is the number of basins. The minimum, and by far the least 

costly, plant would have only a single settling basin. However, that would make for poor 

operation, because tanks must periodically be taken out of service for maintenance. Two 

tanks would partially offset this problem, but unless plant flow can be reduced, the load on 

one tank could be excessive when the other is out of service. A minimum practical number of 

tanks would be three, allowing for a 50% increase on two tanks when one is out of service. If 

the design overflow rate is conservative, the three-tank approach is acceptable. The number 

of tanks may also depend on the maximum size tank that can accommodate the selected 

sludge removal equipment or on other factors, such as site constraints. Factors also to 

consider in selecting the number of tanks are their relationships to the flocculation basins and 

the filters. 

 In general, however, a minimum of four tanks is preferred (AWWA, 2005). Therefore, four (4) 

number of sedimentation tank has been considered in this project. 

iv. Basin Dimensions 

Rectangular basins are generally designed to be long and narrow, with length-to-width ratio 

of 3:1 to 5:1. This shape is least susceptible to short circuiting for the hydraulic condition in a 

basin when the actual flow time of water through the basin is less than the computed time. 

Short-circuiting is primarily caused by uneven flow distribution and density or wind currents 

that create zones of near-stagnant water in corners and other areas. The ratio of length to 

width is considered as 4.5:1 and dimension is 9.3 m x 41 m. The design depth of the basin is 

2.4 m. 40 numbers of 5 mm RCC supported tilted PVC separator have been designed which 

will be spaced @ 1.0 m c/c. 

8.5.3.5.3 Design of Inlet Zone 

A basin's effectiveness at any overflow rate can be greatly changed by short circuiting. Short-

circuiting reduces the actual area traversed by the flow, increasing the apparent overflow rate 

and reducing solids removal efficiency. The inlet zone has been designed (Figure 8.30) 

according to the guidelines provide by AWWA, 2005. 
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For long, narrow basins being fed directly from a flocculation basin, slots or a few individual 

inlets have to suffice. To obtain uniform flow distribution through wider basins, perforated 

base slab have been provided. For best results, flow from the flocculation basin should be in 

line with the basin axis. Following hydraulic principles to ensure equal flow distribution, head 

loss through the perforations should be 4 to 5 times the velocity head of the approaching 

flow. The velocity gradient G should be equal to or less than that in the last flocculation 

compartment to minimize floc breakup. The number of ports should be the maximum 

practical that will provide the required head loss. Port velocities typically must be about 0.21 

to 0.30 m/s for sufficient head loss (AWWA, 2005; CPHEEO, 1999; WASH, 1984). Ports should 

be arranged to cover as much of the basin's cross section as possible without creating high 

velocities in the sludge collection zone that might cause scouring action. Thus the lowest port 

should be about 0.6 m above the basin floor. Port spacing is typically (25 to 61 cm) with a port 

diameter of 10 to 20 cm. 

In this assignment the velocity through the holes is considered as 0.23 m/s. There are 100 

numbers of holes in 4 rows having 150 mm of diameter and 0.375 m c/c is considered. The 

clearance of bottom holes from the settling basin floor is considered as 0.6 m. 

 

Figure 8.30: Sectional View of the Inlet Zone of Sedimentation Basin 

8.5.3.5.4 Design of Outlet Zone 

Outlet design is also critical in reducing short-circuiting and scouring of settled solids. Outlet 

designs have undergone a number of transformations. Basins were originally designed with 

end weirs. This type of outlet causes an increase in horizontal and vertical velocity as flow is 

forced up the end wall to the weir, and the increased velocities cause considerable floc 

carryover by scouring settled floc and removing floc that has not had time to settle. 

Considered, 9 nos. of double weirs having 25 numbers of U-notch (size: 0.10 m of width and 

25 mm of depth) in each for a single basin (Figure 8.31). The length of main weir is 5m. 
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Figure 8.31: Typical Plan View of the Outlet Zone of Sedimentation Basin 

8.5.3.5.5 Manual Solids Removal 

Manual solids removal is recommended for the surface water treatment plant of BSMSN over 

mechanical solids removal. In such cases basins must be designed to store sludge for a 

reasonable time period of time. An extra depth of 1.2 to 1.5 m has been provided (AWWA, 

2005). Basin floors have been assured sufficient slope to a drain and adequate pressurized 

water has been recommended to be available for flushing. Manually cleaned basins are 

suitable for use in developing countries because of their low labor rates. 

8.5.3.5.6 Plan and Section of Sedimentation Basin 

A sectional plan and elevation of Sedimentation basin is shown in Figure 8.32. 
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Figure 8.32: Plan and Sectional View of the Sedimentation Basin 

8.5.3.5.7 Alternative option of Coagulation, Flocculation and sedimentation.  

Clariflocculators/ Clarifiers can be another option including mixing and dividing chamber. 

Selected clarifier type for this treatment is a compact clarifier able to work at the same time 

as a flocculator and a settling tank, as sludge blanket clarifier or similar. 

8.5.3.6 Filtration Chamber 

Filtration is the purification process, whereby the water to be treated is passed through a 

porous substance. During this passage water quality improves by part removal of suspended 

and colloidal matter, by reduction of the number of the bacteria and other organism and by 

changes in its chemical constituents.  

8.5.3.6.1 Choice of Filtration Type 

During the process of filtration, the impurities are removed from the water, they accumulate 

on the grains and in the openings between the grains of the filter bed, in this way reducing 

the effective pore space by which the resistance against the flow of water increases and the 

filtration efficiency drops. After some time, this resistance becomes so high or the quality of 

the effluent so low, that cleaning the filter is necessary. With regard to the interval between 

cleanings and the way this cleaning is effected, two groups of filters may be distinguished, 

slow filters and rapid filters, which filters also differ greatly with respect to the filtration rate 

that is the capacity per unit area of filter bed surface. 

In that case rapid filters have been chosen over the slow filters because of the following 

reasons. 
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 Very effective in removing turbidity / large particles (<0.1-1 NTU) 

 High filter rate  

 Small land requirements 

 No limitation regarding initial turbidity level 

 Cleaning time (backwashing) only takes several minutes 

For rapid filter frequent cleaning is required (every 24 h-72h). In this case we recommend 

cleaning at the rate of 24 hours interval. 

8.5.3.6.2 Design of Filtration Units 

Filtration of BSMSN drinking water treatment plant has been designed considering the 

following design parameters- 

i. Rate of Filtration 

The rate of water flow through the filter is referred to as the hydraulic loading or the filtration 

rate. The filtration rate depends on the raw water quality and the type of filter media. The 

rate at which water passes through the granular filter media (the filtration rate) may vary 

widely, depending on the purpose for which the water is required. According to United States 

Environmental Protection Agency (EPA, 1995) for public water supply, 5 m/hour may be 

regarded as the standard rate and most authorities limit the maximum filtration rate to 

between 5 and 7.5 m/hour. For medium-sized sand (0.5mm ES), filtration rate may vary from 

5 to 7.5 m/hour (AWWA, 2005; Page: 8.5). Normal practice for the filtration rate in India is 

considered in the range of 4.8 to 6 m/hour. According to Huisman (Huisman, 1985), 

commonly filtration rate can be considered as 5.4 m/hour (1.5 x 10-3 m/s) for 0.5 to 2mm 

sand. In this practice, filtration rate is considered as 5.4 m/hour (1.5 x 10-3 m/s) considering 

the guidelines mentioned above. 

ii. Number and Capacity of Filter Units 

The open down flow type of rapid filters essentially consists of a box, commonly made of 

reinforced concrete, rectangular in shape and varying in filter bed area between about 15 and 

150 m2. This box is filled with a 0.5 to 2 m deep layer of filtering material on top of which the 

raw water to be treated is present in a depth of 0.25 to 2 m. It is recommended that the 

minimum numbers of filter will be 4 that can be extending to infinitely as per requirement. 

In this practice we considered 10 filter units (with 2 standby for filter backwashing) having 

filter bed are of 40.5 m2 (4.5mx9.0m). 

Filter Media 

The most common filtering material in rapid gravity filters is sand. It has been the custom to 

designate sand for rapid gravity filters in terms of its effective size, uniformity coefficient and 

hydraulic size. Gravel is commonly used to support the filter media. Desirable characteristics 

for all filter media are as follows- 

 Good hydraulic characteristics (permeable); 

 Does not react with substances in the water (inert and easy to clean); 

 Hard and durable; 

 Free of impurities; and 
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 Insoluble in water. 

iii. Selection of Filter Media 

Criteria for selection of filter media are as follows- 

a) Two factors are very important in making judgments about media selection: 

 The time required for turbidity to break through the filter bed; and 

 The time required for the filter to reach limiting head loss. 

b) If the limiting head loss is frequently a problem and turbidity breakthrough rarely 

occurs, then a larger media size may be considered. If turbidity breakthrough is 

frequently a problem and limiting head loss is rarely encountered, then a smaller 

media size may be considered. 

c) If both head loss and turbidity breakthrough are a problem, while the filter is 

operating within its rated capacity, a deeper filter bed with a larger sand size may be 

required. The optimum depth needed to obtain a given quality and length of run 

varies with the size of the sand. However, increasing the media depth is not always 

possible without modification of the filter. 

d) Adequate clearance must be allowed between the top of the media and the weir cell 

of the wash water channel. Otherwise, filter media will be carried over into the wash 

water channel during backwash, when the bed expands. 

e) Selection of an appropriate media for rapid gravity filtration depends on the 

 Source water quality 

 Filter design  

 Anticipated filtration rate 

Generally, the more uniform the media the slower the head loss buildup. Media with 

uniformity coefficients of less than 1.5 are readily available. Media with uniformity 

coefficients of less than 1.3 are only available at a high cost.  

More frequent backwashing will be required to keep the sand filter operating efficiently and 

therefore typically 0.8 to 1.0 mm of filter sand media has been considered (EPA, 1995). For 

higher filtration rate when the coarse medium is used, deeper sand beds are suggested. 

Normally 1.2m to 1.8m depth of filter media are considered (AWWA, 2005; CPHEEO, 1999). 

The selected filter media characteristics are given in Table 8.28. 

Table 8.28: Selected Filter Media 

Material Size Range (mm) Specific Gravity Depth (m) 

Medium Sand 0.8 2.6 1.15 

Graded Gravel 2-84 2.6 1.0 

iv. Filtration Efficiency 

Rapid gravity filtration efficiency is roughly measured by overall plant reduction in turbidity. 

Although it should be noted that up to 90% of the reduction may take place in the 

pretreatment stages. Overall reductions of over 99.5% can be achieved under optimum 

conditions, while a poorly operated filter and inadequate pretreatment (coagulation. 

flocculation, and clarification) can result in turbidity removals of less than 50 per cent. The 
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best way to assure high filtration efficiency is to select an outflow turbidity target and stay 

below the target value [such as 0.5 NTU (Nephelometric Turbidity Units)]. 

Because of the smaller media grain size, typically 0.8 to 1.0 mm, sand filters tend to clog with 

suspended matter and flock more quickly than dual-media filters. This means that more 

frequent backwashing will be required to keep the sand filter operating efficiently. 

v. Filtration Control System 

The filter control system regulates the flow rate through the filter by maintaining an adequate 

head above the media surface. This head (submergence) forces water through a gravity filter. 

The flow through a filter must be as stable as possible and any changes in flow rate, whenever 

operating conditions at the plant change should be controlled in order for the filter to yield 

the optimum outflow quality. The best control system therefore is one with simple, safe and 

reliable controllers that controls filtration without hunting. 

An essential element in the control system for rapid gravity filtration is a slow start controller, 

which restricts the output from a filter for a period after backwashing while the filter is 

ripening. Rapid gravity filter control systems can be classified into three types  

 Constant rate, with a controller; 

 Constant rate, variable head type; and 

 Declining rate (or variable flow rate) 

In this practice we recommended constant rate control system with a controller. The constant 

rate type with a controller may be operated either on the Constant Level system or with Flow 

Measurement. With Constant Level control the inflow to the plant is distributed equally 

between the filters, each receiving a flow equal to the incoming flow rate divided by the 

number of operating filters. Each filter is equipped with a controller which detects the 

upstream level, which it keeps constant by adjusting the outflow controller. Because the 

upstream level is kept constant, the outflow is equal to the inflow and clogging is 

compensated for until it reaches a limit, which depends on the available head. When a filter is 

shut down for backwashing or maintenance, the inflow is automatically distributed over the 

filters that are still in service with the exception of filters using a surface flush of settled 

water. Equal distribution of inflow is achieved simply and reliably by static devices (orifice 

plates, weirs, etc.; here weirs have been considered). Use of this control system also 

eliminates the discrepancies between total filtered flow and incoming flow that can occur 

with control systems based on flow rate measurements. 

Alternatively, in the Constant Rate control with flow measurement system each filter outlet 

has a flow meter linked to a controller which compares the metered flow from the filter to 

the flow rate set point and adjusts the outflow valve until they coincide. This system has no 

means of maintaining a specific water level above the filter media, so an additional central 

controller is needed. Normally the inflow rate to the filters is measured and the central 

controller adjusts the individual set-point rate of the filters accordingly. If the inflow rate 

increases, the level upstream of the filters rises and the central controller adjusts the set-

point rate for the filters until the upstream level stabilizes and plant inflow and outflow are in 
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balance. The central controller may alternatively adjust the individual set-point rate of the 

filters by reference to the water level in the Clearwater tank. Another central controller 

detects the water level in the inflow channel and adjusts the inflow control valve to provide 

the filters with a flow to correspond with their set point rate. The change in water level in the 

filters can be as much as 300 mm with this system. 

8.5.3.6.3 Design of Backwashing Units 

When during filtration the hydraulic resistance attains its maximum allowable value or the 

quality of the effluent drops below the set standards, cleaning of the filter is necessary to 

restore its capacity and/or to improve the quality of the filtered water. Today without 

exception mechanical cleaning is used, effected by reversing the direction of flow, admitting 

wash-water to the underside of the filter bed. At a rate many times larger than the filtration 

rate, this wash water flows upward, taking the impurities accumulated in the pores of the 

filter bed with it to above, where wash-water troughs and gutters are present to convey it to 

be a drain leading outside the filter. This backwashing process has two purposes such as- 

 To dislodge impurities adhering to the filter grain surfaces by the shearing action of 

the rising wash-water stream, flowing at high rates past the stationary grains; 

 To expand the filter bed, to increase the pore space allowing the liberated clogging to 

escape more easily with the wash-water. 

i. Choice of Backwashing Source 

Water needed for backwashing a filter may be supplied in different ways such as- 

a) By the distribution system 

b) By special wash water pumps connected to the clear well  

c) By an elevated wash water reservoir/tank 

Which solution is most attractive in a particular case depends primarily on the required 

backwash capacity compared to the production of the plant as a whole and on the minimum 

time interval between two successive cleanings in relation to the actual washing period. 

Taking back wash water from the distribution system is bad practice unless the number of 

filtering units is large and the back-wash rate is low, as this will result in strong variations in 

system pressure.  

For backwashing of filter by only water, a huge size of overhead tank will be required. So 

special wash water pumps connected to the clear well is selected for backwashing purpose of 

filters. 

ii. Design of Backwashing Source 

Design summary of filter backwashing source is given in Table 8.29. 

Table 8.29: Design Summary of filter Backwashing Source 

Item Quantity 

Capacity of backwashing pump 0.51 m3/sec 

Head of the pump 8.4 m from zero level 
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Item Quantity 

Number of pumps 2 (one in operation and one in standby) 

iii. Rate of Backwashing 

Wash rates are generally variable and depend on wash water temperature, filter media 

characteristics, and washing method. Water viscosity decreases with increasing temperature. 

Consequently, as wash water temperature rises, drag forces on media grains are reduced, and 

higher wash rates are required to achieve bed expansion. Each degree Celsius increase in 

water temperature requires roughly a 2% increase in wash rate to prevent a reduction in bed 

expansion. Filter wash systems should be designed for the warmest wash water temperature 

that will be encountered. Filter media characteristics also affect washing rate. A minimum 

rate of 37 m/h is recommended, with typical rates ranging from 37 m/h to 56 m/h. In current 

case 50 m/h or 14×10-3 m/s, backwashing rate is selected. 

iv. Choice of Underdrain System 

An underdrain system has two purposes: to collect water that passes through the filter media 

and to distribute wash water (and air, if used) uniformly across the filter bed. Support gravel 

is required when openings in the underdrain system are larger than the filter medium directly 

above it. Although the support gravel or other support method does not contribute to 

particulate matter removal, it aids in distributing wash water. For this reason, it should be 

considered part of the underdrain system. Uneven distribution of wash water can displace 

support gravel, eventually requiring removal of the filter media to be regarded or replaced. 

Four basic types of underdrain systems are common: pipe laterals, blocks, false bottom, and 

porous bottom. 

In this practice we recommended pipe lateral types of underdrain systems for the 

backwashing of filters. Pipe, lateral underdrains were once popular because of their relatively 

low cost and adaptability for use in pressure filters. Problems with relatively high head loss 

and poor wash water distribution have to be overcome by ensuring sufficient pressure from 

wash water tank. 

v. Design of Underdrain System 

Pipe underdrain systems generally consist of a centrally located manifold pipe to which 

smaller, equally spaced laterals are attached. Lateral pipes usually have one row of 10 mm of 

diameter perforations on their bottom sides. Features of laterals design are as follows: 

 Perforations: 10 mm Ф ((Referenced value: 6 to 19 mm; AWWA, 2005) 

 Laterals: 75 mm 

 Manifold: 800 mm 

 Total area of orifices (surface area of bed): 0.003:1 

 Cross-sectional area of lateral (total area of orifices served): 3:1 (Referenced value: 2 

to 4:1; AWWA, 2005) 

 Cross-sectional area of manifold (total area of laterals served): 2:1 (Referenced value: 

1.5 to 3:1; AWWA, 2005) 
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Orifices are normally spaced at 16.2 cm c/c (referenced value: 8 to 30 cm; AWWA, 2005) and 

laterals are considered at the same spacing’s as the orifices. 45 cm of support gravel is 

considered to cover a lateral network (CPHEEO, 1999). Mainly five graded layers are usually 

involved above the laterals with sizes varying from 2 to 32 mm. The bottom layer will be 

extended to 10 cm above the highest wash water outlet (AWWA, 2005). The designed 

underdrain system is shown in Figure 8.33 and Figure 8.34. 

 

Figure 8.33: Typical Layout of Laterals and Manifold for One Filter 

 

Figure 8.34: Typical Cross Section of Laterals and Manifold for One Filter 
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vi. Filter Gravel 

Gravels placed between the sand and the underdrain system to prevent sand from entering 

the underdrain and to aid uniform distribution of wash water. The gravel should accomplish 

both purposes without being displaced by the rising wash water. Size of gravel varies from 45 

to 84 mm at the bottom to 2 to 2.8 mm at the top with a certain depth. The faster the rate of 

application of water the larger the gravel size is required. European-type deep-bed filters use 

relatively coarse and uniformly graded media. 

The depth will vary according to the type of filter bottom and strainer system used, except in 

the case of porous bottom where no gravel is required. For perforated pipe under drain 

system of BSMSN WTP, gravel has been selected as 2 mm of minimum size, 16 mm maximum 

size above the laterals which may extend to 84mm at the bottom and the total depth is 

considered as 1.0 m. The layers of filter gravel are shown in Figure 8.35. 

 
Figure 8.35: Typical Cross Section of the Gravel Layers 

vii. Wash Water Gutters 

Material used for wash water gutters include concrete, asbestos cement, plastic, cast iron and 

steel. According to Huisman (Huisman, 1985), horizontal travel distance (or maximum 

permissible length of horizontal travel) is considered as 0.75m to about 2.5m. While the 

horizontal travel of dirty water over the surface of the filter is kept between 0.6 to 1.0 m 

before reaching the gutter, there are successful units with troughs eliminated and having only 

main gutters where the dirty water travel has been as high as 3 m (CPHEEO, 1999). It is 

uneconomical to place to place wash water gutters against the side walls of the filter. The 

upper edge of the wash water gutter should be placed sufficiently near to the surface of the 

sand so that a large quantity of dirty water is not left in the filter after the completion of 

washing. At the same time, the top of the wash water gutter should be placed sufficiently 

high above the surface of the sand so that sand will not have washed into the gutter (from 

minimum 20% expansion to about 50% expansion of sand bed; Huisman, 1985; AWWA, 

2005). The edge of the trough should be slightly above the highest elevation of the sand as 
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expanded in washing. Where this height cannot be determined by test, a convenient is to 

place the edge of the gutter as far above the undisturbed sad surface as the wash water rises 

in one minute. The gutter should be large enough to carry all the water delivered to it with at 

least 50 mm between the surface of the water flowing in the gutter and the upper edge of 

the gutter. Any submergence of the gutter will reduce the efficacy of the wash. The gutter 

may be made with the same cross section throughout its length or it might be constructed 

with varying cross section increasing in size towards the outlet end. The bottom of the gutter 

should clear the top of the expanded sand by 50 mm or more (Huisman, 1985). During back 

washing, the wash-water together with the dislodged impurities from the filter bed is carried 

away with a system of troughs and galleys at a distance of 0.75m to 0.9m above the filter bed 

(AWWA, 2005). The wash water gutters with sand bed are shown in Figure 8.36. 

 

Figure 8.36: Typical Cross Section of a Filter with Wash Water Gutter with Manifold System 

Numbers, size and filtration rate 

Clarified water flows by gravity to the filter influent header channel. The filters have 

been designed as constant rate, variable head, and inlet flow splitting rapid sand filters. 

A total 10 filters have been chosen. The size of each filter is 9 m x 4.5 m.  Filtration rate is 

5.24 m3/m2/h when the total flow is dispatched between the 10 filters of filter battery. 

The  flow into  individual  filters  will always  be equal  and  will be controlled  by filter  inlet  

weirs built  across  the filter  inlet  channel. The quantity of water being filtered is 

constant, except for small increase or decrease that occurs each time filters are taken out 

of service for backwashing and returned service again. When one filter is having 

backwashing, the filtration rate of the 9 working filters rises up to 5.8 m3/m2/h, which 

remains acceptable for a short lap of time. 

Backwashing facilities include backwash water pumps. 

Backwash water pumps 

The design includes: 
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 Construction of backwash facilities including 3 (two for operation and one standby for 

filter battery) backwash pumps, including control panel, pipes and accessories. 

 Installation of access gate and ladders – installation of appropriate and standalone 

lifting equipment to ease O&M. 

 Flexible hose pipe including water supply to be installed for the maintenance. 

 Protection – Automation – Controls: 

 Automation – controls: Manual – Semi-automatic – Automatic as per backwash process. 

 Manual change-over with the spare pump, pumps equipped with timer for alarm for 

manual change- over. 

 Pumps protected by LSL in the back water tank. 

Alternative of Filter Battery and Backwashing Facilities: 

An alternative of filter battery with filter Nozzles arrangement can also be used and 

backwashing facilities include air blowers and backwash water pumps to reduce the 

backwashing time. 

8.5.3.6.4 Influent & Effluent Lines and Controls 

The filter box is finally provided with a number of influent and effluent lines, equipped with 

valves and with controllers to keep water levels and the filtration rate constant. For clarity in 

Design, all these lines have been considered separately; although in practice they are 

combined and concentrated as much as possible to reduce the cost of construction and 

operation. 

8.5.3.6.5 Filter Units and Level of Corridor 

A rapid filtration plant always consists of a number of filtering units, mostly between 4 and 40 

(here 10). These units are commonly situated on one or on both sides (here one sided) of a 

two level corridor, while a central building houses special equipment such as – 

 Pumps 

 Compressors  

 Tanks for back-washing with water and/or air 

 Heating and ventilation equipment for air-conditioning 

 Storeroom 

 Laboratory 

 Offices 

8.5.3.6.6 Back-Wash Recycling Facilities 

Back-wash water will be recycled in order to save water resource. Indeed, total backwash 

water volume is about 2% (1000 m3) of total flow for on backwash per day. 

 Construction of one backwash recycling tank of 15mx10m of size (storage capacity is 

considered for three filter battery), including pipe and accessories and overflow.  

 Construction of pumping facilities for one backwash recycling tank, each including 1+1 

(one on duty & one standby) back wash recycling water pumps and control panel, 

pipes and accessories & metering facilities.  
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 Installation of access gate and ladders – installation of appropriate and stand-alone 

lifting equipment to ease O&M.  

 Flexible hose pipe including water supply to be installed for the maintenance. 

The plan and section of back wash recycling tank is shown in Figure 8.37. 

 

Figure 8.37: Plan and Section of Wash Water Regulating Tank 

8.5.3.7 Treated Water Reservoir 

The highest water level at treated water reservoir is 7.6 mPWD and the depth of water is 4 m. 

The bottom elevation of the reservoir is 3.6 mPWD. 

A chlorine zone has been established in the treated water reservoir and sized for a 30 minutes 

contact time. From the chlorine contact zone, the water flows over a weir into the second 

section of treated water reservoir from which the treated water pumps will take suction. 

Typical water works practice is to design the treated water reservoir on the basis of 

percentage of maximum capacity of the treatment plant. The storage is usually 5-10% of the 

plant rated capacity. 

Following consideration have been made for selection of size: 

 Provide chlorine contact basin for post chlorination; 

 Act as a buffer between raw water pumping rate and high lift pump rate into the 

transmission main, so that the treatment plant can be operated at a constant rate. 

The capacity of the reservoir has been considered for about 2 hour’s production of the 

treatment plant (4,500 m3). Hence total volume is 5600m3, including contact tanks volume 
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(1100 m3), which represent 11.20% of the plant capacity. The size of the contact tanks and 

the reservoir is 50m x 29m x 5m including the free board. The reservoir will be divided equally 

in two (02) parts (2,250 m3 each) for maintenance purposes. The reduced level (R.L) of the 

top slab of the reservoir will be 7.6+ 0.7= 8.3 mPWD to avoid contamination from the surface. 

Similarly, access manhole and air vents will be raised to sufficient level to prevent flood water 

intrusion. 

A part of the treated water reservoir has been proposed as treated water pump sump whose 

bottom will be at 1.8 mPWD. A plan of clear water reservoir is shown in Figure 8.38. 

 

Figure 8.38: Plan of Clear Water Reservoir 

8.5.3.8 Treated Water Pumping Station 

For transmission of the water produced in the plant to a high lift pumping station will be 

necessary. The pumping station will be placed near the treated water reservoir. The 

characteristic of the treated water pumping station are as follows: 

Table 8.30: Characteristic of the Treated Water Pumping Station of WTP Site 

Items Considered Values 

Capacity of the pumping station 0.58 m3/s 

No. of on duty pumps 2 

No. of standby pumps 2 

Capacity of each pump 0.29 m3/s 

Pump efficiency above 80 % 

Bottom level of the pump sump 1.8 mPWD 

Design head of pump 50 m 

Design KW of pump 200 KW 
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Pumping station delivery head is 50 m to ensure a 1.5 bar pressure in the secondary 

transmission main (which will ensure at least 1.0 bar pressure at each node of main 

distribution system). The diameter of individual column pipes of each pump and the common 

transmission main are considered as 400mm and 800mm respectively. The transmission main 

length from the treatment plant to proposed priority zone is about 12.3 km. 

8.5.3.8.1 Pump Suction Arrangement 

All the pumps will discharge to a pipe header located in the pump house opposite to the 

reservoir end. An overhead bridge crane will be provided to aid in the maintenance 

equipment within the pump house. 

8.5.3.8.2 Surge 

In order to limit the magnitude of anticipated surge pressures, the following appurtenances in 

the treated water pumping station will be provided. 

 At least two by pass line will be connected between reservoir to discharge header; 

 Check valves at each pump delivery will be provided as anti-vacuum devices to allow 

introduction of treated water from the reservoir, through the by-pass here-above 

mentioned; 

 Installation tees and air release valve will be installed in each pump delivery; 

 Flow discharge device with quick opening to evacuate flow in case of overpressure 

risk; 

 Normal pump slating and stopping will need to be staggered by at least 10 minutes 

intervals; 

 After a power failure, the slating of the first pump will need to be delayed by at least 

15 minutes. 

8.5.4 Sludge Treatment Process Selection 

8.5.4.1 Sludge balance 

8.5.4.1.1 Sources of water 

Whatever the sludge treatment process is, the sizing is based on the determination of the 

quantity of sludge to be treated. When a drinking water treatment plant is fed from a river, 

the quantity of sludge is variable according to the season, due to the variations of raw water 

quality. Peak sludge production is generally observed during the rainy season, as a 

consequence of soil erosion, or during algae bloom period. 

Sludge dewatering infrastructures have to be designed to comply with all the possibilities 

regarding sludge quantity. Sizing key data are the maximum mass of sludge to be treated per 

week (peak quantity) and the average quantity to be treated per day. 

The values of these two parameters have been estimated considering the sources of raw 

water 50,000 m3/day from Feni River throughout the year. 

8.5.4.1.2 Sludge Balance for Feni River water 

The quantity of sludge resulting from the treatment of Feni river water has been evaluated 

from the results of the water quality study realized during wet and dry season. This study is 
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based on 3 samplings collected in July, August and September 2018. This evaluation is 

presented in Table 8.31. 

Table 8.31: Estimation of sludge quantity resulting from BSMSN WTP 

Date of 
sampling 

TSS 
PAC 

required 
dose 

Estimated dry 
solids 

associated 
with SS 
content 

Estimated 
dry solids 
associated 

with 
chemicals 

Estimated 
total dry 

solids 

Estimated 
total dry 
solids for 

50,000 
m3/day 

  mg/l mg/l mg/l mg/l mg/l t/day 

17/07/2018 186 25 186 5.85 191.9 9.6 

01/09/2018 42 25 42 5.85 47.9 2.4 

10/10/2018 26 25 26 5.85 31.9 1.6 

28/01/2019 23 25 23 5.85 28.9 1.4 

25/02/2019 32 25 32 5.85 37.9 1.9 

13/03/2019 36 25 36 5.85 41.9 2.1 

Average 57.5 25 57.5 5.85 63.35 3.2 

Note: 1 mg of alum results in 0.234 mg of chemical sludge consisting in Al(OH)3 precipitate 

as per the following relation: 

Al2(SO4)3, 18 H2O + 3Ca(HCO3)2   2Al(OH)3 + 18 H20 + 6 CO2 + 3 CaSO4 

According to these data: 

 The average sludge production will reach 3.2 t/day in wet season; 
 We assume that the peak sludge production could reach during wet season three 

times as much as the average quantity, therefore 9.6 t/day; 
We also assume that sludge quantity is maximum during wet season, so that the sludge 

treatment work should be sized according to the above average and peak quantities 

8.5.4.2 Sludge Treatment Line 

8.5.4.2.1 Sludge Characteristics 

The quality of sludge depends both on the raw water quality and the water treatment 

process. 

Generally, drinking water sludge contain 4 mains components: silts, organic matter, hydroxide 

precipitate and carbon activated particles. Silts and organic matter are present in raw water, 

in the form of suspended solids or dissolved matter (organic matter only). Hydroxide 

precipitate comes from the application of coagulant to enhance settlement. Carbon activated 

is added in settlement tanks to remove pesticides as well as other dissolved organic 

components. 

In BSMSN WTP, the sludge contains all these components except carbon activated particles as 

carbon is not used in the treatment process. 
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According to the above calculation, the proportion of hydroxide in sludge could be 25%. 

8.5.4.3 Treated sludge possible destinations 

It appears that there is no regulation and no case of sludge re-use in Bangladesh. 

Several possibilities regarding sludge final destination can be proposed: 

 Use of sludge as land-filling material; 
 Use of sludge as filling material for public works (road, pipe laying) provided 

that sludge contents in organic matter are acceptable; 
 Use of sludge as material for brick manufacturing by incorporating sludge in clay; 
 Use of sludge as material for agricultural soil improvement, providing that lime is 

added and aluminium concentration is acceptable (aluminium is toxic for humans 
and plants); 

 Evacuation of sludge to dumping site. 
 

The final destination or reuse of the dewatered sludge will be determined by BEZA according 

to local possibilities 

8.5.4.4 Sludge treatment general recommendations 

Due to drinking water sludge characteristics, the treatment will include 2 steps: thickening 
and dewatering. 

As thickening will be operated continuously 7days/ week and dewatering only 6days/week, it 

is recommended to add buffer tanks between the thickening and the dewatering steps. 

These tanks will also support the homogenizing of the sludge coming from the Water 

Treatment Plants. The general arrangement of sludge treatment will be as shown in the 

following diagram. 

 

8.5.4.5 Comparison of sludge treatment solutions and recommendations 

8.5.4.5.1 Possible technologies 

Technologies used for drinking water sludge thickening are the following ones: 

 Static thickening; 
 Lamellar; 
 Floating thickening. 
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Static thickening 

Static thickening is the simplest technology. It allows theoretically obtaining sludge with a 

dryness rate in the range of 1% (10 g/m3) and 10% (100 g/m3) according to sludge 

characteristic, with an average value of 3%. In Saidabad, a dryness rate of 2% at least could 

likely be obtained, possibly with addition of polymer. 

Lamellar thickening 

Lamellar thickening results in sludge concentration higher than the one obtained from Static 

thickening. Dryness rate is in the range of 5% to 20% according to sludge characteristics. In 

BSMSN WTP, a dryness rate of about 10% could likely be obtained, possibly with addition of 

polymer. 

These performances are made possible by use of lamella which increases the settling 

area for the same global size of the thickener. Hence lamellar thickeners are more compact 

than static ones. 

Floating thickening 

This thickening treatment consists in pressurizing sludge by mean of injection of pressurized 

air at a pressure in the range of 3 bars to 6 bars. Contact between air and sludge takes place 

in a metallic air saturating tank. 

In a second time, pressurized sludge is expended and sent into a flotation unit where 

floating sludge is extracted by mean of a surface scraper. 

Two types of floating thickening are used: 

 Thickening with direct sludge pressurization (direct thickening) as described below; 
 Thickening with pressurization of clear water instead of sludge, followed by 

expansion and injection of water in sludge before floating step (indirect 
pressurization). 

Floating thickening is compact and floated sludge has a high rate of concentration (about 40 

to 60g/l). On the other hand, floating operation is a bit delicate and this type of floating does 

not allow storing sludge in the thickener. Floating thickeners are more compact than static 

ones. 

Recommendation 

Due to robustness and simplicity of operation, static thickening have been recommended. It 

will be necessary to use it in combination with an addition of polymer, in order to obtain the 

sludge concentration required for dewatering treatment (at least 20 g/l). Polymer injection 

rate will have to be determined by the bidder according to its experience for such a process. 

It is usually in the range of 0.5 ppm to 5 ppm. In case of overflow recycling, polymer will have 

to be compatible with drinking water quality requirements. 

8.5.4.5.2  Size calculation for static thickening solution 

The calculation in relation with the sizing of thickeners is presented in Table 8.32. 
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Table 8.32: Sizing of thickeners 
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m3/h TDS/day m/h u m2 m m m3 kg/m2.day m3/h m3/h 

65.63 3.2 0.7 2 47 7.7 8 201 31.8 6.6 59.1 

In this table: 

 Sludge flow is calculated on the basis of 3% of the water flow admitted into the clarifiers; 
 Maximum load is the peak load in the strongest conditions (refer to the Table 

8 . 3 3 : Provisional sludge production of BSMSN WTP); 
 Peripheral height of fluids (sludge and supernatant) is fixed to 4 m. 

 

 

Figure 8.39: Plan of Sludge Thickener 

Thickening needs addition of specific polymer to obtain dry solid at required concentration 

of at least 20 g/l. The provisional polymer consumption is calculated and given in Table 8.33. 

Table 8.33: Polymer consumption for thickening 
 

Polymer 

injection 

rate 

(kg/m3) 

Total sludge flow 

(m3/day) 

Polymer 

consumption 

(kg/day) 

Polymer storage 

requirement 

Storage 

autonomy 

(month) 

Storage 

capacity 

(ton) 

0.003 1575 4.725 12 1.7 
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8.5.4.5.3 Sludge buffer tanks 

One buffer tank will be constructed under the dewatering building in order to: 

 Homogenize sludge from various thickeners; 

 Store sludge during filter stop periods (for example during night or holidays); 

 Control the functioning of the dewatering plant. 

Buffer tanks will be equipped with stirrers and pumps. Stirrers will aim at sludge 

homogenization and settling prevention. Pumps will discharge sludge to preparation tanks. 

The total capacity of the tanks must allow storing the daily peak production. Table 8.34 shows 

the sizing of the tanks. 

Table 8.34: Sizing of the sludge buffer tanks 

Designation Unit Value 
Sludge peak production  T DS/day  9.6 
Storage autonomy  Day 1 

Sludge concentration g/l 20 

 Total storage capacity  m3 480 

Number of tank u 1 

Volume per tank m3 480 

 

8.5.4.5.4 Supernatant recycling 

Sludge thickening results in water losses (supernatant) representing about 3% of the raw 

water flow admitted in the water treatment line (about 1418 m3/day) 

As the suspended solid concentration of supernatant is generally small, it can be mixed with 

raw water and recycled in the water treatment line. This arrangement avoids rejecting water 

outside the plant and allows saving water. 

However, recycling is not desirable in the following cases: 

 Bad quality of raw water; 
 High concentration of suspended solids in the supernatant (due to thickener 

dysfunction) 
 

To cope with such events, the project will include facilities for the evacuation of 

supernatant to the west  Ichakhali khal. 

These facilities include: 

 A 60 m3/h pumping station located in the WTP site; 
 A 150 mm diameter and 250 m long pipe. 

8.5.4.6 Dewatering plan 

8.5.4.6.1 Possible technologies 

Two compact technologies are now currently used for drinking water sludge dewatering: 

centrifugation and filter-press technology. With these technologies, sludge concentrations in 

the range of 18% to more than 30% are attained, provided that sludge is previously 

thickened. 
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Centrifugation 

Centrifugation achieves water-solid separation by settlement and consolidation of solids 

under the influence of strong centrifugal forces generated by high speed rotating machines. 

Provided prior sludge flocculation by means of polyelectrolyte, centrifugation is able to 

produce a sludge cake with a solid concentration of about 20%. This concentration can be 

increased up to 30% by use of quick lime. 

Filter-press technology 

Filter press technology is a water-solid separation process using the principle of pressure 

drive, provided by a slurry pump. Filter press is system working with fixed volume and in 

batches: the operation has to be stopped to discharge the filter cake before the next batch 

can be started. The major components of filter press are the skeleton and the filter pack. The 

skeleton holds the filter pack together while pressure is being developed inside the filter 

chamber. The filter pack can only hold a specific volume of solids. 

Belt filter 

Belt filter technology is a water–solid separation process consisting in pressing sludge 

between a belt and successive rollers. Sludge is mixed with cold lime before dewatering 

treatment. Obtained levels of dryness are lower than levels obtained with other solutions. 

Table 8.35 shows the range of final dryness rate for each technology to reach at reagent 

demand. 

Table 8.35: Existing compact dewatering technologies 

Technology Reagent 
Range of dryness rate 

for hydroxide sludge 

Centrifugation 

with 

normal centrifuge 

With addition of polymer 

(4 to 8 kg/t dry solids) 

15 to 20% 

Centrifugation 

with 

high   

performance 

(HP) centrifuge 

With addition of polymer 

(7 to 12 kg/t dry solids) 

20% to 25% 

Filter press With addition of lime (30% to 50% of the dry 

solid mass) Addition of polymer is possible 

but leads to reduce dry solid rate (about 

20%) and to augment pressing time (4 hr. or 

more instead of 3 hr.) 

30% to 35% 

Belt filter With addition of lime (20% to 40% of the dry 

solid mass) 

20% to 25% 

Dryness rates mentioned above are provisional estimations which will have to be confirmed 

by the bidder on the basis of effective sludge characteristics. 

Among these 4 solutions, we propose to dismiss normal centrifuge solution as well as belt 

filter solution for the following reasons: dryness rate obtained from normal centrifuge 
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solution is too low. Filter belt unitary capacity is relatively weak and would involve numerous 

filters. Also, this kind of filter is maintenance demanding. Therefore, only filter press solution 

is studied. 

8.5.4.6.2 Filter-Press Solution 

Filter press line organization 

The diagram below shows the organization of a filter press line. 

 

Figure 8.40: Filter press line 

Sizing calculation for filter-press solution 

The sizing of a filter press plant depends both on mass of sludge to be treated and daily 

working time. So, sizing could be based on the following assumptions: 

 The dewatering plant will work 6 days in a week; 

 The maximum time of plant working could reach up to 18 hours per day during peak 

period when all filters are working; 

 The maximum time of plant working could exceptionally reach up to 24 hours per day 

during peak period when one filter is on maintenance. 

Considering that filter-press operation requires the presence on site of several technicians 

and operators, especially during the debalasting phase, it is assumed that operation staff will 

be managed according to a system of shift rotation. On the basis of continuous working time 

of 8 hours per shift, this means that 3 shifts would be required during a peak day. The 

desirable number of filter has to cope with various constraints: filter capacity available at 

manufacturer’s, acceptable cost and required area, effective operation flexibility. A 4-filter 

plant represents the best solution to take into account all these constraints. However, 

bidders will be admitted to proposing a different number of filters provided they prove their 

solution presents the best balance between advantages and drawbacks. 

The calculation in relation to the sizing of the dewatering plant is shown in Table 8.36. 
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Table 8.36: Sizing of the dewatering plant (4 filters) 

Designation Unit 
Peak  
sizing 
value 

Average 
sizing 
value 

Hypothesis for calculation       

Thickened sludge concentration mg/l  20 20 

Time of operation per week day 6 6 

Maximum of cycles per filter and per day in normal 
conditions 

u  3 2 

Number of filters u  4 4 

Total number of cycles per week u 72 48 

Normal working conditions       

Average daily working time with 4filters h 12.00 8.00 

Working conditions with one filter in maintenance       

Average   daily   working   time   with   3  filters (1 filter   in 
maintenance) 

h 16.00 10.67 

Lime and treated sludge quantities       

Lime treatment rate (reported to sludge treatment mass) %  40 40 

Quantity of lime required per year t/year    174.3 

Treated sludge volume (per year) m3/year   1694.9 

Equipment sizing       

Press capacity l    3300 

 

General arrangement and required area 

Dewatering equipment will be installed in a two-floor building. Filter press will be set on the 

upper floor so as to allow sludge cakes to fall down on conveyor belts set on the ground 

floor. Dosing lime equipment, milk of lime preparation and dosing sets, sludge and lime 

mixing tanks, pumps and treated sludge skips will be installed on the ground floor. Sludge 

buffer tanks will be located in the basement of the building. Lime will be supplied and stored 

in bags as per the practice in Bangladesh at the present time. It will be stored in a 2-month 

capacity storage room. 

However, bidders will be admitted to propose a solution based on the storage of lime in 

silos provided that they prove that: 

 Unpackaged lime is available in Bangladesh; 

 There will be no problem related to humidity concerning lime circulation. 
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Figure 8.41: Schematic arrangement of the dewatering plant (filter press solution) 

 

The building size and the required total area will be approximately as follows. 

Number 
of filters 

Dewatering building 
Lime storage shed 

Ground floor size Floor size 
m x m S (m2) m x m S (m2) m x m S (m2) 

4 23.5 x 33.4 785 23.5 x 22 517 10 x 8 80 
 

8.5.5 Chemicals for Water Treatment 

8.5.5.1 Introduction 

Treatment of water in the Plant will be based on the chemical process of treatment. The 

following reagents will be used for water treatment: chlorine, Poly Aluminum Chloride (PAC) 

and lime. 

Chlorine will be received, stored and fed from a building located in the layout plan. The first 

location of chlorine injection is at the entry of the raw water before mixing with other 

chemicals. The second injection point is the contact tank for final disinfection. Chlorine will be 

stored and prepared in a chlorination plant equipped with all equipment required for 

operator safety (chlorine leak detection, chlorine leakage neutralization). 

Poly Aluminum Chloride ([Al2(OH)nCl6-n]m (1≤n≤5, m≤10)) will be added in the mixing 

chamber for coagulation purpose. The most common PAC for water purification is 
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Al12(OH)24Cl12  when n= 2 and m= 6. A small solution make-up tank will be diluted into a 

bigger tank, as it is done in existing plants. 

In the laboratory test, during the process design, it has been seen that the pH of raw water is 

about 7 to 8. As pH tends to decrease due to Poly Aluminum Chloride addition, it could be 

required to add lime in coagulation tank in order to keep pH in the optimum range of 5.8 to 

7.2. Lime will be added also at the end of the treatment to keep pH at about 7.5. PAC storage 

and lime feeding and dosing facilities will be housed in a separate building located near the 

rapid mixing tanks. The dosing chlorine, PAC and lime contents are shown in Table 8.37. 

Table 8.37: Dosing of Chlorine, PAC and Lime 
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1 
Chlorine 

[Cl2] 
Pre-

chlorination 
50 52.5 5 0.3 24 - - 100 

2 

PAC 

[Al12(OH)

24Cl12] 

Coagulation 50 52.5 30 1.6 142 1.7 2 50 

3 
Lime 

[Ca(OH)2] 
pH 

adjustment 
50 52.5 10 0.5 47 0.5 2 50 

4 
Chlorine 

[Cl2] 
Post-

chlorination 
50 52.5 2 0.1 9 - - 100 

5 
Lime 

[Ca(OH)2] 
Final pH 

adjustment 
50 52.5 5 0.3 24 0.5 2 30 

8.5.5.2 Chemical Delivery 

Aluminum sulfate and hydrated lime are available in Bangladesh in dry form in 50 kg bags for 

alum and 40 kg for lime. Delivery of Alum and lime to the plant is carried out by lorry in loads 

of about 13 tons (13,000 kg). Chlorine gas is available in 1 ton containers. All chemical areas 

will be equipped with overhead bridge crane. Chlorine containers will also be unloaded with 

bridge crane. 

8.5.5.2.1 PAC Storage and Dosing 

Chemical dissolving tank will be installed for PAC. Average dose of PAC will be in the range of 

25 to 30 mg/l. For 24 hours operation of PAC injection, at least two tanks will be necessary, 

with capacity of each tank for 12 hours PAC consumption. 

Chemical metering pumps will be provided to meter out correct dosage 

Details are the followings: 

 Construction of the preparation tanks – pipes and fitting – tank baskets, and 

calibration units; 
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 Installation of 2 level control devices in the preparation tanks – LSH for alarm before 

overflowing – LSM to avoid the mixer to be operated at air/water interface – LSL for 

automatic switch to the second preparation reservoir and alarm if not possible – LSLL 

for shut of the system, the plant and alarm; 

 Installation of 2 pneumatic actuated membrane valves at the outlet of the preparation 

tanks; 

 Installation of 2 preparation mixer units; 

 Installation of 2 hoppers for loading powder PAC;  

 Installation of 2 (1in standby) single head dosing pumps – suction and delivery mains; 

 Automatic rinsing line for each dosing pump based on a timer. 

8.5.5.2.2 Lime Storage and Dosing 

An anticipated lime dosage will be needed for water conditioning for flocculation (10 mg/l 

maximum and 5 mg/l on average), to increase pH for allowing complete flocculation. At least 

two mixing tanks for chemical mixing will be provided for lime, with capacity for each mixing 

tank of 525 kg of lime at 50 percent lime slurry, so each tank will provide one day supply of 

lime.   

Lime will be added in rapid mixing chamber for pH adjustment (when required) and in treated 

water reservoir for pH correction. At least two pumps with a standby will be provided to feed 

lime slurry to the raw water, if ever required for pH adjustment. 

Details are as the followings: 

 Construction of the preparation tanks – pipes and fitting – tank baskets installation, 

and calibration units.  

 Construction of two units (each couple of units comprising 2 pumps, 1 on duty & 1 

standby) for pH correction, one at coagulation level and another at the outlet of the 

contact time reservoir.  

 Installation of 2 level control devices in the preparation tanks – LSH for alarm before 

overflowing – LSM to avoid the mixer to be operated at air/water interface – LSL for 

automatic switch to the second preparation reservoir and alarm if not possible – LSLL 

for shut of the system and alarm;  

 Installation of 2 actuated membrane valves at the outlet of the outlet of the 

preparation tanks; 

 Installation of 2 preparation mixer units; 

 Automation – Controls: 

 Regulation of the dosing pumps related to the opening of the SWTP inlet valve; 

 Automatic switch between preparation tanks with minimum reserve level (LSL) 

and visual alarm to operator. If both reservoirs are at LSL – audio alarm – dosing 

pump working to LSLL. If LSLL reached alarm only;  

 Regulation of 1+1 dosing pumps according to inlet flow - turbidity / aluminum 

dosage (standard ratio) – fine-tuning with pH coagulation inline monitoring;  

 Regulation of 1+1 dosing pumps according to filter outlet flow – water meter and 

fine-tuning with the pH at the outlet of the plant. 
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8.5.5.2.3 Chemical Building 

A separate chemical building will be constructed for the following purposes: 

i. Storage of lime and PAC; 

ii. Preparation of chemicals; 

iii. Dosing of chemicals. 

All equipment in relation with chemicals (except chlorine) will be installed in this building 

(preparation tanks, dosing pumps, handling facilities and ancillaries). 

The design includes: 

 Construction of a chemical building including lighting and ventilation; 

 Separation of acid and basic chemicals areas inside the same building; 

 Installation of access gate and ladders, installation of appropriate and stand-alone 

lifting equipment to ease O&M.  

 Flexible hose pipe including water supply to be installed for the maintenance. 

 Provision for transport equipment forklift type. 

8.5.5.2.4 Pre and Post-chlorination Facilities 

i. Chlorine use conditions 

Chlorine will be used for disinfection purposes and removal of some pollution (organic 

matter, ammonium). Chlorine will be used in raw water entering to the treatment plant 

before fixing other chemicals. Chlorine can be used in mixing chamber or ahead of mixing 

chamber. A small overhead tank will be constructed ahead of mixing chamber. This will serve 

the average estimated dosage of chlorine for the purposes. The average estimated dosage 

may be increased or decreased depending on the raw water quality. The demand increase 

and decrease of chlorine dosage depends on the seasonal variation. At least three months 

storage of chlorine should be reserved.  

Anticipated average chlorination treatment rate are fixed as follows: 

 Pre-chlorination:  3 mg/l as Cl2 (5 mg/l maximum); 

 Post-chlorination: 1mg/l as Cl2 (2 mg/l maximum). 

ii. Safety facilities 

Chlorine storage feeding facilities will be isolated from other areas. Chlorine areas will be only 

accessible through entrances which lead directly from outdoors. Chlorine areas will be 

equipped with chlorine gas detector which will activate alarms located at monitoring and 

administrative building. Emergency eye wash unit and showers will be provided. In the event 

of chlorine solution leaks, chlorine neutralization with caustic soda solution will be provided. 

In addition, manually activated high capacity fans will be installed in the chlorine areas to 

exhaust chlorine gas leaks from the building when condition permits. 

iii. Chlorine equipment 

a) Installation of the pre- and post-chlorination systems including:  

 4 standing chlorinators, 2 for pre- and 2 for post-chlorination on a 1 in 

operation and 1 in stand-by principle;  
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 Pipe work and accessories for the injection of pre- and post-chlorine - 1 

injection point for pre-chlorine at the inlet of the SWTP (pipe injection) and 1 

injection point for post-chlorine at the inlet of the clear water reservoir;  

 Pressure control on chlorinator inlet valve, automatic switch to the standby 

tanks and alarm; 

b) Installation of handling required accessories: lifting beam, hoist unit. Installation of a 

suspended weightier; 

c) Flexible hose pipe including water supply to be installed for the maintenance; 

d) Installation of scales for chlorine consumption monitoring, including local and remote 

display;  

e) Construction of an extraction system in the storage and the chlorination rooms and 

installation of chlorine gas detectors; 

f) Construction of a neutralization system, including tower and related facilities;  

g) Supply of safety equipment; 

h) Automation – regulation: 

 Regulation of the chlorinators to the opening of the WTP inlet valve; 

 Automatic switch between chlorine "tanks" according to residual pressure and 

with visual alarm to operator. If both "tanks" are at LSLL - plant shuts down 

with main audio alarm; 

 Automation and Regulation of the pre-chlorinators according to inlet flow; 

 Automation and Regulation of the post-chlorinators according to filtration 

flow. Post chlorination to be regulated according to the residual chlorine at the 

outlet of the contact time reservoir. Fine tuning of the post-chlorination 

according to the FRC at the outlet of the TWPS. 

8.5.6 Outline Design of Electro-Mechanical Works for Water Treatment 

8.5.6.1 Raw water pumping station 

The pumps have been designed as per auto filling start off with underground raw water 

storage tank having bottom being 6 m lower than the existing ground level. 

To ensure 52.5 MLD at 1.0 bar pressure the pump house will be constructed with unit flow of 

0.305m3/s, 10m head, and matching electric motor of capacity 30 KW for each pump. For 

average water supply of 52.5 MLD, 2 pumps will be in operation and 2 pumps will be 

considered as standby. Electric motor shall be selected with 1500 RPM and with 4 Pole-

connections. The installation gap between two motors shall be 2m. The power factor (P.F.) 

of electric motors for the raw water pumps implements the quantified compensation with 

static power capacitor to ensure a total P.F of 0.95 at the switchboard bus-bar for all load 

conditions. Summary of the design outputs are given in Table 8.38. 

Table 8.38: Characteristics of the Raw water pumping station 

Size 9 x 13 m 

Capacity 52.5 MLD 

No   of   pumps   (single   stage,   double 
section, horizontal centrifugal group) 

4 nos (2 standby) 
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Capacity of each pump 0.305 m3/s 

Head 10 m (1.0 bar) 

RPM 1            500 (4 pole connection) 

Hydraulic Efficiency 80% 

Nominal power 30 kW 

Absorbed power 24 kW 

8.5.6.2 Pumps and Motors for Water Treatment Unit 

Raw water will be conveyed to the water treatment plant where different treatment units 

such as clari-flocculators sand filters, chemical dosing & mixing chambers etc. are set to treat 

the water. Various pumps and motors required for the water treatment plant units are: 

 Equipment for Clari-flocculators; 

 Pumps for rapid sand filters backwashing; 

 Filter blowers; 

 Wash water recovery pumps; 

 Alum stirrers and dosing pumps; 

 PAC stirrers and dosing pumps; 

 Chlorine dosing pumps; 

 Sampling pumps; 

 Sludge pumps; 

 Sludge treatment polymer and lime dosing pump; 

 Raw water pump before mixing chamber; 

 Treated Water Pumps. 

The power factor (P.F.) for these units implements the quantified compensation with static 

power capacity to ensure a total P.F of 0.95 at the switchboard bus-bar for all load conditions. 

Characteristics of main pumps and motors have been specified as follows. 

8.5.6.3 Backwash Water Pumps for Rapid Sand Filters only by water  

Table 8.39: characteristics of the wash water pump by water 

No. of Filters 10 

Operational mode Stop, Filtration, Back Washing 

No. of operational lines 1 

No. of filters under each line 10 

Back wash sequence Drain, Unclogging, Rinsing. 

Backwashing time 30 min (water + rinsing) 

Required volume per backwash 100 m3   

Water flow rate 37 m/h (Minimum) 
50 m/h (Maximum) 

No. of wash water pump 3 nos. (1 standby) per battery 

Capacity of each pump  

Discharge 0.51 m3/s 
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Head 8.4 m 

Nominal power 6 KW 

8.5.6.4 Wash Water Recovery Unit 

Table 8.40: Characteristics of the Wash Water Recovery Pumps 

No of tanks 1 

Capacity per tank 500 m3 

No. of submersible pump 2 (1standby) 

Capacity of each pump 
 

Discharge 150 m3/hr 

Head 15 m 

Absorbed power 9 KW 

8.5.6.5 PAC Dosing Unit 

Table 8.41: Characteristics of the PAC Dosing Pumps and Motors 

Average dosing rate 25 mg/l 

Maximum dosing rate 30 mg/l 

Hourly consumption at maximum treatment rate 66 kg/hr 

Maximum flow of PAC (150 g/l) 438 l/hr 

No. of PAC main tank 2 

PAC tank capacity (per unit) 16 m3 

No. of PAC metering pumps 2 (1 standby) 

Capacity of each pump 

Flow 1,000 l/hr. 

Absorbed power 1.1 KW 

No. of mixing propeller stirrer 2 nos. (1 standby) 

Absorbed power 1.1 KW 

8.5.6.6 Lime Dosing Unit 

Table 8.42: Characteristics of Lime Dosing Equipment 

Average dosing rate (pre-lime + post-lime) 5 mg/l 

Maximum dosing rate (pre-lime + post-lime) 10 mg/l 

Hourly consumption at maximum treatment rate 22 kg/hr 

Maximum flow of milk of lime (50 g/l) 450 l/hr 

No. of lime Tank 2 nos. 

Lime tank capacity (per unit) 16 m3 

No. of pre-lime pump 2 (1 standby) 

No. of post-lime pump 2 (1 standby) 

Capacity of Each Pump 

Pre-lime pump flow 1,000 l/hr. 
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Absorbed power 0.75 KW 

Post-lime pump flow 1000 l/hr. 

Absorbed power 0.75 KW 

No. of Mixing Propeller Stirrer 2 nos. (1 standby) 

Absorbed power 1.1 KW 

 

8.5.6.7 Chlorine Dosing Unit 

Table 8.43: Characteristics of Chlorine Dosing Pumps and Motors 

Average  dosing  rate  (pre-chlorination  + post-chlorination) 5.00 mg/l (Cl2) 

Hourly consumption at average treatment rate 10.94 kg/hr 

Maximum dosing rate (pre-chlorination + post-chlorination) 7 mg/l (Cl2) 

Hourly consumption at maximum treatment rate 15.32 kg/hr 

No of pre-chlorinators 2 (1 standby) 

Pre-chlorinator capacity (each) 20 kg/hr 

No of pre-motive pump 2 (1 standby) 

Flow of pre-motive pump 18 m3/hr 

Head of pre-motive pump 50 m 

Absorbed power of pre-motive pump 10 KW 

No of post-chlorinators 2 (1 standby) 

Post-chlorinator capacity (each) 7.0 kg/hr 

No of post-motive pump 2 (1 standby) 

Flow of post-motive pump 7.5 m3/hr 

Head of post-motive pump 40 m 

Absorbed power of post-motive pump 1.5 KW 

Maximum consumption of chlorine per day 370 kg 

No of chlorine drums for 1 month at maximum consumption rate, 
850 kg each 

14 

Storage autonomy at maximum consumption 30 days 

8.5.6.8 Sampling Pumps 

Four sampling pumps will be installed with the necessary pipe connections to the laboratory, 

in order to measure and control water quality at all process stages: 1) raw water (before 

mixing of chorine) 2) clarified water 3) filtered water and 4) treated water. 

Table 8.44: Characteristics of the Sampling Pumps 

Capacity of Raw & Treated Water Sampling Pumps 

Discharge 4 m3/h 

Head 80 m 

Absorbed power 1.5 kW 

Capacity of Clarifier & Filter Water Sampling Pumps 
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Discharge 4 m3/h 

Head 60 m 

Absorbed power 1.1 kW 

8.5.6.9 Sludge Pumps 

These pumps will discharge sludge from clarifier to sludge thickener. 

Table 8.45: Characteristics of the Sludge Pumps 

No of tanks 1 

No. sludge drainage pumps 2 (1 standby)  

Capacity of Pumps 

Discharge 200 m3/h 

Head 12 m 

Absorbed power 9 kW 

8.5.6.10 Treated Water Pumps 

The High Lift pump station has been designed as per auto filling start off. The pump area is 

level with an average elevation of 7 mPWD and as per calculation of the flow of water the 

reservoir tank will be underground with inner bottom being 4m lower than the existing 

ground. 

The pumping station will be equipped with 5.0 bar mwc (50m) head pumps. 

To ensure 50 MLD treated water supply in the system pipe line, the pump station is installed 

with 4 unit’s double suction centrifugal water pumps with unit flow of 0.29 m3/s, head 50 m 

and matching electric motor of capacity greater than 200 kW for each pump. 

Four (4) identical pumps will be installed. Out of four (4) pumps, two (2) will be fixed speed 

pumps and two (2) will be variable speed pump. One (1) fixed & one (1) variable speed pumps 

will be in operation at the same time. The pumps will be vertical turbine pumps and the 

suction pipe will be connected to treated water reservoir. 

Electric motor may be selected having 4 pole connection and 1500 RPM. The installation gap 

between two motors is minimum 2.7 m. The power factor (PF) of electric motors for the 

treated water pumps implements the quantified compensation with static power capacity to 

ensure a total minimum P.F of 0.95 at the switchboard bus- bar for all load conditions. 

Summary of design outputs are given below: 

Table 8.46: Characteristics of the Treated Water Pumps 

Pump building size 20 m x 68 m. 

Capacity 50 MLD. 

No. of Fixed Speed Pump 2 (1 standby) 

Capacity of each pump 

Discharge 0.29 m3/s 

Head 50 m (5.0bar) 
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RPM 1500 (4 Pole connection) 

Nominal power 200 kW 

Absorbed power 180 kW 

Efficiency 80% 

No. of Variable Speed Pump 2 (1standby) 

8.5.6.11 Polymer dosing Pumps 

Table 8.47: Characteristics of Polymer dosing Pumps 

Dosing and storage   

Dosing rate 3 ppm 

Used per day 4.725 kg 

Storage capacity 60 days 

Quantity to be stored 285 kg 

Polymer dosing equipment   

Hourly consumption at 
maximum treatment rate 

0.2 kg/h 

No of injection pumps 2 (1 standby) 

Absorbed power (pump) 0.25 kW 

 

8.5.6.12 Supernatant Drainage Pumps 

These pumps will discharge supernatant from sludge thickener water to west Ichakhali khal. 

Table 8.48: Characteristics of the Sludge Drainage Pumps 

No of tanks 1 

No. sludge drainage pumps 2 (1 standby)  

Capacity of Pumps 

Discharge 100 m3/h 

Head 8 m 

Absorbed power 3.5 kW 

 

8.5.6.13 Buffer tanks and equipment’s 

Table 8.49:  Buffer tanks and equipment characteristics 

Buffer tanks capacity storage 
One day of sludge peak production or 2days 
of average sludge peak production 

No of buffer tanks 1 

Volume per buffer tank 480 m3 

No of pumps 3 (1 standby) 

Pump flow 50 m3/h 

Head 12 m 

Absorbed power (pump) 3 kW 

No of stirrers per tank 4 

Absorbed power (stirrer) 0.75 kW 
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8.5.6.14 Preparation and dosing of lime slurry 

Table 8.50:  Lime dosing installations and pumps 

Maximum dosing rate 40 % of dry solids 

Consumption at maximum treatment rate 1.28 t/day 

Maximum flow of milk of lime (50 g/l to 100 mg/l) 76.8 m3 to 38.4 m3 

Maximum  flow  of  milk  of  lime  per  filter  
cycle(maximum of 10 cycles per day ) 

7.68 m3 

Number of preparation tanks 2 

Tank minimum capacity (per unit) 3.84 m3 

No of lime transfer pump 3 (1 standby) 

Lime slurry pumps 

Flow of (per unit) 2.0 m3/h 

Absorbed power (per unit) 1 kW 

Stirrers 

No of stirrers 4 

Absorbed power (per unit) 0.75 kW 

8.5.6.15 Sludge conditioning facilities 

Sludge conditioning facilities will comprise of 4 tank where sludge and lime will be mixed. 

Each tank will be divided into two compartments: one compartment for proper mixing and 

one compartment for the feeding of sludge pumps. Sludge conditioning is done continuously 

during filter feeding process, for about one hour. Electromechanical equipment for 

conditioning will include stirrers. 

Table 8.51:  sludge conditioning facilities 

No of tanks 4 
Tank capacity (per unit) 15 m3 

No of stirrers 4 
Absorbed power (per unit) 0.75 kW 

8.5.6.16 Filter press feeding pumps 

Filter feeding is done by means of a low pressure pump as well as a high pressure pump. Low 

pressure pump is used at the first stage of the feeding, to fill the filter. Then high pressure 

pump allows to increase pressure in the filter so that squeezing becomes sufficient to obtain 

an efficient filtration. Pumps used are eccentric rotor pumps. Pumps will have the following 

characteristics: 

 Low-pressure pumps: 

 No: 4 (one pump per filter); 

  Capacity: 5 to 15 m3/h 

 Pressure delivery side: 10 bar; 

 Absorbed power: 6 KW; 

 Drive by means of geared motor for frequency control. 

 High-pressure pumps: 

 No: 4 (one pump per filter); 

  Capacity: 5 to 15 m3/h; 

  Pressure delivery side: 15 bar; 
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 Absorbed power: 10 KW; 

 Drive by means of geared motor for frequency control. 

8.5.7 Outline Design of Electrical Installations 

8.5.7.1 Power Requirements 

A preliminary estimate of power requirement has been made, based on the maximum power 

absorbed in steady state by units (pumps, motors, and other equipment) and the number of 

units running simultaneously: 

Table 8.52: Power Requirements for BSMSN SWTP 

Elements 

Nominal 
power 
per unit 
kW 

Number 
of 
installed 
units 

Total 
installed 
power 
kW 

Number 
of 
running 
units 

Absorbed 
power per 
unit kW 

Maximum 
power 
demand 
kW 

Water treatment line 
      

Raw water pumps 30 4 120 2 24 48 

Wash water recycling 
pumps 

9 3 27 2 8.5 17 

Backwash Water Pumps  6 3 18 2 6 12 

PAC dosing pumps 1.1 2 2.2 1 1.1 1.1 

PAC tank stirrers 1.1 2 2.2 1 1.1 1.1 

Pre-lime dosing pumps 0.75 2 1.5 1 0.75 0.75 

Post-lime dosing pumps 0.75 2 1.5 1 0.75 0.75 

Lime tank stirrers 1.1 2 2.2 1 1.1 1.1 

Pre-chlorine dosing pumps 10 2 20 1 8 8 

Post chlorine dosing 
pumps 

1.5 2 3 1 1.2 1.2 

Sampling Pumps for Raw 
&Treated Water 

1.5 2 3 2 1.25 2.5 

Sampling Pumps for 
Clarifier & Filter 

1.1 2 2.2 2 1 2 

Sludge transfer pumps 
from sludge tank to sludge 
thickener 

3.2 2 6.4 1 2.9 2.9 

Total water treatment line 
  

209.2 
  

98.4 

 Sludge treatment line 
      

Polymer dosing pumps 0.25 2 0.5 1 0.25 0.25 

Waste water disposal 
pumps 

3.5 2 7 1 3.5 3.5 

Buffer tank pumps  2.5 3 7.5 2 2.5 5 

Buffer tank stirrer  0.75 4 3 4 0.75 3 

Lime dosing pumps 1 3 3 2 1 2 

 Lime stirrers 0.75 4 3 4 0.75 3 
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Sludge stirrers 0.75 4 3 4 0.75 3 

Low pressure pump as 
feeding pump 

6 4 24 4 6 24 

High pressure pump as 
feeding pump  

10 4 40 4 10 40 

 Total sludge treatment 
line 

  91.0   83.75 

Treated water pump 
station 

200 4 800 2 180 360 

TOTAL     1100.22 
  

542.1 

With P.F. 0.80 and a provision of 20 % as safety factor, it can be summarized as follows: For 

water treatment line + sludge treatment line+ treated water pump station 

 Application/operation load: 542.1 / 0.80 + 20 % = 813 kVA 

8.5.7.2 Power Consumption 

Table 8.53: Power Consumption for Mirsharai SWTP 

Elements 

Nominal 
power 
per unit 
(KW) 

Number 
of 
Installed 
units 

Number 
of 
running 
units 

Absorbe
d power 
per unit 
(KW) 

Running 
hours 
per day 

Power 
Consum
ption 
KWH 
per day 

Water treatment line 
      

Raw water pumps 30 4 2 24 24 1152 

Wash water recycling 
pumps 

9 3 2 8.5 12 204 

Backwash Water Pumps  6 3 2 6 24 288 

PAC dosing pumps 1.1 2 1 1.1 24 26.4 

PAC tank stirrers 1.1 2 1 1.1 24 26.4 

Pre-lime dosing pumps 0.75 2 1 0.75 24 18 

Post-lime dosing pumps 0.75 2 1 0.75 24 18 

Lime tank stirrers 1.1 2 1 1.1 24 26.4 

Pre-chlorine dosing 
pumps 

10 2 1 8 24 192 

Post chlorine dosing 
pumps 

1.5 2 1 1.2 18 21.6 

Sampling Pumps for Raw 
&Treated Water 

1.5 2 2 1.25 18 45 

Sampling Pumps for 
Clarifier & Filter 

1.1 2 2 1 20 40 

Sludge transfer pumps 
from sludge tank to 
sludge thickener 

3.2 2 1 2.9 20.0 57.8042 

Total water treatment 
line      

2115.6 

 Sludge treatment line 
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Polymer dosing pumps 0.25 2 1 0.25 16 4 

Waste water disposal 
pumps 

3.5 2 1 3.5 16 56 

Buffer tank pumps  2.5 3 2 2.5 16 80 

Buffer tank stirrer  0.75 4 4 0.75 16 48 

Lime dosing pumps 1 3 2 1 16 32 

 Lime stirrers 0.75 4 4 0.75 16 48 

Sludge stirrers 0.75 4 4 0.75 16 48 

Low pressure pump as 
feeding pump 

6 4 4 6 16 384 

High pressure pump as 
feeding pump  

10 4 4 10 16 640 

 Total sludge treatment 
line 

     1340 

Treated water pump 
station 

200 4 2 180 24 8640 

TOTAL      12095.6 

8.5.7.3 Power Distribution 

As the usual and main source of energy, the electricity supply for the plant will be taken from 

Power Development Board (PDB) of Bangladesh. Based on an estimated installed load of 1150 

kVA and application / operation load of 850 kVA for the BSMSN surface water treatment 

plant, one 11 kV/415 V indoor sub-stations equipped with11kV switchgear and P.T., P.C., Bus-

bar, Vacuum Circuit Breaker, Meters, DC operating power supply, will be installed. 

 One sub-station for water treatment and treated water pump station including 850 

KVA transformers; 

8.5.7.4 Transformers 

The power load of the water treatment unit results from process equipment functioning. 

Most of water treatment equipment shall use 415 V. Total operational load for water 

treatment line is estimated at 850 KVA with a Power Factor (PF) of minimum 0.95 on average. 

One 11 kV/415V transformer of 850 KVA each shall be required, with Oil Nature & Air Nature 

(ONAM) cooling, near treated water pump station. About 300m2 floor area shall be needed 

for sub-station including control room. 11 kV/ 415V transformation & distribution system for 

water treatment plant units shall be set up in a 415 V load center, i.e. in the low voltage 

power distribution room near the back washing. 

Transformer will be installed in power distribution room. For power distribution to pump 

motors & treatment units L.T. power distribution panel with PFI shall be required with all 

protective arrangements and as per requirements of REB/PDB. 

8.5.7.5 Stand-by Generator 

Optimized Capacity 

Instead of covering full load for sludge and water treatment, stand-by generators capacity 

may be optimized. That shall secure not only plant safety (emergency lighting, sump pumps, 
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air compressors etc.) but also normal operation modes for water treatment lines. Based on 

the maximum power absorbed in steady state, P.F. 0.95 and 20 % safety factor, optimized 

generator capacity is 850 kVA.  

Specifications 

Proposed generators should be standard units, in this case Gen Set unit will be of 800 kVA. 

The output voltage of the alternator powered by the generator will be either 415 V to be 

connected to the Low-Tension distribution panel. The generator room shall be soundproof 

shielded to reduce noise nuisance. 

Diesel 

Else truck-supplied diesel fuel should be considered as an option for back-up energy resource. 

In that case on-site fuel storage would be needed to secure not less than 6 hours operation 

during power failure (estimated capacity including 25 % reserve: 3,000 liter). 

8.5.7.6 Auto-control Design 

The following protective items shall be used for 11 kV system load protection: 

 Current fast – tripping – applicable for 11kv incoming, self- contained power supply, 

motors of outgoing feeders 

 Over current – applicable for 11kv incoming, self-contained power supply, out-going 

feeders 

 Overload – applicable for self-contained power supply 

 Single phase – applicable for motor & outgoing feeders 

 Low voltage – applicable for motors 

 Over-heating signal – applicable for motors & outgoing feeders 

The protection device will be of distribution PC protection type. Each power distribution unit 

will be provided with one protection device which is connected with the auto-control system 

through the bus. In addition, the protection device will have the function of monitoring real-

time upload of equipment status (opening & closing, breakdown signals) and electric 

parameters as well as for remote opening & closing to realize the unattended operation 

between the pumps & motors. 

In addition to the operation modes of the above PC protection, the field manual operation 

mode is also set up for water distribution pumps and main equipment, which shall be carried 

out by the host-command control appliance. 

For the load protection of the low voltage system, automatic air circuit breaker will be used 

for protection against short circuit, overload and phase unbalance. The operating modes shall 

be manual and automatic. The automatic operation shall use Programmable Logic Controllers 

(PLC) in order to collect and store technical parameters of the raw pumping station, water 

treatment and sludge treatment such as: 

 PLC instructions 

 Feedback on equipment status 
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 Parameters to PLC. 

The power to control systems shall be supplied through UPS having the function to supply 

continuously stable power even if the main normal power supply system has any failure. UPS 

shall be rated to supply the required load for 08 hours in case of a power outage. A redundant 

power system is essential because a failure in the supply of the control system would cause 

shut-down of the plant. 

8.5.7.6.1 Design of Field Programmable Logic Controllers (PLC) 

The water treatment plant shall have 5 sets of large capacity PLC field control units and 24 

sets of small capacity. 

Table 8.54: Principle PLC Field Control Units 

PLC # 1: Shall be set for the grid, mixing & sedimentation tank control room to collect & 

control automatically the quality of inlet raw water, process parameters & 

equipment status. 

PLC # 2: Shall be set for the control room of chlorination & chemical feeder chambers 

which shall collect & control automatically the process parameters & equipment 

status. 
PLC # 3: Shall be set up in the control room of back washing pump house (i/c grid filter 

tank) which shall collect & control automatically the process parameters & 

equipment status. 

PLC # 4: Shall be set up in the control room of treated water pump house (distribution 

pump house) which shall collect & control automatically the process parameters 

& equipment status. 

PLC # 5: Shall be set in the sludge dewatering building which shall collect & control 

automatically the process parameters & equipment status. 

Small sets PLC 

12 field control units shall be set in the 12 grid filter tanks which shall collect and control 

automatically the parameters & status process of filter process & back washing process of 

filter tanks. All PLC operating panels shall also allow manual control. 

Central Control Room 

The central control room shall be equipped with 2 operating stations, related equipment for 

data storage and monitoring purposes, as it shall be controlling the whole BSMSN WTP. 

The control room should be located in the office building. 

It shall monitor and operate the Electrical system of the water treatment plant, and the auto-

control system for comprehensive process monitoring of the whole plant. 

8.5.7.6.2 Communication System 

Radio communication may be used for voice communication. Internal telephone exchange 

connecting all the units & duty place / office / quarters & installation of intake treatment 
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plant & booster pumping stations may be adapted with 3 to 5 external telephone line 

connection and 3 fiber optic lines. 

8.5.7.6.3 Control System 

The distributed type auto control system with PLC (Programmable Logic Controller) at two 

stages – field and the central room will be set up. The supplier shall design the control system 

following the principles of “centralized detection and distribution control”. The mode of 

communication between the field and the central control room will be equipped with 2 

workstations, while the configuration of the field control station will be proposed by the 

supplier. The field control will collect the operational status signals and process parameters of 

the auto-control process equipment. The workstation of the central control room shall allow 

to set the control mode of equipment and to carry out the control over individual equipment 

or systems. The workstation of the central control room shall provide the following 

information and functions: 

 Display the technical procedure diagram real-time equipment operation parameters & 

status and breakdown information; 

 Switch over & status display of auto / manual modes for all control equipment; 

 Alarming records; 

 Display the real time trends of process variables; 

 Display historic trends. 

The power to control systems shall be supplied through UPS having the function to supply 

continuously stable power even if the main normal power supply system has any failure. UPS 

shall be rated to supply the required load for 08 hours in case of a power outage. A redundant 

power system is essential because a failure in the supply of the control system would cause 

shut-down of the high-lift pumping station. 

8.5.7.6.4 Print Statements 

In case of default with control network, addition or deletion of any node will not affect the 

operation & communication of their equipment. The system will be controlled with 

computers mainly for production control, operation, monitoring & management of the whole 

plant. The control system will have the function of self-diagnosis that can detect any default 

timely and accurately as well as the breakdown status, time, location and other relevant 

information. On the other hand the field control station will mainly carry out the auto control 

over the operation by the field controlled equipment and collect data for central control 

room. Monitor, control, operation & management of the production process of the treatment 

plant will be done from the workstation of central control room. 

8.5.8 Ancillary Structures of the Water Treatment Plant 

8.5.8.1 Administrative Building 

8.5.8.1.1 Ground Floor 

Ground floor will comprise of the following rooms: 

 24 hours Information & Data Reading Room 

 Duty Officers Room (SAE Operation) 
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 Prayer Room 

 Laboratory 

8.5.8.1.2 First Floor 

First floor will comprise of the following rooms: 

 Executive Engineer’s Office 

 Administrative Section 

 Conference Room 

 Sub Divisional Engineer’s/ Assistant Engineer’s Office/Sub Assistant Engineer’s Office 

A laboratory will be established in the ground floor of the administrative building for analysis 

of raw water, clarified water, filtered water and treated water quantity. Chemical dosage for 

each chemical to be used will be determined in the onsite laboratory on a daily basis. Jar Test 

on raw water will yield the alum dosage and will determine in any lime is needed for 

flocculation. Chlorine dosage will be determined by checking raw and filtered water. Lime 

demand for water conditioning (pH correction) will be determined by the testing the treated 

water pH and other appropriate components. The daily testing of the following parameters of 

raw, clarified, filtered and treated water will be necessary for safe drinking water production: 

 Temperature; 

 Total chlorine residual; 

 pH;  

 Turbidity;  

 Color; 

 Alkalinity (carbonate & bicarbonate); 

 Jar Testing of PAC dosage; 

 Calcium Carbonate Stability; 

 Conductivity and other complex analysis such as Heavy metals; 

 Bacterial analysis will also be available in the laboratory. 

8.5.8.2 Staff Quarter for Officers and Staffs 

One-three storied building for officer accommodating 3 persons (One thousand square feet 

each unit). One-three storied building for staffs accommodating 12 families have been 

considered (Eight hundred square feet each unit). 

8.5.8.3 Provision of Site Utilities 

Water use in Premises of Water Treatment Plant 

Using of water around the water treatment plant site will be supplied from the water 

treatment Plant. 

Sewerage System 

Waste water from both the treatment plant and housing complex will be collected and be 

treated in a septic tank before disposal. 

Telephone System 
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Empty conduit with pull lines outlet box and terminal cabinet will be provided for use by 

telephone utility company for installing their system. An intercom telephone system will be 

developed in the different units of treatment plant and raw water intake and pumping 

stations. 

Site Roads 

The main access roads to the water treatment plant will be of asphalt construction and will be 

designed to carry the weight of lorry delivering chemicals. Roads will be designed with 

adequate grades to ensure proper runoff to a road side drainage system. The roads and car 

parking areas of the administrative building will be constructed to similar standard. 

Sight Lighting 

Adequate site lighting will be provided to ensure satisfactory level of illumination for 

operating the water treatment plant at night time. In addition, all the approach roads will be 

provided with sufficient street lighting. 

Site Security 

The water treatment is a KPI grade-2 area. It is restricted to general public. Site entrance gate 

will be installed with appropriate security regulation. 

8.6 Design of Treated Water Transmission Main 

8.6.1 Size and Length 

50 MLD treated water will be carried from the proposed SWTP to BSMSN. To do so, single 

treated water transmission main from treatment plant to Economic Zone 2A, 2B, 3, 4&5. 

Diameter of transmission main from WTP to Node A 800 mm, Node A to Node B 600 mm, 

Node B to Node C 600 mm, Node C to Node D 400 mm, Node C to Node E 400 mm and Node 

A to Node F to Node G 500 mm, Node G to Node H 500 mm, Node H to Node I & J 300 mm 

shown in Figure 8.17. Initial head in the start of the transmission main at the proposed SWTP 

will be 5.0 bars to ensure at least 1.5 bar pressure at each node of secondary transmission 

main. The minimum pressure at each distribution main at least 1.0 bar. 

8.6.2 Choice of Pipes 

The pipe materials considered for treated water transmission mains are as follows: 

 Ductile iron (DI) 

 Steel 

 Glass fiber reinforced plastic (GRP) 

 uPVC 

These pipes are not locally available except uPVC but available in international market. The 

summary of the advantages and disadvantages of different proposed types of pipes are 

follows: 
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Ductile Iron Pipe 

 High mechanical strength and toughness, easy jointing, flexible joints can tolerate 

some deflection, easy to repair 

 Can be cut in the field 

 Restrained can be accomplished with restrained joints 

 Required little support from pipe surround materials 

 Possibility of corrosion is minimum if internal and external coatings provided properly 

Steel Pipe 

 High mechanical strength and toughness 

 Rigid 

 Welded joints require skilled welders and special equipment 

 Susceptible to corrosion if protection system is damaged 

 Require cathodic protection 

 Reliant on stable soil support 

Glass Fiber Reinforced Plastic Pipe 

 Corrosion resistant 

 Relatively light weight 

 Easy of jointing 

 Flexible joint can tolerate some deflection 

 Susceptible to impact damage 

 Reliant on support soil 

 Retrospective installation of fittings/ repair complicated 

 Susceptible to structural degradation by certain organic contaminants 

uPVC Pipe 

 It is not corroded 

 It is light in weight easy and quick in installation 

 No modification of the water quality 

 Excellent resistance to bacteria growth 

 Do not have the same strength as DI and GRP pipe 

Recommendation 

Ductile Iron pipes are considered for design of treated water transmission main these are 

flexible pipes, characteristically strong and tough and able to withstand earth and live loads 

with little support from soils. On the other hand, GRP and steel pipes are both rigid/semi rigid 

and rely heavily on soil support and are therefore not recommended for the project. 

However, in case of cannel/culvert crossings steel pipes can be used. For primary distribution 

main DI pipes are considered for 300 mm or more diameter and uPVC pipes are considered 

for 250 mm or less diameter. 
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8.6.3 Excavation of Trenches 

Trenches for pipe laying by excavating paved road (both flood protection embankment & 

other roads) will be necessary. In order to minimize disturbance to traffic movement, the 

works will need to be executed during nighttime. Major excavation for pipe laying particularly 

on embankment may not be necessary. Necessary access by leveling and dressing will be 

needed for equipment movement. 

8.6.4 Pipe Laying 

For pipe laying the trench location, depth, pipe cover, etc. should be analyzed. A safer margin 

of 2 bars for surcharge overpressure should be considered to size the pipe and 

appurtenances. Clear cover between the crest of the pipe & the road surface shall be at least 

1 meter. 

Along flood protection embankment pipes will be laid in the countryside of the embankment 

to keep undisturbed of the embankment facilities. The sluice gates of the embankment 

should not be damaged during pipe laying. It will be wise to overcome this situation by laying 

pipe above the sluice gates and surround the pipe by cement mortar. The transmission main 

will be laid at least 0.2% up and downslope depending on the position of an air release valve. 

Air release valve will be installed at 800m to 1000m interval unless otherwise additional 

requirement.   

8.6.5 Bedding 

Determination of pipe bedding should be made on case to case basis during final design, 

depending on the soil condition. However, following bedding can be used: 

a) Backfill material will be the soil removed from the trenches or any other materials 

suggested or directed by engineer in charge; 

b) Pipe bedding material will constitute either gravel or crushed bricks; 

c) The surrounding material of the pipe will be crushed bricks. 

8.6.6 Valves and Chambers 

Pressure Reducing Valves &Water Meter 

PRV has to be provided at the location where a high-pressure supply will be connected 

directly to the existing distribution system. The PRV’s are an essential control feature for the 

water supply system, and they will be installed at every injection point to the existing 

network. It will be mentioned here that, PRV will be supported by the Water Meter and Gate 

Valves. 

The additional benefit of the PRV’s is that they also act as flow limiters so that, in addition to 

varying the supply zone pressures, the daily volume can also be controlled according to actual 

demand and the condition of the existing distribution system. Furthermore, the primary 

mains generally designed for a constant flow 24 h/day in order to reduce the investment 

costs, and such a constant flow can only be achieved by using flow limiters as long as elevated 

reservoirs acting as buffers are not used.  
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Valve Chamber or Manholes 

All valves and appurtenances will be installed in valve chamber or manholes, the type of each 

of them being chosen among standardized types. 

Washout Arrangements 

For cleaning of the treated water transmission mains, washout chambers with necessary 

valve will need to be provided at suitable location i.e. at lowest points. At least three (3) 

washout chambers along the route of treated water transmission mains should be provided. 

Thrust Block Arrangements 

Thrust blocks are required wherever the pipeline: changes direction, changes diameter, 

terminates or other. Lack of thrust blocks may cause damage to the pipe from forces from the 

water when the direction of the pipe changes. 

Location and size of thrust blocks need to be investigated during detailed design. Thrust 

blocks will be constructed in reinforced concrete with due regard to pipe forces and ground 

conditions. 

Method of Khal/Rail/Culvert Crossings 

According to the field investigation, treated water transmission mains may cross canals and 

culverts. Pipe can be laid by open excavation during dry period to cross khals/ canals.  

For crossing road ad culverts, pipe jacking method is recommended for avoiding disturbance 

of structures. 

Auxiliary Facilities 

Auxiliary facilities of the pipelines mainly include isolating valves, air valves etc. Isolating 

valves will be of the butterfly type and will only be proposed at strategic locations. This will be 

limited because of the high cost.  

Air release valves will be used at each high point in the treated water transmission main and 

primary & secondary distribution pipes specially at crossing of khals. It is recommended to 

provide air release valves at an interval of 400 to 800 m though the numbers and locations 

will be confirmed during detailed design. 

8.7 Design of Primary and Secondary Network 

8.7.1 Design Objective 

The construction of primary and secondary distribution network has been designed in a 

manner that will provide a fully functional pipeline with: 

 Fulfill the domestic and industrial consumption for the priority zones of BSMSN. 

 Effective transmission  of  water  from  water  treatment  plants and ground water at  

capabilities  that  will  address  as a minimum need for the proposed  development of 

the BSMSN design for horizon year 2023. 
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 The design should carefully consider the relevant constructions difficulties and 

provide tangible solution, taking into due consideration of the limited funds. 

8.7.2 Assumptions 
 

Design Horizon 2023 

Total connected Industries with combination of GW & SW 
sources 

100% 

Average water demand According to Demand table 

Hazen-William Coefficient uPVC Pipe 130 

Hazen-William Coefficient DI 120 

Maximum velocity 1.5 m/s 

Maximum head loss 5 m/km 

Minimum head at far point of primary distribution network 1.0 bar (10 mH2O) 
 

Table 8.55: Industry Wise Daily Water Consumption  

Type of Industry  Daily Water Consumption (m3/ha) 

Garment  399 

Garment accessories  302 

Integrated textile  1921 

Motorbike assembly  70 

Automobile assembly  56 

Automobile parts  18 

Other parts & machine 18 

Chemical & other 
products 700 

Food & beverage  33 

Rental factory  397 

Warehouse zone 20 

Table 8.56: Daily Water Consumption of Various Land Use 

Type of Land Use Daily Water Consumption (m3/ha) 

Commercial  200 

Resident/ housing 100 

Warehouse 50 

Others (clinics & training, services)  100 

Coal-fired power plants & jetty  20 

8.7.3 Design Philosophy 

While designing the water supply system following considerations has been adopted for the 

project: 

8.7.3.1 Design approach 

 To distribute safe potable water produced from Water Treatment Plants 

 Ensure efficient distribution of water to the different Zones under BSMSN 

 Ensure minimum head in the distribution networks to maintain minimum pressure at 

consumers end 
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 Easy operation and maintenance of primary and secondary distribution network 

 Minimize imported operation and maintenance items 

 Maximize local labor during construction and operation 

 Use local materials wherever possible and provide adequate flexibility to their choice. 

8.7.3.2 Reliability 

 The network must distribute water continuously with required head and subsequently 

must ensure to produce water from the treatment plant and as well as to ensure the 

effective operation of the Pumping Station. The staff must understand the process 

and equipment. 

 The mechanical and electrical equipment must be durable 

 Spare parts and ability of local personnel to make repair must exists 

 Process of distribution networks must be designed to perform under varying water 

pressure and strengthen oversights of operation personnel 

 Reliable local suppliers of equipment and dependable local agents must be available 

8.7.3.3 Simplicity 

A less complex primary and secondary distribution system will be better to understand 

and easier to operate. When labor costs are high then automation is often a positive factor, 

but may mean complex equipment and costly maintenance. If cheap labor is available, then 

primary and secondary distribution system operation can be handled manually and with 

minimum automation. Instrumentation and remote control can be installed to measure the 

flow of different distribution nodes to enable an efficient operation.  

8.7.3.4 Use of Local Materials & Labour 

Local Materials will be used to the greatest extent as possible 
 Cement and Re-bar, Bricks, Stone etc. should not be allowed to procure through 

import  
 Local skilled labor must be given preference in construction works 

8.7.3.5 Criteria of Selection for Primary & Secondary Distribution Route 

Route of primary and secondary distribution networks have been selected based on 

following consideration: 

 Follow the proposed road network planned under the master plan 

 Avoid extra land acquisition  

 Minimum obstruction under and above the ground. 

 Minimum disturbance to traffic movement 

 Minimum bends in pipeline to minimize head loss 

 Distribution of water with minimum number of sub-distribution node 

 Follow wider roads so that the pipeline can be laid without disturbing other utilities 

network 
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8.7.3.6 Choice of Pipes for Primary & Secondary Distribution Mains 

The pipe materials considered for inclusion on this project are as follows: 

 Ductile iron (DI) 
 uPVC 

For the pipes having diameter 300 mm or above, Ductile Iron pipes should be used. For the 

pipes having diameter below 300 mm, uPVC pipes should be used for primary and secondary 

distribution networks. 

8.7.3.7  Allowable velocity of Pipes 

 Maximum velocity will be considered 1.5 m/sec, 

 Maximum head loss gradient will be considered 5 m/km. 

 Minimum head at Injection Point: 1 bar 

 Minimum head at Plant: 5 bar 

8.7.3.8  Allowance for Surcharge Pressure 

A safer margin of 2 bars for surcharge over pressure has been used to design the size of the 

pipes and appurtenances. For surge protection air vents have been used at different location 

of the Transmission main, Primary and secondary distribution networks as required. This air 

vent will release great quantities of air under low pressure when filling the Mains, small 

quantities of air under pressure during normal operation. Such Air vents will also play an 

important role in the field surge protection by preventing any water column separation in 

case of power failure occurs in high lifting pumping station and ground water pump house. 

Water column separation can also occur during operation of valves by creating vacuum 

condition. Therefore, to operate under low and normal pressures double air valves with 

large orifice for low pressure and a small orifice for normal pressure have to be used. 

8.8  Outline Design of Distribution Network for Zone2A 

A distribution system has been design for zone 2A by developing a mathematical model with 

the help of WaterGEMS software. The pipe details of distribution networks has been 

presented Table 8.57 and shown in Figure 8.42. The nodal pressure are shown in Figure 8.43. 

It is observed that the maximum and minimum pressure in the system are about 12.9 mH2O 

and 10 mH2O respectively. 

Table 8.57: Details of Primary Distribution Network of Zone 2A 

Road Name Pipe Dia (mm)  Material Length 

Z2A_1 250  uPVC 997 

Z2A_2 (North) 300  DI 1805 

Z2A_2 (South) 250  uPVC 1301 

Z2A_2 (South West ) 200  uPVC 510 

Z2A_3 200  uPVC 832 

Z2A_4 250  uPVC 969 

Z2A_5 300  DI 889 

Z2A_6 250  uPVC 846 

Z2A_6 (Circular End) 110  uPVC 119 

Z2A_7 250  uPVC 784 
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Road Name Pipe Dia (mm)  Material Length 

Z2A_8 160  uPVC 272 

Z2A_8 (Connecting Z2A_2) 250  uPVC 365 

Z2A_9 250  uPVC 582 

Z2A_9 (End) 110  uPVC 75 

Z2A_10 110  uPVC 157 

Z2A_11 110  uPVC 157 

Z2A_12 110  uPVC 156 

Z2A_13 110  uPVC 139 
 

 

Figure 8.42: Proposed Primary Distribution Pipe Networks of Zone 2A 
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Figure 8.43: Nodal Pressure of Distribution Networks of Zone 2A 

8.8.1 Summary of Primary Distribution System of Zone 2A 

Table 8.58: Summary of Distribution Network of Zone 2A 

Dia (mm) Materials Sum of Length 

110 uPVC 798 

160 uPVC 272 

200 uPVC 1285 

250 uPVC 5864 

300 DI 2674 

Grand Total 10893 

 

8.9 Geotechnical Investigation and Foundation Design 

8.9.1 Exploratory Work 

The exploratory work involves drilling through cohesive and non-cohesive soil on firm ground   

with recovery of samples.  Standard  penetration  tests  and  permeability  tests  have  been  

executed  in  the boreholes. A summary of the exploratory work is given in Table 8.59. 

Table 8.59: Summary of Exploratory Work 

Site Structure 
No. of Bore 

Hole 
Bore Hole # 

Depth of Bore 
Hole (m) 

Azampur Intake Pumping Station 2 01, 02 20.0 

Poshchim 
Ichakhali, WTP 

Chemical Building 1 03 20.0 

Flocculation Chamber 2 04, 05 20.0 
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Site Structure 
No. of Bore 

Hole 
Bore Hole # 

Depth of Bore 
Hole (m) 

Sediment Chamber 4 06, 07, 08, 09 20.0 

Filter Bed 2 10, 11, 20.0 

Treated water reservoir 4 12, 13, 14, 15 20.0 

Treated water pump house 2 16, 17 20.0 

Chlorine Building 2 18, 19 20.0 

Officer Building 1 20 20.0 

Staff Quarter 2 21, 22 20.0 

Administrative building 2 23, 24 20.0 

Approach 
road  

Bridge Site 2 
25, 26 20.0 

The structure wise location of Bore holes are shown in Site Plan Maps in Figure 8.44 and 

Figure 8.45. 

 

Figure 8.44: Location Map at Intake and Bridge Site 
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Figure 8.45:  Borehole Location Map at Treatment Plant 

8.9.2 General Interpretation of Soil and Required Type of Foundation 

From the Bore logs for Intake Pumping Station at Azampur site shows soft to medium silty 

clayey soil with SPT values within 2-3 at shallow depth up to 4.5 m below the ground level and 

beyond that SPT less than 30 upto a depth of 10.5 is available.  The bearing layer consisting of 

dense sand is available below 13.5 m depth and required length of bored pile will be greater 

than 13.5 m. 

From the bore logs at Poshchim Ichakhali site, it is observed that foundation soil consists of 

soft silty clay with SPT values within 2-6 at depth up to 6.0 m below the ground level. Most of 

the bore logs has STP less than 40 upto a depth 10.5 m to 12.0 m is available. The bearing 

layer consisting of dense to very dense sand is available below depth 12.0 m and the required 

length of bored pile will be greater than 12.0 m. 

Recommendation: 

Intake pumping station: Borehole BH-01 to BH-02 has been done. According to geotechnical 

report, for piles cast in situ of 50cm diameter, the average ultimate pile capacity is 1154kN at 

15m depth. 

 Clarifier: Borehole BH-04 to BH-09 has been done. According to geotechnical report, for piles 

cast in situ of 50cm diameter, the average ultimate pile capacity is 1189kN at 15m depth. 

Filter: Borehole BH-10 to BH-11 has been done. According to geotechnical report, for piles 

cast in situ of 50cm diameter, the average ultimate pile capacity is 1119kN at 15m depth. 
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Storage tank: Borehole BH-12 to BH-15 has been done. According to geotechnical report, for 

piles cast in situ of 50cm diameter, the average ultimate pile capacity is 1450kN at 18m 

depth. 

Treated water pumping station: Borehole BH-16 to BH-17 has been done. According to 

geotechnical report, for piles cast in situ of 50cm diameter, the average ultimate pile capacity 

is 1400kN at 18m depth. 

8.9.3 The Bole Logs are furnished here with  

The summary of test results shown in Table 8.60 and detail sub-soil investigation is given in 

Volume V. 
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Table 8.60: Summary Test Result 

 
Bore 
hole 
no 

 
Sample 

no 

 
Depth (m) 

 
Wet unit 
Weight 
(KN/m3) 

 
Dry Unit 
Weight 
(KN/m3) 

 
Natural 

moisture 
content % 

 
Liquid 
limit 

% 

 
Plastic 
limit 

% 

Unconfined 
compression 

Strength 
(KN/m²) 

Consolidation 
test 

Direct Shear test 
 

Sand 
% 

 
Silt 
% 

 
Clay 

% 

 
Sp. 

Gravity cc 
Max 
load 

(KN/m²) 

 
0º 

Cohesion 
(KN/m²) 

BH-1 D-1 1.5-1.95   31.5 41 26      12 70 18  

U-1 2.55-3.0 18.2 13.94 30.6   41.6 0.250       2.673 

D-8 12.0-12.45         36.0 0.0 85 15 0 2.655 

BH-2 U-1 2.55-3.0 18.14 13.77 31.7   31.7        2.648 

D-3 4.5-4.95   29.2 30 26      22 72 6  

D-10 15.0-15.45         38.0 0.0 88 12 0  

BH-3 D-2 3.0-3.45   30.7 42 23      10 70 20  

U-1 4.05-4.5 18.22 13.98 30.3   44.7 0.240       2.675 

D-12 18.0-18.45         40.0 0.0 92 8 0 2.656 

BH-4 U-1 4.05-4.5 18.3 14.21 28.8   52.8        2.650 

D-4 6.0-6.45   28.3 29 25      23 72 5  

D-10 15.0-15.45           87 13 0 2.660 

BH-5 U-1 2.55-3.0 18.23 13.77 32.4   45.6        2.672 

D-3 4.5-4.95   27.4 41 25      12 68 20  

D-11 16.5-16.95         38.0 0.0 93 7 0 2.660 

BH-6 D-2 3.0-3.45   29.4 43 22      8 71 21 2.670 

U-1 4.05-4.5 18.36 14.40 27.5   67.8         

D-6 9.0-9.45           85 15 0  

BH-7 D-1 1.5-1.95   30.4 40 23      14 67 17  

D-5 7.5-7.95           42 58 0  

D-8 12.0-12.45         34.0 0.0 88 12 0 2.660 

BH-8 D-3 4.5-4.95   31.4 42 25      7 70 23  

D-4 6.0-6.45   25.5 35 28      23 70 7  

D-10 15.0-15.45           86 14 0 2.665 

BH-9 D-1 1.5-1.95   28.4 45 26      8 70 22  

D-4 6.0-6.45   26.5 34 28      21 72 7  

D-7 10.5-10.95         32.0 0.0 83 17 0 2.665 

BH-10 U-1 4.05-4.5 18.18 13.62 33.5   28.7        2.665 

D-3 4.5-4.95   30.5 40 21      14 69 17  

D-12 18.0-18.45           92 8 0 2.660 

BH-11 D-1 1.5-1.95   28.2 43 24      12 67 21  
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D-6 9.0-9.45         32.0 0.0 75 25 0  

D-10 15.0-15.45           88 12 0 2.660 

BH-12 D-1 1.5-1.95   31.7 44 25      8 69 23  

D-4 6.0-6.45           78 22 0  

D-8 12.0-12.45           85 15 0 2.655 

BH-13 U-1 4.05-4.5 18.3 14.19 29.2   55.6        2.665 

D-3 4.5-4.95   28.4 42 23      15 67 18  

D-11 16.5-16.95         36.0 0 87 13 0 2.660 

BH-14 D-2 3.0-3.45   35.3 42 24      13 69 18  

D-6 9.0-9.45           77 23 0  

D-13 19.5-19.95           94 6 0 2.660 

BH-15 D-1 1.5-1.95   28.8 43 25      18 73 19  

D-4 6.0-6.45   24.1 32 27      25 70 5 2.655 

D-10 15.0-15.45         37.0 0.0 86 14 0  

BH-16 D-2 3.0-3.45   31.4 38 21      12 72 16  

U-1 4.05-4.5 18.25 13.85 31.8   44.3        2.670 

D-12 18.0-18.45           92 8 0 2.662 

BH-17 D-1 1.5-1.95   30.4 43 26      8 70 22  

U-1 4.05-4.5 18.41 14.43 27.6   66.2        2.656 

D-8 12.0-12.45         36.0 0.0    2.658 

BH-18 U-1 4.05-4.5 18.5 14.59 26.8   82.3         

D-4 6.0-6.45   27.4 41 25      13 69 18  

D-12 18.0-18.45           88 12 0  

 

 

BH-19 

D-1 1.5 – 1.95   29.2            

D-4 6 – 6.45   26.6 33       24 70 6 2.658 

D-14 12 – 12.45           89 11 0  

 

 

BH-20 

D-1 1.5 – 1.95   28.3        10 70 20  

D - 5 7.5 – 7.95           76 24 0  

D-12 18 – 18.45         32.0 0.0 87 13 0 2.656 

BH-21 
D-1 1.5 – 1.95   36.6            

D-3 4.5 – 4.95           42 58 0  

D-10 15 – 15.45           83 17 0  

BH-22 
D-2 3 – 3.45   30.2            

D-3 4.5 – 4.95   27.4 32 27      21 73 6 2.667 

D-8 12 – 12.45           85 15 0  

BH-23 
D-2 3 – 3.45   31.5            

U-1 4.05 – 4.5 18.24 13.98 30.5     43.5      2.67 
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D-11 16.5 – 16.95         35.0 0.0 86 14 0  

BH-24 
D-2 3.0-3.45   28.4 43 25      7 21 22  

U-1 4.05-4.5 18.35 14.40 27.4   67.6         

D-8 12.0-12.45           92 8 0 2.654 

BH-25 

U-1 4.05-4.5 18.31 14.23 28.7   54.2        2.64 

D-3 4.5-4.95   27.6 40 22      12 70 18  

D-12 18.0-18.45         37.0 0.0 87 13 0  
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8.10 Cost Estimation 

8.10.1 Basis of Estimation 

8.10.1.1 Construction 

The cost of civil works has been prepared by estimating the quantities of the principal 

construction items. The pricing of these civil works items has been done on the basis of 

construction rate obtained from current ongoing works of Dhaka WASA and recently 

completed treatment plant of Saidabad water treatment plant Phase-2. 

8.10.1.2 Equipment Cost 

The cost of major equipment items has been based on the current ongoing project of similar 

nature & allowances were added to cover shipment, installation, associated minor equipment 

and general contractors cost. 

8.10.1.3 Cost of Pipeline Material 

Pipeline material costs have been estimated on the basis of using ductile iron pipe. The values 

are based on budget quotation received from major international suppliers. Additional supply 

cost for handling within Bangladesh and delivery in a central pipe yard in the Mirsharai area 

has been estimated. This rate per meter for construction of pipe under different laying 

condition have been collected from the recent submission rate of an international 

construction company & used for estimation. 

8.10.1.4 Duties 

Customs duty and VAT is payable on imported equipment and materials. The total Customs 

duty and VAT estimated are shown in cost summery. The duties have been taken from the 

latest available amendment to the import tariff schedule. The main duties are customs duty, 

value added tax (VAT) and development surcharge.  

8.10.2 Capital Cost for SWTP and Water Supply Network 

Summary of estimated capital cost for the surface water treatment plant of 50MLD capacity 

(Phase-1), transmission and distribution network and road & bridge cost along the 

transmission line is given in Table 8.61:  

Table 8.61: Summary of Capital Cost for SWTP and pipeline 

Sl. 
No. 

Description 
Total Price in 
Million BDT 

Remarks 

A) SWTP and water supply network    
 

  
I) Civil Works for SWTP and Intake structure 
(including general cost items)  

1375.24 Detailed in Annex-6 

  
ii) Water supply network (Transmission and 
Distribution pipeline)  

1552.26 Detailed in Annex-6 

  iIi) Mechanical Equipment  754.04 Detailed in Annex-6 

  iv) Electricity Equipment  378.56 Detailed in Annex-6 

  
v) Land development for intake and SWTP 
site  

115.26 Detailed in Annex-6 

  Sub-total of A= 4175.76   
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B) 
CD & VAT for pipe materials, mechanical 
and electrical equipment 

988.06 Detailed in Annex-7 

  Sub-total of B= 988.06   

C) Linking road       

  ii) Approach road  131.57 Detailed in Annex-8 

  i) Bridge (62.5m) 78.9 Detailed in Annex-8 

  Sub-total of C= 210.47   

D) Land Acquisition      

  
i) Land acquisition for intake and approach 
road   

166.85 Detailed in Annex-9 

  Sub-total of D= 166.85   

E) Consultancy     

  

i) Consultant for Design Supervision and 
Construction Supervision of Treatment 
Plant including Intake and  Transmission 
Main and Distribution Network  

75.10 Detailed in Annex-11 

  Sub-total of E= 75.1   

F) Contingency      

  i) Physical contingency (1% of A+C cost) 43.86   

  ii) Price contingency (5% of A+C cost) 219.31   

  Sub-total of F= 263.17   

  Total cost (A+B+C+D+E+F) 5879.41   

 

8.10.3 Operation & Maintenance Costs for SWTP 

Annual operating costs have been estimated separately for labor, chemicals, electricity & 

miscellaneous costs. Labor costs have been estimated and allowance at current government 

salary scale.  Chemical costs are computed based on rate in Bangladesh at the present time. 

The electricity has been estimated based on the present electricity rate of REB. Miscellaneous 

costs are estimated based on the existing (O&M) cost of Saidabad Water Treatment Plant 

Phase-1. Summary of estimated operation & maintenance cost are presented in the Table 

8.62. 

Table 8.62: Summary of Operation & Maintenance Cost of SWTP per Year 

SI. No. Items Cost (Million BDT) per Year 

1 Manpower cost 5.00 

2 Chemicals (Alum, Chlorine and Lime) 17.16 

3 Electricity Cost 81.71 

4 Spare Parts 0.50 

Total 104.36 

 

8.11 Tender Document 

Tender documents have been prepared and submitted to BEZA as supporting documents for 

Contractors or lead joint ventures to bid for the BSMSN surface Water Treatment Plant. The 

project contains four components. Among these components construction of Intake Pumping 
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Station, construction of Surface Water treatment Plant and construction of Raw & Treated 

Water Transmission Main will be by Plant and Design Build (FIDIC Yellow Book) contract. 

Component IV is for Operation and Maintenance of the Component I, II & III for a period of 

three (03) years.  

The Tender document is consists of six volumes as follows: 

Volume 1 - Instructions to Tenderers  

Volume 2 - Conditions of Contracts  

Volume 3 - Employer’s Requirements  

Volume 4 - Preamble, Schedules of Prices and Particulars  

Volume 5 - Drawings  

Volume 6 - Feasibility Study 
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9 Groundwater Wells   

9.1 Design of PTW 

According to the resource estimation a sample well design and its component dimension is 

given below: 

0.0 Depth (m) Lithology                 1.0m  GL 

 6.10 Grey silty clay                 0.0m  Sanitary Seal 

      SWL (4.75m)  (2m) 
 12.20 Grey Plastic Clay 

 

 Sand Filling 

     (132m) 
 24.39 Grey Silty clay 

 

 Column Pipe 

     (40m) 
 33.54 Grey silty fine sand    

      
50    Sub. Pump 

   40m  
   41m      Reducer 
    (400x200mm dia.) 
 73.17 Grey silty clay 

 

 

     Housing Pipe 
 79.27 Grey fine to medium sand trace mica 

 

(400mm dia.) 

   
 

 
     
 94.51 Grey Silty fine sand 

 

 

100   
 

 Blind Pipe 

   
 

 (200mm dia.) 
     
 121.95 Light grey fine to medium sand trace mica 

 

 

    Centralizer 
 128.05 Grey fine sand trace mica 

 

 

     
 134.15 Grey fine to medium sand 134m  

   137m  Clay Seal (3.0m) 
   

 

 (134-137m) 
 146.34 Grey plastic clay 

 

Pea-gravel (53m) 

150    (137-190m) 

   152m  
   

 

  
   

 

Strainer (30 slot) 
    (200mm dia.) 
   

 

 
   173m   

 176.83 Light grey fine to medium sand trace mica 176m Bail Plug 

     (200mm dia.) 
   190m Clear (14 m) 

200   550mm dia Bore Hole  

     
      
     
     
250     

     
     
300  Grey Plastic Clay   

 

Item Diameter (mm) Material Type Range (m) Quantity 

Housing Pipe 400 MS 0.0 (GL) to 1.0m above 
41 m 

0.0 - 40 

Reducer 400 X 200 MS 40 - 41 1 m 

Blind Pipe 200 MS 41 - 152 111.00 m 

Screen 200 SS 152 - 173 21 m 

Bail Plug 200 MS 173 - 176 3 m 

Total Length of Fixture 177 m 

Total Depth of Drilling 190 m 

Centralizes MS 65 -195 18 nos. 

Pea-gravel Natural 137.-190 9.90 m3 
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Calculation for Upper Well Casing (Length) 

Considerations (m) Remarks 

Lowest GWL of the year 5 Measured Static water level 

Seasonal Fluctuation 4 
Difference in water level during 

dry and wet season 

Rated Drawdown 5 5m rated drawdown 

Pump Motor Length 3 - 

Pump Submergence Depth 5 - 

Safety Factor 15 
Storage of water in the 

Lowermost Part of Housing to 
balance Entrance Velocity 

Total Housing pipe Length 37 m say 40 m 40 
 

 

Calculation for Well Screen (Length) 

Q = лDL*0.5*0.22*0.03 m 

Hence, L = Q/лD*0.5*0.22*0.03 m 

Considerations 
 

Remarks 

л = 3.14 

Qd (m3/sec), Design Discharge = 0.028 

Screen Diameter, D (m) = 0.20 

Assumed Blockage (50% of Strainer) = 0.50 

Assumed Open Area (22%) = 0.22 

Assumed Entrance Velocity (0.03 m/Sec) = 0.03 

Required Screen Length, L (m) = 14.00 

   
If 70 % of Efficiency = 20.00 

Socket Blockage (m) = 1.00 

Total Length of Screen, L (m) = 21.00 

 

9.2 Proposed Locations of PTWs 

It has been proposed to construct 25 nos. deep tube wells to abstract groundwater and 

supply in Zone 2A, 2B, 3, 4 & 5. The locations of these 25 nos. deep tube wells are proposed in 

such a way that the aerial distance between 2(two) wells should be at least 500m. Among the 

25 wells, 10 wells in Zone 2A has been proposed with consultation of BEZA officials. The wells’ 

locations are given in Figure 9.1. 
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Figure 9.1: Proposed locations of 25 nos. deep tube wells 

 

9.3 Cost Estimate 

Cost Estimate for 25nos. deep tube well is summarized in Table 9.1. 

Table 9.1: Summary of Capital Cost 

Sl. 
No. 

Description 

Total 
Price in 
Million 

BDT 

Remarks 

A) 25 nos. Production Well      

  
i) Construction of Tube well and ancillary 
structures  

303.66 Detailed in Annex-10 

 

a) Construction of 350mmx200mm diameter 
Deep Tube Well with related works including 
supply of all necessary materials 

146.46  

 

b) Construction of Pump house, Chlorine 
Room of DTW with related works including 
supply of all necessary materials 

35.64  

 

c) Construction of RCC Column with R.S. Joist 
of DTW with related works including supply of 
all necessary materials 

      4.22   

 

d) Construction of 11/0.415KV 200KVA Pad 
Mounted Sub-Station of DTW Compound with 
related works including supply of all necessary 

    56.22   
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Sl. 
No. 

Description 

Total 
Price in 
Million 

BDT 

Remarks 

materials 

 

e) Installation of Submersible Pump Set and 
Chlorine Set with related works including 
supply of all necessary materials 

    26.49   

 

f) Construction of boundary wall and 
approach road of DTW compound with 
related works including supply of all necessary 
materials 

    34.63   

  ii) Land Development of PWT site 80.00 Detailed in Annex-10 

  Sub-total of A= 383.66   

B) Consultancy     

  

i) Consultant for Design Supervision and 
Construction Supervision of Deep Tube Well 
(25nos.)   

7.53 Detailed in Annex-11 

  Sub-total of B= 7.53   

C) Contingency      

  i) Physical contingency (1% of A cost) 3.84   

  ii) Price contingency (5% of A cost) 19.18   

  Sub-total of C= 23.02   

  Total cost (A+B+C) 414.21   

9.3.1 Operation & Maintenance Costs for PTW 

Annual operating costs have been estimated separately for labor, electricity & others (misc.). 

Labor costs have been estimated based on approved current allowances at government salary 

scale.  The cost for electricity has been estimated based on the present rate of electricity of 

REB. Miscellaneous costs are estimated based on the average existing (O&M) cost of other 

projects of similar nature. Summary of estimated operation & maintenance cost are 

presented in Table 9.2. 

Table 9.2: Summary of Operation & Maintenance Cost for 25 nos. PTW per Year 

SI. No. Items Cost (Million BDT) per Year 

1 Manpower cost 4.16 

2 Electricity Cost 10 

3 Spare Parts and Repair & Maintenance 2.5 

Total 16.66 
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10  Project Implementation & Operation (Phase I) 

10.1 Project Implementation Plan 

10.1.1 The Executing Agency 

Bangladesh Economic Zone Authority (BEZA) will be the Executing Agency of the water supply 

project, responsible for the overall technical supervision and execution of the projects. A 

Project Implementation Unit (PIU) headed by a Project Director (PD) will be set up in BEZA. 

The staffing of the PIU will include expertise in project management, water supply 

engineering, installation and finance. The PIU will also incorporate all consultancy services 

under the projects including liaison and discussion with the consultants of the other projects 

of water supply relevant to similar projects implemented by other organizations. 

10.1.2 Implementation Arrangement 

The overall coordination, monitoring and guidance on the policy aspects related to the 

project will be provided by chairperson of the concerned implementation agency i.e. BEZA, 

Prime Minister Office. An inter-ministerial Project Implementation Committee (PIC), chaired 

by the Chairmen, BEZA, Prime Minister Office will be set up. Its membership will include the 

Representative from the Planning Wing of the concerned Ministry/Division, Representative 

from the Development Wing of the Concerned Ministry/Division, Representative from the 

Concerned Wing/Sector- Division of the Planning Commission, Representative from the 

Programming Division of the Planning Commission, Representative of NEC-ECNEC & 

Coordination Wing of the Planning Division, Representative from the Concerned Sector of 

IMED, Representative from Finance Division, Representative from Department of 

Environment (DoE), Project Director, Representative from Department of Public Health 

Engineering (DPHE) and Concerned Desk Officer of the Implementing Agency. 

Terms of Reference of the PIC will be given as follows: 

 To provide necessary assistance or suggestion for implementing project activities. 

 To provide necessary decision, to solve if any problem, arise during project 

implementation. 

 The committee will meet at least once in every three months. 

 The committee may co-opt members, if necessary. 

BEZA will setup a Project Implementation Unit (PIU) headed by a Project Director (PD). The PD 

will be in-charge exclusively with its project execution and will have no other duty with BEZA. 

The PD supported by the PIU will be directly responsible for overall project implementation, 

monitoring, supervision, under the guidance of the Engineering Chief and will report to the 

Chairmen BEZA. The PIU shall be responsible to process international/ local tenders, issue of 

work orders for respective packages and the consultants will assist PIU during evaluation of 

tenders, selection of contractors and suppliers. The PIU will be responsible for day to day 

management of the project including but not limited to the following: 

 Prepare overall Project Implementation Plan (PIP) 

 Provide overall construction supervision works of the project components 
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 Initiate tendering and executing contracts 

 Monitor and supervise all project management activities 

 Organize monitoring and evaluation activities 

 Prepare Project Progress Report (PPR) and Project Completion Report (PCR) 

 Ensure full compliance with resettlement, environmental and other safeguard issues 

and policies.  

 The PIU will be assisted by the consultants for design supervision and construction 

supervision. 

 PIU will continue the O&M of the project up to defect liability period and then PIU will 

hand over the operation and maintenance of the project to the Executive Engineer 

O&M division for proper operation and maintenance of the Project.  A proposed 

organizational structure of operation and maintenance of the project has been given 

in section 10.2. 

 

Other responsibilities of the Project Director are handing over site to the contractor. Any 

dispute arises in the sites for instances, land dispute, access road and the route of the 

transmission main will be solved by the PD without any delay with the assistance of PIU. 

A proposed organizational structure for Project Implementation unit (PIU) has been given 

Figure 10.1. 
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Figure 10.1: Proposed organizational structure for Project Implementation Unit (PIU) 

 

10.2 Proposed Organogram for the Operation of Water Supply 

System 

BEZA will setup a Unit for operation and maintenance (O&M) of Water Treatment Plants and 

Ground Water Wells including Transmission and Distribution System by an Executive 

Engineer. The O&M unit will be responsible for 

a) Procurement of chemicals, operation and maintenance of different units of SWTP 

b) Operation and maintenance of 

 raw water transmission main 

 treated water transmission  

 distribution network 
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 groundwater wells 

c) Providing service connection to the consumers 

d) Receive complains and provide emergency services 

Proposed Organizational Structure for O&M unit of the overall water supply system is shown 

in Figure 10.2. 

 

 Figure 10.2: Proposed Organogram for O&M Unit of Water Supply System 

10.2.1 Staff Position and Duties  

A proposed organogram for the Operation and Maintenance of the Treatment Plant has been 

established in Figure 10.2.  The plant will be operated under an Executive Engineer. He will be 

sole responsible for operation and maintenance (O&M) of the plant and collection of revenue 

and maintenance of accounts. 

Executive engineer will be assisted by following officers and staffs for O&M and procurement 

of chemicals, use and preservation of the chemicals. The plant will be operated 24 hours basis 

and according the staffs will be engaged in operation & maintenance of the plant. The 

proposed supporting officers & staffs of the plant are given below: 

a) Executive Engineer 
b) Sub Divisional Engineer (SDE) 
c) Assistant Engineer 
d) Sub Assistant Engineer 
e) Accounts Officer 
f) Accountant 
g) Revenue Officer 
h) Revenue Inspector 
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i) Foreman (Electrical and Mechanical) 
j) Electricians 
k) Mechanics 
l) Pipeline Inspector 
m) Assistant Pipeline Mechanics 
n) Assistant Security Officer 
o) Head Guard, Guard 
p) Pump operator 
q) Filter Operator  
r) Helper 
s) cleaner 
t) MLSS 

Duty of the Sub Divisional Engineer and Assistant Engineer are to engage the staffs & 

operators in different units of the treatment plan. The different units are intake pump station, 

mixing chamber, chemical building, chlorination building, cleaning of filters, high lift pumping 

station. Operator and maintenance staffs will be engaged in such a way that, the plant will be 

in operation on 24 hours basis. The schedule of the O&M staffs will be prepared in such a way 

so that each and every staff will be on duty at least for 8 hours. 

In addition to that there will be several DTW and all the tube wells will run for 24 hours. So 

for each DTW, at least 3 operators will be necessary. Considering the above facts, O&M staffs 

have been estimated. 

Under Executive Engineer, revenue officer with revenue inspectors will be engaged for billing 

& collection of revenue. The revenue officer will be liable to maintain all records of billing and 

collection of the revenue. He will work under the Executive Engineer. 

One no accounts officer with two accountants will be worked for maintenance of the 

accounts. He will work under the Executive Engineer. 

The overall responsibility of O&M of the treatment plant including procurement of chemicals, 

collection of revenues and maintenance of ledger, maintenance of the account’s property will 

be the Executive Engineer. Other supporting staffs will be responsible for assisting their 

seniors. 
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11 Desalination Plant 

11.1 Introduction 

Desalination is a process of removing dissolved salts from seawater to produce freshwater for 

consumption. There are two major types of desalination technologies around the world, 

namely membrane desalination and thermal desalination. The former technology features 

the use of a special filtre (membrane) to produce desalinated water, whereas the latter 

technology involves the boiling/evaporation of seawater to give off water vapor which, on 

condensation, yields salt-free liquid water. 

Reverse osmosis ("RO") is a predominant form of membrane desalination. For thermal 

desalination, the most commonly adopted technologies are multi-stage flash evaporation 

("MSF") and multi-effect distillation ("MED"). RO is currently the most widely used method 

for desalination. In 2012, it accounted for 63% of the desalination production capacity 

worldwide, followed by MSF (23%) and MED (8%). 

Developed countries such as France, Germany and Spain have led the technologies in the 

global desalination market. France and Germany make heavy use of their abundant natural 

water resources, but they have also invested in the development of desalination technologies 

and related products for export. Spain, a leading exporter of desalination technologies, also 

makes use of the technologies to produce desalinated water for domestic consumption.  This 

fact sheet aims to provide the Panel on Development with information on the different 

features of the RO, MSF and MED technologies. 

11.2 Three major seawater desalination technologies 

11.2.1 Reverse osmosis 

RO is a desalination process with the use of semi-permeable membranes which allow the 

passage of water molecules but not the dissolved salts. In RO process, seawater is firstly pre-

treated to remove suspended solids. Sufficient pressure is then applied with the use of high 

pressure pumps to force water passing through the semi-permeable membranes, leaving the 

dissolved salts behind. Desalinated water then undergoes post-treatment, such as pH 

adjustment and disinfection, to make it suitable for drinking. The above process is depicted in 

Figure 11.1. 

 

Figure 11.1: Basic process of reverse osmosis 

11.2.2 Multi-stage flash evaporation 

MSF is a type of thermal desalination which has already been in use since around 1960s. The 

first desalination plant in Hong Kong, which was built in the 1970s, adopted the MSF 
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technology. MSF facilities consist of a number of chambers connected to one another, with 

each successive chamber operating at a progressively lower pressure. Source water/pre-

treated water (i.e. feed water) first passes from back to front through a tubing system to the 

brine heater, where water is heated under a high pressure. The heated water then enters the 

first chamber at reduced pressure, causing it to boil rapidly with a portion evaporating into 

vapor (Figure 11.2). In each successive chamber which operates at a reducing pressure, the 

same process repeats. The vapor generated by evaporation is converted into freshwater by 

condensation. 

 
 

Figure 11.2: Basic Process of multi-stage flash evaporation 

11.2.3 Multi-effect distillation 

Similar to MSF, MED is an evaporation process going through a series of chambers (also 

known as "effects"), with each successive chamber operating at a progressively lower 

pressure. Yet MED differs from MSF in that the vapor formed in one chamber condenses in 

the next chamber with the heat released acting as a heating source. In addition, feed water is 

sprayed over the tube bundle on top of each chamber in a typical MED process. As shown in 

Figure 11.3, external steam is introduced in the first chamber and feed water evaporates as it 

absorbs heat from the steam. The resulting vapor enters through the tube to the second 

chamber at a reduced pressure. The heat released by condensation causes the feed water in 

the second chamber to evaporate partly. The process repeats in the third chamber and so on. 

In each chamber, the vapor condensing into freshwater inside the tube is then pumped out 

The efficiency of MED can be raised with the addition of a vapor thermo-compressor. As 

indicated in Figure 11.3, the thermo-compressor extracts part of the steam generated in the 

final chamber for recycling use. The extracted steam will be mixed with the external steam for 

compression under a high pressure, which then acts as a heating source in the first chamber. 
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Figure 11.3: Basic Process of multi-effect distillation 

11.3 Comparison of the three major desalination technologies 

11.3.1 Reverse osmosis 

The RO technology has been increasingly adopted for seawater desalination during the past 

decade or so, attributable to its improved performance in terms of energy consumption and 

reliability. RO desalination generally consumes less energy than thermal desalination. In 

addition, its water recovery rate is relatively higher, as one tonne of desalinated water can be 

produced with an input of 2.5-3.2 tonnes of seawater. 

However, RO membranes are typically made of cellulose acetate or other composite 

polymers, which are susceptible to fouling that may lead to shorter membrane lifetime and 

lower quality of desalinated water. Replacement of membrane is considered costly. In order 

to minimize fouling, thorough pre-treatment of seawater to remove particles and organic 

matter is required, which adds to the cost of freshwater production. Moreover, a higher level 

of skills is required for the operation of an RO facility. 

11.3.2 Multi-stage flash evaporation 

MSF is relatively simple to operate as it requires much less seawater pre-treatment and the 

level of skills required for plant operation is also lower. It has an added advantage of being 

capable of treating a large volume of water and producing high-purity water. 

Nevertheless, MSF is very energy intensive and energy cost indeed accounts for the bulk of 

the plant operation cost. Since a considerable amount of thermal energy is needed, some 

desalination facilities are integrated with power plants to make use of their excess heat 

energy produced. Besides, water recovery rate of MSF is lower than the RO technology. 

Production of one tonne of desalinated water requires an input of about 8-10 tonnes of 

seawater. 

11.3.3 Multi-effect distillation 

MED is the oldest water desalination technique. Like to MSF, MED requires minimum pre-

treatment of seawater and can produce high-purity water. Yet it has a higher water recovery 

rate than MSF. About 5-8 tonnes of seawater are required to produce one tonne of 
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desalinated water. However, MED compares unfavorably with the RO technology in terms of 

higher energy consumption and lower water recovery rate. 

The strengths and weaknesses of the RO, MSF and MED technologies are summarized in 

Table 11.1: 

Table 11.1: Comparison of the three major desalination technologies 

 RO 
(membrane-based-technology) 

MSF and MED  
(thermal-based- technology) 

Strengths  Lower energy requirement 

 Higher water recovery 

 Relatively simple to operate 

 Capable of producing high-purity 
water 

Weakness   Membrane susceptible to 
fouling 

 Requirement for thorough 
seawater pre-treatment 

 Higher energy requirement 

 Lower water recovery 

 

11.4 Global Desalination Industry 

Freshwater is often talked about as being “the next gold”, and for good reason. 97.5% of all 

water on Earth is saltwater, leaving only 2.5% as freshwater. 70% of that freshwater is frozen 

in the icecaps of Antarctica and Greenland and < 1% of the world’s freshwater is accessible 

for direct human use. With agriculture being responsible for 87 % of the total water used 

globally, about one-third of the world’s population lives in countries that are experiencing 

water stress. This begs the question, how can we turn saltwater into freshwater. The process 

of turning saltwater into freshwater is called “desalination” and over 18,500 desalination 

plants have now been built worldwide as shown in Figure 11.4. 

 

 
Source: www.desalination.com 

Figure 11.4: Cumulative contracted and commissioned desalination capacity from 1965-
2011  
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With such a huge number of desalination plants being built, the question is where `they are 

located. The below chart in Figure 11.5 shows the distribution of desalination plants by 

country. 

 
Source: www.desalination.com 

Figure 11.5: Desalination plants in different countries 

The chart in Figure 11.6 shows the top engineering, procurement and construction 

contractors for desalination plants constructed from 2000-2011. 

 
Source: www.desalination.com 

Figure 11.6: Contractors to build desalination plants 

 

http://www.desalination.com/
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11.4.1 Technology trends 

 

Figure 11.7: Technology trend of desalination plant 

Energy costs account for the highest proportion in the overall desalination costs, mounting up 

to nearly 50%. On the plus side, technological innovation continues to bring down the overall 

desalination cost. The relatively less energy intensive technology at present is Reverse 

Osmosis (RO) which is 30% lower than Multi-stage-flash (MSF) and 15% lower than Multi-

effect Distillation (MED) technologies. 

RO is more economically suitable for end-user applications such as high-temperature gas 

cooled nuclear plants, thermal power plants, chemical and petrochemical plants, and 

domestic municipal desalination plants when energy can be guaranteed but has potential 

problems of membrane blockages and needs periodic cleaning. MED is often applied in low-

temperature nuclear plant, thermal power plant, steel and metal plants when heat is 

sufficient to support the distillation. A mixed combination of RO and MED desalination in 

power plants is another option when cooling, processing or even drinking water supply is 

needed for the specific project. This hybrid desalination technology is often adopted in 

centralized industrial parks. 

11.4.2 General Cost 

The installed cost of desalination plants is approximately $1million for every 1,000 m3/day of 

installed capacity. Therefore, a large-scale desalination plant serving 300,000 people typically 

costs in the region of $100 million. The costs of infrastructure to distribute water must be 

added to this. 

Desalination Plant in India 

The Minjur Desalination Plant is the largest desalination plant in India completed in 2010. It is 

in Chennai, India, on the coast of the Bay of Bengal and supplies water to the city of Chennai. 

Water from the plant is utilized mainly for industrial purposes. It also supplies water for public 

usage for an estimated population of 1,000,000. This RO plant produces 100 MLD of 

desalinated water from 273 MLD of sea water. The cost of this plant is 48.66 Indian Rupee 

(US$0.7) per m3 of water.  
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Second largest RO plant, the Nemmeli water Desalination Plant is located at Nemmeli, 

Chennai, on the coast of the Bay of Bengal that supplies water to the city of Chennai and 

commissioned on February 2010. The capital cost of the plant is 5,333.8 million Indian rupee 

(US$ 78 million) with production capacity of 100 MLD. The production cost of treated water 

at the plant has been calculated as 30 Indian rupee (US$ 0.44) per m3. 

Another desalination plant with a capacity of 150 MLD at a cost of 10,000 million Indian rupee 

has been planned, which will come up on the 10.50 acre plot of vacant land near the existing 

plant. 

Desalination Plant in Singapore 

Singapore’s National Water Agency PUB has construct two desalination plants with a 

combined capacity of 100 million gallons (455 MLD) that can meet up to 25% of Singapore’s 

current water demand. Three more desalination plants would be completed by 2020. They 

have planned to meet up to 25% of Singapore’s future water demand by 2060 through sea 

water desalination.    The 1st Plant, SingSpring Desalination Plant was commissioned on 

September 2005 with capacity of 30 million gallons (137 MLD). The capital cost of this plant 

was US$ 300-400 million. The price of desalinated water in the first year of delivery was set at 

S$0.78 (US$ 0.57) per m3. The 2nd Plant, Tuaspring Desalination Plant was constructed in 2011 

having capacity of 70 million gallons (318 MLD). The price of this plant was set of S$0.45 (US$ 

0.33) per m3 in the first year of delivery. 

In Singapore, seawater is processed into desalinated water which is then blended with 

treated water from the reservoir for distribution to homes and industries. 

 

 

Figure 11.8: Flow diagram of Tuaspring Desalination Plant in Singapore 

11.4.3 Factors Driving Desalination Industry 

Medium to large scale desalination plants normally need large investment to support the 

technologies, engineering and construction involved. So far, privatization in the desalination 

plant market is in its developing stage with 70-80% of the projects financed by the industry 

end users or the government. 

Build-operate-transfer (BOT) or Design-build-operate (DBO) modes of business are expected 

to become prevalent for desalination projects. Direct incentives or funds from the Govt. is 
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needed to facilitate implementation of desalination projects. Financing is the biggest issue 

preventing many technology suppliers to tap into the desalination market opportunities. 

It is estimated that for a 50,000 m3/day desalination plant, the overall investment can be up 

to U$30 million or more, which is almost three to four times the cost of a water treatment 

plant with the same treatment capacity. Medium to small engineering or investment 

companies find it difficult to develop such projects due to a lack of financial muscle. This 

leaves only companies with strong financial support and experience in the desalination water 

business to step up and become significant contenders in this market. 

Befesa and Aqualyng projects are good examples of innovative financing practice, taking 

advantage of the 'non-recourse' financing mode that relies 70-100% on local bank loan 

(Tsingtao Befesa Desalination Plant, 100,000 m3/day, 2009; Caofeidian Desalination Plant, 

50,000 m3/day, 2010). 

11.5 Major Impacts on Desalination Cost 

Factors that have a direct and major impact on desalination cost include, but are not limited 

to, desalination technology,  raw and product water quality, type of intake and outfall, the 

location of the plant or project, the type of energy recovery used, the price of electricity, 

post-treatment needs, storage, distribution, local infrastructure costs, and environmental 

regulations. 

11.5.1 Desalination technology 

Almost 95% of the installed desalination capacity today is either thermal (35%) or membrane 

based (60%) technology (Ghaffour, et al., 2012).  Each type of system varies considerably in 

footprint, materials of construction, equipment, pre-treatment requirements, power and 

steam requirements, amongst other differences.  The technology selection will also 

determine the type of chemicals that will be used for pretreatment and post-treatment which 

impact operational costs. 

11.5.2 Location 

The site where a desalination facility is constructed can have a major impact on the overall 

costs of the project.  For example, for an SWRO (Sea Water Reverse Osmosis) desalination 

plant, the plant should be located as close as possible to the seawater intake source to avoid 

higher costs for intake pipelines and complex intake structures.  Optimal project siting will 

also reduce the concentrated brine discharge line back to the sea. However, real estate 

acquisition cost is a significant factor that may require greater water transmission in locations 

where land cost may exhibit orders of magnitude differences in relatively short distances.  

From a construction point of view, careful considerations are recommended for items such as 

local soil conditions (may require new soil fill or structural concrete piles) and close proximity 

to a reliable power source to reduce the power transmission costs. 

11.5.3 Raw water quality 

The site-specific raw water quality can have a major impact on the number and type of 

pretreatment steps required ahead of the desalination step itself, and the overall sizing of the 

desalination plant.  The total dissolved solids (TDS) level of the source water directly impacts 
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the operational costs, as higher operating pressures (RO) and temperatures (thermal) must 

typically increase as raw water salinity increases.  Higher raw water salinity may also reduce 

the feasible product water recovery per gallon of raw water for both RO and thermal 

systems.  In the case of SWRO, in areas such as small bays, gulfs or channels, seawater 

currents, and the resultant natural mixing from the larger body of seawater (i.e., the ocean) 

may be minimal.  These areas can have higher local salinity levels, higher total suspended 

solids, higher temperature variations, and higher organic loadings and biological activity 

compared to water in the open ocean.  All these factors add design and construction 

complexity and, therefore, can significantly increase both CAPEX and OPEX costs. 

Furthermore, feed water temperature has a large impact on RO operating pressure costs, 

with feed pressure increasing by 10% to 15% for a 10⁰F drop in feed water temperature 

below 70⁰F (WRA, 2012). 

For a RO system, the required product water quality will dictate the number of membrane 

passes required, thereby impacting costs. 

11.5.4 Intake and Outfall 

The type of intake and outfall selected for a desalination plant is one of the most important 

technical considerations for a plant’s cost-efficient design and optimum operation.  Important 

factors need to be evaluated such as the most suitable intake type (submerged vs. open 

intake), the distance of the intake relative to the plant, the type of intake screens, the type of 

intake structure, the type of intake pipeline (buried vs. above ground), and environmental 

considerations with regards to impingement and entrainment of marine life.  Each of these 

items has a significant cost impact. The cost of the intake system can vary from a low of $0.13 

million per thousand m3/day ($0.5 M million M per MGD) of capacity for an open intake to 

$0.79 million per thousand m3/day ($3.00 million per MGD) for complex tunnel and offshore 

intakes (WRA, 2012).  

To illustrate the potential significance of intake and discharge structure costs, SWRO plant 

discharges located close to marine habitats that are highly sensitive to elevated salinity 

require elaborate concentrate discharge diffuser systems, with costs that can exceed 30% of 

the total desalination project expenditures.  In contrast, the desalination plants with the 

lowest water production costs have concentrate discharges either located in coastal areas 

with very high natural mixing or are combined with power plant outfall structures, allowing 

good initial mixing and better discharge plume dissipation.  The intake and discharge facility 

costs for these plants are usually less than 10% of the total desalination plant costs (WRA, 

2012).    

11.5.5 Pretreatment 

Pretreatment costs are impacted by the type and complexity of the pretreatment system.  

The type of pretreatment required depends on the raw water quality at the project site. 

 Some raw seawater or brackish surface water sources have a high level of organics and 

biological activity and require more robust pretreatment technologies, such as DAF (Dissolved 

Air Flotation) and UF (Ultrafiltration).  Other raw water sources that use submerged intakes or 
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well-based intakes may require less pretreatment, such as a single-step media filtration or MF 

(Microfiltration).  

According to an article by the Water Reuse Association entitled “Seawater Desalination 

Costs,” pretreatment costs will typically range from $0.13MM to $0.40MM per thousand 

m3/day ($0.5 million to $1.5 million per MGD).  At the lower end of this range, conventional 

single-stage media filtration systems are adequate.  Pretreatment costs increase as additional 

pretreatment steps are added, such as two-stages of media filters or media filtration followed 

by MF or UF systems. 

Pretreatment costs are typically greater if the water source is wastewater.  This may be due 

to many factors, such as the necessity to remove high calcium and magnesium (hardness) 

levels, the addition of chlorination and dechlorination steps to destroy microbes, or the 

necessity of using UF to remove high molecular weight organic compounds.      

11.5.6 Energy recovery 

RO systems use high-pressure pumps to overcome the osmotic pressure of the raw feed 

water.  For example, some SWRO plants can require up to 70 bar (1000 psig) feed pressures.  

The RO concentrate brine stream from this process contains pressure energy that can be 

recovered in order to reduce the overall RO system energy requirements.  Energy recovery 

technologies reduce the overall energy input, thereby reducing operating expenditures.  

11.5.7 Electric Power 

Local energy prices, transmission distance, connection fees, and possibly tariffs at the 

proposed location of the desalination facility play an important role in determining the supply 

price for connected power.  For very large thermal desalination plants, consideration of co-

locating the facility with a power plant may be promising due to the inherent advantages of 

such a combination.  

11.5.8 Post-treatment 

Final product water quality will determine the specific type of post-treatment that is 

required.  Post-treatment steps add additional costs.  The need for a second RO pass to 

achieve very low TDS levels or reduce the concentrations of specific ions, such as boron or 

chloride, to acceptable levels can be an expensive option.  A two-pass RO system will typically 

be 15 % to 30 % more costly than a single pass RO system (WRA, 2012).  

Also, stabilization of the product water typically requires a pH adjustment and the addition of 

bicarbonate alkalinity, which can be done using a combination of carbon dioxide, lime and/or 

sodium hydroxide and, again, this adds additional cost. 

For desalination plants located on a coast in close proximity to the communities using the 

water, land is usually priced at a premium. The cost of locating a facility closer to the point of 

use and a suitable power source should be weighed against the costs associated with 

additional intake and discharge pipeline right of ways, pipeline costs, materials transport, 

permits, labor and maintenance associated with moving a plant farther away from the coast 

or distribution service area (WRA, 2012).  



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 
 

  250  Final Report 

Post-treatment costs are typically greater if the water source is wastewater.  This may be due 

to many factors, such as post-treatment oxidation to inactivate viruses and higher costs for 

waste brine or solids disposal.      

11.5.9 Local infrastructure costs 

Infrastructure costs include items such as earthworks, concrete, steel, structures, drainage, 

and building materials.  Depending on the location of the plant, the costs for each of these 

items can vary significantly.  Remote plant locations that are located far from industrial cities 

will typically have to incur higher construction costs vs. plants that are constructed near 

concrete-producing facilities and industrial zones that have an ample supply of building 

materials.  

11.5.10 Environmental regulations 

Each geographic region will have its own set of environmental rules and regulations, and 

these can also vary from state to state within a single country.  For example, permitting costs 

for projects in California are almost four times the typical permitting costs in Florida (WRA, 

2012).  California has more stringent regulations and/or guidelines for potable water 

production compared to those in Texas or Florida, which adds regulatory cost to a 

desalination project.  Longer environmental review periods can also lengthen the project 

schedule, which typically results in higher project costs as well.  In fact, the number of years 

required to develop and permit a project in a state like California, with very stringent 

regulations, may be significantly longer than the time necessary to construct the plant and 

initiate start-up. (WRA, 2012) 

11.6 Cost Components of a Desalination Plant 

11.6.1 CAPEX 

CAPEX is subdivided into the two major categories of direct and indirect costs.  Direct costs 

include equipment, buildings and other structures, pipelines, and site development, and are 

typically in the range of 50% to 85% of the total CAPEX.  The remaining indirect costs include 

financing interest and fees, engineering, legal and administrative costs, and contingencies 

(Ghaffour, et al., 2012).  The typical CAPEX cost and components for most desalination plants 

can be further divided into nine parts, as follows: intake and raw water conveyance; 

pretreatment; desal treatment; post-treatment; product water pumping and storage; 

electrical and instrumentation system; plant buildings, site and civil works and balance of 

plant; brine discharge and solids handling; and miscellaneous engineering and development 

costs.  Other costs, such as financing fees and other commercial related fees, also have to be 

considered.  Figure 11.9 shows one example of a CAPEX cost breakdown for an SWRO plant.  
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Figure 11.9: Typical SWRO desalination plant CAPEX breakdown  

CAPEX, to a significant extent, depends on scale with larger desalination plants costing less 

per million gallons of installed capacity.  Based on Figure 11.10 below, a medium size 10 MGD 

SWRO plant would cost about $80 million to build and a large plant, such as the 35 MGD 

Carlsbad SWRO plant near San Diego, would be expected to cost $250 million.  Note: Due to 

environmental, permitting and construction issues, that plant ended up costing much more. 

  Figure 11.10: Unit construction cost vs. capacity for SWRO plants 

11.6.2 OPEX 

Operating costs (OPEX) generally fall into two broad categories: fixed costs (such as labor, 

administrative, equipment and membrane replacement costs, and property fees/taxes [as 

applicable to the locality], etc.) and variable costs (such as power, chemicals, and other 

consumables. (Arroyo, et al., 2012).  The typical OPEX cost and components for most 

desalination plants can be further subdivided into nine parts comprising the following: power 

consumption, consumables, solid waste, chemicals, labor, maintenance, equipment warranty, 

balance of plant & utilities, and other fixed costs (administration, spares, contingency, etc.), 

as shown in Figure 11.11.  
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Figure 11.11: Typical SWRO desalination plant OPEX breakdown 

[Source: Advisian] 

11.6.3 Total Cost to Desalinate Water 

Life cycle cost, also called unit production cost or annualized cost, is the cost of producing a 

thousand gallons or cubic meter of water by desalination and considers all CAPEX (including 

debt servicing) and OPEX and may be adjusted by a predicted or actual plant operating 

factor.  Because of all the variables involved, these annualized costs can be very complex, and 

unit production cost differences among projects may not be directly comparable.  At best, 

predicting future costs using past plant cost information will typically only result in ballpark 

estimates. 

Figure 11.12 shows that annualized costs for various types of completed RO projects have 

varied widely.  The average costs, represented by the best fit line in the data shown, are 

about $0.70/m3 ($2.65 per thousand gallons) for very large plants (325,000 m3/day) and rise 

to $1.25/m3 ($4.75 per thousand gallons) for small plants (10,000 m3/day).  

However, costs can range as high as $3.20/m3 for very small capacity plants (less than 4,000 

m3/day or 1 MGD) that have costly site-specific intake, discharge, and conveyance 

peculiarities.  Removing the effects of intake, discharge, and conveyance reduces and narrows 

the annualized cost range to $0.53/m3 to $1.58/m3 ($2.00 to $6.00 per thousand gallons) for 

SWRO plants and $0.11 to $1.10/m3 ($0.40 to $4.00 per thousand gallons) for brackish water 

RO plants (WRA, 2012). 
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Figure 11.12: RO plant unit production cost vs. project capacity  

[Source: Ludwig, H., 2010] 

Figure 11.13 shows a typical life cycle cost comparison of MSF, MED, and SWRO to produce 

one cubic meter (264 gallons) of water per day.  As shown, MSF and MED, which are thermal 

desalination technologies, require steam (thermal energy) in addition to electrical energy, 

which is the main reason why they have higher total water life cycle costs compared to 

SWRO.    

 

Figure 11.13: Unit production cost of water for desalination technologies  

[Source: Instituto Murciano (2012)] 
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11.7 Financing Consideration  

With the increase of the water demand and the need for more desalination plants, the public 

sector has been seeking the help of the private sector in order to develop large infrastructure 

projects in order to relive the financing burden of the government. Private finance initiatives 

foresee the financing of infrastructure projects with an upfront spend element in a way that 

removes recourse by the lenders to the Sponsors (non-recourse financing) or limits such 

recourse (limited recourse financing). In such projects the sole security of the lenders is the 

revenue stream and assets of the project. Project financing initiative are generally deals 

structured to move liabilities from the Sponsor’s balance sheet and contain the risk in the 

project vehicle company.  

Private finance initiative is an alternative method of raising finance for capital projects such as 

power and desalination without adding to the national debt. The public sector acquires 

services cost-effectively through a competitive process rather than directly owning and 

operating assets. The private sector is invited to put together consortia that bid to provide a 

specified power and water outcome through a process of negotiation.  

The public sector then pays for the delivery of the water by the private sector partner, rather 

than procuring power and desalination assets that are used to provide that service. In 

financial terms, shifting from a publicly funded capital scheme to a publicly funded revenue 

scheme.  

The introduction of privatization in the desalination business has greatly contributed to 

generate lower desalination costs and introduce new technology innovation in the sector. The 

project finance model tends to generate lower CAPEX and OPEX costs due to a more market 

service oriented basis and despite (as it can be seen from the Figure 11.14) the financing 

costs tend to be marginally higher, the general effect is a reduction of OPEX and CPEX that is 

capable of generating a lower final water/power tariff. 

 

Figure 11.14: Comparison of CAPEX and OPEX between traditional and private finance 
project 
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Private finance initiative is an alternate method of raising finance for capital projects without 

adding to the national debt. In a Private Finance Initiative project, private sector consortium 

establishes a company, a Special Purpose Vehicle (SPV) which then raises the finance 

necessary via the means available to all private sector companies such as the issue of risk 

capital (shares), borrowing, etc. The public service body then pays for the delivery of service 

via an agreed payment mechanism relating to volume, quality and performance.    

 

Figure 11.15:  Financing of a BOOT project 

11.8 Consideration for BSMSN  

With current technology trend a sea water reverse osmosis (SWRO) plant would be suitable 

among the three types of desalination technologies. This is because relatively less energy 

intensive technology at present is Reverse Osmosis (RO) which is 30% lower than Multi-stage-

flash (MSF) and 15% lower than Multi-effect Distillation (MED) technologies.  

The performance of SWRO depends heavily on the quality of the seawater at the intake 

location. It is recommended to remove the pollutants present in feed water. Hence, before 

entering the SWRO unit, raw sea water is required to be pretreated suitably. The following 

treatment scheme can be considered. 

 Intake & Outfall System, Intake Basin & Intake Pumps 

 Tube Settler, Dual Media Filtration 

 Ultra-Filtrations (UF), Nutrient Removal Filter 

 Sea Water Reverse Osmosis (SWRO) 

 Brackish Water Reverse Osmosis (BWRO) 

 Product Water Collection and Transfer System 

 Wastewater Collection and Transfer System 

 

Several buildings will be required to house the treatment plant. These can be UF building, 

SWRO/BWRO building, Electrical & Control building and Chemical building. Approximately 15 

acres of land may be required for the plant. Power is a major requirement to run a 

desalination treatment plant. The approximate power requirement for a 50 MLD plant can be 

200 MWh/day. The cost associated with power supply, civil works, land purchase and all 

DeSal Service Provider 
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necessary permits/approvals/clearance certificates are typically considered separate from the 

actual costs for plant installation and commissioning.  

Based on similar project and assessment of current study the following approximate costs can 

be assumed for the 50MLD desaliation 

 Capital Cost - $50 million 

 Operating Cost - $6 million/yr 

 Cost of Water – 50 BDT/m3 

 

If traditional financing is not availabe for the project, a Concessions or BOOT financing  can be 

considered as an alternative. Typically these contracts are 25 year long. In Bangladesh RAJUK 

has taken up a BOOT project for the water supply of Purbachol City. This will require creation 

of Special Purpose Vehicle (SPV) to raise fund and to manage the development work. The 

client has to ensure ‘Guarantee of sale’ or ‘Payment Security’ for the service provider in this 

type of financing process. 
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12 Water Management Plan      

12.1 Use of Available Resources and Phasing 

Water demand for Bangabandhu Sheikh Mujib Shilpanagar has been estimated for industrial, 

domestic, non-domestic and other uses. The main basis of estimating the demand is 

industrial, employment and population projection based on Master Plan of Bangabandhu 

Sheikh Mujib Shilpanagar conducted by Sheltech Consultants (Pvt.) Limited and STUP 

Consultants Private Limited. The total production capacity, however, considers physical loss 

or leakage from the treated water transmission and distribution pipelines and appurtenances. 

It is estimated that the total production capacity will be 965 MLD in 2040 at the end of full 

development of BSMSN. The water requirement will be 343 MLD at the end of 2025, 482 MLD 

at the end of 2030, 683 MLD at the end of 2035 and 965 MLD at the end of 2040.  

From the surface water resource assessment of Feni River (Sec. 4.3) it has been estimated 

that about 100 MLD water can be supplied from Feni river reservoir. The plant has been 

proposed to construct in two phases. In first phase 50 MLD treatment plant with 25 nos. DTW 

will be constructed for supplying water in priority zone 2A, 2B, 3, 4 & 5. The completion of 

this first phase surface water treatment plant is recommended by 2023. The detailed study of 

the proposed SWTP has been described in Section 8.  

In the 2nd phase, another surface water treatment plant from Feni River will be constructed 

for next priority zones. It is proposed to complete the construction works of this treatment 

plant by 2025. The location for 50 MLD water treatment plant (phase II) should be close to 

the supply area. This plant can be constructed close to the phase I plant if supplied at the 

adjacent area. 

Another potential source of surface water is Mohra treatment plant Phase-2 (Figure 12.2). 

The source of this treatment plant is Halda River in Chittagong. About 65km transmission line 

is required to carry the treated water from the treatment plant to BSMSN area. The location 

of the treatment plant is too far. Therefore a treated water transmission main of 1000 mm 

diameter Ductile Iron pipe or steel pipe with 2 (two) number booster pump stations will be 

required. If the combined cost of treatment, transmission main and booster pump station is 

considered, this option is likely to be more expensive. Further study is necessary whether this 

option is acceptable for the supplying of water to the industrial park. To fulfil the water 

demand it is recommended to complete Mohra treatment plant by 2024. 

Little Feni river is another source of surface water to meet water demand of BSMSN area. 

From the surface water resource assessment of Little Feni River (Sec. 4.4) it has been 

estimated that about 40MLD capacity treatment plant can be constructed to supply water in 

the western zones beside the right bank of Feni River.  About 6km raw water transmission 

line is required to carry the river water to the treatment plant in BSMSN area. The raw water 

transmission main of 1000 mm diameter Ductile Iron pipe or steel pipe will be required. 

Further detail study is necessary for the supplying of water to the economic zone. It is 

recommended to complete Mohra treatment plant by 2028. 
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Detailed groundwater investigation in BSMSN area reveals that average thickness of deeper 

aquifer in this area varies from 120m to 205m. The available water that can be extracted from 

groundwater is maximum 205 MLD. The development of production wells is divided in three 

phases. In the 1st phase 50 MLD water will be available by installing 25nos PTWs within 2021. 

In the 2nd phase additional 50 MLD water will be available by installing 25nos new PTWs 

within 2022. In the 3rd phase additional 100 MLD water will be available by installing 50nos 

new PTWs within 2030. 

The total amount of water that will be available from surface water and groundwater source 

is about 430 MLD. The additional water that will be required to fulfil the water demand of the 

whole project area will be about 535MLD. This amount of water will need to be managed by 

using treatment of sea water and other sources.  

It has been observed that by using Reverse Osmosis process (RO), this sea water can be 

treated. This technology is relatively less energy intensive comparing other desalination 

technology available at present. Total 11 nos. RO desalination plant will be required with 

development. According to the plan the 1st two desalination plant will be required in 2025. 

The capacity of the desalination plant will be about 50MLD.  

If reuse of water or rainwater harvesting is found feasible then the no of desalination plant 

can be reduced. Feasibility study is required for those options. 

In the Master Plan the development of BSMSN area has been divided into four main time 

horizon- 2020-2025, 2026-2030. 2031-2035 and 2036-2040. Accordingly, the production 

water from surface water, groundwater and desalination plant has been planned for BSMSN 

as shown in Figure 12.1. 
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Planning hoizone 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2035 2040

Water Demand 30 60 100 150 250 344 380 400 450 450 482 682 965

Feni Reservoir - Phase I 50 50 50 50 50 50 50 50 50 50

Feni Reservoir - Phase II 50 50 50 50 50 50 50 50

Total Feni Reservoir 0 0 0 50 50 100 100 100 100 100 100 100 100

Goundwater Phase I 30 50 50 50 50 50 50 50 50 50 50 50 50

Goundwater Phase II 10 50 50 50 50 50 50 50 50 50 50 50

Goundwater Phase III 10 10 40 60 70 70 100 100 100

Total Groundwater 30 60 100 100 110 110 140 160 170 170 200 200 200

Mohra Treatment Plant 90 90 90 90 90 90 90 90 90

Little Feni Treatment Plant 40 40 40 40 40

Offstream Reservoirs 0 0 0 0 0 0 0 0 0 0 0 0 0

Mahamaya Reservoir 0 0 0 0 0 0 0 0 0 0 0 0 0

Other Reservoirs 0 0 0 0 0 0 0 0 0 0 0 0 0

Sub-total (SW+GW) 30 60 100 150 250 300 330 350 400 400 430 430 430

Gap 0 0 0 0 0 44 50 50 50 50 52 252 535

Desalination Plant (sea water) 

& other sources
0 0 50 50 50 50 50 50 250 535

Required Production Capacity 30 60 100 150 250 350 380 400 450 450 480 680 965
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Figure 12.1: Future Sources of Supply for BSMSN 
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Figure 12.2: Proposed pipeline for Mohra treatment plant 
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12.2 Uncertainties in Resource Availability and Management 

There could be several uncertainties associated with availability of water from surface water 

sources or groundwater sources. Also issues such as reduced water demand or damage to the 

infrastructures due to natural disaster can immerge. Therefore, it is necessary to have a 

management plan so that these uncertainties can be overcome. The probable uncertainties 

which can immerge, their impacts and mitigation measures for overcoming the uncertainties 

are discussed in following. 

12.2.1 Decrease in Surface Water and Groundwater Availability 

Over the years, availability of freshwater in the Feni river reservoir can get hampered due to 

Trans-boundary withdrawal, extended draught governed by climate change and water quality 

issue such as river pollution. Besides availability of groundwater can get reduced over the 

time due to excessive withdrawal, reduced natural recharge governed by climate change 

impacts and quality issues such groundwater pollution, salinity instruction etc.  

Impacts: The probable impact would be less production in the surface water treatment plants 

and less production or shutdown of the deep tube wells.  

Mitigation Measures: Following measures shall be taken to mitigate the impacts: 

 Signing water sharing treaties or MoU with the neighboring countries. 

 Establishing a monitoring mechanism both for surface water and groundwater 

sources. There are monitoring stations (water level, discharge) at the upstream of Feni 

river reservoir. The component of water quality monitoring should be included at 

those monitoring stations. Besides there should be a monitoring wells for observing 

periodical changes in groundwater level and groundwater quality.  

 In case the reduction in water availability is emerged as a result of quantity issues, the 

probable deficiency in supply requirement shall be managed by installing additional 

desalination plants. 

 Wastewater with or without treatment from the industries, domestic and non-

domestic should not be discharged from upstream of Intake to Feni regulator. 

 However, in case of quality issues additional treatment steps shall be added to the 

SWTPs for maintaining treated water quality standard. Additional treatment facilities 

(RO, chlorination, aeration etc.) shall be installed for DTWs in groundwater quality 

issue arises. 

 Efficient management of produced water from SWTPs and DTWs such as reducing 

system loss, installing water recycling facilities in industries where feasible. 

12.2.2 Reduction in Water Requirement 

Requirement of water is likely to decrease during vacations such as Eid festivals or during 

labour strikes and shutdown of industries due to financial or other implications. This will lead 

to shortfall in requirement for a limited period. In addition, the future growth in industries 
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may not follow the projected pattern which will result reduction in long term water 

requirement. 

Impacts: Financial loss of the investments for water production 

Mitigation Measures: Following measures shall be taken to mitigate the impacts: 

 Limited operation of the SWTPs and DTWs during vacation or period of labour strike 

 Periodical updating of the implementation plans of different phases based on the 

actual water requirement at different time frames. 

12.2.3 Natural Disasters 

Natural disasters in the form of cyclone, earthquake etc. may occur and cause longer time 

power failure, partial damage to the infrastructures related to SWTP, DTW and transmission 

and distribution network. 

Mitigation Measures: 

Following measures shall be taken to mitigate the impacts: 

 Design of structures shall include consideration of seismic load according to the 

guidelines of BNBC 

 Warning system shall be established in the industrial park to limit probable damage 

due to natural disasters.  

 Rapid action shall be taken for restoration of power supply and damaged 

infrastructures.  

 The officer in charge of the industrial park will take immediate actions with the 

assistance from the O&M team. In case he is unable to act by his own capacity, he will 

involve the top management of BEZA to undertake the matter.   

 The damage shall be considered as an act of God and immediate action for 

assessment of damage and restoration of the same shall be taken.  
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13 Project Cost and Financial & Economic Analysis 

13.1 Project Cost estimation 

This chapter include overall project cost to mitigate total water demand of proposed BSMSN 

and financial and economic analysis of phase I. The overall project components includes 2 

nos. 50 MLD surface water treatment plant from Feni River, 90 MLD surface water treatment 

plant from Halda river (Mohra), 40 MLD surface water treatment plant from Little Feni river, 

installation of 100 nos DTW each of 2.0 MLD , 11 nos @50 MLD desalination plant and 

transmission main & distribution networks. The tentative total cost to meet the water 

requirement for 30,000 acre area of BSMSN is about 83,387 Million BDT. The summary of 

tentative cost is shown in Table 13.1. 

Table 13.1: Summary of cost for full filled the total water demand 

SL 
No. 

Description 

Total 
Price in 
Million 

BDT 

1 50 MLD Surface Water Treatment Plant (Phase I) including Intake for 105 MLD 5,676 

2  50 MLD Surface Water Treatment Plant (Phase II)  4,898 

3 90 MLD Surface Water Treatment Plant (Mohra)  5,565 

3.1 About 65 km Transmission Main with 2 nos. Booster Pump from Mohra to BSMSN 10,022 

4 40 MLD Surface Water Treatment Plant (Little Feni River)  2,968 

4.1 12 Km Raw &T Water Transmission for 40 MLD SWTP 828 

5 205 MLD Groundwater (100 nos. DTW) 1,657 

6 11 nos @ 50 MLD Sea Water Desalination Plant 46,750 

7 About 380 km water distribution networks 5,022 

Total 83,387 

 

13.2 Financial and Economic Analysis for 50 MLD SWTP & 25 nos. 

DTW (Phase I) 

In the 1st phase of water supply system 50 MLD SWTP of the Feni River and 25 nos DTW of 

each capacity about 2 MLD will be installed. This phase is planned to supply water in priority 

area of zone 2A, 2B, 3, 4 & 5 of BSMSN. The total production capacity of surface water 

treatment plant (50 MLD) and 25 DTWs (51 MLD) will be 101 MLD. However, with time the 

production capacity of the DTWs are expected to reduce to 74%. Therefore, the resultant 

production by two sources have been estimated as 87 MLD. The total cost of the project is 

about 629.36 crore BDT while the initial operating cost is approximately 12.1 crore BDT per 

year (excluding depreciation). The lifetime of the said WTP is assumed to be 50 years and 

tube wells are for 20 years. 

13.2.1  Project Benefit (Financial) 

The project cost for 87 MLD capacity is 629.36 crore BDT. In addition, there will be operating 

cost needed equivalent of 12.1 crore BDT. The year of the completion of works is 2023. For 
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cost benefit analysis 10% system loss has been considered. And the average tariff rate (cost 

per 1000 litter) of the project has been increased @ 5% per annum. 

Table 13.2: Yearly Breakdown of the Project Cost 

Sl. No. Expected Investment Year  Cost in BDT in lakh 

1. FY 2020-21 : 15000.00 

2. FY 2021-22 : 24942.10 

3. FY 2022-23 : 22994.13 

 Total : 62936.23 

Calculating the Cost-Benefit analysis of this project the financial Benefit Cost Ratio (BCR) 
stands at 1.5 and the Net Present Value (NPV) is 32318.77 Lakh BDT. The Internal Rate of 
Return (IRR) has been computed as 17.82% of this project. The summary of the analysis is 
shown in Table 13.3 and the detail analysis is given in Annex-12. 

Table 13.3: Financial Analysis of the Project 

BCR NPV (BDT In Lakh) FIRR (%) 

1.5 32318.77 17.82% 

13.2.2 Project Benefits (Economic) 

The project will enhance the capacity of BEZA for the water supply. The water facilities could 

be delivered to the manufacturing industries which have already setup their plants and or to 

the other enterprises who wishes to setup their plants for a long period of 50 years. The 

project will produce 87 MLD water per day which will ultimately help to improve the 

economic conditions of the nation. 

 

In analyzing the economic benefit, CD, VAT and the depreciation cost have been deducted 

from the total invested cost. Calculating the cost-benefit of this project the economic Benefit 

Cost Ratio (BCR) stands at 1.82 and the Net Present Value (NPV) is 43687.00 Lakh BDT. The 

Internal Rate of Return (IRR) has been computed as 20.49% of this project. The summary of 

the analysis is shown in Table 13.4 and the detail analysis is given in Annex-12. 

Table 13.4: Economic Analysis of the Project 

BCR NPV (BDT In Lakh) EIRR (%) 

1.82 43687.00 20.49% 

13.2.3 Pricing 

The price of the treated water has been considered for 1unit (1000 liter) for industrial 45.03 

BDT and 14.06 BDT per 1000 liter for non-industrial uses in 2023-24 in terms of tariff.  The 

tariff could need be increased gradually per annum. For the viability of the project we 

considered the said tariff of the treated water to be raised every year by 5% for all users and 

the system loss has been accounted 10% of the billable quantity. The summary is shown in 

Table 13.5 and detail in Annex-12. 

Table 13.5: Tariff Rate for the Industrial and Non-industrial users 

year 
User Types Tariff rate in BDT for per 1000 litter 

Industrial Others Industrial Non-industrial 

2025 62.64 MLD 15.66 MLD 49.64 15.51 
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2030 62.64 MLD 15.66 MLD 63.36 19.79 

2035 62.62 MLD 15.66 MLD 80.86 25.26 

2065 36.00 MLD 9.00 MLD 301.90 94.30 

2070 36.00 MLD 9.00 MLD  385.30 120.35 

2075 36.00 MLD 9.00 MLD 491.76 153.60 

13.2.4 Sensitivity Analysis 

Sensitivity analyses are core parts of the Project’s viability. Sensitivity analyses determine 
how a positive or negative change in different values will impact a result (FIRR, EIRR, NPV, 
etc.) under a given set of assumptions. 

A sensitivity analysis is undertaken in order to assess robustness of the analysis. Different 

iterations have been realized based on modifications of the investments costs, the benefits 

and the discount rate. The results are shown Table 13.6. The detail sensitivity analysis is given 

in Annex-12. 

Table 13.6: Sensitivity Analysis for Different Option  

Study case 
Financial Analysis Economic Analysis Tariff Rate 

FIRR NPV BCR EIRR NPV BCR Indus. Others 

Base Case 17.82% 32318.77 1.50 20.49% 43687.00 1.82 45.03 14.06 

a. Increase by 10% 
Investment cost 

16.40% 26610.41 1.38 19.10% 38722.66 1.66 45.03 14.06 

b. Decrease by 10% 
Investment cost 

19.14% 38027.13 1.64 22.78% 48651.33 2.00 45.03 14.06 

c. Increase by 20% 
Investment cost 

14.90% 20902.05 1.27 17.92% 33758.33 1.53 45.03 14.06 

d. Decrease by 20%  
Investment cost 

20.82% 43735.49 1.82 24.82% 53615.66 2.23 45.03 14.06 

e. Increase by 10%  
operating cost 

17.65% 31137.23 1.47 20.23% 42506.09 1.78 45.03 14.06 

f. Increase by 20% 
 operating cost 

18.88% 29955.69 1.45 19.97% 41325.19 1.74 45.03 14.06 

g. Increase by 10% Benefits 19.10% 42026.79 1.65 22.43% 53395.01 2.00 49.53 15.47 

h. Increase by 20% Benefits 20.20% 51734.80 1.80 23.92% 63103.02 2.18 54.03 16.88 

i. Decrease by 10% Benefits 16.10% 22610.76 1.35 19.03% 33978.98 1.64 40.52 12.66 

j. Decrease by 20% Benefits 14.38% 12902.75 1.20 17.39% 24270.97 1.45 36.02 11.25 

k. One year delay 
 the project benefits 

16.29% 28513.22 1.44 18.85% 39882.67 1.75 45.03 14.06 

l. Discount rate @ 10 % 17.82% 57344.06 1.80 20.49% 69842.10 2.17 45.03 14.06 

m. Discount rate @ 8 % 17.82% 98174.84 2.18 20.49% 112232.41 2.62 45.03 14.06 

Even substantial changes in the parameters will not change the above conclusion in terms of 
viability of the project, the NPV and the EIRR remaining at very acceptable levels. Such rates 
and figures are a strong indication that the recommended project is both financially and 
economically viable for BEZA as a whole.  
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14 Training and Capacity Building  
A training program to transfer the knowledge and capacity building of the BEZA officials has 

been conducted from 25th November to 29th November 2019 on BEZA conference room 

(Figure 14.1). The list of participants is given below: 

SI. 
No. 

Name of Participants Designation 

1. Md. Moniruzzaman Joint Secretary 
General Manager (Investment Promotion) 

2. Md. Shoab Joint Secretary 
General Manager (Administration & Finance) 

3. Mohammed Shoheler Rahman 
Chowdhury  

Joint Secretary 
General Manager (Planning & Development) 

4. Abdullah Al Mahmud Faruk 
 

Deputy Project Director  
Bangladesh Economic Zones Development Project 
(Phase -1) 

5. Saleh Ahmed 
 

Project Director (Deputy Secretary) 
Infrastructure Development for Japanese Economic 
Zone 

6. Mohammad Hasan Arif Deputy Secretary  
MIDI Cell 

7. Doyananda Debnath  
 

Deputy Chief 
Manager (MIS and Research) 

8. Md. Khurshid Alam Patwary  Deputy Secretary  
Manager (Administration)  

9. Md. Helal Ahmed  
 

Deputy Secretary 
Manager (P&D-5) 

10. Md. A. Alim Khan 
 

Deputy Secretary 
Manager (P&D-2) 

11. Md. Mahbubur Rahman,  
 
 

Deputy Secretary  
Naf & Sabrang Tourism Park and Sonadia Eco-tourism 
Park 

12. Nasiruddin Mahmud 
Chowdhury 

Infrastructure Consultant 

Different topics were covered during training program which include the following: 

 Environmental and Social Impact Assessment of Economic Zones 

 Operation management of surface water treatment plant 

 Water pollution management 

 Management of land acquisition and resettlement 

 Economic and Financial Analysis of Economic Zones 

 Rainwater harvesting in industrial area 

 Implementation management of surface water treatment plant 

 Use of GIS in water management planning 

 Groundwater Resource Monitoring 

 Water distribution modelling and network design 

 Surface water resource assessment using mathematical modelling 



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 
 

  267  Final Report 

The training was very participatory. Professional expert in each topics gave their lecture and 

presentations and the participants took interest to learn from them. The training program 

have helped BEZA officials to build up their capacity in field of environment and social impact 

assessment, economic and financial analysis of different economic zones, implementation  

and operation management of surface water treatment plant, water pollution management 

due to industrialization, land acquisition and resettlement planning, rainwater harvesting 

analysis, water management planning, groundwater resource monitoring and use of different 

mathematical modelling for water distribution network design and surface water resource 

assessment. 

 

  

  

  

Figure 14.1: Some snap during the training program 
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15 Findings and Recommendations 
The Final Report has covered water demand estimation, resource assessment of surface 

water and groundwater, water management plant, project cost estimation, selection of sites 

and outline design of a 50 MLD surface water treatment plant and related structures and 

production tube wells.  

15.1 Findings  

 Total water demand for the Bangabandhu Sheikh Mujib Shilpanagar will likely to be 

around 839 MLD in 2040 after the full development of the economic zone. 

Considering losses in the distribution system, the production capacity required is 

about 965 MLD. 

 Average thickness of deeper aquifer in the project area varies between 120m to 

205m. 

 Estimated maximum drainable storage volume stands at 205 MLD for the whole 

project area. 

 Discharge of the production well should not be more than 1 cusec (28.3 litre/sec). 

Maximum 100 wells can be installed for 20 hours operation/ day.  

 Muhuri reservoir on Feni River is suitable for water abstraction and supply to BSMAN 

area after treatment.  

 Considering the shortage of water in dry period a maximum of 100 MLD plant can be 

constructed for BSMSN from Feni reservoir. 

 Considering the morphology of the rivers and other technical and socioeconomic 

aspects Azampur (About 2.5 km upstream of the Feni Regulator) has been selected as 

intake location. The location is finalized after field verification and discussion with 

stakeholder, local people and BEZA.  

 Pipe intake solution appears to be feasible considering initial and recurrent operation 

and maintenance cost.  

 Route of raw water transmission main has been chosen along the existing Vanghani 

road (BWDB old embankment) and proposed project road. The length of raw water 

transmission main from intake site to treatment plant is about 9.56km. 

 The proposed surface water treatment plant will be located at Poshchim Ichakhali 

Mouza in the east side of CDSP embankment. The capacity of the treatment plant will 

be 50 MLD in Phase-1 and another 50 MLD in Phase-2. The location of phase I 

treatment plant is finalized after field verification and discussion with BEZA officials. 

 Route of treated water transmission main has been chosen along the existing CDSP 

embankment cum road and then Vanghani road (BWDB old embankment). The length 

of treated water transmission main is about 10.44 km. 
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 The project would require acquisition of about 23.15 acre of land for intake and raw 

water transmission main.  

 Preliminary cost of the SWTP including intake, transmission and distribution of 50MLD 

capacity has been estimated to be about 5,751 million BDT. 

 Preliminary cost of 25 nos. Production well field system has been estimated to be 

about 414 million BDT. 

 Mohra surface water treatment plant is a potential water source which production 

capacity is 90MLD. 

 Little Feni River is another potential water source to supply water of about 40MLD 

after proper treatment. 

 Desalination RO plant is required in future to fulfill the water requirement of the 

economic zone. A 50MLD desaliation may required $50 million as capital cost.  

 The tentative total cost to meet the water requirement for 30,000 acre area of BSMSN 

is about 83,387 Million BDT. 

15.2 Recommendations 

 Maintenance dredging arrangement will need to be kept to assure water availability in 

the Feni River at intake throughout the design life of the treatment plant.  

 Continuous monitoring and maintenance of the river training works are important for 

the safety of intake. 

 Preparation of Sewerage Master Plan for the BSNSN area and engagement of relevant 

consultant is recommended strongly for proper management of waste water. 

 For appropriate technology transfer and maintenance of the plant, the required staffs 

need to be in place, properly trained both on the job and at abroad. 

 Necessary MoU has to be signed between the Ministry of Water Resources and BEZA 

to abstract water from the Feni River and use of land for laying of raw water 

transmission main owned by Bangladesh Water Development Board (BWDB). 

 If needed in future, water sharing treaties or MoU should be signed with neighboring 

countries. 

 Waste water with or without treatment from the industries, domestic and non-

domestic should not be discharged from upstream of Intake to Feni regulator. 

 The surface water quality monitoring should be included at discharge monitoring 

stations. Besides there should be a monitoring wells for observing periodical changes 

in groundwater level and groundwater quality. 

 The monitoring of river function requires specialization, BEZA may borrow the services 

of BWDB under some long term contract. 
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 Further study is necessary to check whether the option carrying treated water from 

Mohra water treated plant to the BSMSN area is technically and financially acceptable. 

 A detail study is necessary for withdrawn and supply water from Little Feni River. 

 Metering system should be installed with the water supply pipeline at every industry 

and other buildings. In that case, BEZA should establish and follow the rules & 

regulations prepared and approved by the Government of Bangladesh best on WASA 

Act 1996. 
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Annex-1: Data and Survey      

A.1.1 Secondary Data Collection 

A.1.1.1 Meteorological and Hydraulic data 

The rainfall and evaporation data of the surrounding area of BSMSN and water level and 

discharge data of Feni, Muhuri, Selona and Little Feni have been collected from BWDB. A 

summary of the meteorological and hydraulic data collected is shown in Table A.1.1 and Table 

A.1.2: 

Table A.1.1: Inventory of meteorological Data 

Station 
ID 

Station Name Availability Data Type 
Station 

ID 
Station 
Name 

Availability 
Data 
Type 

E09 Comilla 1965-98, 
2005-12 

Evaporation R314 Hiakhu 1962-2012 Rainfall 

E27 Noakhali 1965-95, 
2005-17 

Evaporation R363 Laksam 1961-2017 Rainfall 

E31 Ramgarh 1965-95, 
2005-17 

Evaporation R320 Mirsharai 1961-2016 Rainfall 

R301 Amtali 1962-2017 Rainfall R321 Mirzahat 1962-2008 Rainfall 

R352 Barura 1962-2017 Rainfall R323 Narayanhat 1962-2012, 
201-2017 

Rainfall 

R353 Basurhat 1962-2017 Rainfall R369 Noakhali 1961-2017 Rainfall 

R305 Chandarkhil 1962-79 Rainfall R370 Parshuram 1962-2017 Rainfall 

R051 Chauddagram 1997-2017 Rainfall R326 Rajbaritilla 1966-79 Rainfall 

R355 Chhagalnaya 1961-2017 Rainfall R327 Ramgarh 1961-2017 Rainfall 

R356 Comilla 1961-2017 Rainfall R376 Senbag 1961-2017 Rainfall 

R358 Feni 1961-2017 Rainfall R333 Sikderhat 1962-2004 Rainfall 

R359 Gunabati 1962-2017 Rainfall R377 Sonaimuri 1962-2017 Rainfall 

Table A.1.2: Inventory of hydraulic Data 

Station ID Station Name River Name Availability  Data Type 

87 Sonapur Feni 1958-2017 WL 

86 Dhumghat Feni 1956-2007, 
2015-2017 

WL 

85 Sobhapur Feni 1999-2009 WL 

84.1 Kaliachari Feni 1975-2017 WL and Q 

84 Ramgarh Feni 1965-2017 WL 

334 Miar Bazar Kakri 1988-2017 WL 

182 Companyganj Little Feni  1968-2014, 
2017 

WL 

181 Gunabati Rly.Bridge Little Feni  1965-2017 WL and Q 

213 Haripur (C&B Road) Muhuri 1968-2017 WL 

212 Parshuram Muhuri 1958-2017 WL and Q 

257 Malipur (C&B Rd) Selonia 1962-2017 WL 

A.1.1.2 Topographic Data 

The topography data of the total study area have been collected from ASTER Global Digital 

Elevation Model data, SRTM digital elevation data and National DEM of Bangladesh. The ASTER 
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GDEM maintains the GeoTIFF format and with 30-meter postings and 1 x 1 degree tiles. The 

NASA Shuttle Radar Topographic Mission (SRTM) data have a resolution of 90m at the equator, 

and are provided in mosaiced 5 deg x 5 deg tile. The national DEM of Bangladesh was prepared 

in 1991 based on some survey data conducted by Survey of Bangladesh with resolution of 

300mX300m grid. For this current study the national DEM is found more appropriate. The 

national DEM for the study area is shown in Figure A.1.1. This DEM has been used for 

delineation of the river catchments. 

 

Figure A.1.1: National DEM of the total study area 
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A.1.1.3 Cross Section Data 

IWM carried out survey campaign in 2011 to collect cross section information of Feni, Muhuri 

and Selona River and some khals under Muhuri Irrigation Project. The cross section data of the 

khals are collected and processed for the modelling works. The longitudinal profile of Feni, 

Muhuri and Selona River are shown in Figure A.1.2 to A.1.4.  

 

Figure A.1.2: Longitudinal Profile of Feni River 

 

Figure A.1.3: Longitudinal Profile of Muhuri River 
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Figure A.1.4: Longitudinal Profile of Selonia River 

A.1.2 Primary Data Collection and Analysis 

A.1.2.1 Bench Mark Flying Survey 

Before mobilization of the survey team, a reconnaissance survey has been conducted. Based 

on the reconnaissance survey, a detailed survey plan has been prepared in consultation with 

the team. Survey of Bangladesh (SOB) has a number of Geodetic Bench Mark in and around 

Project area.  These BM Pillars are being used as reference for conducting cross sections survey 

and observing tidal and Non-tidal water level in Mean Sea level (MSL) datum. List of SOB BM 

pillars given in the Table A.1.2 and Figure A.1.27 show location map of SOB BMs.  

Table A.1.2: List of SoB BM Pillars 

Sl. No. Pillar ID 
Easting 

(UTM) 

Northing 

(UTM) 

Height Above 

MSL (m) 

1 FM GPS 145 354672 2509424 4.772 

2 BM 5317A 347914 2515462 5.298 

3 BM 564 344719 2538752 6.414 

4 BM 6059 327666 2538887 5.705 

5 BM 5316 326488 2525072 5.642 

For establishing vertical datum in the project area in reference of SOB pillars, experienced 

surveyors were deployed for BM fly using optical level. TBMs have been kept near the Water 

level stations and also enter survey area for conducting cross sections survey. To avoid reading 

error three crosshair staff readings are being taken during leveling survey (BM fly) and recorded 

in the field book. Equal distance from the instrument for back reading and fore reading has 

been maintained for minimizing error. Survey has been closed from BM to BM to ensure the 

elevations established for TBMs are consistent. List of TBMs kept at different locations is shown 

in Table A.1.3. 
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Table A.1.3: List of established TBM Pillars  

Sl. 
No. 

TBM ID Description  
Easting 
(UTM) 

Northing 
(UTM) 

RL 
(MSL) 

1 TBMK-09 

TBMK-09 kept on the NE corner of 
the railing base of the bridge. Vill.: 
Chakhali; PS: Mirsharai; Dis.: 
Chittagong 

341781 2516814 7.765 

2 TBMK-10 

TBMK-10 kept on the NW corner of 
the Parapet Wall of the culvert. Vill.: 
Kartoli; PS: Pahartoli; Dis.: 
Chittagong 

372445 2471813 3.978 

3 TBMK-11 

TBMK-11 kept on the NE corner of 
the Retaining Wall of the culvert. 
Vill.: Bagchator; PS: Shitakundo; Dis.: 
Chittagong 

354984 2507019 4.104 

4 TBMK-12 

TBMK-12 kept on the SE corner of 
the railing base of the culvert. Vill.: 
Mohongar; PS: Shitakundo; Dis.: 
Chittagong 

355466 2506014 4.465 

5 TBMK-13 

TBMK-13 kept on the SW corner of 
the wing wall of the 2 vent sluice 
gate. Vill.: Bakkhali; PS: Shitakundo; 
Dis.: Chittagong 

356008 2503152 5.857 

6 TBMK-14 

TBMK-14 kept on the NE corner of 
the Wing wall of the 3 vent sluice 
gate. Vill.: Saidpur; PS: Shitakundo; 
Dis.: Chittagong 

356504 2502387 3.794 

8 TBMK-16 

TBMK-16 kept on the SW corner of 
the Wing wall of the 9 vent sluice 
gate. Vill.: Noapara; PS: Mirsharai; 
Dis.: Chittagong 

346484 2514715 5.268 

9 TBMK-17 

TBMK-17 kept on the NW corner of 
the Head wall of the 1 vent sluice 
gate. Vill.: Charsharot; PS: Mirsharai; 
Dis.: Chittagong 

345215 2515761 6.107 

10 TBMK-18 

TBMK-18 kept on the SE corner of 
the Head wall of the 9 vent sluice 
gate. Vill.: 1 Chakkhali; PS: 
Mirsharai; Dis.: Chittagong 

343794 2518197 5.271 

11 TBMK-19 

TBMK-19 kept on the SW corner of 
the Wing wall of the bridge. Vill.: 1 
Chakkhali; PS: Mirsharai; Dis.: 
Chittagong 

343044 2517814 7.44 

12 TBMK-20 

TBMK-20 kept on the SW corner of 
the Head wall of the 1 vent sluice 
gate. Vill.: South Mogardia Ghona; 
PS: Mirsharai; Dis.: Chittagong 

348611 2512618 5.048 

13 TBMK-21 
TBMK-21 kept on the NW corner of 
the Head wall of the 1 vent sluice 

349719 2511825 6.003 
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Sl. 
No. 

TBM ID Description  
Easting 
(UTM) 

Northing 
(UTM) 

RL 
(MSL) 

gate. Vill.: South Mogardia Ghona; 
PS: Mirsharai; Dis.: Chittagong 

14 TBMK-22 

TBMK-22 kept on the NW corner of 
the Head wall of the 6 vent sluice 
gate. Vill.: Shaherkhali; PS: 
Mirsharai; Dis.: Chittagong 

350185 2511628 4.494 

15 TBMK-24 

TBMK-24 kept on the SW corner of 
the Wing wall of the bridge. Vill.: 
Chalimpuri; PS: Shitakundo; Dis.: 
Chittagong 

371900 2475837 6.55 

19 TBMK-28 

TBMK-28 kept on the SE corner of 
the Perapet Wall of the culvert. Vill.: 
Domkhali; PS: Shitakundo; Dis.: 
Chittagong 

353450 2509271 4.868 

20 TBMK-29 

TBMK-29 kept on the SE corner of 
the Parapet Wall of the culvert. Vill.: 
Gajaria; PS: Mirsharai; Dis.: 
Chittagong 

352450 2511338 4.76 

21 
BM-003; 
BEZA 

BM-003; BEZA, Vill.: Char-Sharot; PS: 
Mirsharai; Dis.: Chittagong. 

344487 2517098 4.727 

22 
Close to 
WL Gauge 

Boro Komoldoho 358073 2509726 6.947 

23 
Close to 
WL Gauge 

Torab Ali Bazar 351605 2516143 4.942 

24 
Close to 
WL Gauge 

Jhulon pur 345261 2523597 4.848 

25 
Close to 
WL Gauge 

Sufia Bazar 347828 2519155 4.818 

26 
Close to 
WL Gauge 

Musapur 23 vent Regulator 330537 2518926 6.612 

27 
Close to 
WL Gauge 

Bakkhali Sluice gate 356008 2503152 5.857 

28 
Close to 
WL Gauge 

Mocadia Khal 355143 2515710 6.359 

 

Projection System 

Bangladesh Transverse Mercator (BTM) projection shall be used during the survey. The 

parameters used in BTM projection system are given below: 

Conversion parameter from WGS-84 Ellipsoid to Local Ellipsoid (Everest 1830) 

Everest-1830 ellipsoid   

Semi-major axis a = 6,377,276.34518 m 

Semi-minor axis b = 6,356,075.41511 m 

Inverse flattening 1/f = 300.8017 
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Datum Transformation Parameters 

Method             : Seven Parameters 

Rotation X  : 0 

Rotation Y  : 0 

Rotation Z  : 0 

Translation X  : -283.729 m   

Translation Y  : -735.942 m 

Translation Z  : -261.143 m 

Scale   : 0 ppm 

Projection parameter 

Projection method : Transverse Mercator 

Latitude of origin : 0° N  

Central meridian : 90° E  

False Northing  : -2,000,000 m   

False Easting  :       500,000 m 

Scale factor  :         0.9996 

A.1.2.2 Cross-section/Bathymetry Survey  

Cross sections are important to develop hydraulic model. Cross section survey campaign has 

started on 1st week of March 2018. Cross section survey has been conducted for about 600nos. 

from 16khals for which cross section data are not available in IWM database. The cross-section 

survey of the small khals having shallow depths has been done using Auto Level followed by 

conventional method (Figure A.1.5). The cross-sections are being taken at 200 m intervals. 

However, additional sections are being taken at the bend and at the intersections.  

 

Figure A.1.5: Sample Conventional method Cross Section Survey 

Bathymetric survey for major river Little Feni has been 

conducted using Digital Echo-sounder (Figure A.1.6) supported 

by DGPS and notebook computer installed with Hydro Pro survey 

software. The Hydro Pro navigation software guides the survey 

boat on the desired alignment (preset transects at suitable 

interval) of the sections.  All survey data have been stored in 

tabular format MS Access database during survey. The Nav Edit 

module of the software has compiled depth of water column and 

position of sounding with time.  The depth and position data 

have been viewed both graphically and in tabular form in the 
Figure A.1.6: Digital Echo-

sounder 
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software. The erroneous data has been removed by checking the sections.  The depth data 

were then reduced to the MSL/PWD datum using water level observed at the survey location. 

The edited data was then exported into ASCII format from the Nav-edit module of Hydro-Pro 

software.  The profile of the Lille Feni River is given in Figure A.1.7. 

 

Figure A.1.7: Long profile of Little Feni River 

A.1.2.3 Water Level Observation  

Time series water level data are being collected at 9 locations for a period of 7-12 months as 

shown in Table A.1.4. Among these, 2 stations are tidal WL station for a period of one year 

started from 2nd week of February 2018 on the Sandwip channel. Remaining Non-tidal 7 WL 

stations installed at the different location within the project area shown in the Figure A.1.27. 

One pressure cell as well as staff gauges were installed at each location where applicable. For 

tidal WL, manual gauge readings were taken by gauge readers at 30 minute interval during day 

time only (wherever possible). Automatic data were recorded at 10 minute interval by pressure 

cell (continuously). The gauges have been connected from a Temporary Bench Mark (TBM) kept 

nearby, which was connected with the SoB Benchmark. A dedicated team was involved in 

monitoring tide gauge and downloading sensor data time to time.  

Table A.1.4: List of water level data collection stations 

Sl. No Name of the river/khal Name of Station Data Type 

1 Domkhali khal Komoldoho Bazar Non-Tidal 3 hourly WL 

2 Sandwip channel Saidpur Tidal WL @10 minute interval 

3 Ichakhali khal Julan Pull Bazar Non-Tidal 3 hourly WL 

4 Bamon Sundor khal Sufia Bazar Non-Tidal 3 hourly WL 

5 Govania Chhara khal Abu Torab Ali Bazar Non-Tidal 3 hourly WL 

6 Shaherkhali khal Boro Takia Non-Tidal 3 hourly WL 

7 Feni River U/s of Feni Regulator Non-Tidal 3 hourly WL 

8 Little Feni River U/s of Musapur Regulator Non-Tidal 3 hourly WL 

9 Sandwip channel Feni River Mouth Tidal WL @10 minute interval 
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A.1.2.3.1 Tidal Water Level Observation  

The water level data collected for Feni River mouth and Saidpur are presented in Figure A.1.8 

and Figure A.1.9. Tidal water level data have been collected at Feni River mouth station from 

February 2018 to May 2018. The data has been collected at Saidpur station from February 2018 

to July 2018. During the tidal water level collection the pressure cell lost for 3 times and so it 

was not possible to maintain pressure cell and manual gauge was utilized for the rest of the 

time. After that the observed station has been shifted to nearby Bakkhali khal where the only 

high tide measurement taken as shown in Figure A.1.10. 

It is observed that the water level fluctuated between -2.6 to 3.2 mPWD at Feni River mouth 

and -3 to 3.75 mPWD at Saidpur in the Sandwip channel during February to May. The distance 

between these two stations is 25 km and water level difference is almost 0.5m. Moreover tidal 

water levels become high in June to August and lower in December to February. 

 

Figure A.1.8: Water Level on the Sandwip channel at Feni river mouth 

 

Figure A.1.9: Water Level on the Sandwip channel at Saidpur 
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Figure A.1.10: Water Level on the Bakkhali khal 

A.1.2.3.2 Non-tidal Water Level Observation  

Ichakhali khal 

Figure A.1.11 shows the water level hydrograph collected from Ichakhali khal near Jhulon Pull 

Bazar from 27 March-1 November 2018. It shows that maximum water level occurred at these 

point is 4.67 mPWD. But sometimes the khal became dry with no or little water depth in the 

khal. Thus the water depth varied between 0 to 2.85 m near Jhulon Pull Bazar in 2018. 

 

Figure A.1.11: Water Level on the Ichakhali Khal near Jhulon Pull Bazar 

Bamon Sundar khal  

Figure A.1.12 shows the water level profile collected from Bamon Sundar khal near Sufia Bazar 

from 27 March-1 November 2018. It shows in March sometimes the khal became dry with no 

water on it. Thus the water depth varied between 0 to 2.92m and maximum water level 

become 4.28mPWD near Sufia Bazar in 2018. 
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Figure A.1.12: Water Level on the Bamon Sundar Khal near Sufia Bazar 

Govania khal 

Figure A.1.13 shows the water level profile collected from Govania khal near Abu Torab Ali 

Bazar from 26 March-27 October 2018. It shows in March-April the khal remained dry for most 

of the time with no water on it. The maximum water level occurred at these point was 4.69 

mPWD in July. Thus the water depth varied between 0 to 2.76 m near Abu Torab Ali Bazar in 

2018. 

 

Figure A.1.13: Water Level on the Govania Khal near Abu Torab Ali Bazar 

Saherkhali khal  

Figure A.1.14 shows the water level profile collected from Saherkhali khal near Boro Takia from 

26 March-27 October 2018. It shows in most days in March-April, the khal remained dry with 

no water on it. The maximum water level occurred at these point is 5.88 mPWD in June as well 

as July. Thus the water depth varied between 0 to 1.93 m near Boro Takia in 2018. 
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Figure A.1.14: Water Level on the Saherkhali Khal near Boro Takia 

Domkhali khal  

Figure A.1.15 shows the water level profile collected from Domkhali khal near Komoldoho 

Bazar from 28 March-27 October 2018. It shows in most days in March-April, the khal remained 

dry with no water on it. The maximum water level occurred at these point is 7.36 mPWD in 

August. But dryness occured also in monsoon. Thus the water depth varied between 0 to 3.04 

m near Komoldoho Bazar in 2018. 

 

Figure A.1.15: Water Level on the Domkhali Khal near Komoldoho Bazar 

Feni River 

Figure A.1.16 shows the water level hydrograph collected just at upstream of Feni regulator in 

the Feni River from 25 March-3 November 2018. During this time the radial gates were open, 

so upstream water could easily drain out when the downstream water level was favorable.  The 

maximum water level occurred during monsoon 2018 is 4.992 mPWD in June.  
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Figure A.1.16: Water Level at upstream of Feni River 

Little Feni River 

Figure A.1.17 shows the water level hydrograph collected just at upstream of Musapur 

regulator in the Little Feni River from 1 March-4 November 2018. It is observed from the 

hydrograph that in the period of March to June the gates of the regulator were kept closed for 

most of the time. The gates were opened twice in March and April and once in May and June. 

In April, May and June water abstraction is detected which is mainly due to local irrigation.  The 

maximum water level occurred during the observation period is 2.74mPWD and minimum 

water level is 0.15mPWD.  

 

Figure A.1.17: Water Level at upstream of Musapur Regulator in Little Feni River 

A.1.2.4 Discharge Measurement  

Non-tidal discharge data are being collected at different locations as shown in Figure A.1.27 

and given in Table A.1.5 of the project area at different Rivers and khals during March-

September 2018 for hydrodynamic calibration of the 1D models. As per the requirement of the 

model, fortnightly discharge data are being collected for 8 months from March to September 
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2018. Following the schedule, discharge data at specified locations are being collected as 

shown in Figure A.1.18 to A.1.26. It is observed that in March-April, there is no discharge in the 

khals.  

Table A.1.5: List of discharge measurement stations 

Sl. No Name of the river/khal Name of Station Data Type 

1 Feni River Suvopur Bridge 2 times a month 

2 Muhuri River Daulatpur 2 times a month 

3 
Selonia River Selonia Highway Bazar 

(Lemua Bridge) 
2 times a month 

4 Little Feni River Taltoli Ghat 2 times a month 

5 Ichakhali khal Julan Pull Bazar 2 times a month 

6 Bamon Sundor khal Sufia Bazar 2 times a month 

7 Govania Chhara khal Abu Torab Ali Bazar 2 times a month 

8 Shaherkhali khal Boro Takia 2 times a month 

9 Domkhali khal Komoldoho Bazar 2 times a month 

 

Feni River 

Maximum 173m3/sec discharge is observed in 27th June whereas the minimum flow is observed 

in 30th March about 24m3/sec (Figure 1.13).  

 

Figure A.1.18: Discharge data on Feni River 
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Figure A.1.19: Discharge data on Muhuri River 

 

Figure A.1.20: Discharge data on Selonia River 

 

Figure A.1.21: Discharge data on Little Feni River 
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Figure A.1.22: Discharge data on Ichakhali khal 

 

Figure A.1.23: Discharge data on Govania khal 

 

Figure A.1.24: Discharge data on Saherkhali khal 
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Figure A.1.25: Discharge data on Bamon Sundor khal 

 

Figure A.1.26: Discharge data on Domkhali khal 
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Figure A.1.27: Primary data collection locations for BSMSN 

A.1.2.5 Spot Level Survey  

Spot level data have been collected at the location of Intake pump house, surface water 

treatment plant and along the raw water and treated water transmission line.  
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Intake pump house site 

At the intake pump house site the spot level has been taken at 10m X 10m grid interval for an 

area of 2.5ha. At this location the area is relatively high except one fish pond. The spot levels 

at this location varies from 0.57 to 5.74 mPWD. 

Surface water treatment plant site 

At the SWTP site the spot level has been taken at 10m X 10m grid interval for an area of 7.5ha. 

At this location the area is currently using for fish farming. So the area is relatively low lying 

except the areas for boundary. The spot levels at this location varies from 1.78 to 6.46mPWD. 

Raw water and treated water transmission line 

Spot Levels hves been be taken along the raw water and treated water transmission line of 

about 20km at 50m interval extended to 50m on both sides of the centre line.  

 

 

  



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

 A-20  Final Report 

Annex-2: Modelling of Surface Water System 

A.2.1 Development of River Model 

Mathematical model is a tool, which is widely used for planning and designing of project 

infrastructures considering the interactive responses of other project components or other 

projects. In Bangladesh, the application of mathematical model in water resource started since 

1986 through a program named “Surface Water Simulation Modelling Programme, Phase-I 

(SWSMP-I)” with the technical assistance of DHI, Denmark. Now the use of mathematical model 

in water resource is widespread, ranging from project based planning to regional or basin water 

management. Mathematical model available at IWM is based on tools developed by DHI, and 

is under continuous up-gradation as well as verification. There are a number of modules 

included in DHI tool, among which two modules has been used in carrying out modelling for 

this study, which include: Rainfall-Runoff (MIKE11 RR) for hydrological modelling and one 

dimensional hydrodynamic (MIKE 11 HD) for hydraulic modelling.  

The advantages of MIKE11 modelling systems are: 

1. Accurate hydraulic description in rivers/channels which behave pre-dominantly one-

dimensional. 

2. It requires less computational time i.e. less CPU time 

3. Easy to overview and comprehend results 

4. Can be modelled many different and complicated structures 

5. Other problems such as water quality, sedimentation, flood forecasting can be 

addressed with the same model. 

A.2.1.1 Development of Hydrological Model 

In MIKE 11 software package, NAM module has been used to develop the hydrological model. 

The MIKE11 NAM is a lumped conceptual model which simulates the overland, interflow, and 

base flow components as a function of the moisture contents in four storages. The NAM 

module can either be applied independently or used to represent one or more contributing 

catchments that generate lateral inflows to a river network. In this manner it is possible to treat 

a single catchment or a large river basin containing numerous catchments and a complex 

network of rivers and channels within the same modelling framework. 

The existing South East Regional Model (SERM) available in IWM has been truncated and used 

for developing BSMSN model for simulating the main river system: Feni River, Muhuri River, 

Selonia River and Little Feni River. The catchments used to simulating the rainfall-runoff of the 

catchments for the main rivers are stated in Table A.2.1. 

Table A.2.1: SERM catchments used to develop BSMSN model 

Name of the 

catchment 
Area (km2) 

Name of the 

catchment 
Area (km2) 

SE-05 1 SE-29 404 

SE-06 186 SE-30 301 

SE-12 88.32 SE-31 607 
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Name of the 

catchment 
Area (km2) 

Name of the 

catchment 
Area (km2) 

SE-15 150 SE-32 645 

SE-16 131 SE-36 124.59 

SE-27 131   

 

For detail modelling of the khal system in and around the BSMSN study area, four major 

catchments have been identified and delineated based on DEM (Figure A.1.1). The four 

catchment are: 

(i) Ichakhali khal catchment, 

(ii) Bamonsundor khal catchment,  

(iii) Saherkhali khal catchment, and  

(iv) Domkhali khal catchment.  

The catchments areas are generated from the contribution of the major khal along with its 

tributaries. These major catchments further divided into sub- catchments to assess the run-off 

pattern of the khals.  

The Hydrological Model has been developed using the rainfall and evapotranspiration data 

collected from BWDB.  

A.2.1.1.1 Delineation of Catchment Area based on DEM 

The generated catchments have been characterized and classified according to the surface 

terrain, land cover dynamics (slope, vegetation, obstruction etc.) and run-off flow pattern. 

There are three methods available for catchment delineation: (i) depending on flow paths from 

contour lines, (ii) triangulated irregular network and (iii) grid cell elevation model. This study 

uses grid cell elevation models using the data sets: stream shape, i.e., chhara/khal alignment, 

DEM generated from topographic (spot level) data, major road network and structural barrier 

(obstruction). The supporting required software is ArcGIS Map (it is an integration module of 

Arc-Hydro and HEC HMS which can generate shape files for required data sets using DEM). HEC 

HMS tools used for grid cell slope calculation and Arc-Hydro used for delineation of catchment 

& generation of watershed for individual chhara/drainage system.  

The catchment of the study area has been delineated following four steps:  

(i) The generated DEM has been smoothed to avoid the sharp rise/fall of topography 

and follow the paths of stream lines of drainage pattern; 

(ii) A flow path has been defined following the lowest gradients to receive the water 

from a pocket cell/area, which is surrounded by higher elevation, into the drainage 

path; 

(iii) The catchment has been delineated for each drainage sub-systems on the basis of 

digital elevation topo data, land gradients with contour profiles and following 

path/route of drainage pattern; 

(iv) The delineated catchment has been checked/verified with local physical 

interventions, i.e., road, rail, structures and flow pattern along the drainage routes. 
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If needed, the catchment has again been re-delineated by adjusting the existing 

physical features. 

The generated catchment area is shown in Figure A.2.1.  

 

Figure A.2.1: Catchment delineation for BSMSN Model 
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A.2.1.1.2 Description of Catchment Area 

Ichakhali khal catchment 

The catchment area of Ichakhali khal catchment is about 86 km2. The Ichakhali khal receives 

water from Feni reservoir site for irrigation purpose. Barmai Chhara and its distributaries 

convey water to Ichakhali khal extending to eastern hills. There are some other local khals 

which contribute to Ichakhali khal and they all together make the Ichakhali system. It is divided 

into 10 sub-catchments which are Barmi, Dakhin Tajpur, Dawkhali, Ichakhali, Ichakhali dn, 

Ichamoti, Irarchara, Kata, Mn Drainage-1 and West Ichakhali. The elevation of this catchment 

varies from 2.7-158 mPWD. 

 Bamonsundor khal catchment 

The catchment area of Bamonsundor khal catchment is about 129 km2. Mohamaya Khal, 

Mithanala Rajapur khal and Khontakata khal are the major tributaries of Bamon Sundar khal 

and make the Bamon Sundar khal system. These tributaries and some other local minor khals 

convey water from eastern hills to Bamon Sundar khal. It is divided into 10 sub-catchments 

which are Bamon Sundor, Daborkhali, Durgapur kata chhara, Gopinathpur, Khontakata, 

Mithanala Rajapur, Mohamaya Khal, Mohamaya Reservoir, Omar Ali and Roypur-Gopalpur. The 

elevation of this catchment varies from 1.2-258 mPWD. 

Saherkhali khal catchment 

The catchment area of Saherkhali khal catchment is about 74 km2. Saherkhali khal together 

with its major tributary Gobania khal make the Saherkhali khal system. Its catchment extends 

to Boalia in eastern hills and divided into 5 sub-catchments. Its sub-catchments are Gobania, 

Haonia, Haonia down, Shahekhali and Shaherkhali down. The elevation of this catchment varies 

from 0.8-277 mPWD. 

Domkhali khal catchment 

The catchment area of Saherkhali khal catchment is about 79 km2. Domkhali khal extends to 

Komoldoho in eastern hills and its catchment is divided into 2 sub-catchments. Its 

sub-catchments are Domkhali and Domkhali down. The elevation of this catchment varies from 

0.6-237 mPWD. 

A.2.1.1.3  Hydrological Model Calibration 

Parameters of NAM have been calibrated for catchments SE-31 and SE-32 against the observed 

discharge data near the outlet of the catchments. The two discharge data collection stations 

near the outlet of catchments SE-31 and SE-32 are: Parsuram on the Muhuri River and 

Kaliarchari on the Feni River respectively. Simulated runoff data show good match with the 

observe discharge data mainly in dry season (Figure A.2.2 and Figure A.2.3). Observed highest 

discharge data in monsoon is not available for both the stations. That’s why simulated pick 

runoff data can’t be compared. Except the pick values, the available monsoon discharge data 

show good match with the simulated runoff. 
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Figure A.2.2: Calibration plot of catchment-31 

 

Figure A.2.3: Calibration plot of catchment-32 

A.2.1.2 Development of Hydraulic Model 

In MIKE 11 software package, hydrodynamic module (HD) has been used to develop the 

hydraulic model. The MIKE 11 HD module uses an implicit, finite difference scheme for the 

computation of unsteady flows in rivers and estuaries. The module can describe sub-critical as 

well as supercritical flow conditions through a numerical scheme which adapts according to the 

local flow conditions (in time and space). The output of MIKE11 NAM model will be used as 

input of MIKE11 HD model. The internal khal network has been incorporated with the truncate 

SERM model to develop BSMSN HD model after field data collection and processing. The 

river/khal network of the BSMSN model is given in Figure A.2.4. 
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Figure A.2.4: River network for BSMSN model 

 



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

 A-26  Final Report 

A.2.1.2.1  Hydraulic Model Calibration 

Parameters of HD model have been calibrated near Dhumghat on Feni River and u/s of Feni 

Regulator against observed water level data. Simulated water level data show good match with 

the observe water level data mainly in monsoon season (Figure A.2.5 and Figure A.2.6). As the 

operation of gates of the regulator do not follow any rule curve so dry season calibration is not 

possible.  

 

Figure A.2.5: Water level calibration plot near Dhumghat on Feni River 

 

Figure A.2.6: Water level calibration plot u/s of Feni Reservoir 
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Annex-3: Water Distribution Modelling for Zone 2A 

(Tertiary Distribution Networks) 

A.3.1 Model Design 

A.3.1.1 Design Philosophy 

The prime goal of the design of this water supply distribution system considering DMA concept 

is to satisfy consumer needs providing with reliable, continuous and 24-hour pressurized water 

supply system as well as minimizing cost for the implementation and operation of the system. 

Considering the rapidly depleting groundwater level, surface water from transmission main has 

been considered along with groundwater source. Incorporating identified sources in model, 

design has been finalized. System was improved by minimizing head losses in pipes and utilizing 

the heads provided from sources. Conventional design criteria of head loss gradient are 5m/km. 

To minimize the overall construction costs, pipe diameters were determined keeping 

consistency with road pattern. Considering master plan, proposed infrastructure development 

were incorporated in the model to get the best design of the system. Considering the head loss 

gradient criteria (if possible) and implementation risks, pipes have been downsized to minimize 

the cost. For optimum operation, the system was checked for possible segment shut down to 

minimize the offline areas during maintenance work. Contingency plans were developed to 

satisfy consumer needs in the event of a key facility such as pump station fails. To ensure the 

robustness of the model risk analysis, sensitivity analysis, etc. were carried out and optimized 

the model until it was satisfactory.  

A.3.1.2 Hydraulic Design Assumptions and Other Considerations 

 Two types of sources have been considered i.e. Groundwater and Surface Water. As the 

ground water level is depleting at a very rapid rate, there is a great possibility that every 

DTW may be inoperable within next 20 years. Considering the above facts conjunctive 

use of groundwater and surface water has been proposed to fulfill the Zone demand. 

 Maximum value of head loss gradient has been considered – 5 m/Km, with some 

exception for small length of pipeline, especially for the bigger Diameter where 

negligible contribution is noted within the Zone for minimum system pressure, as well 

as in the pumping zone. 

 Guaranteed minimum pressure at any point within the project area has been ensured 

at 10 m (1 bar). 

 Surface water will be injected using single feeding point or inlet for the Zone. 

 In model design, standard Pumps have been used for all DTWs with capacity 1 cusec, 

stage-3.   

 Hazen Williams Roughness Coefficients “C” value has been used as 130 for uPVC pipe 

and 120 for DI pipe. 

 Node elevation is assumed to be 1 m below the road surface, which is found from 

topographic survey as (PWD – 1.0m). 
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 Whatever the road surface level found during topographic survey; contractor should 

maintain the depth of top level of pipe minimum 1 m from existing road formation level 

during construction. 

A.3.1.3 Design Parameters 

A.3.1.3.1 Roughness and Minor Loss Parameters 

The standard Hazen-William Coefficient (C) for uPVC pipe is 150 for new and smoother pipes. 

Generally, it is considered that uPVC pipe has a smooth inner surface and maintains its flow 

capability over time - Hazen Williams’s factor remains 150, even after years of use. 

Nevertheless, the ageing effect on the roughness might come along, so this fact should be taken 

into consideration. The losses in the pipes comes not just from the friction between water and 

internal wall but also on local points along the pipe network such as tees, elbows, valves and 

etc. These losses are called minor losses. Minor losses will not be counted within model but 

their effect has been incorporated in final value for Hazen - William's coefficient C. In this stage 

it's not possible to calculate exact value for coefficient C, because the exact value shall be 

estimated running the model calibration using observed data on the field.  

A.3.1.3.2 Pipe Material 

For the pipes having diameter 300 mm or above, Ductile Iron pipe has been proposed use. For 

the pipe diameter below 300 mm, uPVC pipe has been recommended for tertiary distribution 

networks. The friction properties of DI and uPVC pipes have been incorporated in model design 

accordingly. In selection of uPVC pipe as pipe material, other issues such as design life, tensile 

strength, joint strengths etc. were considered.  

A.3.1.3.3 Pipe Diameter 

Accurate internal Diameter of different sizes of uPVC Pipe (PN 10) SDR 17, ISO 4427-2: 2007(E) 

used in the model, which is presented in Table A.3.1. 

Table A.3.1: uPVC (PN 10) Internal Diameter in (mm) 

uPVC Piped Dimensions 

Nominal outside 
Diameter 

Mean outside  
Diameter 

Internal Diameter  

DN (mm) (mm) 

110 110 101.6 

160 160 147.6 

200 200 184.6 

250 250 230.8 

315 315 290.8 

400 400 369.8 

450 450 415.6 

Note: uPVC pipes more than 9 bar of any international recognized standard such as BS 3505 

may also be used.   

A.3.1.4 Model Build up  

The pipe network has been digitized from road network information available. Network data 

describes all physical components of the water distribution system and defines how those 
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elements are interconnected. Networks are made up of nodes and links. Nodes represent water 

system features at specific locations and links define relationships between nodes. Network 

data can include traditional data mainly composed of two primary types – pipe and node data.  

A.3.1.4.1 Nodal Elevation data 

Nodal elevation is considered 6.5 mPWD as per master plan design road level. For design 

purpose, the proposed road crest level has been considered as base. Pipe is considered to be 

laid 1m below of road surface level. 

A.3.1.4.2 Nodal Demand 

Demands can be allocated to the junctions using various methods. Many methods are based 

on observed data, such as billing meters, known flows in certain points of the network, by land 

use or by population settled. In this project, the number and location of plots has been defined 

and demand of buildings have been allocated to nearest specific nodes by landuse method & 

considered demand as losses is allocated by unit line method. For illustration a portion of 

network has been shown in Figure A.3.1. 

 

Figure A.3.1: Nodal Demand allocation in Specific Nodes 

A.3.1.5 Model Scenario (Conjunctive Use) 

One model scenario i.e. Conjunctive use of Groundwater and Surface Water has been 

considered in this model.  
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Total demand for this scenario is 671.84 l/s. Ten (10) Deep Tube Wells (DTWs) along with three 

(3) Surface Water Injection Point (SWIPs) have been considered as water source.  All DTWs in 

the model have been controlled by FCV and the SWIPs have been controlled by PRV. 

A.3.1.6 Network Sizing Models 

Distribution Network Model has been prepared & analyzed for the above-mentioned scenario 

i.e. Conjunctive use. Network pipe sizing have been done for specific hydraulic criteria and 

improved by giving several trials. The final pipe size found from model is provided in Table A.3.2 

and Figure A.3.2. However, pipe lengths can be varied during construction period based on 

field condition.  

Table A.3.2: Diameter wise Pipe size found from Model 

Nominal Dia 
(inch) 

Nominal Dia 
(mm) 

Material 
Distribution Network Pipe 

Length (m) 

4 110 uPVC 875 

6 160 uPVC 272 

8 200 uPVC 747 

10 250 uPVC 6,675 

12 300 DI 2,695 

Total  11,264 

 

 

Figure A.3.2: Proposed Distribution Network for Zone 2A 

A.3.1.7 Valves 

 Total 29 nos. of network gate valves (GV) have been proposed in order to facilitate 

proper functioning including Operation and Maintenance (O&M) of the distribution 
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networks, when required and with least disturbance to the adjacent beneficiaries of the 

water supply system. Criticality Analysis for isolation valves has been conducted. And 

to reduce the outage segments, some additional valves have been proposed. Details of 

criticality analysis are given in sec. A.3.2.1.  

 3 Air Release Valves (ARV) have been proposed (each 50 mm diameter) near nodes with 

relatively high elevations within the distribution networks,  

 5 Wash out (WO) valves have been proposed at nodes, where there is facility for easy 

draining out of water. All valves are provided with 160 mm diameter. Location of Air 

Release Valves and Wash outs are shown in Figure A.3.3. 

 All gate valves, ARVs and WOs within the network have been shown in Model drawing 

Map. Quantity summary of valves and dead-ends of the distribution network is listed in 

Table A.3.3. 

Table A.3.3: Summary of Valves and Washouts 

Zone Valve Type 
Diameter (mm) 

50 100 150 200 250 300 400 Total 

Zone 
2A 

Gate Valve - - - 1 19 9 - 29 

Air Release 
Valve 

3 - - - - - - 3 

Wash Out -  5 - - - - 3 

End Cap - 6 1 - - - - 9 

Total  3 6 6 1 19 9 - 44 
 

 

Figure A.3.3: Location of ARV, Washouts and Gate Valve  
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A.3.1.7.1 Chambers and Water Meter 

Three (3) Surface Water Injection Point (SWIPs) has been proposed in design model for this 

Zone. These surface water interconnections have been considered from proposed treated 

transmission line from surface water treatment plant. This chamber will serve the purpose of 

connecting the distribution system to transmission mains. Details of a typical interconnection 

chamber is shown in Figure A.3.4.  

 

Figure A.3.4: Details of Typical Surface Water Interconnection Chamber 

 Gate Valves to be used in the water supply system, shall resilient sealed complying ISO 

5996: 1984 or any other approved equivalent. 

 Non-Return Valve or Check Valve shall comply to BS 5151 PN 16 and shall be quick 

action single door type. All materials used in the manufacture of Non-Return Valve or 

Check Valve shall conform to the following requirements: 

 Cast iron BS 1452 Grade 220, 
 Gunmetal BS 1400 Grade LG2, 
 Stainless steel BS 970 Grade 431S29, 
 O-rings Molded rubber 

 Bulk Water Meter shall be of approved brand but must be water resistant and 

hermetically sealed. 

 Pressure Sustaining Valve (PSV) shall be capable of maintaining a constant pressure in 

the main upstream of the valve. PSV shall be used to reduce excess pressure when 

installed in a branch main. Construction of PSV shall generally be in accordance with the 

specification for PRV i.e. shall comply with the requirements of ISO 6264:1998.  

 Pressure Reducing Valve (PRV) shall be designed to reduce a constant or variable inlet 

pressure to a predetermined constant outlet pressure, at flows varying from the 

maximum capacity of the valve to zero flow. PRV shall comply with the requirements of 

ISO 6264:1998. 

 Washout (Valve) chamber shall be fitted with a Gate Valve and to be resilient sealed: 

2004 and complying ISO 5996: 1984 or any other approved equivalent. 
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 Determination of Equipment Sizes in Interconnection Chamber In general, equipment 

sizes had been determined considering the head loss at BWM below 0.5 m; and the 

total head loss at interconnection chamber for unidirectional flow nearly 1 m. However, 

exceptions may occur at some special cases.  

Table A.3.4 shows sample calculations of head loss at the future inter-Transmission chamber. 

The pressure drop at BWM and PRV/PSV has been illustrated in Figure A.3.5 and Figure A.3.6. 

 

Figure A.3.5: Head Loss Curves of ZENNER Bulk Water Meter 

 

Figure A.3.6: Head Loss Curves of PRV/PSV 

Table A.3.4: Sample Head Loss Calculation in SWIP Chamber  

Inter Connection SWIP Chamber  

Input Parameters 
Valve Type 

Bulk Meter 
Gate Valve Check Valve 

From 
Model 

Fitting Diameter, mm 400 400 400 

Pipe Diameter (int.), mm 400 400 400 

Pipe Flow Rate, Q, L/s 182.15 182.15 182.15 
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Inter Connection SWIP Chamber  

Pipe Flow Velocity, V, m/s 1.45 1.45 1.45 

Number of Valves 2 1 1 

From 
Chart/ 
Graph/ 
Value 

Le/D 8 100   

fT 0.013 0.013   

Head Loss at Bulk Meter, m     0.025 

  

Results 

V2/2g 0.107 0.107   

K 0.104 1.300   

Total Head Loss, HL 0.02 0.14 0.03 

Total Fittings Head Loss 0.19 

A.3.1.8 Model Results 

A.3.1.8.1 Initial Target Pressure 

The objective is to keep all networks under pressure (at least 10 m) for 24 hours. If there is not 

enough pressure at sources (DTWs and Transmission mains), it will not be possible to pressurize 

the system with desired pressure level. Figure A.3.7 represents nodal pressure for Conjunctive 

water source in designed condition of this Zone.  The model results shows that, the pressure 

only at two nodes are below 1 bar (9.17 and 9.83 mH2O) which is acceptable because these 

nodes are at dead end. 

 

Figure A.3.7: Nodal Pressure for Conjunctive Water Source Scenario 
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A.3.1.8.2 Target Head Loss Gradient 

Maximum allowable value of head loss gradient has been considered as 5 m/Km. The following 

Figure A.3.8 shows head-loss gradient in pipes for Conjunctive water source of this Zone. Some 

portion of pipes have head loss gradient between 5 to 7 m/Km, which is acceptable because 

these pipes are located near sources. 

 

 

Figure A.3.8: Headloss Gradient in Pipes for Conjunctive Water Source Scenario 

A.3.2 Network Analysis 

Several types of analysis were carried out to ensure the robustness of designed model and 

interpret the behaviour of the network in different conditions. The Criticality Analysis and 

Analysis for Flushing time has been performed in the design model. 

A.3.2.1 Criticality Analysis 

To ensure the optimum behaviour of the system during preparation or maintenance work, 

isolation valves are necessary in the network. Number and location of isolation valves have 

been determined and optimized by criticality analysis which was performed by using the 

WaterGems software. 

A.3.2.1.1 Assumptions and Approaches 

 Complete isolation from the network is the first criteria for putting isolation valves in 

the pipes.  
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 Isolation valves must be located such that during operation and maintenance work, 

possible stoppage of sources can be avoided as much as possible. 

 Minimize the offline areas as much as possible considering the maintenance work at 

network.   

 Minimize the number and length of outage segments in the network.   

 Minimize the number of valves that need to be closed for isolating a segment. The more 

no. of valves required closing at a time decreases the network reliability during the 

operation of those valves.   

 Total cost considerations. 

Major Criterions for Isolation Valves are: 

1. Average Length of Isolation Segment 
 

Average Length of Isolation Segment 

 For Grid system, in the range of 1000 m   

 For branch system, depends on pattern and outage segment. 

Additional Considerations 

 Maximum length of one segment below 2000 m 

 Avoid larger diameters (≥ 250 mm) as much as possible. 

 Maximum number of GV for one segment closure is within 15 

 Maximum length of outage segment is within 1000 m (except dead end branch) at the 

downstream of network 

A.3.2.1.2 Segmentation of the Network 

At first, a tentative number of isolation valves were digitized in the model. Isolation valve 

diameter was modified to conform to corresponding pipe diameter. After that, criticality 

analysis were carried out for entire network to check the isolation and isolated segment 

properties in the system. Finally, the number and location of isolation valves had been modified 

until desirable outputs were obtained. Different isolated segments of the network in Zone 2A 

are shown in Figure A.3.9.  



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

 A-37  Final Report 

 
 

Figure A.3.9: Different Isolated Segments of the Distribution Network  

A.3.2.1.3 Outputs of Criticality Analysis 

By incorporation of isolation valves in the network and by performing criticality analysis, it is 

possible to identify the customers whose connections will be interrupted during isolation 

events. The valves that are needed to be closed for isolating any segment can be identified also. 

The output results of the criticality analysis of the network are shown in Table A.3.5. 

Table A.3.5: Summary of Criticality Analysis of the Network 

Description Value Remarks 

a) No. of Proposed Gate Valves  29 
Nos. of Isolation Valve 
from flex tables 

b) No. of Isolated Segments  26  

c) Maximum Segment Length  1,171 m 

d) Average Segment Length  764 m 

e) Maximum No. of Valves Needed to be Closed 5  

f) Total No. of Outage Segment  0  

g) Maximum Outage Segment Length  0 m 

h) Maximum Demand Shortfall  16.3 
% (if no sources are 
shutdown) 

Total Pipe Length 11.943 km 

Nos. of Proposed Gate Valves per km of pipe 
length 

2.44 
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A.3.2.2 Flushing Time Analysis 

After design completion, an analysis has been carried out to determine the time required for 

flushing event of distribution pipes that are connected with washouts. Required water for 

washing has been assumed to be supplied by existing DTWs. To facilitate quick and 

comprehensive flushing, WOs have been provided near suitable and low-elevation regions in 

the model. Location of the washout will be finalized during detailed design of the network. The 

simulation has been done with water discharge at atmospheric pressure through wash-out 

pipes. Details of these WOs have been listed in Table A.3.6.  

Table A.3.6:  Flushing Time Table 

SI No 
Flushing 
Layout 

Pipe 
Diameter 

(mm) 

Segment 
Flushing 

(L/s) 

Velocity 
(m/s)  

Network 
Volume 

(L) 

Total 
Flushing 

(L/s) 

Flushing 
Time 
(min) 

WO-1 

Total 
Network 

160 26.81 1.57 

499824 281.94 29.55 

WO-2 160 59.32 3.47 

WO-3 160 57.33 3.35 

WO-4 160 64.99 3.8 

WO-5 160 73.49 4.3 
 

A.3.2.3 Analysis for Dead End Pipes 

Considering the small length of dead-end pipes, low flow and velocity, it is ensured that there 

will be no stagnation of water at dead ends and water quality will not be deteriorated. Table A.3.7 

shows the particulars of dead-end pipes data. 

Table A.3.7: Dead End Pipes 

Pipe ID 
Pipe Length 

(m) 
Pipe Dia (mm) 

End 

Junction 

Elevation 

(mPWD) 

P-10 272 160 J-12 6.50 

P-28 157 110 J-31 6.50 

P-31 157 110 J-33 6.50 

P-34 156 110 J-35 6.50 

P-120 139 110 J-65 6.50 

P-129 75 110 J-27 6.50 

P-235 114 110 J-102 6.50 

 

  



Detail Study on Total Water Demand & Water Availability Assessment for BSMSN 

 A-39  Final Report 

A.3.3 Model Output 

A summary of model output has been tabulated in Table A.3.8. Details data are available as 

annex which is attached with this report. 

Table A.3.8: Summary of Model Output 

Scenario Unit Value  Remarks 

Conjunctive Use for Design Demand (m H2O) 9.17 Minimum pressure has 
not been governed 

Conjunctive Use for 75% of Design 
Demand 

(m H2O) 10.67 Minimum pressure has 
been governed 

Conjunctive Use for 50% of Design 
Demand 

(m H2O) 11.83 Minimum pressure has 
been governed 

Conjunctive Use for Design Demand (m/km) 7.75 Maximum head loss 
gradient has been 

exceeded 

Conjunctive Use for 75% of Design 
Demand 

(m/km) 4.55 Allowable head loss 
gradient  

Conjunctive Use for 50% of Design 
Demand 

(m/km) 2.99 Allowable head loss 
gradient  

Maximum Velocity in Pipe in 
Conjunctive Use Scenario 

(m/s) 1.39 Allowable velocity has 
been achieved  

Number of Isolation Valves nos. 29  

Number of Washout nos. 5  

Number of Air release Valves nos. 3  
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Annex-4: Meeting Minutes of Draft Final Report 

Presentation Workshop 
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Annex-5: Response to the Comments on Draft Final Report 
আল োচনো সিদ্ধোন্ত পরোমর্শক প্রসিষ্টোন কিতশ ক গতহীি কোর্শক্রম 

৩.১। ভবিষ্যতে িঙ্গিনু্ধ শেখ মুবিি বেল্পনগর সংবিষ্ট 

এলাকায় Township গতে উঠার বিষ্য়টি বিতিচনায় 

এতন পাবনর চাবিদা বনরূপণ করাসি পাবন সরিরাতির 

উৎস পবরষ্কারভাতি প্রবেতিদতন উতেখ করার বিষ্তয় 

সভায় একমে শপাষ্ণ করা িয়। 

৩.১। িঙ্গিনু্ধ শেখ মুবিি বেল্পনগর এলাকায় শে 

সম্ভািয Township গতে উঠতি ো বিতিচনায় বনতয় 

শস আতলাতক পাবনর চাবিদা বনরূপণ এিং সরিরাতির 

উৎস প্রবেতিদতন স্পষ্টভাতি উতেখ করতে িতি। 

৩.১। িঙ্গিনু্ধ শেখ মুবিি বেল্পনগর এলাকায় শে 

সম্ভািয Township গতে উঠতি, শসই এলাকায় পাবনর 

চাবিদা এিং সম্ভািয উৎস Final Report (Volume-

II) এর Section 3.6 এ সংেুক্ত করা িতলা। 

৩.২। শেনী নদীর পাবন োতে অনয শকও উততালন 

করতে না পাতর শস বিষ্তয় শিিাতক প্রতয়ািনীয় 

পদতেপ বনতে িতি মতমে IWM কেতে ক অবভমে িযক্ত 

করার পাোপাবে িঙ্গিনু্ধ শেখ মুবিি বেল্পনগতর শেনী 
নদী িতে পাবন সরিরাতির উতেতেয পাবন উন্নয়ন 

শিাতডে র সাতে একটি সমত াো স্মারক স্বােতরর 

প্রতয়ািনীয়ো রতয়তে িতল পরামেে প্রদান করা িয়। 

৩.২। শেনী নদী িতে িঙ্গিনু্ধ শেখ মুবিি বেল্পনগতর 

পাবন সরিরাতির উতেতেয বিষ্য়টি পাবন উন্নয়ন 

শিাডে তক অিবিে করা শেতে পাতর। 

৩.২। IWM এই বিষ্তয় একমে এিং বিষ্য়টি Final 

Report (Volume-II) এর Section 4.3.5 ও 15.2 

এ ইতোমতযয সুপাবরে করা িতয়তে। 

৩.৩। িঙ্গিনু্ধ শেখ মুবিি বেল্পনগতর পাবনর প্রাপযো 
বনবিে করতে িাওয়া েো ও কমলদি শলতকর পাবন 

শেনী নদীতে এতন ো পবরতোযন করা োয় বক-না এ 

বিষ্তয় সভায় আতলাচনা িয় এিং এ বিষ্তয় IWM-শক 

উপতোবগো োচাইতয়র বিষ্তয় সভায় পরামেে প্রদান 

করা িয়। 

৩.৩। িঙ্গিনু্ধ শেখ মবুিি বেল্পনগতর পাবনর প্রাপযো 
বনবিে করতে িাওয়া েো ও কমলদি শলতকর পাবন 

শেনী নদীতে এতন ো পবরতোযন করা োয় বক-না োর 

উপতোবগো োচাই কতর এ সংক্রান্ত একটি অনুতেদ 
প্রবেতিদতন সবন্নতিে করতে িতি। 

৩.৩। িাওয়া েো ও কমলদি শলক িতে পাবনর 

পবরমাণ  বিতিষ্ণ কতর শদখা োয় শে এই দইুটি শলক 

পাবনর শকান বনভে রতোগয উৎস নয়। এ বিষ্তয়র উপর 

বিস্তাবরে বিতিষ্ণ  Final Report (Volume-II) এর 

Section 4.8 ও 4.9 এ ইতোমতযয উতেখ করা 
িতয়তে। 

৩.৪। ভূ-গভে স্থ পাবন উততালতনর িনয প্রবেতিদতন শে 

২৫ টি গভীর নলকূপ স্থাপতনর সুপাবরে করা িতয়তে 

এর িায়গাসমূি সুবনবদেষ্ট করার পাোপাবে Surface 

Water Treatment Plant (SWTP) Phase-II 

৩.৪। শেনী নদীর পাবন িযিিার কতর SWTP 

Phase-II স্থাপতনর শে সুপাবরে করা িতয়তে এর স্থান 

বনযোরণ করাসি ভূ-গভে স্থ পাবন উততালতনর িনয 
সুপাবরেকত ে ২৫ টি গভীর নলকূপ স্থাপতনর স্থান 

৩.৪.১। Zone 2A, 2B, 3,4 এিং 5 এ পাবন 

সরিরাতির িনয SWTP Phase-I এিং উপতরাক্ত 

শিানসমূতি ২৫ টি গভীর নলকূপ বিতিচনায় এতন 

Distribution Network এর Outline design করা 
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আল োচনো সিদ্ধোন্ত পরোমর্শক প্রসিষ্টোন কিতশ ক গতহীি কোর্শক্রম 

এর িনয শকাোয় িায়গা বনযোরণ করা িতি এ বিষ্তয় 

চূোন্ত প্রবেতিদতন সবুনবদেষ্ট েেয োকা আিেযক িতল 

সভায় অবভমে িযক্ত করা িয়। 

সুবনবদেষ্ট কতর এ সংক্রান্ত শল-আউট প্ল্যান চূোন্ত 
প্রবেতিদতন সংতোিন করতে িতি। 

িতয়তে। এোো উক্ত ২৫ টি নলকূপ স্থাপতনর িনয 
BEZA,  িনস্বাস্থয প্রতকৌেল অবযদপ্তরতক দাবয়ত্ব প্রদান 

কতরতে এিং িায়গাসমূি ইতোমতযয সবুনবদেষ্ট করা 
িতয়তে। কাতিই SWTP Phase-II এর সাতে উক্ত ২৫ 

টি গভীর নলকূতপর শকাতনা সংবিষ্টো নাই। 
বসদ্ধান্তমতে উক্ত ২৫ টি গভীর নলকূতপর অিস্থান 

বচবিে কতর একটি নকো  Final Report 

(Volume-II) এর Section 9.2 এ সংেুক্ত করা 
িতলা।  

 

৩.৪.২। SWTP Phase-II এর পাবন, উপতরাক্ত 

শিানসমূি িাতদ 2nd Priority শিাতন সরিরাি করা 
িতি। এখাতন উতেখয শে SWTP Phase-I এর 

অিস্থান ইতোমতযয বনযোরণ করা িতয়তে। SWTP 

Phase-II এর অিস্থান Phase-I এর কাোকাবে 

বনিোচন করা শেতে পাতর। এতে কতর পাবন শোযনাগার 

দটুি অতপোকত ে কম িনিল দ্বারা এিং নেুন শকান 

অবেস স্থাপন িযবেতরতক পবরচালনা ও রেণাতিেণ 

করা সিিের িতি। 
৩.৫। প্রবেিাদতন SWTP পবরচালনা ও রেণাতিেতণ 

প্রস্তাবিে Operation & Maintenance (O & M) 

এর িনয সাংগঠবনক কাঠাতমাতে িবণেে িনিতলর 

৩.৫। িঙ্গিনু্ধ শেখ মুবিি বেল্পনগতর পাবন সরিরাতির 

বিষ্তয় SWTP পবরচালনা ও রেণাতিেতণ প্রস্তাবিে 

Operation & Maintenance (O & M) সংক্রান্ত 

িনিল কাঠাতমাতে প্রবেটি পতদর বিপরীতে সংখযা 

৩.৫। িঙ্গিনু্ধ শেখ মুবিি বেল্পনগতর পাবন সরিরাতির 

বিষ্তয় SWTP পবরচালনা ও রেণাতিেতণ প্রস্তাবিে 

Operation & Maintenance (O & M) সংক্রান্ত 

িনিল কাঠাতমাতে প্রবেটি পতদর বিপরীতে সংখযা 
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আল োচনো সিদ্ধোন্ত পরোমর্শক প্রসিষ্টোন কিতশ ক গতহীি কোর্শক্রম 

প্রবেটি পতদর বিপরীতে সংখযা উতেখ করা িাঞ্ছনীয় 

িতল সভায় মে প্রকাে করা িয়। 
উতেখ কতর ো চূোন্ত প্রবেতিদতন অন্তভূে ক্ত করতে 

িতি। 
উতেখ কতর ো Final Report (Volume-II) এর 

Section 10.2 এ সংেুক্ত করা িতলা। 
৩.৬। শোট শেনী নদী িতে সারািের 40 MLD পাবন 

উততালন করা শেতে পাতর িতল প্রবেতিদতন উতেখ করা 
িতয়তে। পাবন শোযনাগাতরর মাযযতম পাবন শোযন কতর 

ো িঙ্গিনু্ধ শেখ মবুিি বেল্পনগতরর শেনী নদীর উতর-

পবিম বদতক অিবস্থে এলাকায় সরিরাি করা শেতে 

পাতর মতমে আতলাচনা িয় এিং এ বিষ্তয় পরিেীতে 

সম্ভািযো সমীো করার প্রতয়ািনীয়ো আতে মতমে 
সভায় অবভমে িযক্ত করা িয়। 

৩.৬। শোট শেনী নদী িতে পাবন উততালন কতর ো 
পবরতোযতনর বিষ্তয় সমীো করার উতদযাগ গ্রিণ 

করতে িতি। 

৩.৬। IWM এ বিষ্তয় একমে শপাষ্ণ কতর এিং এ 

বিষ্তয় Final Report (Volume-II) এর Section 

4.4.5 ও 15.2 এ ইতোমতযয সুপাবরে করা িতয়তে। 
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RBPORT

I..O INTRODUCTION:

This report presents the results of soil mechanics tests and field investigation carried

out on the sub-surface soil samples collected from Proposed Intake Site at Osmanpur,

Water Treatnent Plant Site Near Tekerhat Bazar and Azompur Khal Cro55ing at

Mirsarai, Chottagram

Delta Soil Engineers was entrusted with the investigation works and all the factual

information together with comments and recommendation have been included in this

report. The purpose of investigation is for safe and economic dargn for the proposed

foundation of the stnrcture at the site.

2.0 OBIECTTVE OF' WORKS:

The main scope of this investigation works are :

(a) Execution of exploratory borings, recording of sub-soil sEatification and

position of ground water level.

(b) Execution of standard penetration test (SPT) at an interval of 1.5m (5ft.) depth

with collection of disturbed soil samples upto the final depth of exploration of
each boring.

(c) Collection of undisturbed soil samples by thin walled shelby tubes from each

hole.

(d) Execution of laboratory tests on soil samples to determine the physical and

mechanical characteristics of the underlying soil deposit.

(e) Preparation of final report with all works including bearing capacity and skin

friction values of sub-soil.



3.0 F'MLD II\TVESTIGATION WORKS :

The field investigation was carried out by Delta Soil Engineers, Dhaka on 29-01-2119
to 08-02-2019 and execution of a total of twenty six borings upto the maximum depth
of about 23.A m from the existing ground surface. The executed Bore Holes were
mentioned in the Bore Logs of Attachment-Il. The holes were made by driving the
casing of 10 cm (4") diameter upto 1.83m (6'-0") depth. The dishrbed samples were

collected by driving split spoon sampler of 3.15 cm (l-3l8") inner diameter with a

hammer of 63.5 kg (la0 lbs.) weight falling freely a height of about 76.2 cm(30") in
average and the number of blows required to drive the sampler for every 0.15m (6")
penetration over 0.45m (1.5 ft.) depth was recorded to measure the standard

penetration resistance-N per 0.3Om (foot.). Disturbed samples were collected at an

interval of l.5m (5 ft.) depth. The undisturbed samples were collected :m7.62 cm (3")
diameter shelby tubes. Ground water table was recorded 24 hours after completion of
each hole.

4.A LABORATORY TESTINGS :

The disturbed samples collected in polyttrene bags and undisturbed samples in Shellby
Tubes and were brought to soil mechanics Laboratory for testings. All the samples

were visually examined and all undisturbed and representative disturbed samples were
selected for necessary testings. The following tests were performed on the selected

samples.

Natural Moisture Content ......6g Nos.

Liquid & Plastic Limit ....2g Nos.

Specific Gravity ............45 Nos.

Grain Size Analysis ........... ...........64 Nos.

Wet & Dry Density ..... ..26 Nos.

Unconfined Compression Test 26 Nos.

Consolidation Test ........7 Nos.

Direct Shear Test ........14 Nos.

2



5.0 DISCUSSION ON TEST RESI]LTS :

5.0 Soil Profile :

The stratification of materials around the holes at the site consists of an upper

cohesive deposit of very soft to stiffsilty CLAY and clayey SILT mixed with varying

amount of fine sand upto the maximum depth of about 9.5 m from the existing ground

surface. The deposit below upto the depth of exploration consists of noncohesive

deposit of loose to very dense sandy SILT and silty FINE SANID mixed with trace

amount of mica.

The standard penetration test (SPT) results have been shoum in the boring

log and the results vary betwee,n I and I I in cohesive deposit and 6 and >50 in the

non-cohesive deposit. The detailed information on stratification have been shown in the

laboratory boring logs of attachment-tr.

5.1 Range of Values of Test Results :

Name of Tesb/Parameters

Natural Moisture Content (%)

Liquid Limit (%o)

Plastic Limit (o/o)

Specific Gravity

Wet Density (Lh[/#)

Dry Density (lib,I/m')

Range of Yalues

24.1 - 36.6

29-45
2t-28

2.G8 - 2.675

18.12 - 18.52

13.39 - 14.72

2s.6 - 98.3

0.145 - 0.305

0.771 - 0.927

32.0 - 40.0

0.0 - 0.0

Unconfined Compressive Sfrength (kN/m2)

Compression Index" C"

Void Ratio, eo

Angle of Intenral Friction, S (degree)

Cohesion, C (kN/m'z)



6.0 BEARING CAPACITY F'OR SHALLOW & I}EEP X'OUITDATION :
6.1 BEARING CAPACITY FOR SHALLOW FOIIIIDATION :

The allowable bearing capacities in kNI/m2 of sub-soil for square and sfiip footing for
shallow foundation have been calculated with F.S.3 and is shoum in Table-l below :

TABLE - 1
ALLOWABLE BEARING CAPACTTIES IN IiI\t/M2 WTTH F.Ss

BH.I

BH-2 0.27
o.32
0.55

BH4

BH-5 0.32
0.55
0.75

0.37
0.56
0.91

0.37
0.56
0.91

0.25
0.25
0.M

0.38
0.38
0.M

0.25
0.2s
0.M

0.38
0.38
0.60

0.32
0.38
0.60

BH-6

BH-7

BH-8

BH-IO

BH-3

0.27
0.38
0.38

0.32
0.44
0.4

0.32
0.38
0.6r

1.5

3.0
4.5

1.5

3.0
4-5

0.27
0.32
0.55

0.27
0.45
0.60

0.27
0.45
0.60

0.32
0.38
0.61

0.32
0.56
o.75

1.5

3.0
4.5

1.5

3.0
4.5

1.5
3.0
4.5

1.5

3.0
4.5

027
0.45
0.75

0.27
0.45
0.75

0-20
0.20
0.38

0.32
o.32
0.38

020
0.30
0.38

o-32
o-32
0.55

0.27
0.32
0.5s

1.5

3.0
4-5

1.5

3.0
4.5

BH-9

BH-I I

1.5

3.0
4.5

1.5

3.0
4.5

1.5

3.0
4.5

1.5

3.0
4.5

Bore Hole No.
Depth in

(m)
Allowable bearing capacities for
Sq. Footins Strip Footine

BH-12

4



Bore Hole No.
Depth in

(m)
Allowable bearine canacities for
Sq. Footins Strin Fmtine

TABLE - 1
ALLOWABLE BEABII\IG:CAPACITmS rN kt{/m2 wTrH F.Ss

BH.I3 0.32
0.55
o.75

BH-14

BH-I5 0.32
0.55
0.75

BH-I6

BH-I7

1.5
3.0
4.5

1.5
3.0
4.5

1.5
3.0
4.5

1.5
3.0
4.5

1.5
3.0
4.5

1.5

3.0
4.5

1.5
3.0
4.5

1.5

3.0
4.5

1.5
3.0
4.5

1.5
3.0
4.5

1.5
3.0
4.5

0.15
0.32
0.65

020
0.38
0.75

1.5
3.0
4.5

1.5
3.0
4.5

027
0.45
0.65

0.20
020
03t

0.15
032
0.55

025
0.25
0.44

0.20
0.38
0.60

027
0.45
0.65

BH-I8 020
020
098

027
0.3E
03t

027
0.38
0.38

0.t5
032
2.N

0.32
0.4
0.M

o-32
0.55
0.91

0.25
0.25
1.23

0.32
o.M
0.44

0.20
0.38
2.63

0.32
0.38
0.75

0.38
0.38
0.60

0.32
' 0.55

0.91

0.2s
0.2s
0.M

027
0.45
0.7s

027
o32
0.65

032
032
0.50

027
0.45
0.75

BH-I9

BH.2O

BH-2I

BH-22

BH-23

B,H-24

BH.25

1.5

3.0
4.5

020
020
0.38

BH-26
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7.0 CONCLUSION & RECOMMNDATION:

In the light of field and laboratory investigations it is concluded that the deposit
encountered at the site consists of cohesive materials of cohesive deposit of very soft
to stiff silty CLAY and clayey SILT mixed with varying amount of fine sand upto the
maximum depth of about 9.5 m from the existing ground surface. The deposit below
upto the depth of exploration consists of noncohesive deposit of loose to very dense

sandy SILT and silty FINE SAND mixed with trace amount of mica.

The allowable bearing capacities at 1.5 m, 3.0 m and 4.5 m depths have been shoum in
Table-l at page No. 4 to 5 and skin frictiorq end bearing and individual cast in-situ
pile capacities of 500 mm diameter for Intake & Water Treatne,lrt plant Site and 800
and 1000 mm diameter have been shown for Construction of of Bridge of River
Crossing site have been shonm in Table-2 at page no. 6 to 33.

The Design Engineer shall choose suitable and appropriate type of foundation
considering the overall structural load, loading pattern etc. of the proposed Intake and
Water Treatrnent Plant and River Crossing at the site.

@\
Ennr. Abui Heshin Sikder
[.Sc]frf; ttl ,it] FIEB FdlilNo. 8027

SaiuEnginea
DBLTA SOIL ENGNEERS
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N4rr, Minarei, Cfittegong.
B0RE HoLE No. 15 -zz-^q nyrs\ srlzm.rsa'n

IR(XINDIJVELR.IT : 4-1(B r

R(XINDWATEDIITYEI; z LlT/| t

IJI
F-

a

oz
3
g
o

63
la&tua
ka

!EH^
B€o

ao
Id2ŶE
=F

DESCRIPNON(T
MATEN,IAIS I

FT

Errlws{)ntsux
PERf5([

PEITETRAIX}.I

SI.IITAID*IIETIA ?7 DFdfted
Tl(rNrEqKTAIrr

GtEDsrT) I UrArtea
E
I Eo Eo t<

9ra
m

rat

o\
o(\t

Ioto
I

t?)o

ILI

r}z

ILI
IL3

I}4

ILS

D{

E7

D{

IL9

I}IO

I}II

Il-12

IL13

5-O

5.0
Grey soft sihyCI-AY tre
Ene mdmedirmplastic-

.i:
lr{
:::

::..,

:!.'ri:';

,*

f :.1

E
Eoo

I I 2
o 10 20 fl! ,rf---s---l

\

\

\

\

\

l5

3.0

rls

5J

75

9t

105

rz0

r:I5

l5,o

16.5

r&0

ilrs

I I 2 3'---

2 2 2 1

65
l5 Grey siff clryuy SILT uih

Enesild medcmress 3 4 7 ll

z).0

t3-5
Gr€ydiimdme torrery
hse sityFINE SAI{Dtre
mica

4 E lo IE'-/-

6 t4 l6 30

8 l8 20 38'-/-

l4 20 30 50'//,

'//. l5 30 m 50

t6 35 l5 50i-/-

l0 2t 30 50'//-

14 22 28 50.Z

20 40 lo 50'//,

kawnby: Checked SM 15 of 26 AtEctmmttr
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DEHrri torD seuEERrI BORING LOG: Sub-soilfn@
WrtarTrretment plert

IOCATION : hopd B.Egrbandhu tuikhMuiibshitpo
Nryer, Mir$rni Chittegory.

BORE HOLE NO. 16 zz-*elZg.#n,9rb.r9sr.E

LBYf,LR.I-: : 4Sfl t

IYAITRLBYEI; : 2l3t r

DESCRIPNOiloF
MATERIAIS

sr^N)anDrErqnr. ZZ u*rrtEf
T(DITFSIS"AITE

@rrsPD I trcrteo

ILI

r>2

II-t
D3

I)-4

ILs

D{

I)-7

I}T

I}'

ILIO

D.ll

ILI2

ILT3

vrysoft silty CI-AY
fudmedirm

E
Eoo

t5

33

,ts

6.0

75

'J
l05

rilo

135

l5.o

l6s

Iu,

rt5

\

\

\

/
\

softc@eySILTwirh

20_a

15.0
medimdensetovuy
sihyFINE SANDtraoe

skt t6 of 26 1ffitr
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DffiiESotthffi BORING LOG
: Sub$ot Investigatfun for Const of hopoccd

.TION : Propmcd RengrbcrdlE SLcitLMujibShitpo
Negtr, Mirssrri, Ch@ong;

HOLE NO. 17 tZrnttg.rr,riX,st}z'm-tzlir:

I.$IYELR.I; : {3!16 r

DESCRIPI(XS'
MAIEnIAI.S

D.l

rL2

ILI
IL3

r).4

I}5

D{

r)-7

I}t

I}'

D.rC

ll.lt

ILI2

Il.13

softtodiumstiff
Ytracefuesild

t5

3!

,lS

GO

7S

,.0

t05

r23

13.5

l5.o

l6s

rL0

rlts2A-O

meditm furseto very
siftyFINE SANDtracc

Ch€cked Sheet 17 of 26 Artach€ilttr

t

,J

t
I

/
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Dffi?t3OlIrre BORING LOG

Ihawnby: Checked tB of 26 Atlachmemll

: SabSoiI Invcstigetfun forComt of propmed
Weter Trrelmeat ptrnt

L(rcATION : PropoccdBrryrhdhusHkh Muiibshibo
Nryrr, Mirsanei, Chi@ong.

BOREHOLENO- 1g zelzsr.ms\qrb.rs.crs-E

LEVELf,.I; : {Oi/4 r

WATER.LDYDL: z 2.?# t

DESMIPIIG{()r
MATERIAIS

srrio^rDElwrxr. AWJH
IXX{rF{itsr^}r?

$ErrsPT) I urxlstruo

o\
o
c.I

I

o
aorn

ILI

IL2

ILI
Ird

Ilit

D.5

D{

IL7

D{

D.9

I}lo

ID.ll

D-TI

ILI3

verysofttodirm
CI-AYtree fine sd

r5

a0

its

5.0

7S

9.0

105

rz0

135

r5.o

165

r&o

I9S

t
\

I
\

I

t

m.o

13.5
dirmdemsetovery
silryFINE SANDtrace
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DEEATESIDffi BORING LOG

Drawnby: Ch€cked SM 19 of 26 Athctuenttr

: Sub-Soil Investigetion forConst of proposcd

.TION : PropcedBugebandhu ShikhMujibshilpo
Nagar, Mirserei, Chiqong.

IroLBNo. t9 zz?zso.xs\srh7'rcr$'n

IIYELR.IT : {3&l r

WATERLDIYEI; : l-9{3 r

DESCIIPIKX{()F
MATERIAIII

sralunrorcNErra @ Urs'tEd
T(DITESISTAIST

(mrrrs?T) I UrfstrteO

o\
o(\t

a

o
ao\

oil

I}.l

ILI
b2

IL3

IM

ILs

D{

t>7

I}E

IL9

ILl0

ILlr

Ll:l

Il.l3

Il.ld

ILI5

soft silty CLAY uace
fue sandmedirmplastic.

l5

33

tfs

6.0

1S

9.0

rc5

llo

l3s

15.0

16.5

1&O

r95

2t's

7rs

Et
oo

r6.5

23-O

medirmfusetovery
siltyFINE SANDrre
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D*:FriSIDrc
PROJECT : Subsoilfn"estigati@

WetcrTrcahent plrnt-
I$CATION : Proprecd BeryebendhuslciLhMuiibshitpo

Nrgrr, fnnerai, Ctihgong.
BoREHoLENo. ZA z?zzcass x,9r}y'r73sr.E

II,YELI-I-: : {971 r

WAIERLEIYIk : 2-1i27 s

DESICRIPTKX.IOF

MAIERIAIS
(FElsrT) I UnrfsU*O

ILI

ILI
D-2

IL3

D.[

ILs

D{

Il.7

I}t

ILg

I}to

ILrl

Ill2

Ir.l3

softto medirm stiffsilty
Ytrefinesad

medirmplasic-

l5

3.0

,fs

60

7S

9.0

ros

r2.0

135

ra0

16.5

It0

l9s20n

medftmfusetovery
sihyFINE SANDtraoe

BORING LOG

Checked 2A of 26 Attachemtr
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DEEIFT*srBre BORING LOG
PROJECT : SubSoil Invcstfetion OrCor*- of fropcea

WetcrTreahentphnt
IOCATION : Propoccd B.rgrbildhaSkitrl Muiibstibo

Nrgrr, Mirsirrl Chit$ory.
BOREHOLENO. 2l zzrntn.ty0ix,qrb.rt3tDs-E

;NXINIII$YBLnk : {?E3 r

In(XjNIIYATmLDyEL: ; 3560 rfr'rrr)

DATE: l06{/2-z0tg

EI
Ti

a

dz
B
g
o

l&rOJ
srB*2
h0

F.a
&€a

qo
BI2^
VE

t-

DEICRIPIPNT(F
MAIERIALS

oo
J

)((
t;

ii]

ilrrwD(rta u<Irli
MR ficm

TENEIRATIG-I

srArirrlrr rElwrr - ZUenftgt
I(Nrrssr I|rE

(rEDs!T) I tttstrteO
Eo Eo Eo Ii

no
BXI

DEFII

o\
o(\l

a(\lo
Ir.)o

D.l

rr-l
Il.2

DA

Il4

D.5

D{

IL7

I}I

D.'

IlLl0

ILll

Ltz

Il13

35

35
Grey very soft sihy CI-AY
race fnc sadmedirm
ilastie-

7
:/r.

.+1

.1.:

,i:

.i:

l3:

5i

iii
,i:
!j ..:
::.1

E
Eoo

t 0 I t

L

\
-t

\

\

/

l5

3n

as

6t)

75

9.D

105

xlo

r3.5

lao

16.5

r&0

llr.5

'-/.

-/- I I I 2

5-O
l5 Gr€Vdirmd€ilscsady

SILTtremica 5 I l0 It

m-0

l5.o
Srcymedftm derxeto very
Ieuse sitty FINE SAND trace
nica

5 9 t2 2t'-/-

6 t2 l5 27'//-

7 l3 t7 30'-/-

9 It 24 12'//-

lo 25 25 50'//,

'/z 8 30 20 50

7 l5 22 37'--

8 20 30 50'-/,

'-z lo 23 27 50

ll 26 24 50

Drawnby: Ctecked tu 2l of ?5 Arktuenttr
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DsrrSollrre BORING LOG

Draumby: Checkdbv: SH D af 26 Afiachmenttr

: fub-Soilhycsiligrtimforcrnst ofpropced
WetcrTreelnentplrnt

LOCATION : Prupccd Bilglbcdhr Stcilh Mniib $eo
Nrgr, Hir:rer.let Ctitrrgry"

BoRETIoLENO. 22 n 4r-r,2l9'Nr9r1t7'r933o-E

I.$YDLR.L : {501 r

YAIDR.IJYf,I; : 1.760 I

DEyCR,IFIX}{(X'
-8 .*IBIAI.S

srAlotrlrrGrsn} r IIStfH
I(XtrFqeralrr

(rurrsrD I t116gfr6O

rl

IL2

fr-t
Ilr3

D.f

IL5

I){

D.7

I}T

D.t

ILl0

I}ll

D.t2

ILTS

softsihyCI-AYeace
saddimplastic-

\
-l

\
\

\

/

\
t
\

ls

3.0

{.5

6Jt

75

9'

lo5

r2.0

r:!5

Uiil

l6s

rto

l9s

msdiumdmeto\rery
sihyFINE SAIrIDtracel5t)

s8



DSrtrcIfr =rE!ri-!JI-a-tEU BORING LOG

Drawnby: Sheet 23 of 26 Attachenttr

: Sub-Soil Iwcatigrtiotr for C-od. of pnoposed

IION : PrropmcdBtryrb.dhE SLcilfi MrjtuSt&o
Nrger, Minreni, (hittryory,

HOLENO. 23 z'|r-2a;tafx,gt2t'.zt-0gi.'n

LUYCLLIT : LK t

WAIX*.LDYf,L z l.fitl t

DESIRIPIXXTT(X'
IIAIERIAI.S

D.l

Il.2

ILI
IL3

I}{

I)l5

D5

IL.7

I}t

ILt

Ill0

ILtl

Il.l2

D-r3

D-l,t

softsiltyCI-AYtrm
finesmdmedirmphic-

\
L

\

\
\ I

I

l\
\

/

\

I
Eoo

ls

33

,t.5

6S

75

9.O

las

r2.0

las

l5.o

165

Ito

T'S

2l.o

20-a

153
6il6densetoyqy
sihyFINE SAIIIDeace
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DIBAASOLDre BORING LOG

Drarnby: Ch€ckd She€t 24 of 26 Atdrme#tr

: UrDiJoillrvcSigetirmforCoasL
WlErTrcetutphnt

TION : Prupod nrngrbandhu Sffi Muib Shiho
Neger, Mirsrrai, Cfit@ory.

HOLENO- 24 zz-*n*azf*qrtzSr.cSe'u

LEYELRIT : tll9 r

WATERLDYEL: : LlltS I

DESMIPIXX{(x,
MA-TERIAIS

sr^N)arDrGrcrra r Qi{irtat
TX,N*Flrsr^IlEr

GEDSTD I UrtstrteO

Ill

DA

ILI
IL3

Dr0

ILs

D5

IL7

D{

Dr,

ILIO

D-lr

D.rl

Il13

softto medium stiff
Ytmce fu sild

t5

3J

.fs

6Jt

75

t

lo5

r2.0

l3.s

I5.0

r5.5

1&O

tlts

\

)

\

20.0

135
redim aense to \r€ry
sihyFINESANDTaE
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D&IFrE.$O[E BORING LOG

Ilawnby: Checkdbrv: SH 25 of 26 Atracfuenrtr

.TION : kropoccd BriiScetAmnprXhl CrNiE.

BOREHOT.ENO. 25 ze.sr'uslz\grts.34-960-n

I.$YDLRI-: : {9!}l r

WATf,R'LEYEIT 
= 4-768. t

DESICRIPIKnIG
MAIERIAIS

SITTDATDTENEIT.. ZZ l)if.,d
II(}'ITFSBTAIET(Errspr) f UroreO

ILI

IL2

ILT
r>3

D-t

D-5

D{

IL7

D{

I}'

D-lt

ILljI

IL13

ver5rsoftto soft silty
Ytracc finesed

15

33

iLs

6.0

75

,T

m5

p-t

135

rao

rcs

1&O

195

I

\

L

\

dirmd€nsesihy
SANDtracemica

dense to veryfu silty
FINE SANDtrremica
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DEDlFa.!'OI3re BORING LOG
: &b-SoilIavcstigrtiotrforC-oeudfun of

.TION : PnopccdB@eetAanpurKhf CrKiD&

HoLENo. 26 a.sr'D.ozz\grlsyrrgo'E

IIYELRL: : O9l3 r

WAIERLBYDI; : -l.Zll r

DESCRIPIId{(x,
MAIERIAIS

GEDSTD I UnCstreO

D-t

IL2

ILI
IL3

r>4

I}5

D{

D7

I}$

Il.'

ILl0

ILlt

Lr:t

Ir13

very soft silty CLAY
tue smdmdim

l5

3'

,fs

6.0

7S

9'

105

r2.0

r35

rao

165

Ito

r95

\

\

\

redirmdcnssilty
SANDtmcemica

loose siltyFINE sAlrD
nica

dmse to veryfuse silty
SANDtracemica

She€t 26 of 26 Attafuttr
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ie. IOIE GBAINSTZE TEST

fR(}'TCT
s[IE

: s6{oil tuvcstirtlr fu fu. d"rqord ile tffi ftrt
: htapcceYlhGrffi.ita

GRAI'AU{'N CTIRVE

!o
o

'lr
g

=!rtr

G
I
3a.

Lg1*[c.sao[ Es*to I mesa* [ amr*r.---Tc.tv

Patieiesbinurm

HYD*OiIGIER ANALYSilt Gr.tufrE nE @
o o o o oe a a E s s E E g E6 

= 
sQ - O o j -i j O O

BIINo. Lcgad Supfie D@ftr) Sed sft ckf, 8p.Gr- tE?5 II,6
"L;a,

TypeofSoil
Bil{- 1 .l...+ D-l l5 t2 ?11 tt 31.5 {1 36 lly{I.ltY
BftI..I rt** D-4 6.0 6E 32 o rlymESAIE,
BIX-I D*8 tz-8 s [s s r*TEGSli}EI

Tesbd[: .tlO,{n C1rr*tedby: afu SIEET I OF 2IJ ATTACTfi,ENT-ffi
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DEfFi tOIt

?ROJECT
SITE

snHoa rntr*igdign frr fu. of ropod yrtcr Tet fu.hqldfficrhtcdte.

GRAI}ATTON CURVE

100

I
to

7t, to
q
3
>3
g

4
eo
oa-I

il

m

o

ktrticiesire inrrm

HYDROTETER AtIALySEi (Gilia Sirr in am)

F .LB?Be E R E 5 = 3 = 
3.E

BHNo. l^qrnd Smpts D@(m) Sed silr CIry Sp-fr. nfic?6 It% PLYa T1aeofsoil
BH-2 €--+ D-3 4.5 z2 72 6 T'2 :,0 ?s IEtySILT
BII -2 *** D-5 7.5 72 x o PyFtrESAIID
BTI-2 *++ D- IO r5.0 tt |2 s SiEyFDES^!D

Chkedby: SIIMT 2 OF 23 AT'TACHMENT-M
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D*lBri IOII GRAIN SIZE TEST

PR(UECT :
SITE :

ftb-Soil Inrrcstigetim fer Cmst of Ploposed TYetcr Treetunt plrrt
froposcO hrgeban&u SheflEh Mqib Shilpo ttlqrr,
Mirssrrl Chittagong.

GRADATION CTIRVE

s!o
0
B
>r5
o

rtr
Go
eoo.

Ptrtictesizc inrrm

SIEVEAI{ALYSXS (StuycNo-) HYDROII EIER. AITIALYStr| {Grain Sia in m}

= R Beea E E : = = E E 3 3
lm

lxt

s
re

a0

50

ls

.a)

x
.lo

o

F.qAvEL c. sAllD IGD. SAtriE) FIIG&TMI FIIIGS,ST OJ\Y

BHNo. I.eEnd Sample oepft(n) Sand silt Clay Sp. Gr. MC96 lLYo woh Type ofSoil
BH-3 €+ D-2 3.0 lo 70 20 30-7 12 B ii*yCLAY

BH-3 *** D -rt 6.0 44 56 0 tadyStr-I
BH-3 *-a+ D-12 r8.o 92 t 0 I&THNESATU)

r*aav: Plort c}rnxedav, 
=? sHEET 3 oF 23 ATTACHMENT-rtr
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DEDErf,IIOIDffi

PRO.'EICT :
SITE :

sub-soil rnvcstigatioil for comsl of Proposod wdcr Treatmcat pliilt
Proposed Brngahndhu Sheikh Mujib Shilpo Nagar,
Mirsarei, Chittegong

GRADATION CI}RYE

100

90

80

706
o

fiB
>rI

sob t
tEinE
oo

30t
20

t0

0

F.Gr.AlrEL lc.sAro I ifiD.sAlo I rncsem I rnrsrsor I .^,

Particle size in mm

SIEVEANALY$S (SkveNo.) I{YDROMETERAI\fALYSIS (Grain Sb in m)

q e e . oo I I q q q E E q Ea q o- * 6tD t - o d i o ct o o

BHNo. Lcgend Sample Depft(m) Saod sih Clay Sp. Gr. MCTo Wo/o PLo/o Typcof Soil
BH-,1 {-*+ D-4 5.o 23 72 5 28.3 29 25 Sr1cySILT

BH.4 ,t** D- 10 15.0 E7 t3 0 iiftyFINE SAND

BH -5 aF-#f D-3 4.5 t2 6E 20 2t.4 4l 25 ;ityCX.AY

SIIEET 4 OF 23 ATTACItr\{ENT.M
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DtEDErf !!OIDffi GRAIN SIZE TEST

PROJBCT : SnLSoiI lrvcstig{im for Cld. of Pnopoccd Yetcr Trcetncnt plrrt
SIIE : @nugrWfnShcfr MujibSeilpoNqrr,

nilirsorri, Chi@ong.

GRN}ATION CT'RVE

100

90

to

as
o

fiB
>rs

iob
C!EimE
oo30t

xt

lo
o

Particle size in rrm

SIEVEAI.IALYSXS (Sia/eNo-) HYDROMEIER. AIIIALEXS (Crrrtu Size in m)
€=!!e o o o oo 8 a B u'8 5 E E e e- n a .'*-h-,p E R 

= 
-E 

= = 
E ; ;q

BHNo. I^egcod Samplc Depth (n) Smd silt CIay Sp. eir. !v[c96 TlJ% PLo/o Type ofSoit
BII-5 .(H+ D- ll 15.5 93 1 o tilyIAGSAID
BH.6 *** D-2 3.0 E 7t 2l 29.4 43 x, Sb'CXAY
BH.5 +-a+ D-5 9.0 85 l5 o $[yFnESA].ID

Tested by: )ktzt C}rerjr;aav: 4L srrEET 5 oF 23 ATTACHMENT-mI
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I'EDEA,lorffi GRAIN SIZ,E TEST

PROJECT :smE :
ftbsoil lrvcsaamn forcsn$. of kopoeod wrtrrrt€etncntpht
Proposcd Brryrbodhu Sheith Mujib Shilpo Irteger,
Mirsoni, Chittegong

GRAI}ATION CIIRYf,

100

90

to

ms
o

60i
€s0b t

,mE
oo

30t
m

lo
o

F.6RAVEL lc.sriD I *."nnr I rnusem I rnesrwr I *,

Paticle sizr inrrm

SIEVEAI{ALYSts (S*reNo) HYDROMEIERAITIALYSts (Grain Sirc in mm)

- o o o o oo I I q I = E H H E
I - d o t h€ d g O c cj cj O o

BHNo. tegend Samplc Depth (m) Sud silt Clay Sp. Gr. Me/o ILYo PLo/o TypeofSoil
BI{.7 {}-<t+ D-l 1.5 t4 o t1 NA 4 23 i&y{X.AY
BH.7 *** D-5 7.5 42 58 0 iardy SILT

BH-7 rff.+ D-8 n.a t8 t2 o NtIrFINESA}.ID
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DEDETf,DISre GRAIN SIZE TEST

PR(XECT
SITE

sEb{oil rrrdExion fer cosc of kopcod wetcr Ttcaeent pht
noposcd Brrytbandtu Sheikh Mujib Shi$o lrhgrr,
MiEsrrLChittagong

GRADATION CT}RVE

100

90

80

7T' Eo
6'

o
50b

Etiito Boo:to &

21

l0
o

Prticle size in mm

SIEVEAI{ALYSXS (SiereNo) HYDROL{EIERAJTIALYStrI (Cnrin Sb in um)

o e e q e€ I I e q 5 E E E E
= 

N 6 I'hgr - Ft ci ci 5 o o O o

BHNo. I-egEnd Sample Depth (m) Smd sih Clay Sp. Gr. lvlCP/o LLo/" PLo/o Type ofSoil
BH-8 .H--+ D-3 4.5 7 7$ 23 tt-4 42 25 ;iftyCLAY
BH-8 **+ D-4 6.0 23 70 7 25-5 35 2t lmdy SILT

BH-t +=E* D- 10 l5.o 86 l4 0 tryFsES^AIO
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DEEETi. !lOI3 GRAIN SIZE TEST

PRGIrcT :
SIIE :

s-son rwesti*itn fffi cfls. of propoecd uer Tfficnt phd.
nopcoO Urrg$erdhrr Shcm lilnib Shilpo Negtr,
Mirsorri, Ctitbgong.

GRADATION CTIRVE

tm

q,

t0

xtE
o

s
fl)B

EIE
8E

oo
30t
x
lo
0

Partic-le sire in urm

SEVEAI{ALYSIS (Siev€No-) I{YDROI',E1ER AITIALYSIS (Grlh Sb in mm)

o e e c oo t t e q 5 E E E E
1 N 6 q qE 

- N e Cj i ej ej O e

BHNo. t€gpnd Sample D@(m) Smd sih Clay Sp. Gr. MClt/o lLYe PLY" TypeofSoil
BTI-9 <H D-l 1.5 8 70 x2 28.1 45 26 lityCLAY
BH-9 *** D-4 6.0 2t 72 7 26.5 34 25 fedySILT
BH.-9 *+-+ D-7 1o5 gi t7 o SIyFfiESAIU)

Tested by: ,Wn clrx;kedtv: Afu sHEET 8 oF 23 ATTACTTMENT-Irr

70



DE[.Bi. !!OID SeilEERt GRAIN SIZE TEST

PR(XECT :
SIIE :

sub-soil rrvcsnigetion for cod. of propmd lvetcr Thatmat ?hnt
Propos€d Beryebandhu Sheikh Muiib Shilpo Nqer,
Mirsarrl Chittegon&

GRADATION CT'RVE

100

90

80

m te
o
i
s
0t
E

oo
o
a"30

x
to

0d oh
ci ci ci

Particle size in rrm

SIEVEAI.IALYSB (SiweNo) fTDROMETERAI{ALY$S (crain Sizc in rrm)

= e R I e 8E E E EE EE
eic;oo

BHNo. kgend Sample Depth (m) Sand silt Clay Sp. Gr. MCo./o LLo/o PLo/o Type ofSoil
BH- IO €+ D-3 4.5 t4 69 t7 30.5 ilo 2l SilryCX.AY

BH. 10 +*t D- t2 18.0 92 E 0 SiftyFINE SAI.ID
BH.II +*{" D-l t.5 t2 67 21 28.2 43 24 9bCr-aY

Checkedby: STIEET 9 OF 23 ATTACHMENT-ITT

7t



DEDEArclII GRAIN SITE' TEST

PR(XNCT :
SITE :

stb-soil rnvestigetion for const of Propced ryeter Ttcatment pht
Pnoposcd Bangabendhu Sheikh Mujib Shilpo Nagar,
Mirsarei, Chittegong

GRADATIONCT]RYE

Eto
o-
€
o
EI
E

oo
o
A

Particle sire in mm

SIEVEANALYSB (SieveNo.) HYDROMEIERANALYSTI (Crrdtr Size in mm)

e e o o oo I I E I = E E H E

BHNo. Leg€nd Samplc Depth (n) Smd silt Clay Sp. Gr. lvl0/o llo/o PLOA Type ofSoil
BH.Il a-a+ D-6 9.0 75 25 o ftyFE{ESAND
BH.II rt** D- l0 r5.0 t8 t2 0 ;iftyHNESAND
BH- 12 D-2 3.0 8 69 B 3t-7 u 25 likyg.AY

Testedby: plt6 cnwtxaay: ,/ ,' SHEET l0 oF 23 ATTACHMENT - m
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DEf.Ea. I'OIDffi GRAIN SIZE TEST

PRo.lEcr : s:uLSofl rry€stigrtion for conril. of propoced wetcr Tleetnent ptmt
SffE : Propoccd Bangabandhu Sheitih Mujib Shilpo Nrgar,

Mir$rsl Chittagong

GRADATION CTIRYS

lm

90

&)

7aE
o

fiB
s

50b g
E&E
oo

30&
x
lo
o

Particle size in nrm

SIEVEAI{ALYSE (SieveNo.) TIYDROMEIERAII{ALYSXS (Crnitr Sirc in m)
ooqq
oo

BHNo. Legend Sarple Depth (m) Sand sih Clay Sp. Gr. MC'O6 LLOA PLo/o Tlpcof Soil
BH.12 €--.D D-4 6.0 7t x2 0 iilty FhIE SAND
8H.12 rt** D-8 12.0 E5 t5 0 it}yFINESAND
BH- 13 a+-+ D-3 4.5 l5 67 I8 2,.-4 42 23 ;ftyCIAY

Testedby: l<zi a*xary: ZZ_- stris:t tt or n ATTACHMENT-m
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DErlBATOIDW GRAIN SIZE TEST

PROJECT !
SITE :

sub{oil rnvcstigatftm for const of Proposcd tyetcr Treatment plent
Proposed Bengrbandhu Sheikh Mujib Shilpo Neger,
Mirsarei, Chittrgong

GRN)ATIONCI]RYE

100

90

c)

7a6
o

60.
s

sob ti
Gi,to Eoo30t

m

t0

o

Particle size inmm

SIEVEAI{ALYSXS (SieveNo.) HYDROMETERAITIALYSE (Crrain Size in m)

e e e q oe I I e oooo
do

BHNo. Legmd Sample Deptr(m) Sand silr Clay Sp. Gr. MCT6 ILo/o PLo/o Type ofSoil
BH.13 €+ D-ll r5.5 t7 l3 o sfltyFhIE SAND

BH- 14 *** D-2 3.0 l3 69 l8 35-3 42 24 tftyCI-AY
BH- 14 r&t+ D-6 9.0 77 23 0 SityFINE SAND

Tested by: )hr4 &er;kedby: 
-<fu- 

srregr t2 oF 23 ATTACHMENT-ffi
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DEDEa.rcIlrffi GRAIN SIZE TEST

PRO.'ECT :
smE :

subsoil Ilrvcstigatim for consL of Propccd ryeter Tteatment phnt
Proposcd Benpbendhu Sheitrh Muiib Shilpo Nagar,
Mirsarri, Chittagong.

GRADATION CI]RYE

100

90

c)

705
o

60B
€

fi)b t
Gi{oEI30t

m

l0

0

F.(tA\rEL lc.srio l. r@.srlo I rnwseao t rncsrwr I o^"

Paticle size innrm

SIEVEANALYSXS (Sio,eNo-) HYDROMEIER ANALYSXS (Cilrh Sire in m)

e e e e oa 8 I e
a d 6 !t- 66 = 6| o

=8Et5qqcioo

BHNo. kgend Sanple Depth (m) Sand sitt Clay Sp. Gr. MC:% Wo/s PLo/" TypeofSoil
BH.14 €+ D- 13 19.5 EI 5 0 rftyfnESAND
8H.15 *** D-l 1.5 8 73 l9 23.8 43 25 iiltyCIAY
BH- T5 D-4 6.0 x m 5 24.t !2 n IIEEyStr.T
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DEDtDrircID GRAIN SIZE TEST

PR(}IECT
SITE

su-soit rrsctigitim for co,mt of propmed lyetcr Treatment pht
Propccd Bengabandhu Sheikh Mujib Shilpo Neger,
Utsani, Chittegong

GRADATIONCT]RYE

100

90

80

70

fi

tl
GO

o
B
s
otriE

oo
o

A4

F.(ilAVEL IC.&$itD MED. SAND FINESAI\TD FINES/SILT CLAY

Particle size inmm

SIEVEAI.IALYSXS (SiweNo.) IIYDROMEIER.AI{ALYSB (Crrain Sia in m)

= e R 3 g-ee E R E aeoo

BHNo. Iegend Sample Depth (m) Smd sih Clay Sp. Gr. MCTo lLYo PLo/o TypeofSoil
BH. 15 +rD+ D- 10 ls.0 t5 t4 0 tftyrnBSAliID
BH.16 *** D-2 3.0 t2 72 l5 3t-4 3t 2t fEle;/SILT
BH- t5 aF+--+ D-4 5-0 g2 I8 0 fflryfAiIE SAI.ID

Tested by: 01,?.i

-
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DEDErf,rcIDffi GRAIN SIZE TEST

PR(XECT
SIIE

: s6{oil trvc*Artm for corsil. dPropmd wetcr Trcatment pht
: Proposcd Bmgabandhu Sheikh Mujib Shilpo Neger,

*ttsani, Chittegorg

GRADATIONCI}RVE

100

90

t0

m

60

!a
o
B

s
orla
oo
o&

tlo

30

m

lo
o

i,GXAVEL IC. SAND MED. SAND FINESAND FINBS/SILT CLAY

Particle size in mm

SIEVEAI{ALYSXS (SieyeNo.) ttYDROIi{ETm. AI{ALYSIS (Grain Sb in m[l)

e e e e oe t I E q 5 E B q EH d o * h€ - tt o cj .i ci ci o o

BHNo- lagend Sample Deprt (m) Sand silt Clay Sp. Gr. l,fiC/o llo/o PLo/o TypeofSoil
Bil{ - 16 *+ D- 12 18.0 92 3 0 ;ieyFSE SAI.ID

BH- 17 lt** D-l 1.5 I ?o 22 30.4 43 26 trlyCI^AY
BH. T7 +-+& D-E 12.0 &t I6 0 TftyFINES${D

Testedby: I ,hnlr\ (}.oXaW, z*- SIffiET tj OF Zl ATTACTIMENT-I
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DErlBe.tOIDffi GRAIN SIZE TEST

PRO.'EICT :srrB :
sub-soil rnvestigetim for conrt of proposcd weter Trcalment plrf,t
Proposcd Belgrbandhu Sheikli Mujib Shilpo Neger,
Mirserli, Cbittrgorg

GRADATIONCIIR\rE

100

90

m

70s
o

607
s

flIb
E

rE
4E

oo30t
m

l0
0

Particle size in mm

SIEVEAI{ALYSXS (SieveNo.) TIYDROMETER AITIALYSIS (Grah Sire in nm)

o e e e ee I I B q 5 H E E e

BHNo. Legend Sample Depth(m) Smd silt Clay Sp. Gr. MCP/o I-Lo/o PLo/o TypeofSoil
BH.lE <H D-it 6.0 l3 69 18 27.4 4l 25 ;&yCXAY

BH-18 rtrt* D-t2 18.0 tE t2 0 iityFINE SAND

BH.19 *=r+ D-3 4.5 lt 72 7 3t.4 40 26 iftyq-AY

SHEET 16 OF 23 ATTACHMENT.M
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D@rrcIDre GRAIN SIZE TEST

PR(}.IECT :
SITE :

sub-soil tnvesCIsafim for csffi. of proposcd waterTiealmentplant
Propoccd Bengabondhu Sheikh Mujib Shilpo Nager,
Mirsarai, Chittagpn&

GRADATIONCI}RYS

100

90

80

m

60

ta
o-
s
I
clE
coo
o

40

n
m

t0

o

Particle size in nrm

SIEVE AI{ALYSXS (Sieve No-} FTYDROMETER AI{ALYSIS (Grain Sb in mm)

I
o E E gE

eieioo

BHNo. tegend Sample @th(n) Saod sih Clay Sp. Gr. MCl/o lLo/o PLYo Type ofSoil
Blt - 19 * D-4 6.O 21 m 6 26.6 33 37 f,apySE-T
BH.19 fr** D- 14 2t.0 89 t! 0 tityFINE SAIID
BH.2O {.-!+ D-l I-5 IO 70 m 2A.3 42 a li*yCl Y

r"rt"dby, ghaA ch."m
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DEIEA.TIITW GRAIN SIZE TEST

FROJEICT
SITE

sub{ofl tsvestEdim forcon*. dpmpccd lyeter Ticarnert plif,t
Proposed Bengebmdhu Sheikh Mrjib Shitpo Negar,
Uinanl Cbittagong

GR.ADATION Ct]RYf,

to
or

!l
otr

EI
0

A*

Paticle size in rm

SIEVE AI{ALY$S (Sirre No.) IIYDROIvIE"IERAIIALYSII (ciain Sirc in m)

a 9 c o oo tq o t h€

Nxoo
5c?q
cico

fl)

lm

30

m

lo
o

BIINo. L€ged Sarple Deprt (m) Sand silr Clay Sp. Gr. MCl:/o lloh PLo/o Type ofSoil
BH.M * D-5 15 71 26 0 ;ftyrnGSAND
BH.20 fr** D- 12 18.0 87 l3 0 iihy FINE SAND

BII -?I {*+ D-3 4.5 42 5t 0 ledySILT

Testedbv: Yhnh Cll(fjkdbv: 4*-q slrEET tt oF 23 ATTACI{MENT-m
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DE&Ert. rcIDre GRAIN SIZE TEST

PROJECT :
SITE :

Sub{oil trrcsdgefion forComt of Propmed WatcrTrcatmat ptent
Proposod Bangabendhu Sheikh Mujib Shitpo Nryar,
Mirsarai, Cbittagong

GRADATIONCT]RYE

=to
o
B

s
o
tr

Ei

I
o

CL

Particle size in nrm

SIEVE AI{ALYSXS (Sieve No.) HYDROMEIER AI{ALYSE (Crain Sbe in mn)

e o o o oo I 8 E g = E E g E

BHNo. tsgpnd Sample Depth (m) Sand sitt Clay Sp. Gr. IMCo:/o llo/o ?Lo/o Type of Soil
BI{ - 21 --+-+ D- 10 15.0 83 n o fftyFnESi{M)
8H.22 ft** D-3 4.5 2t 73 6 27-4 32 27 kysySILT
BH-N *-rFl D-8 D.A 85 t5 o iihyFllilE 9${D

Tested by: PWt t Checked by, Z*- SHEET t9 OF 23 AIrACHMENT - m

8l



DEDIDrEtOIDre GRAIN SIZE TEST

PRT}IE'CT
SITE

ftb-soil rwesigrtim for const of Propocod weter TreatuGnt ptrrt
Proposcd Bengabandhu Sheikh Mujib Shitpo Nager,
mnarei, Chittagong

GRAI}ATION CT'RYE

r(n

90

t0

m =oo
o,
5
otr6
oo
o
e*

Prticle size in rm

SIEVEAI{ALYSE (SierrcNo.) I{YDROMETER AITIALYSE (Crrain Sia in m)

Y = I sReE E R 3 3 = -E E E 3

i. GRAI/EL C. SAND MED. SIND FINE S/IND FINES/SILT CI.AY

BHNo. Lcgend Sample Depth (n) Smd silr Clay Sp. Gr. Ntcgh ILo/o PLo/o Type ofSoil
8H.23 -*+ D-11 t5.5 t6 14 0 ;i*yFSESAI{D
BH-24 **t'r D-2 3.0 7 71 n 2tA 43 25 ;ifryCLAY

Tested by : )W[., ChqkAAy: ,48-, Stlfi*, * * ,3 ATTACHMENT_E
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DEDErf,llOIEre GRAIN SIZE TEST

PR{}.ITST
SITE

srb-soil rrvcstiFtim for coffi. of prnpoced ryetcr Treelmat plmt
noposeA kngrDordliu Sheilli Muiib Seilpo Neger,
tUirsemi, Chittagong

GRADATION CI]RYE

100

90

m

mE
o

fiB
-$E tE

40E
oo

30&
xt

l0
o

Prticle size in nrm

SIEVEAI'IALYSEi (SieveNo) AI.TALYSIS (Gnin Sirc in m)

o a e o oo tN 6 + b6 =8E5qq
cioo

BHNo. Legend Samplc Depth (m) Sed sih Clay Sp. Gr. MC96 l-I-o/o PLo/o TypeofSoil
Igl-z, .}{+ D-1 6.0 67 33 0 ;ftyrn$sAttl)
BH-24 t'r** D-t t2.o 92 8 0 tftyFINESAND

"rowW, ?hrrll. ai@ 5HEET 2l oF 23 ATTACHMENT-*
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"K(}'ECTSIID
S{oft IsUiXic k Hge Corrtrdiu.
AzmpurRfurcrmsirysie.

GRAI}ATIOIII CT'RVE

=!e
o
B
€
q
tE
g
o
o
A

ffisize innmr

IIYDftOiffi,IER AIIIALffiIS (fratu s;* in m)

;. F E aes€ E e E E = E 
= 

3 E

BIINo. t&grrrd sme D@(n) sd sih ClilJr Sp-e- }[lC!/" tL% PL7". TyBcdsoil
8H.25 .tH D-3 4-5 ,2 7S lt yI-6 s D, *yCLIY
mI-25 *** D-6 s-0 72 8 I ferrniESAIE)
BII.25 a--+ D-r:t t&B t7 t3 o E!.ruESltliE,

TesEdby: Ql
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DEt*JI.fil3

txrect
grE

: S.fidHt&ktiftctursrh.
: Auryr*futrl&rnig!*t.

G*AI}Affi}HCIIRYE

sl
G'
e
F
-&gq
ai-o
c
e*

hrtiebsb in m

S?EADGALffi tSiarEh., it{lI-}lS6frr;s?iE}

y,,F.F.e3e8E 3aE E 
= 

g= 5g

IfHNor I'Brrqd fuf*e DGIfr@) hd st Ary S-fr- tm6 IIx rlx TJEEdSoil
XH.E D-/. 6' 5T :Il ! ftrEE:sf,tD
BI-'6 *** D-5 9-0 fr 6I 5 w ,, x IrcysT
EI-26 B.rrs ur-o t4 16 o ftrrEsat*}

STEET B S 23 ATIACffiffiF{T.M
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Project: Sub-Soil Investigation of Proposed Intake Site at Osmanpur,
Water Treatment Plant Site near Tekerhat Biauzar and Azompur
Khal Crossing at Mirsarai, Chottagram.
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Water Treatment Plant Site near Tekerh at Bazar and Azompur
Khal Crossing at Mirsarai, Chottagram.
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Project: Sub-Soil Investigation of Proposed Intake Site at Osmanpur,
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Khal Crossing at Mirsarai, Chottagram.
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Project: Sub-Soil Investigation of Proposed Intake Site at Osmanpur,
Water Treatment Plant Site near Tekerhat Bazar and Azompur
Khal Crossing at Mirsarai, Chottagram.
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Project: Sub-Soil Investigation of Proposed Intake Site at Osmanpur,
Water Treatment Plant Site near Tekerh at Blazar and Azompur
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