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Abstract 

Halda river is one of the most important natural carp spawning grounds in Bangladesh and 
has long been the major source of naturally produced carp fry for pond culture in much of the 
country. There are several factors that are thought to have been responsible for continuous 
reduction in spawning and consequently in egg collection. These include flow reduction in 
the river during spawning season because of a number of water control structures 
implemented across different tributaries, straightening of ox-bow bends, industrial waste 
discharge, salinity intrusion etc. This study was carried out to investigate the status of 
different water control structures and their functions across different tributaries, to analyze 
the impacts of major water control structures on fresh water flow to Halda river and to gather 
the perception of the egg collectors about the impact of the modified runoff from the streams 
on the Halda river ecosystem.  A socio-technical approach was followed in the study. The 
status of major water control structures was assessed by direct observation during field visits, 
purposive interviews and a number of Participatory Rural Appraisal (PRA)tools, including 
Key Informant Interviews and Focus Group Discussions (FGDs). Rainfall-runoff analysis 
was conducted for the basin using an off-the-shelf hydrologic model, HEC-HMS, to estimate 
relative flow contributions from different sub-catchment areas of hill stream tributaries.  
Perceptions of the fishermen or egg collectors about the impact of reduced flows from 
different tributaries were gathered through several FGDs and Timeline Analysis conducted 
with them.  

It is found that the major contributors to the main Halda river were Dhurang (15.1% ~ 6.9%), 
Kutubchari (11.7% ~ 7.8%), Lelang (10.8% ~ 7.5%), Sarta (10.8% ~ 7.4%) and Boalia 
(11.9% ~ 6.1%). Except these individual streams, the streams that were obstructed under 
Karnafuli Irrigation Project – Halda Unit (22.9% ~ 16.7%) and Bhujpur Rubber Dam (20.7% 
~ 17.4%) contribute a considerable amount of flow to the river. The water control structures 
that were constructed under different projects to store water for dry season irrigation have no 
specified operational rules.  Most of the structures are non-functional or blocked that 
aggravates drainage congestion during monsoon. The functional structures are maintained 
manually. Complete flow obstruction during dry season for irrigation (December to May), 
which overlaps the carp spawning time (April to June), means that sufficient flow is not 
available in Halda river during pre-monsoon thunderstorms, a favorable condition for Halda 
spawning. Comparison of timing of construction of water control structures (e.g. Dhurang 
weir, WCSs under Karnafuli Irrigation project, Boalia regulator, Mondakini WCS etc.) with 
reduction of carp spawning clearly revealed that carp spawning has reduced substantially due 
to flow reduction in the river, and this is the most important factor. The popular perception 
that straightening of oxbow bends was the one most significant factors behind reduction in 
carp spawning was found questionable; straightening did have negative impact, however, to a 
lesser extent compared to the impacts caused by the reduced flow contributions from the 
tributaries.  In order for carp spawning to be improved, the functionalities of different water 
control structures need to be restored and operational rules need to be established to operate 
the sluice gates and regulators for the major tributary streams (e.g. Dhurang, Kutubchari, 
Lelang, Boalia etc.) as well as the rubber dam at Bhujpur. In sum, there needs to be a balance 
between irrigation water use and release of fresh water from important tributaries to the main 
Halda River. 
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Chapter One 

Introduction 

1.1 Background 

Halda is a meandering river which originates from the northern hilly region of Bangladesh. 

The river has its catchment area entirely within Bangladesh (BWDB,1987). It originates from 

the hill range of Khagrachari and flows over three Upazillas of Chittagong district - 

Fatikchari, Hathazari and Raozan Upazillas, before finally falling into the river Karnafuli 

(DoFB,1978). The river receives its inflow from several hilly streams coming down from 

Shitakunda hill range on the right side of the river and from the Northern hilly region on the 

left side of the river (CEGIS, 2004). The major tributaries of this river are Dhurang, Telpari, 

Mondakini, Lelang and Sartea Khal (DoFB, 1978). The River flows in zigzag pattern and has 

its width varying from 75 m to 210 m (Tsai et al., 1981) with length of approximately 88 km 

(Ali & Fisher, 2011). Halda is a tidal river and its tidal influence exists up to Nazirhat Rail 

station, which is about 40 km upstream of the Halda-Karnafuli confluence (BWDB, 1987; Ali 

& Fisher, 2011). Halda is an important river from ecological perspective; the river is one of 

the most important natural carp spawning grounds in Bangladesh and has long been the major 

source of naturally produced carp fry for pond culture in much of the country (Tsai et al., 

1981; Kibria et al., 2009). 

A number of hydro-morphological and environmental factors had made the Halda river a 

favorable place for spawning of brood carp (the main source being the Karnafuli river) during 

a period from April to June. The 10 km stretch from Satterghat (Near Chittagong – 

Rangamati Road Bridge) to Madunaghat (Near Chittagong – Kaptai Road Bridge) is known 

as fish sanctuary. The major Carps like Ruhi, Katla, Mrigel and Kalibaush start to migrate 

from the river Karnafuli to Halda at the first of Bangla month Falgun (Mid of February). 

With favorable hydro-morphological and environmental conditions of the river these carps 

spawn within mid of April to mid of June. One of the most important hydro-morphological 

factors for carp spawning is the pre-monsoon and early monsoon flood flow coming down 

from the hilly tributaries. Many of the other important hydro-morphological and 

environmental factors such as velocity, water depth, turbulence, upwelling, turbidity, 

dissolved oxygen, pH and (cold) temperature are directly related to the amount of runoff from 

the hill areas (Tsai et al., 1981).  Spawning has mainly been found to occur at high tides. The 
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high flood flow coincides with high tide and cause the water level to rise. The direction of 

flood flow and tidal flow are opposite that reduce the velocity of flow in the river. The flood 

flow that comes down from hills carries loose sands and other dusts and materials which 

increase the concentration of organic matter in the water. Hence the turbidity of the water 

also increases. The increased organic matter and turbidity decrease the amount of dissolved 

oxygen in the river. Turbulence and upwelling in the river also reaches its maximum. The air 

and water temperature decreases and pH of the river water also decreases. This phenomenon 

along with thunderstorm triggers the carps to spawn.  

However, various anthropogenic activities have had adverse impacts on the Halda river 

ecosystem over the years. The amount of spawning has continuously decreased from 4000 kg 

of fry in 1945 to about 70 kg in 2008 (Kibria et al., 2009). 

The spawning ground of major carps in the Halda river had long been known to be at a 

number of oxbow bends that were present along the Halda river. The deep pools at the 

curvatures and adjacent areas in the oxbow-bends were sites for the spawning (Tsai et al., 

1981; Ali et al., 1974). Canalization of oxbow bends, which had taken for the last one 

hundred years, has been considered as one reason for the reduction of spawning.  The last 

bend at Khagotia was straightened up in 2002 (Kibria et al., 2009). The straightening of the 

bends decreased the favorable places and caused the velocity to increase for which spawning 

is now believed to be scattered over a larger length of the river, often posing difficulty to the 

egg collectors to collect eggs (Tsai et al., 1981).  

However, one of the most significant concerns in recent times is the reduction of pre-

monsoon and early monsoon flow contributions from the hilly streams. BWDB took a 

number of projects over the years in the Halda river basin.  These include the Halda Unit of 

Karnafuli Irrigation Project (BWDB, 1986), Halda Irrigation Extension Sub-Project (BWDB, 

1987) and Halda Parallel Khal Project (which was taken up to implement the unfinished 

components of the extension sub-project) (CEGIS, 2004).  There have also been several other 

smaller projects in which many of the hill streams have been blocked by water control 

structures (e.g. regulators, sluice gates and weirs) in the mouth of the streams for dry season 

irrigation.  This has hampered the flow from the hilly region downstream, which has been 

exacerbated by the fact that many water control structures are not functioning properly 

(Kibria et al., 2009). This has also increased the potential of increased salt water intrusion in 

the Halda river. 
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The Government took a five-year project in 2007 named “Halda Restoration Project”. The 

objectives of the project included river dredging, repairing existing sluice gates, 

establishment of fish sanctuary in certain river reach, and preserving the brood (mother) fish. 

However, the role of some of the proposed components in improving the situation was not 

very clear (Kibria et al., 2009). Other anthropogenic activities that have been reported to have 

negative impacts on Halda ecosystem are over fishing of brood fish, massive sand lifting and 

industrial waste water discharge into the river.  

1.2 Objectives of the study 

In the backdrop of the anthropogenic impacts on Halda river flow and in turn on Halda river 

ecosystem as discussed above, this thesis research was formulated from the perspective of 

water resources management in the Halda River. The central research question was framed 

as: “What are the impacts of different water infrastructures on fresh water flow to Halda river 

and what are the perceptions of egg collectors about these impacts on the Halda river 

ecosystem?”  

The specific objectives of the study were as follows: 

1. To investigate the status of different water control structures and their functions. 

2. To analyze impacts of major water control structures on fresh water runoff to Halda 

river. 

3. To gather perception of the fishermen (egg collectors) about the impact of modified 

runoff from the streams on the Halda ecosystem. 

The answer to the above questions were expected to provide baseline information on Halda 

river water systems and help to formulate future strategies for integrated management of 

Halda river and preservation of its ecosystem.  

1.3  Scope and limitations of the study 

River ecosystem implies a broad range of ecosystem characteristics. In this thesis, Halda 

ecosystem (as it appears in the thesis title), refers to Halda “river” ecosystem, and the carp 

spawning phenomenon has been taken as a surrogate or proxy for Halda river ecosystem.  

The study was focused on investigating the impact of modified runoff of Halda river over 

carp spawning. The scope of the study was thus limited to the impact of water control 

structures on river flow and how it has affected the carp spawning. There are several other 

reported causes like massive sand lifting, pollution, industrial waste discharge, salinity 
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intrusion in the river etc. However, the other causes of reduction of the carp spawning were 

not within the scope of the present study.  

Land use considered in the study area was based on the recently available data of year 2012. 

This may cause some error while calculating runoff for the years earlier than that. 

1.4  Outline of methodology 

The status of major water control structures was assessed by direct observation during field 

visits and purposive interviews and focus group discussions (FGDs) with the local people.  

Important information were collected on the condition of the structures and their operations. 

Seasonality mapping was conducted to find out seasonal variation of water level, crop 

production and carp spawning, and resource mapping was conducted to find out locations of 

different important structures including water control structures. Timeline analysis, a 

Participatory Rural Appraisal (PRA) tool, was used to map the status of the structures over 

the years since their construction.  Key Information Interviews with Bangladesh Water 

Development Board (BWDB) officials also provided necessary information in this regard.   

To analyze the relative impacts of major water control structures of different projects on 

Halda river ecosystem, rainfall-runoff analysis was conducted for the Halda river basin.  The 

basin and different sub-basins (of different tributary streams) were delineated using existing 

river network maps and GIS analysis of DEM data (freely available high resolution satellite 

image data such as, SRTM).  Hydro-meteorological data were collected from Bangladesh 

Meteorological Department (BMD) (rainfall) and Bangladesh Water Development Board 

(BWDB) (rainfall, water level and discharge).  Rainfall-runoff analysis was conducted for the 

basin using an off-the-shelf hydrologic model, HEC-HMS (US Army Corps of Engineers, 

2000) to estimate relative flow contributions from different sub-basin areas of hill stream 

tributaries.  

Perceptions of the fishermen or egg collectors (who have been in this profession for a long 

period of time) about the impact of the modified runoff from the streams on the Halda 

ecosystem were gathered through a number of FGDs conducted with them at different points 

along the Halda river reach.  Timeline analysis was also conducted with the egg collectors to 

find out how different structures have impacted the Halda river ecosystem (with carp 

spawning phenomenon as proxy) over the years. 
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1.5  Organization of the thesis 

Chapter two provides a brief description of the study area including its climate, topography, 

physiography and geology, land use and the river system. It also includes a brief description 

of different interventions, including the irrigation and flood control projects implemented in 

the Halda. Chapter three presents the eco-hydrological considerations of the river. The 

importance of eco-hydrological consideration of Halda, hydro-morphological and 

environmental requirements for carp spawning and depletion of ecosystem for human 

interventions are described in this chapter. Chapter four presents the rainfall-runoff analysis 

for Halda river. It provides detailed discussion on secondary data collection, catchment 

delineation and model preparation using HEC-HMS software. Chapter five presents impact of 

water control structures on fresh water flow of Halda. It incorporates simulation results for 

different years and estimation of flow contribution from different streams. This chapter also 

includes a description of the primary data collection procedure for the study area using PRA 

tools, presents field observation for different water control structures and summarizes the 

output from field study. Chapter six presents the impact of modified runoff on carp spawning. 

It includes changes in the carp spawning process and historical changes in egg collection 

derived from the perceptions of egg collectors. The information found from secondary 

sources, rainfall – runoff analysis and field survey are integrated to interpret the impacts of 

modified flow on carp spawning. Conclusions with some recommendations are presented in 

Chapter seven.  
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Chapter Two 

Study Area 

2.1 Introduction 

The area under consideration for this study is the catchment of Halda River. To find out the 

impact of different water control structures on river ecosystem and natural flow condition as 

well as flow requirement of the river for healthy river ecosystem it is necessary to know the 

present biophysical conditions of the catchment.  

2.2 Location 

The location of Halda river catchment is shown in Figure 2.1. The catchment of the river is 

surrounded by Shitakunda hill range on the west and Chittagong hill tracts on the east. It 

originates from Badnatali hill of Ramgarh Upazilla of Khagrachari District and flows over 

Fatikchhari Upazilla, Hathazari Upazilla, Raozan Upazila and Chittagong Kotwali Thana, 

which form its basin. It falls into the river Karnafuli at Kalurghat (Banglapedia, 2012). The 

river is 98 km long (Kibria et al., 2009). It has a very turbulent tributary named Dhurung, 

which joins with the river at Purba Dhalai about 48.25 km downstream. The river is 

navigable up to 29 km from its outfall with big boats i.e. up to Nazirhat and 16-24 km further 

by small boats from Nazirhat. This place is called Narayanhat (Banglapedia, 2012).  

             

                             (a)                                                                           (b) 

Figure 2.1: Location of the study area. 
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The river is flashy and perennial with a catchment area of about 1727 square kilometer 

(measured and categorized from the delineated catchment for the selected area). The 

catchment of the river spreads over Ramgarh, Manikchari and Lakshmichari Upazillas of  

Khagrachari District; part of Betbunia-Kawkhali of Rangamati District and Fatikchari, 

Hathazari and Raozan Upazillas of Chittagong District.  

2.3 Climate 

The weather of this region is characterized by tropical monsoon climate. The mean annual 

rainfall is 2935 mm in the north-east and 2670 mm to 3325 mm in the south-west. The dry 

and cool season is from November to March, pre-monsoon season is April-May which is very 

hot and sunny, and the monsoon season is from June to October, which is warm, cloudy and 

wet. In the summer the mean monthly maximum temperature is 37.78°C whereas in winter 

the mean minimum is 10.61°C. The relative humidity in the study area varies from 62% to 

85%. Table 2.1 presents meteorological data taken from the nearest station of Chittagong city 

and Shitakunda upazilla. 

Table 2.1: Meteorological data of the study area. 

Source of data: BWDB, 1996   

2.4 Topography 

The area consists of mostly hilly areas with some flat terrain. The slope of the area varies 

from west to east and also from north to south. The area has been divided into several parts 

by the regional highways that run through the area. The Chittagong – Rangamati road which 

runs through east – west direction divide the area into two parts in north-south direction and 

the Chittagong–Khagrachari road (Known as Ramgarh Road) running through approximately 

Parameters Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Mean daily 
max  Temp 
(°C) 

25.98 28.11 30.7 31.8 32.21 31.07 30.48 30.86 31.43 31.32 29.59 26.89

Mean daily 
min Temp 
(°C) 

13.12 15.63 20.2 23.6 24.81 25.32 25.19 25.17 25.13 23.72 19.52 14.71

Mean 
monthly 
relative 
humidity (%) 

69.00 64.75 69.0 73.8 75.75 82.25 84.75 84.00 81.25 78.75 75.00 72.50

Wind Speed* 
(km/hr)  

3.875 4.55 6.5 9.16 8.605 9.875 9.985 8.975 6.57 4.395 3.255 3.42 

Mean 
Rainfall 
(mm) 

4.38 26.73 69.0 169.7 291.6 585. 9 733.7 510.2 279 197.9 56.95 10.48
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in north-south direction divides the area in east-west direction. The northern part of 

Chittagong-Rangmati Road is relatively steeper and southern part is relatively flatter. The 

western area of Chittagong – Khagrachari road, which is adjacent to Shitakunda Hill range 

has steep slope and the eastern part is relatively flatter. The slope varies steeply from west to 

east and gently from north to south. The elevation of the area varies from about 30m to about 

2m. There are several streams which cross the area in east west direction. These streams carry 

huge flood flow with sediments in the river every year (Tsai et al., 1981).  

2.5 Physiography and geology  

The area situated on Indo-burman ranges, which are the westernmost morphological unit in 

Myanmar are extended into Bangladesh and represent the accretion wedge formed by Late 

Mesozoic through Paleogene–Neogene geosynclinal sediments with regional transitions into 

shallow- water sediments with molasse characteristics (BWDB, 1987). As can be seen in 

Table 2.2 and Figure 2.2 the physiography of the area is dominated by Chittagong hill tracts 

which constitutes 99.82% of area and rest of the area are represented by delta flood plain and 

coastal plain (PSU, 2011). 

Table 2.2: Physiography of the Study area 

 

 

 

 

 

 

     Source of data: PSU, 2011 

 

Sl No. NAME Area (sq.km) % of Area 

1 Delta (Tidal) 0.43 0.03% 

2 Delta (Tidal) 1.60 0.09% 

3 Coastal Plain 1.02 0.06% 

4 Chittagong Hill Tracts 1724.01 99.82% 

  Total 1727.06 100.00% 
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Figure: 2.2: Physiography of Halda Catchment Area (PSU, 2011) 

BGS (2011) provides a good description of geology of the study area. As can be seen in 

Table 2.3 and Figure 2.3, the geological formation of the area mainly consists of Dihing 

Formation (30.78%), Valley alluvium and colluvium (24.23%), Dupi Tila Formation 

(20.18%), Boka Bil Formation (11.25%), Tipam Sandstone (10.78%), Bhuban Formation 

(2.23%) and Girujan Clay (0.47%). Dihing and Dupi tila formation which is from Pleistocene 

and Pliocene stage constitutes all together 50.96% of the total area and has lithological 

characteristics of yellow to yellowish grey massive, fine to medium sand stone and clay stone 

or sticky clay. Valley alluvium is from Holocene stage which consists of silt, sand, gravel and 

clay. Boka bil and Tipam sandstone both are from Neogene stage. The lithology of Boka bil 

is Greenish to bluish grey and yellowish grey marine pyritic shale, siltstone and very fine to 

medium grained sandstone and marine fossils, while for Tipam sandstone it is light yellow to 

yellowish grey, grey, brownish grey and orange colored fine to medium grained pebbly 

sandstone, siltstone and shale. Only 2.23% of the area has grey to bluish grey fine to medium 

sandstone, siltstone and claystone from Miocene stage and 0.47% of the area has Grey to 

greenish grey, red mottled, silty shale, shale and claystone from Pleistocene and Neogene 

stage (BGS, 2001). 
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Table 2.3: Geological formation of the Study area 

Sl No. Geological Formation Area (sq.km) % of Area 

1 Dihing Formation (Pleistocene and Pliocene) 531.67 30.78% 

2 Valley alluvium and colluvium 418.42 24.23% 

3 
Dupi Tila Formation (Pleistocene and 
Pliocene) 348.45 20.18% 

4 Boka Bil Formation (Neogene) 194.30 11.25% 

5 Tipam Sandstone (Neogene) 186.10 10.78% 

6 Bhuban Formation (Miocene) 38.59 2.23% 

7 Girujan Clay (Pleistocene and Neogene) 8.07 0.47% 

8 Water 1.46 0.08% 

  Total 1727.06 100.00% 
Source: PSU, 2011 
   

 

Figure 2.3 Geological features of the study area (PSU, 2011) 

2.6 Land use 

The catchment area consists of seven upazillas of three districts. GIS analysis for the 

catchment area based on relevant GIS maps from LGED and BARC (LGED, 2012; BARC, 

2004) reveals that three major land use categories are prominent in the catchment area which 

are – agricultural, forest and settlement. It is found that forest and cultivable land cover 

almost 90.49% of the total areas excluding water body and the remaining 9.28% of the area 

are used in other activities (mostly settlements). Around 46.24% of the area is agricultural 
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land and 44.48% of the area is forest. The total cultivable land in the area is 796.56 sq km, of 

which 36.88% land are used as single cropped, 51.04% as double cropped and 12.07% of the 

area for treble cropped production (LGED, 2012; BARC,2004).  The land use pattern in the 

area is presented in Table 2.4. 

Table 2.4: Land Use Pattern of the Study area 

District Upazilla 
Total 
Area 

(sqkm) 

Agricultural 
Area (%) 

Forest 
Area (%) 

Settlement 
Area (%) 

Chittagong 

Baizid 
Bostami 

1.22 39.68% 36.03% 24.29% 

Chandgaon 0.09 77.15% 0.00% 22.85% 

Fatikchhari 782.04 47.93% 45.46% 6.61% 

Hathazari 287.48 46.74% 35.68% 17.58% 

Khulshi 0.00 32.97% 42.48% 24.55% 

Mirsharai 0.68 25.92% 70.07% 4.02% 

Rangunia 0.62 53.84% 21.46% 24.70% 

Raozan 159.24 66.39% 12.33% 21.27% 

Sitakunda 5.44 28.15% 55.76% 16.09% 

Chittagong Total 1236.80 49.93% 38.96% 11.12% 

Khagrachari 

Lakshmichhari 224.09 42.83% 53.15% 4.02% 

Mahalchhari 10.27 25.89% 70.24% 3.87% 

Manikchhari 169.34 23.29% 72.77% 3.94% 

Ramgarh 28.32 25.63% 70.40% 3.98% 

Khagrachari Total 432.03 33.64% 62.38% 3.98% 

Rangamati 

Betbunia-
Kawkhali 

43.00 67.89% 20.87% 11.24% 

Nannerchar 10.99 41.33% 55.32% 3.35% 
Rangamati 
Sadar 

0.00 82.13% 17.34% 0.53% 

Rangamati Total 53.99 62.49% 27.88% 9.63% 

Grand Total 1722.82 46.24% 44.48% 9.28% 
Source of data: LGED (2012) and BARC (2004) 

2.7 River systems 

Figure 2.4 shows presents a schematic of the river network of Halda river catchment, 

historical locations of ox-bow bends and locations of major projects. Halda is a flashy river 

consisting of several tributary streams from adjacent hilly areas feeding into the river. The 

river is tidal in nature. Tidal influence exists up to Nazirhaat Railway Station (BWDB, 1987) 

which is 40 km from the outlet of Halda (Ali et al., 2011). This is a vital feature for this river. 

It is an important factor for carp spawning in Halda (Tsai et al., 1981). Considering diurnal 

tidal fluctuation, two major irrigation projects have been implemented here, namely, 
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Karnafuli Irrigation Project Halda Unit (BWDB, 1986) and Halda Irrigation Extension Sub-

Project (BWDB, 1987). 

 

Figure 2.4: Schematic diagram showing stream network, historical location of ox-bow bends 
and location of different irrigation projects in lower Halda. (Digitized from BWDB Karnafuli 
Irrigation Project and Halda Irrigation Extension Sub-project maps and satellite image from 
Google Earth) 



13 
 

Different hilly streams or charas coming down from Shitakunda hill range and Khagrachari 

hilly area contribute substantial flows to the river. The major tributaries are Dhurang, Telpari, 

Lelang, Sartea and Mondakini (BWDB, 1986). Except these streams, there are several other 

streams which also provide significant contribution to the river flow. Kutubchari, Fatikchari, 

Harualchari, Baramasia, Harina, Boalia etc. are some of such important streams. There are 

eleven streams coming down from Shitakunda Hill range, whichare connected with Boalia 

Khal before finally falling into Halda. These are Lalmatia, Charia, Balukhali, Ichamati, 

Kumari, Bila, Chomati, Sonai, Dholai, Cheng and Hath Khal. There are also several other 

smaller streams contributing to these streams. It has been reported that there are 33 streams 

that act as tributaries for Halda river (BWDB, 1987).  

2.8 Project infrastructure 

Bangladesh Water Development Board has taken several projects to enhance agricultural 

production in this area since 1960s. In addition to these massive irrigation projects, several 

other smaller schemes have also been implemented in this area. The brief descriptions of 

important projects are provided below. 

2.8.1 Karnafuli Irrigation Project (Halda Unit) 

BWDB undertook Karnafuli Irrigation project for providing irrigation, flood control and 

drainage facilities to the farmers. The project period was 1975-76 to 1985-86. The total cost 

of the project for Halda and Ichamati Unit was BDT 480.5 million. The net agricultural land 

under Halda unit is 15390 ha. The area under Halda unit is situated on the wide, flat plains of 

the lower Halda and includes parts of Raozan and Hathazari upazilla of the Chittagong 

district. The area is bordered by the Karnafuli river and Bariakhali-Nazirhat road on the west, 

Hathazari – Rangamati road on the north and surrounding hills on the east. The gross area of 

the unit is about 19,440 hectares. Most of the area is criss-crossed by a number of khals 

including Kagatia, Magdal, Baruakhali, Had, Boalia, Chengkhali, Parakhali, Madari and 

Sonai.  

The project was designed to provide a dependable irrigation water supply to existing 

agricultural lands and expand irrigation facilities to additional new areas. The objective of the 

project was to provide irrigation using diurnal tidal fluctuation in the river. Water control 

structures were built at the outfalls of streams. During high tide, when the water level in the 

river is higher than in the streams, the water flows through the gates from the river to the 

streams which is used for irrigation. On the other hand, when water level in the streams are 



14 
 

higher than the river the water flows from streams to the river to provide sufficient drainage. 

This was the initial concept of the project.  

Earlier in the area, khals conveyed excess water to Halda, which were backed up during high 

tides. Large portion of the area were thus flooded several times during one monsoon and 

suffered from drainage congestion which caused damage to standing crops and plants with 

consequent reduction/loss of crop yields. To minimize this loss excavation and re-excavation 

of a network of channels and khals was done. The project also includes construction of outfall 

regulators, checks, control structures and construction of flood protection embankments that 

would provide protection of the project area from flooding and drainage congestion ensuring 

full benefits of irrigation and improved agricultural practices. There were huge infrastructures 

built under this project, which included 18 gated regulators at the outfalls of khals, 4 

navigation lock, 1 regulator cum navigation lock, 134.35 km channel improvement, 5.632 km 

flood protection embankment, 10 checks, drain, drops and inlet structures, 91.46 m bank 

protection, 2 check structures at Hath khal, 2 pumping plants and 10 bridges and culverts. 

Fisheries development program was supposed to be carried out by the Fisheries Department 

of GoB separately. After completion of the project there were several components which still 

remained incomplete due to shortage of funds. These included construction of flood control 

embankments, pumping stations etc. 

From the evaluation study of Karnafuli Irrigation Project (1986), it is found that due to 

change in government policy, the overall operation and maintenance process of the project 

was changed. It caused serious impact on the whole project. There were issues like 

unconstructed field channels, improper drainage through regulators and sluice gates, lack of 

water supply, lack of electricity supply, high cost of the pump and lack of mechanics for 

repair and maintenance. There were other issues that negatively impacted the success of the 

project. It was also reported that the farming activities in the area increased whereas the fish 

production of the area overwhelmingly decreased (BWDB, 1986). 

2.8.2 Halda Irrigation Extension Sub-Project 

Halda Irrigation Extension Sub-Project is an important project of BWDB in the study area. 

The objective of the project was to increase agricultural production by reducing crop losses 

due to flash flood and by increasing land area under high yielding crops. It is the extension of 

the existing Karnafuli Irrigation Project Halda Unit. The cost of the project was 58 million 

US dollar (BWDB, 1987). The area is situated from 25 km of the North of Chittagong city 

and east of Halda river in Hathazari Upazila. Part of Meakhol, Hathazari and Dholoi Unions 
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and Charia and Mirzapur Unions of Hathazari Upazila are within the project area (BWDB, 

2011). The length of the area is 21.5 km from Nazirhat in the north to Chikandanga in the 

south and the gross area is 4230 ha (BWDB, 1987). The area covered by this project is 2820 

hectare. Net cultivable area is 1956 hectare and total irrigable area is 1820 hectare (BWDB, 

2011). It is traversed in the north – south direction by the Chittagong – Nazirhat – Rangamati 

road and the Chittagong – Nazirhat railway. The Western boundary is formed by the 

Shitakunda Hill range and the eastern boundary is formed by the Halda West Unit. The area 

is also traversed by 12 streams in the east-west direction. Most of them are connected with 

Boalia Khal which finally falls into the Halda River (BWDB, 1987). The construction of this 

project was started at 1987-88 and declared completed in 1993 (CEGIS, 2004).  

The concept of the project was to supply water in the Boalia khal by pumping from the river 

Halda. A regulator was built at the outfall of Boalia. During dry season, pump was used to 

supply water into the khal from river. A canal was constructed from boalia to westward 

direction. This is called low level canal. The water pumped from the river to Boalia Khal was 

supposed to be supplied in this canal. Due to high elevation of the command area another 

pumping station was built near Nazirhat railway station, which helped to lift water at higher 

elevation. The canal after this pumping station is called high level canal. From the end of this 

high level canal there were supposed to be two supply canals in north and south directions. 

Water pumped to high level canal was supposed to flow through these two canals and be 

distributed to the fields by the field channels. To separate the north and south supply canals 

from hilly streams, siphons were constructed (BWDB, 1987). However, the construction of 

south supply canals, field canals etc. remained incomplete after the end of the project. Major 

infrastructure constructed and developed under this project include one Re-lift Pumping 

Plant, one high Pumping Plant, 2 siphons, 9 siphon cum bridges, 14 check structures, 13 

drainage outlets, 8 irrigation outlets, 2 aqueducts, 26 bridges, 6 culverts, 32.76 km Irrigation 

dikes,  16.43 km irrigation canal, 44.37 km drainage canals and 25.83 km secondary canals 

(BWDB, 2011).  

2.8.3 Halda Parallel Khal Project 

This project was taken to activate Halda Irrigation Extension Sub-Project. Halda Parallel 

Khal Project was taken in 2004. The purpose of this project was to construct the incomplete 

components of the Halda Irrigation Extension Sub-project and to activate it so asto provide 

benefits to the inhabitants (CEGIS, 2004).  
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2.8.4  Dhurang Irrigation Project 

This project was taken to provide irrigation facilities in 1953-54 and the work was completed 

in 1962-63. The area is situated at a distance 45 km from the North of Chittagong city in 

Fatikchari Upazila. The area covered by this project is 1956 hectares in Sundarpur, 

Doulatpur, Rosangiri, Shomitir Hat and Dhurang Unions of Farikchari Upazila. Net 

cultivable area is 1956 hectares and total irrigable area is 1012 hectares. Embankments were 

built on the two sides of the khal, which protect the adjacent area from flood and also 

improve the connectivity of the village area. Major infrastructures of the projects include one 

9-vent weir, 22.14 km long irrigation canal, 12 check valves and one 2-vent regulator. The 

objective of the project is to supply water during dry season to enhance agricultural 

production. Before the project there was no agricultural production during dry season. A weir 

was constructed under this project to divert the flow to another channel named old Dhurang. 

It has been possible to supply irrigation water during dry season and it is now possible to 

produce crop three times a year. More than 4500 metric ton crop production can now be 

ensured which has market price of more than 30 million taka (BWDB, 2011).  

2.8.5 Lelang Upper/Lower Water Control Structure 

Lelang Upper/Lower Water Control Structures are projects that were initiated to provide 

irrigation facilities at Lelang Union in Fatikchari Upazilla. One of these two structures was 

constructed at relatively upstream of the other one. The area is situated at 55 km from the 

North of Chittagong city in Fatikchari upazila. The area covered by each of these projects is 

283 hectare. Net cultivable area under each of the project is 283 hectare and total irrigable 

area is 202 hectare. The objectives of these projects were to provide irrigation during dry 

season, to enhance agricultural production and to control flood in the project area. With these 

projects it is possible to supply irrigation water during dry season, and consequently 

agricultural production increased to great extents.  

Embankments were built on the two sides of the khal, which protect the adjacent area from 

flood and also improve the connectivity within the village area. The major infrastructures for 

each of the projects include one sluice gate, 7-8 km long irrigation canal, 16 km embankment 

and a 10-vent regulator (BWDB, 2011).  

2.8.6 Baramashia Water Control Structure 

The project is situated in Baramasia of Narayanhat Union. The area is located at 70 km from 

the North of Chittagong city in Fatikchari Upazila. The stream which is the source of 
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irrigation water is also known as Baramasia khal. The gross cultivable area under this project 

is 283 hectare and total benefitted area is also 283 hectare. Like other irrigation scheme, the 

main objective of the project was to provide irrigation during dry season. Two 10-vent sluice 

gates were constructed under this project to store water during dry season for irrigation. By 

doing this it is now possible to produce crop three times a year. Total length of irrigation 

canal is 5 km and 10 km embankment constructed on both side of the khal to protect the 

adjacent area from flood and provide transportation facilities to the local people (BWDB, 

2011). 

2.8.7 Bhujpur Rubber Dam 

A 65.00 m long Rubber Dam was constructed with 4 regulators on Halda river by Local 

Government Engineering Department (Elbashir, 2012). It is situated in Bhujpur Union of 

Fatikchari Upazilla at the upstream of the Fatikchari Khal. The rubber dam was constructed 

across Halda river to provide irrigation in the adjacent areas. The construction of the dam was 

completed in 2011 and is in operation since that year. 

2.8.8 Halda River Restoration Project 

 
Halda River Restoration Project was a government funded project implemented by the 

Department of Fisheries. The project area was part of Halda within Raozan and Hathazari 

Upazilla. The implementation time was from 2006 to 2011 which was extended up to June 

2014. The objective of the project was to protect and develop the natural carp breeding 

ground of Halda, to develop an institutional framework with the participation of local people 

for protecting natural carp breeding ground of Halda and to create alternative employment 

opportunity for related people during fishing prohibited season (DoF, 2014). The target of the 

project was to increase carp fry production up to 5000 kg per season. The activities included 

declaring and establishing fish sanctuary, dredging the river to increase navigability, restoring 

bends of the river, construction of overhead tank and installation of pumps for cistern  

(constructed for hatching collected eggs), hiring ponds adjacent to Halda to produce fish fry 

there which will later be released to the river to increase fish population in the river (Kibria et 

al., 2009). However, at the end of the project the major activities completed, as reported in 

Halda river restoration project summary published by Department of Fisheries (DoF, 2014), 

were : (1) training, awareness raising workshop, meeting, seminar; (2) tree plantation; (3) 

construction of hatching unit; (4) placement of bill board and signboard; (5) digging pond; (6) 
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construction of boundary wall; (7) providing loan for alternative employment to fishermen 

and beneficiaries; and (8) baseline survey of beneficiaries. 

2.9 Other research activities in the study area 

 
Some considerable number of studies were done on the river Halda, on its limnology and 

spawning biology of carps (Azadi, 1979), spawning behavior and ecology of breeding 

grounds (Patra and Azadi, 1980), spawning biology spawn fishery in relation to environment 

and hydrology (Tsai et al., 1981), collection and hatching of carp eggs (Patra and Azadi, 

1984), limnology (Patra and Azadi, 1985a), hydrological factors influencing spawning of 

carps (Patra and Azadi 1985b), ecology of plankton (Patra and Azadi 1987), management of 

spawn fishery of carps (Azadi 2004), Halda restoration project (Kibria et al., 2009), fishery 

and biology of fish (Arshad-ul-Alam, 2011), fish diversity and Ichthyofauna (Azadi and 

Arshad-ul-Alam, 2011, 2013), fish distribution and biodiversity status (Alam et al., 2013), 

fishing intensity (Arshad-Ul-Alam, 2013), and efficiency of fishing gears (Arshad-ul-Alam 

and Azadi, 2015).  However, information on hydrological requirement for carp spawning is 

illustrated in details in Tsai et al. (1981) and Kibria et al. (2009), and to some extent in Ali et 

al. (1974) and Patra and Azadi (1985). 
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Chapter Three  

Ecohydrological Considerations for Management of Halda River 

3.1 Introduction 

As per Convention on Biological Diversity (CBD) “An ecosystem is a dynamic complex of 

plant, animal, and microorganism communities and the nonliving environment, interacting as 

a functional unit” (United Nations 1992: Article 2). Humans are an integral part of 

ecosystems. A well-defined ecosystem has strong interactions among its components and 

weak interactions across its boundaries. A useful ecosystem boundary is the place where a 

number of discontinuities coincide, for instance in the distribution of organisms, soil types, 

drainage basins, or depth in a water body. At a larger scale, regional and even globally 

distributed ecosystems can be evaluated based on a commonality of basic structural units 

(UNEP, 2003). 

Biodiversity is the variability among living organisms. It includes diversity within and among 

species and diversity within and among ecosystems. Biodiversity is the source of many 

ecosystem goods, such as food and genetic resources, and changes in biodiversity can 

influence the supply of ecosystem services (UNEP, 2003). 

An assessment of the condition of ecosystems, the provision of services, and their relation to 

human well-being requires an integrated approach. This enables a decision process to 

determine which service or set of services is valued most highly and how to develop 

approaches to maintain services by managing the system sustainably (UNEP, 2003). 

Rivers are the life of civilization. From the earlier time of development, the focus was always 

provided on agricultural development and expansion of agricultural activities to meet the 

increasing demand of food. Later on, the industrial demand provided more stress on the 

rivers. The rivers were trained, controlled, diverted to fulfill the purpose of the people. 

Construction of dams, dikes, polders and excavation of canals etc. everything change the 

morphology as well as hydrological characteristics of the river. These changes affect the 

ecological system of the river very much. As a result the components of river ecosystem 

suffer a lot. Especially, fish, the major component of river ecosystem facing tremendous 

threats for survival. The impact of changed morphology and hydrological characteristics of 

the river has become significant lately (Madson et al., 2009). Commonly, hydrological 

factors are considered responsible for ecological changes in traditional water resource 

management approach, whereas ecohydrology considers dual regulation between hydrology 
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and biota. Therefore, it is possible to restore evolutionary established processes of aquatic 

ecosystem which will ensure sustainable water resource management (Zalewski et al., 2004). 

A decline in water quality and biodiversity observed at the global scale in both developed and 

developing countries, has provided a clear evidence that a purely "mechanistic" and 

fragmented approach to water resources management, based largely on hydrotechnical 

solutions such as application of sewage treatment technologies and regulation of hydrological 

processes through flood control and drought mitigation measures, has been less than 

successful. While elements of this approach remain valid and viable, a technical solution 

alone is clearly insufficient for the sustainable use of the world’s water resources (Zalewski et 

al., 2002). 

The growth of human populations and their aspirations in the absence of a sustainable 

development strategy has severely stressed freshwater ecosystems, and has been the major 

reason that water has become a non-renewable resource, in tropics. Analyzing the major 

reasons for the declination of available water resources at the global scale, two major factors 

become evident. First, water management has been focused on mechanistic/hydrotechnical 

approaches, roughly expressed through contradictory types of actions. Some actions that 

accelerate river flows due to stream channelization and other, that increase the retention of 

nutrients and minerals as an effect of the impoundment of rivers by dams. Second, the 

watersheds in which the aquatic systems are located have been increasingly subject to 

progressive degradation of plant cover. Such degradation limits this most dynamic and 

vulnerable regulatory component of the water cycle within catchments, and, additionally, 

amplifies the effects of floods, droughts, and erosions. The economic activities of humans, 

wasteful exploitation of natural resources - including water resources, and modification of the 

natural environment and landscape have caused significant changes in the quality and 

quantity of water resources, as well as a lessening of the "self-purification" capabilities of 

water bodies (Zalewski et al., 2002).  

In order to improve the quality of stream water and to enhance its native biota, it is necessary 

to restore the natural complexity of the stream channel structure. Rehabilitation of the natural 

stream channel structure will restore the proper functioning of stream ecosystem. Stream 

biota depends upon the structural complexity of the stream habitat. Thus, biota may be an 

essential indicator of the status of the stream ecosystem. The higher trophic level organisms, 

such as fish, may provide an integrated assessment of watershed conditions. Further, this 

means that fish communities can serve as a sensitive indicator of the relative health of its 

aquatic ecosystem and its surrounding watershed (Karr et al. 1986). The link between fishery 
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and environmental status forms the basis for utilizing fish communities for directly 

monitoring water resource quality (Zalewski et al., 2002).  

3.2 Importance of ecohydrological consideration for Halda river 

Halda is an important river from ecological perspective (Kibria et al., 2009). The key 

component of this ecosystem is brood carp. Three species of the Indian major carps, Catla 

(Catla Catla), Mrigala (Cirrhinus Mrigala) and Rohu (Labeo Rohita) spawn in this river 

(Tsai et al., 1981). This river is unique as it is the natural carp spawning ground of the 

country (Tsai et al., 1981). As mentioned in Chapter One, Halda is a meandering river that 

originates from northern hilly region of Bangladesh and flows over several upazillas before 

falling into the Karnafuli river. High tide along with pre - monsoon runoff from adjacent hilly 

region makes it favorable place for spawning of brood carp. Several other hydrological 

conditions of the river like turbidity, flow velocity, water depth, air and water temperature, 

pH etc. are also related to carp spawning. These factors are directly related with the runoff 

generated from flash floods especially during the periods when they coincide with high tide 

of the river. The deep pools in the oxbow bends of the river were the places where the 

abovementioned factors existed in most suitable form for spawning. That is why, the ox-bow 

bends were known as favorable spawning grounds in the river. But over the years, different 

anthropogenic activities caused negative impact on Halda river ecosystem (Kibria et al., 

2009).  

3.2.1 Hydro-morphological andeEnvironmental requirements of Halda river 

ecosystem 

There are several hydrological and environmental requirements of the ecosystem of the river 

Halda. The carps are the major component of the ecosystem of this river. The carps that 

spawn in this river are not inhabitant of the river.  These fishes start migrating from Karnafuli 

to Halda during the month of February each year. They travel along the river upstream with 

the tidal influence of the river. From early April these carps start spawning. Every spawning 

is a distinct event and continues up to end of the June. There are several environmental and 

hydrological factors that influence the spawning in the river. These include thunder storm, 

rainfall, tidal cycle, water level, air and water temperature, dissolved oxygen, pH, turbidity 

and river flow velocity (Tsai et al.,1981). 

Earlier there were deep pools in the ox-bow bends of the river. After straightening of those 

bends, there are few pools found near a place named “Noyahat” and in the curvatures of the 
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river. These deep pools which are locally known as “Kum” are the favorable places for carp 

spawning. In pre–monsoon and early monsoon season flash flood occurs in the area due to 

the huge rainfall in the adjacent hilly areas. The carps travel to further upstream up to 

“Nazirhat” during the month of February. With flash flood flow from hills, these carps come 

down near Noyahat, which is the present spawning ground of carps. The flash flood, when 

coincides with thunderstorm and tidal flow during full moon, creates favorable hydro-

morphological and chemical conditions in the said location (Noyahat) that triggers the carps 

to spawn. Apparently, the thunderstorms in pre-monsoon and early monsoon period of the 

Halda river area coincide with the lunar cycle and positions of the moon (Tsai et al., 1981). 

During full moon, the water level in the river reaches its maximum or near maximum. There 

is also huge runoff from the adjacent hilly region that contributes to the flow of the main 

Halda river. This is when the depth of the water reaches its maximum level in the river. The 

direction of tidal flow is opposite to the direction of runoff meaning that the flow velocity in 

the river decreases. At the same time the air and water temperatures also reduce sharply. The 

water temperature reduces due to low air temperature which is caused by rain and 

thunderstorm in the area and cold floodwater runoff from the hills. This runoff carries huge 

suspended organic solids which increase the turbidity and decrease dissolved oxygen and pH 

in the river (Tsai et al., 1981). 

It has not been possible to establish yet which factors dominate spawning activities. Hora 

(1945) indicated that all changes in hydrological conditions, which are associated with pre-

monsoon and early monsoon floods, are linked together, so that some combinations or all of 

them are essential for triggering fishes to spawn (Tsai et al., 1981). However, it is evident that 

to create the favorable hydrological conditions individually or in combination in the river, the 

most important hydrological requirement is fresh water runoff from the hilly catchment areas 

to the river in sufficient quantity during the spawning season.  

3.2.2 Depletion of Halda river ecosystem (carp spawning) due to human interventions 

Halda is a perennial river. The lives of the people living beside the river are inherently related 

to the river. For irrigation, fishing, navigation etc. the local people are very much dependent 

on this river as well as on the hilly streams that are tributaries of the river. To serve their own 

purpose local people intervene in the river’s natural flow. These interventions are of different 

types, including irrigation projects, straightening of ox-bow bends, storage of water by 

constructing earthen dams for irrigation across different hilly tributaries of the river, massive 

sand lifting, industrial discharge etc. (Kibria et al., 2009). 
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Straightening of ox-bow bends:  

According to the study of Tsai et el.(1981), earlier the locations of carp spawning were the 

oxbow bends of the river. The favorable hydrological conditions for spawning existed in the 

oxbow bends. However, these bends were straightened in the last one hundred years. There 

were eleven ox-bow bends in Halda river, three of which were in upstream and eight others in 

relatively downstream section of the river. The bends at downstream location were known as 

the major locations for spawning (Kibria et al., 2009). The carps that migrated for spawning 

in the river are relatively bigger in size and the upstream bends of the river are of shallow 

depths which are not suitable for spawning of carps (Tsai et al., 1981).  

Over the years the bends were straightened by local people to protect their homesteads from 

destruction by severe erosion (Ali et al., 2011) and to shorten the navigation path (Kibria et 

al., 2009).  The bends include Saiddar Char bend (1905), Machuaghona bend (1928), 

Urirchar bend (1948), Chipatali bend (1948), Nangolmora bend (1948), Bhujpur bend (1961) 

Ankurighona bend (1964), Shundarpur bend (1974), Harualchari bend (1974), Sonairchar 

bend (1988) and Khagotia  bend (2002). These interventions had significant impact on 

spawning of carps in Halda (Ali et al., 2011).  The first bend was straightened at 1905 and the 

last one was straightened at 2002. These straightening had been done by the local influential 

people (Kibria et al., 2009). The deep pools (kums) were mainly located in the curvatures of 

the river (Tsai et al., 1981). Hence, it was surmised that the straightening of the oxbow bends 

had significant impact on the carp spawning in the river (Tsai et al., 1981). The locations of 

these bends and the straightening times are provided in Table 3.1.  Locations of the bends are 

also shown schematically in Figure 3.1.   

Table  3.1: Locations of ox-bow bends and the times when those were straightened 

Serial No. Name of the bend Location (Upazilla) Straightening Year 
1 Chaiddar Char Oxbow Bend Raozan 1905-1910 
2 Machuaghona Oxbow Bend Hathazari-Raozan 1928 
3 Nangolmora Oxbow Bend Fatikchri-Hathazari 1948 
4 Chipatoli Oxbow Bend Hathazari 1948 
5 Barighona Oxbow Bend Hathazari 1948 
6 Ankurighona Oxbow Bend Raozan 1964 
7 Harualchari Oxbow Bend Fatikchri 1974 
8 Shundarpur Oxbow Bend Fatikchri 1974 
9 Bhujpur Ox-bow Bend Fatikchri 1961-1962 
10 Sonairchar Oxbow Bend Hathazari 1988-1989 
11 Khagotia Oxbow Bend Fatikchri 2002 

Source of data: Kibria et al., 2009 
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Figure 3.1: Location of bends, streams and project area in Halda river. 

Water control structures:  

As described in Chapter Two, there are several irrigation projects that were taken by BWDB 

to meet the agricultural water demand in that area. The overall objective of all these projects 

was to increase agricultural production of the area. The specific objectives of these projects 

and their implementation times are provided in Table 3.2. The irrigation projects were 

developed with the objective to fulfill the irrigation requirement in the area and to provide 

flood control for enhancing agricultural production in the area.  Clearly, the probable impacts 
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of these water control structures on the river ecosystem were overlooked. The construction of 

dikes and regulators might change the water level and velocity of water in the river. Tsai et 

al. (1981) observed that, the environmental factors for spawning such as water level, current 

velocity, turbulence, up-welling, counter flow, turbidity, dissolved oxygen content, pH, 

conductivity and temperature are related to one another and are directly related to runoff from 

the hill areas. Therefore, changes in the water level and current velocity bring changes in the 

other factors which in turn affect carp spawning. In sum, it is likely that the water control 

structures and the uncontrolled operation of these structures caused significant reduction in 

river flow during pre-monsoon and early monsoon seasons, thus affecting the spawning 

process.  

Table  3.2: List of implemented irrigation and flood control project in Halda river 

Sl No. Project name Objective of the Project Year of 
implementation

1. Karnafuli Irrigation 
Project, Halda Unit. 

To provide water for irrigation using tidal 
fluctuation in the river. 

1974-1984 

2. Halda Irrigation 
Extension Sub-project.

Extension of Existing Halda unit of 
Karnafuli Irrigation Project for partial 
flood control and irrigation. 

1987-1993 

3. Halda Parallel Khal 
Project. 

Renew of Halda Irrigation Extension Sub-
project. 

2004 

4. Dhurang Irrigation 
Project. 

To provide irrigation water in the adjacent 
areas. 

1952-1966 

5. Lelang Upper/ Lower 
Water Control 
Structures. 

To provide irrigation water in the adjacent 
areas. 

- 

6. Bhujpur Rubber Dam To provide irrigation water in the adjacent 
areas of Rubber Dam in Bhujpur Union 

2011-2012 

 

Other factors: 

Saline water intrusion is another major factor that affects the ecosystem of the river. It is 

argued that the Halda will lose its sweet water as well as the carp spawning ground if the sea 

level rises at the stated rate in many studies.  However, other reasons like over fishing, 

massive sand lifting, water pollution by industrial wastes, loss of fish species and unchecked 

river bank erosion have also had heavy impacst on bio-diversity of this river (Kibria et al., 

2009). 
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Chapter Four 

Analysis of Freshwater Runoff to Halda River 

4.1 Introduction 

Healthy ecosystem of the river depends on several hydrological and morphological factors. 

The major factors for preserving natural ecosystem include sufficient flow contribution from 

tributaries, maintaining natural course of the river, proper operation and maintenance of 

different water control structures, etc. From the discussion in Chapter 2 about hydro-

morphological and environmental requirement of carp spawning in Halda, it is evident that 

the principal factor of carp spawning in the river is availability of sufficient flow during pre-

monsoon and early monsoon seasons. 

The optimum flow in the river can be maintained when sufficient flow comes from associated 

tributaries. To find out the optimum flow contribution in the river from different tributaries it 

is required to delineate the catchment boundary of the river and its associated tributaries. 

Once the catchment together with sub-catchments of the tributaries are delineated, rainfall-

runoff analysis can be conducted to estimate flow contributions in the river from different 

tributary streams. 

The whole process of rainfall-runoff analysis can be divided into several steps, including data 

collection, catchment delineation, model set-up and simulation, and identification of major 

contributing streams of the river.  

4.2 Setting-up model for rainfall-runoff analysis 

The relationship between rainfall and the resulting runoff is quite complex and is influenced 

by a host of factors relating to the catchment and climate. Understanding this process is 

essential for any intervention, especially for projects involving irrigation, flood control and 

drainage.  Due to complex relationship between rainfall and runoff, it is quite difficult to 

calculate the runoff volumes from different areas of a catchment without using model. Thus, 

for ease of estimation of runoff a hydrologic model was considered.  HEC-HMS hydrologic 

model software (US Army Corps of Engineers, 2000) was used as a tool for rainfall-runoff 

modeling in this study. To estimate different model parameters HEC-geoHMS software (US 

Army Corps of Engineers, 2000) was used as a supporting tool. 

HEC-GeoHMS has been developed as a geospatial hydrology toolkit for Hydrologists and 

Engineers for ease in watershed delineation and different parameter calculation required for 
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rainfall-runoff analysis using HEC-HMS. This tool is used along with ArcMap (Spatial 

Analyst Extension). The program allows users to visualize spatial information, document 

watershed characteristics, perform spatial analysis, delineate sub-basins and streams and 

construct inputs to hydrologic models. The hydrologic results from HEC-GeoHMS are then 

imported by HEC-HMS, where simulation is performed. 

The Hydrologic Modelling System (HEC-HMS) is designed to simulate the precipitation-

runoff processes of dendritic watershed systems. In addition to unit hydrograph and 

hydrologic routing options, capabilities include a linear quasi-distributed runoff transform 

(ModClark) for use with gridded precipitation, continuous simulation with either a one layer 

or more complex five-layer soil moisture method, gridded and sub-basin average, 

evapotranspiration, a gridded and elevation-band temperature-index snowmelt method, 

multiple outlets and spillways for reservoirs, and an automatic depth-area reduction analysis 

tool for frequency storms. The physical representation of watersheds or basins and rivers is 

configured in the model based on representation of general hydrologic elements, including 

sub-basins, reaches, junctions, reservoirs, diversions, sources, and sinks. The system 

encompasses losses, runoff transform, open-channel routing, analysis of meteorological data, 

rainfall-runoff simulation, and parameter estimation.  

A wide array of options is available to simulate losses, including initial and constant rates; the 

SCS curve number method, and the Green-Ampt method. Runoff transform methods include 

the Clark, Snyder, and SCS unit hydrograph techniques. User-specified unit hydrograph 

ordinates can also be used. Open channel routing methods include the lag method, 

Muskingum method, the modified Puls method, the kinematic wave method, and the 

Muskingum-Cunge method. Meteorological data analysis can also be performed in the model 

for precipitation and evapotranspiration and includes various historical and synthetic 

methods. Each model run combines a basin model, meteorologic model, and control 

specifications with run options to obtain results. The system connectivity and physical data 

describing the watershed are stored in the basin model. The precipitation and 

evapotranspiration data necessary to simulate watershed processes are stored in the 

meteorologic model (USACEHEC, 2006). 

In the present study, the SCS Curve Number method was selected as loss model for the 

process. The SCS unit hydrograph method used to simulate the process of direct runoff of 

excess precipitation on a watershed and for the routing Muskingum method was selected. 
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Using SCS Curve Number method is effective for small watershed with hilly terrain. The 

Curve Number represents the average land condition for a particular sub-catchment 

considering soil types and land use types together. Thus, the number of parameters in the 

model is relatively less than the other models available. Individual storms were identified 

from the rainfall data and simulated separately.  

The parameters of HEC-HMS model are Curve Number (CN), Initial Abstraction (Ia) in mm 

and Percent Impervious (%) in loss method and Lag Time (tL) in transform method. Among 

these parameters the curve number (CN), Initial Abstraction (Ia) and lag time (tL) are 

calculated based on land use, soil type and catchment characteristics of the river. Often the 

percent impervious (%) parameter is adjusted by trial and error method.  

Setting up the model is the major part of the whole process. It involves data collection and 

data preparation. This requires careful consideration so that the model represents 

approximately the real picture of the catchment.  

4.2.1 Secondary Data Collection 

Secondary data were collected from various research literature, government and non-

government agencies, published reports and thesis papers. The secondary data that were used 

to find out the relative flow contribution of different streams are: 1) Digital Elevation Model 

(90m SRTM DEM), 2) Rainfall data, 3) Land use data, 4) Soil type information, 5) 

Evaporation loss and 6) Discharge data of the river. The source of secondary data that were 

collected from different government and non-government offices are shown in Table 4.1. 

Table 4.1: Source of secondary data 

Sl. No. Description of Data Source 
1. SRTM 90m Digital 

Elevation Data. 
Jarvis A., H.I. Reuter, A.  Nelson, E. Guevara, 2008, 
Hole-filled  seamless SRTM data V4, International  
Centre for Tropical  Agriculture (CIAT), available  
from http://srtm.csi.cgiar.org 

2. Rainfall Bangladesh Water Development Board (BWDB) 
3. Land use Local Government Engineering Department (LGED) 
4. Soil Type Soil Research Development Institute (SRDI) 
5. Evaporation Loss Bangladesh Meteorological Department (BMD) 
6. Discharge Bangladesh Water Development Board (BWDB) 

 

The brief descriptions of different secondary data used in analysis are provided below. 
 
1) Digital Elevation Model (90m SRTM DEM): Digital Elevation Model (DEM) data was 

used to derive watershed i.e. catchment of Halda river. The SRTM digital elevation data 
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provides a major advantage in the accessibility of high quality elevation data for large 

portions of the tropics and other areas of the developing world. The CGIAR Consortium for 

Spatial Information provided SRTM digital elevation data on their website, processed to fill 

data voids, and to facilitate its ease of use by a wide group of potential users. Digital 

elevation models (DEM) for the entire globe, covering all of the countries of the world, are 

available for download on this site. The SRTM 90m DEM's have a resolution of 90m at the 

equator, and are provided in mosaiced 5 deg x 5 deg tiles for easy download and use. These 

are available in both ArcInfo ASCII and GeoTiff format to facilitae their ease of use in a 

variety of image processing and GIS applications (Jarvis et al., 2008). For this study, the tile 

which covers the study area was selected and downloaded from the website. 

2) Rainfall data: The rainfall data that were used in the rainfall-runoff analysis was daily 

rainfall data of Bangladesh Water Development Board (BWDB). Rainfall data of 11 rain 

gage stations which are located in and around the study area were collected. Theissen 

Polygon method was used to distribute the rainfall values from different rain gage station to 

the sub-catchments of the river.  The average daily rainfall data were collected for 11 rain 

gage stations of BWDB for around 43 years. The list of these rain gage stations with location 

information is given in Table 4.2 and locations are also shown in Figure 4.1. 

Table 4.2: Location of rain gage stations in the study area. 

Stnid Station Name Longitude Latitude 
301 Amtali 91.759 22.736 

306 Chittagong 91.833 22.343 

311 Fatikchari 91.797 22.692 

313 Hathazari 91.802 22.497 

319 Manikchari 91.839 22.843 

320 Mirsarai 91.575 22.767 

323 Narayanhat 91.718 22.809 

324 Nazirhat 91.881 22.687 

325 Patia 91.982 22.301 

327 Ramgarh 91.746 22.984 
334 Sitakunda 91.685 22.599 

Source of data: BWDB 
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    Source of data: BWDB    

Figure 4.1: Rain gage stations of the study area. 

Data consistency: From the available set of data collected from BWDB, the data availability 

for different stations during different years were evaluated and are provided in Appendix A5. 

The missing data for a specific station was filled up by calculating data from adjacent stations 

using inverse weighted distance (IDW) method. However, when two or more adjacent 

stations’ data were found missing, data for those durations were not considered for analysis. 

The terrain of the study area is hilly and as a result the rainfall pattern varies all over the area. 

This is why the rainfall of one particular rain gage station varies at a great extent than the 

average rainfall of adjacent stations. Hence, theissen polygon method is used to distribute the 

rainfall over the catchment.  

3) Land use data: The land use information was collected from the Local Government 

Engineering Department (LGED). The area was classified as forest, hills, agricultural land 
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and settlement etc. Using “Geometry Calculation” option in ArcGIS, area under each 

category was calculated for the study area (Figure 4.2).  It is found that the area mainly 

consists of forest (35.07%) and agricultural land (45.93%). About 9.65% of the total area is 

used for settlement, 9.3% of the area is hills and 0.05% of the total area consists of water. 

Details of land use pattern are provided in Appendix A1.   

 

 
   Source of data: LGED (2012) 

Figure 4.2: Land use pattern of the study area 

4) Soil type information: Soil information was collected from Soil Research Development 

Institute (SRDI). Different types of soil in the study area were found from the GIS Shape file 

provided by SRDI. For some part of the study area the soil properties were not found. Soil 

properties from adjacent areas were used for those areas. Major soil types in the study area, as 

can be seen in Figure 4.3, are silty loam (65.36%) and sandy loam (25.93%). Few parts of the 

area have clayey soil (8.71%). Detailed information on sub-basin wise soil types are provided 

in Appendix A2.  
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   Source of data: SRDI 

Figure 4.3: Soil Type of the Study Area. 

5) Evaporation Loss: Monthly average evapotranspiration data were collected from BWDB.  

6) Discharge data of the river: The discharge data of the river was collected from the 

Bangladesh Water Development (BWDB). There is a discharge measuring station at 

Panchpukuria on the river Halda just downstream of the confluence of Halda and Dhurang. 

The discharge data were used to calibrate and validate the model setup as a part of rainfall – 

runoff analysis. The location of the discharge gage station is shown in Figure 4.1. 

4.2.2 Catchment Delineation 

The study area belongs to three districts – Khagrachari, Rangamati and Chittagong. ArcGIS 

10 with HEC-Geo HMS extension that supports ARC hydro tools was used to delineate the 

watershed boundary of Halda. Based on district boundary, the SRTM (90X90m) Digital 

Elevation Model (DEM) was extracted for watershed delineation. 

Catchment/watershed delineation from DEM was based on a standard methodology. At first 

it was required to remove all imperfections from DEM which was done by filled DEM. Then 
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based on topography, the flow direction and stream order were determined. The stream order 

and flow direction were then used to determine the stream network. This stream network and 

flow direction then helped in determining the drainage lines and nodes for the catchment. 

Subsequently the catchment and sub-catchments were generated based on streams and outlet. 

The whole process was carried out in ARC GIS using a number of commands. 

                 

 

      

 

Figure 4.4: Catchment and sub-catchment delineation of Halda 

4.2.3 Preparation of sub-catchment parameters 

The total catchment was divided into 57 sub-catchments to compute flow from each segment. 

The SCS-CN method was used as the loss rate method in this model. For channel routing, 

Muskingum method was used. Several parameters were required to be computed for each 

(a)Digital Elevation Model  
(DEM) of the Study Area. 

(b)Filled DEM of the Study 
Area.

 (d) Drainage Line Processing  (e) Drainage Point Processing 
(f) Catchment and Sub-
Catchments of Halda 

(c)Stream Network in the Study 
Area. 
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sub-catchment for finalizing the hydrologic model of Halda. These parameters were mostly 

related to the topography of the area. The parameters for each sub-basin were estimated using 

HEC-Geo HMS model conversion tools. As can be seen in Figure 4.5, these parameters 

include basin slope (y), longest flow path (L), basin centroid and centroidal longest flow path.  

 

 
 

Figure 4.5: HMS Model Parameter Estimation of the Study Area.  

These parameters were used to calculate the lag-time (tL) and time of concentration (tc) of the 

sub-catchments. The detailed values of these parameters are provided in Appendix A3. The 

other parameters required for the model are Initial abstraction, percent impervious and curve 

number etc. The constraints are Initial abstraction (0 – 500 mm) and the curve number (1-

100). 

4.2.4 Estimation of CN for sub-catchments 

The SCS Curve Number (SCS-CN) method relates a calculated Runoff Curve Number (CN) 

to runoff, accounting for initial abstraction losses and infiltration rates of soils. This method 

was developed in the United States for small basins (USDA, 1986; USACE, 2000). The SCS-

CN method has been widely tested at both the hill slope and basin scales. Moreover, it has 

been satisfactorily applied to different operational problems at both these scales. The 

popularity of the method has increased because of its simplicity and acceptable accuracy. 



35 
 

This method estimates precipitation excess as a function of cumulative precipitation, soil 

cover, land use and antecedent moisture content.  

This can be represented as the following equation:  

 
  
 
 
Where Pe  = accumulated precipitation excess at time t, P = accumulated rainfall depth at time 

t, Ia = the initial abstraction (initial loss) and S = potential maximum retention, a measure of 

the ability of a watershed to abstract and retain storm precipitation. Until the accumulated 

rainfall exceeds the initial abstraction, the precipitation excess, then the runoff, will be zero. 

From analysis of results from many small experimental watersheds, the SCS developed an 

empirical relationship of Ia and S: 

Ia = 0.2 S 

Therefore, the cumulative excess at time t is: 

 
  
 
 
Incremental excess for a time interval is computed as the difference between the accumulated 

excess at the end of and beginning of the period. 

The maximum retention, S, and watershed characteristics are related through an intermediate 

parameter, the curve number (CN) as: 

 
  
 
 and 
 
 
 
 
CN values range from 100 (for water bodies) to approximately 30 for permeable soils with 

high infiltration rates. The CN for a watershed can be estimated as a function of land use, soil 

type and antecedent soil moisture, using tables published by the SCS (USACE, 2000).  

For a watershed that consists of several soil types and land uses, a composite CN is calculated 

as: 
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In which CNcomposite = the composite CN used for runoff volume computations; I = an index of 

watersehds subdivisions of uniform land use and soil type; CNi = the CN for subdivision I; 

and Ai = the drainage area of subdivision i. 

The Curve Numbers (CNs) for each sub-catchment of the delineated Halda catchment were 

calculated based on major soil types and land use types, using the CN table available in text 

books. Here hilly area was assumed to be included in “Forest”. Composite CNs were then 

estimated for each sub-catchment based on the proportion of area for each soil type. The 

details of the curve number (CN) for each sub-basin are provided in Appendix A4. 

To transform rainfall excess into direct runoff, SCS method, which is based on a 

dimensionless unit hydrograph, was employed. The time-of concentration (tc) is used in the 

SCS methods, which is most often defined as the time required for a particle of water to 

travel from the most hydrological remote point in the basin to the point of collection. There 

are several methods available for calculating tc, one of them is the SCS Lag Method: 
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where tL
 is the watershed lag time (minutes); L is the length of longest watercourse (ft); S is 

the maximum retention and y is the mean slope of the basin (%).  

4.2.5 Channel Routing 

The Muskingum unsteady flow routing method is well established in the hydrological 

literature and its modest data requirements make it attractive for practical use. This routing 

method is based on an assumed power relationship between channel storage and river stage, 

and consequently, it accounts for channel storage only and not bank storage (Elbashir, 2012). 

The method is the simplest of all other routing methods. It assumes that inflow of the river 

reach is equal to the sum of outflow and change in storage. The two parameters that are 

needed in Muskingum Routing method are “K”and “X”. The value of “K” and “X” were 

adjusted by checking the sensitivity of these parameters in the model using trial and error 

procedure. The assumed value of “K” here is 1 and the value of “X” is 0.2. 

4.2.6 Rainfall distribution in the study area  

The data were collected for 43 years from 1965 to 2008 for 11 rainfall stations of BWDB 

located in the area. Rainfall data were analyzed for individual storms that occurred mainly 
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during pre-monsoon and monsoon season i.e. April to September. Among the 43 years, the 

years for simulation were selected based on data availability for rainfall and discharge in the 

selected months i.e. from April to June.  As mentioned earlier, if rainfall data were not found 

for a particular station for one year, the values were calculated using available data of the 

adjacent rainfall stations by Inverse Weighted Distance method. If data were unavailable for 

two or more adjacent stations, then it is considered that data are not available for that 

particular time for that station.  

As the geographical locations of different rain gage stations are available, among different 

methods of rainfall distribution over a particular area, “Theissan polygon method” was used 

to distribute the rainfall in different sun-catchments of the watershed. 

 

Figure 4.6: Theissen polygons of the rain gage stations in the study area  
 
Rainfall distribution in the study area is required to estimate the runoff generated in different 

streams due to rainfall in the sub-catchments. The distribution of rainfall among different 

sub- catchments thus help to determine the runoff generated from individual sub-catchments 

of the hilly streams.  This will thus allow identification of those streams that have significant 

flow contribution to the main Halda river obstruction of which is likely to harm spawning 

environment in the river.  
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Chapter Five 

Impacts of Water Control Structures on Fresh Water Flow in 
Halda River 

5.1 Introduction 

As discussed in Chapter Four, the water control interventions across many of the hilly 

tributaries are believed to have negatively affected the hydrology and water quality in Halda 

river in pre-monsoon and early monsoon such that the changes in favorable hydro-

morphological and environmental parameters have played a substantial role in reducing the 

carp egg spawning and subsequent collection by the egg collectors. Following the 

methodology presented in Chapter Four, rainfall-runoff analysis for the Halda Catchment 

delineated to sub-catchment level allowed estimation of flow contributions from different 

tributaries, and thus presented a good understanding of how the water control structures 

across different tributaries can affect Halda flow. Field observation and information collected 

for different projects revealed the functions of the water control structures. 

5.2 Change in Halda river flow during pre- and early monsoon  

The changes in flow in the Halda river at Panchpukuria during pre- and early monsoon, i.e. 

from April to June, are shown in Figure 5.1. These months represent the carp spawning 

season. As can be seen in the figure, the average flow during carp spawning season has a 

declining trend in the flow. However, the river flow in these months does not have any 

positive correlation with the rainfall during the same period, as can be seen from Figure 5.2.  

What this means is the declining trend in the river may not necessarily be because of changes 

in rainfall; there can be other factors such as the impacts of water control structures causing 

decline in flow reaching Panchpukuria. 
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Figure 5.1: Average pre and early monsoon flow (April – June) 
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Figure 5.2: Relation between river flow and rainfall in pre and early monsoon in Halda 

 

5.3 Flow contribution from different streams 

Relative flow contributions from different tributaries were estimated through rainfall-runoff 

analysis, as elaborated in Chapter Four. Because of limited data availability and mismatch of 

time periods of rainfall and discharge data (as discussed in section 4.2.6), a number of years 

(1977, 1984, 1985, 1990, 1994, 1995, 1996, 2004 and 2005 were taken into consideration. 

Parameters were adjusted (as model calibration process) for years 1994 (Figures 5.3) and then 

using the same parameters the runoff was simulated (as model validation process) for 1984, 

1985, 1990, 1995 and 1996 (Figures 5.4, 5.5, 5.6, 5.7 and 5.8). Simulation was then also 
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conducted for other previous and later years (Figures 5.9, 5.10 and 5.11) to allow 

consideration of relatively larger data sets so as to calculate average flow contributions from 

the tributaries.  

 

Figure 5.3: Comparison of simulated and observed discharge for Halda in 1994 

 

Figure 5.4: Discharge estimation for individual storm occurred in 1984 

 

Figure 5.5: Comparison of simulated and observed discharge for Halda in 1985 
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Figure 5.6: Discharge estimation for individual storm occurred in 1990 
 

 

Figure 5.7: Discharge estimation for individual storm occurred in 1995 

 

Figure 5.8: Discharge estimation for individual storm occurred in 1996 

.  
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Figure 5.9: Discharge estimation for individual storm occurred in 1977 

 

Figure 5.10: Discharge estimation for individual storm occurred in 2004 

 

Figure 5.11: Discharge estimation for individual storm occurred in 2005  
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5.3.1 Assessment of model performance 

The model performance was checked by estimating root mean square error (RMSE) value for 

the year considered. For calibration process the data for year 1994 was considered. The 

RMSE value was calculated for the simulation of the data of that year which was 0.85. The 

simulations for the other years were conducted based on the adjusted parameter for this year.   

The RMSE value for the other years were also calculated, as can be seen in Table 5.1. 

Table 5.1: Root mean square error (RMSE) value for simulation conducted in different years 

Sl No 
Year of runoff 

simulation 
RMSE 

(Jan-Dec) 
RMSE  

(April - May) 
RMSE 

 (June - November) 
1 1977 2.48 9.74 3.72 
2 1984 1.29 4.76 2.03 
3 1985 2.02 8.89 2.71 
4 1990 1.89 3.33 3.58 
5 1994 0.85 3.13 1.28 
6 1995 1.58 5.8 2.46 
7 1996 2.27 3.62 3.51 
8 2004 2.59 3.82 5.01 
9 2005 5.36 7.83 9.42 

As can be seen from the figures, the simulation is reasonable for most of the years, with 

simulated hydrographs mostly matching the patterns of the observed hydrographs and the 

flow volumes, except a few years (2004, 2005 etc.) are also comparable. It is also evident 

from Table 5.1 that the RMSE value is higher in pre-monsoon season and relatively lower for 

monsoon and post monsoon seasons. It indicates that the estimated discharge from simulation 

is more in pre-monsoon months i.e. in April and May and partly in June. The simulated and 

observed hydrographs become more comparable from early monsoon onwards. This is a 

plausible indication of reduction of flow volume during pre-monsoon months because of 

obstructions on tributary flows by water control structures. The reason for considerable 

difference between observed discharge and simulated discharge for years 2004 and 2005 is 

difficult to explain. The possible source of deviation could be inaccurate rainfall data or 

inaccuracy in discharge estimation. 

The results are considered satisfactory given the following facts. Halda is a flashy river, and 

it is typically difficult to simulate flashy peaks, especially when rainfall variation within the 

catchment is not adequately captured by the limited rain gage stations. Also, the exact 

location of the discharge gaging stations may not have matched one hundred percent with the 

junction selected in the HEC-HMS sub-catchment delineation. 
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5.3.2 Flow ccontribution from different streams 

Water flows down through different streams to the Halda i.e. the flow of Halda depends on 

the flow from different connecting streams i.e. tributaries of Halda. If the flow in these 

streams increases, the flow in Halda increases and if the flow in the streams decreases, the 

flow of the river decreases. Thus, if the flow is obstructed in the tributary streams it evidently 

impacts the flow in the river which is one of the important parameters for carp spawning in 

Halda. To find out the runoff volume from different streams it was required to delineate the 

part of catchment under each stream. Comparing with the original position of different 

streams with the catchment delineated in the model, the sub catchments under different 

streams were selected. The well-known tributary streams in Halda river are – Sarta, Boalia, 

Kutubchari, Telpari, Lelang, Mondakini, Dhurang, Harina, Fatikchari, Harualchari and 

Baramasia. The list of these streams and the associated sub catchments are provided below in 

Table 5.2. 

Table 5.2:  Contributing Streams of Halda with associated sub catchments. 

Sl. No. Stream Name Sub Catchments under Stream 

1. Sarta Khal W1010, W1070, W1100, W950. 

2. Boalia Khal W1000, W1050, W1060, W1090, W1130. 
3. Kutubchari Khal W790, W850, W860. 

4. Telpari Khal W990 

5. Lelang Khal W820, W880, W910, W920, W930. 

6. Mondakini Khal W900, W940, W970. 

7. Dhurang River  W600, W730, W750. 

8. Harina Khal W680, W690. 

9. Fatikchari Khal W700, W710. 

10. Harualchari Khal W720, W770, W780. 

11. Baramasia Khal W810, W830. 

12. Halda upstream of 
Bhujpur Rubber Dam

W620, W610, W670, W630, W640, W650, W590, 
W660, W680, W690, W710, W700 

 
There are fifty seven (57) sub-catchments as delineated from HEC-HMS model. Of these, 6 

sub-catchments are located downstream of the spawning location. From the remaining 51 

sub-catchments, 9 sub-catchments and related streams were not visited during field visit 

mainly because of their location at too upstream or local people did not think they were very 

important in terms of flow contribution to Halda. Nine other sub catchments are located in the 

floodplain whose flow directly falls into the river. The remaining 33 sub-catchments are 

under different streams mentioned in Table 5.2. The contributions of all streams to the river 
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are estimated and the streams are ranked based on the flow contributions.  Together with the 

function of water control structures, this would thus give indication of which interventions 

are more likely to impact Halda flow.  

As discussed in previous literature on carp spawning in Halda river and the problems it has 

been faced with over the years, the pre-monsoon and early monsoon months of April, May 

and June are most important as the spawning season since upstream migration of carps 

coincide with thunderstorms under the favorable flow and water quality conditions in Halda 

river during these months. Accordingly, flows from the sub catchments to different streams 

were calculated for these three months (April, May and June). The percentages of flow 

contribution of those streams to river for different years are provided in graphically as well as 

in tabular formats (Figure 5.12 and Table 5.3).  The percent (%) flow contributions for 

different years show that the contributions from different streams relative to each other 

remain consistent irrespective of the years chosen. Therefore, the streams can be ranked 

based on the flow contribution found for the chosen years.  When the time series of flow 

contributions (Table 5.4) are plotted together (Figure 5.17), it is clear that the major 

contributing streams are Sarta, Lelang, Kutubchari, Dhurang, Boalia and streams upstream of  

Bhujpur Rubber Dam. 

Table 5.3: Percent (%) flow contribution of major streams at different years (April to June). 
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Figure 5.12: Percent flow contribution of different streams for different years during April to 

June. 

Table 5.4 Flow contribution of streams in different years (April – June). 
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Figure 5.13: Line diagram for year wise % flow contribution of streams. 

An attempt to rank the streams on the basis of relative flow contribution is shown in Table 

5.5. From Figure 5.13, the contribution from streams show similar patterns for Telpari, 

Fatikchari, Baramasia, Harualchari and Mondakini.  

Table 5.5: Ranking of streams for individual year. 

 

From Table 5.5, it is evident that Bhujpur Rubber Dam causes significant impact on the flow 

of the river as it obstructs more flow than other streams. In addition, Dhurang, Kutubchari, 

Lelang, Sarta and Boalia are more important streams than other streams. It can be said that 

their contributions vary little between years. However, these are the important contributing 

streams to the river and except Sarta these are all obstructed by different kinds of water 

control structures. 
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5.4 Status of different water control structures and their functions 

From the available literature regarding different interventions, projects and existing scenario 

of the Halda river, the information about different interventions, the amount of carp spawning 

in the river every year, season of spawning and season of irrigation are gathered. It is found 

that the irrigation season starts from the first of December and continues till late pre-monsoon 

i.e. May. The spawning season starts from the first week of April and continues up to June 

(Tsai et al., 1981). Thus, the spawning season overlaps with irrigation season for two months 

which is crucial time for carp spawning in the river. The overlapping of irrigation (for which 

water is trapped in different tributaries) with carp spawning season may have significant 

impact on the carp spawning in Halda. 

5.4.1 Primary Data Collection 

Direct field observation and application of participatory rural appraisal (PRA) method helped 

to understand the present condition of different structures, operation and maintenance of the 

structures and the perception of the fishermen or the egg collectors about the changing runoff 

and the ecosystem of the area. Four field visits were made to the study area for primary data 

collection. The primary information were collected through direct observation, Focus Group 

Discussions (FGDs) with egg collectors and farmers, and Key Informant Interviews (KIIs) 

with different officials of local BWDB office. The primary data collected during field visits 

were mostly qualitative and some of them were semi-quantitative.  

Field visits were made in the study area especially in the locations where water control 

structures were located with a view to finding out the present condition of these structures. 

FGDs were conducted in two different locations with farmers and in one location with egg 

collectors. One FGD with farmers was conducted in Dakshin Sundarpur of Fatikchari 

Upazilla (within Dhurang irrigation project area) and another one was conducted in Suabil 

union of Fatikchari Upazilla (near Mondakini water control structure). The FGD with egg 

collectors was conducted in Garduara union of Hathazari Upazilla which is the present 

spawning location of Halda according to the egg collectors. Egg collectors also provided 

information about the locations and names of water control structures they thought were 

impacting spawning. The number of participants in each FGD varied from 8 – 12 persons.    
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      (a)     (b) 

     
     (c)                             (d)  

     
    (e)  (f) 

      
    (g)   (h) 

       
    (i)   (j) 

 
Figure 5.14: Primary data collection through participatory methods, including seasonality 

mapping (d, f, h), purposive interviews (a, b), resource mapping (c, e, g), and time line 
analysis (i, j). 
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Women in the area are not involved in farming or egg collection. Therefore, the participation 

of women in FGD was not crucial. A checklist was followed to conduct the FGDs (Appendix 

A6). This checklist helped to keep the groups on track towards the objectives. Hence, an 

informal situation was created in each FGD in which the members of the group discussed the 

topics of concern among themselves. Direct observation and FGDs helped in finding out the 

precise location and present condition of different water control structures and impacts 

perceived impact of those structures on the river flow and on the livelihood of the local 

people. To facilitate discussion, resource mapping was also done by the participants (Figure 

5.14). 

The key informants in this study were three BWDB officials and two persons from a local 

activist group that works to protect the rights of the egg collectors. BWDB officials provided 

basic information about the water control structures, their operation and management 

systems, and other related information. The information was collected from key informants 

through informal interview following a check list which was prepared for the purpose 

(Appendix A6).  

Triangulation is vital for PRA. In simple terms, triangulation means cross-checking, i.e. a 

way to improve accuracy. It can involve use of different methods for the same particular set 

of questions or objectives. PRA teams follow the rule of thumb that at least three sources 

should be consulted or techniques must be used to investigate the same topics. In this study, 

secondary information and literature were reviewed first, based on which a number of FGDs 

with different groups of people were conducted. In these FGDs, the informants discussed 

very similar issues like environmental factors for spawning, status of water control structures 

and their operation, how modified flow in the streams due to different water control 

structures are affecting the spawning in the river. The information gathered from these groups 

was verified to see whether they were consistent. Similar questions were asked to the Key 

Informants following the links from the FGDs, which further helped cross check the 

information. Finally, observation was made during transect walks before and after the FGDs, 

which helped further verification of the information obtained from different sources. 

5.4.2 Present scenario of different water control structures in the field 

The water control structures were constructed by BWDB either under one big project or 

under separate small scheme project. Weirs, sluice gates and regulators are the main water 

control structures constructed in the projects. Later, due to lack of proper maintenance and 
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management many of these structures became nonfunctional. Some are abandoned and some 

are maintained by the local people manually. This made the control and operation of the 

water control structures complicated, which in turn caused uncontrolled flow obstruction in 

different streams, especially during the spawning season. Along with the constructed water 

control structures, local people also built earthen dams across the hilly streams. Therefore the 

natural flow in the river was affected which has had adverse impact on the spawning activity 

in the river. 

Karnafuli Irrigation Project (Halda Unit): Karnafuli Irrigation Project (Unit-1) is also 

known as KIP Halda Unit or KIP Unit 1 or KIP - 1. Figure 5.15 shows the location of the 

project on google map and Figure 5.16 shows different structures as observed during field 

visit. Sluice gates were built on almost all streams under KIP Unit 1. From field observation 

it was found that, the sluice gates of “Pora Khal” and “Komir Khal” under KIP Halda Unit 

were fully blocked with wastes and water hyacinth. 

 
Figure 5.15: Satellite image of the coverage area of karnafuli irrigation project (halda unit) 

   
                       (a)                                                    (b)                                        

Figure 5.16: Condition of water control structures in Karnafuli irrigation project (Halda Unit) 
as found during field visit: (a) Sluice gate at cheng khal (dry season); (b) Sluice gate at pora 
khal (during monsoon). 
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The sluice gate at “Chang khal”, “Katakhali khal” and “Khagotia Khal” were operable. It is 

found from FGD and KII that BWDB is not responsible for operation and control of these 

sluice gates. Local people control the sluice gates voluntarily; however, there is no delegated 

committee for management. Therefore, the operable gates remain closed untill full monsoon 

begins and the inoperable gates remain closed throughout the year.  

Halda Irrigation Extension Sub-Project: Halda Irrigation Extension Sub-project was 

initiated as an extension of main KIP Halda Unit. The location of the project is shown in 

Figure 5.17 Figure 5.18 shows conditions of different water control structures as observed 

during field visit. From field observation it was found that the major component of the 

project, Boalia regulator was blocked (Figure 5.18). There was no water in the low level 

canal during April (Figure 5.18). Local people informed that the regulator remained blocked 

all over the year and created severe drainage congestion in the upstream of Boalia during 

monsoon. From KII, it was found that the constructed components include the regulator at the 

mouth of Boalia khal, the low level canal and the north supply canal. The other components 

were not implemented. Thus, the regulator had no use and got blocked with time. 

It may be noted here that, the Boalia khal is the connector among 12 other khals and Halda. 

Hence the blockage in Boalia causes the flow obstruction in 12 other streams. This may have 

significant impact on Halda river flow.  

 

Figure 5.17: Satellite image of the coverage area of Halda Irrigation Extension Sub-Project. 
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           (a)                                        (b)                                               

 

   
                      (c)    (d) 
Figure 5.18: Condition of water control structures of Halda Irrigation Extension Sub-project 
as observed during field visit: (a) Closed Boalia Regulator at monsoon; (b) Closed Boalia 
Regulator at monsoon; (c) Inoperative portion of Boalia Regulator; (d) Inoperative Low –
Level Canal constructed under Halda Irrigation Extension Sub-Project in Dry Season. 

Halda Parallel Khal Project: Halda parallel khal project was taken in 2004 to make the 

Halda Irrigation Extension Sub-Project functioning. There were no major activities found in 

the field under this project except that only one gate of Boalia regulator was cleaned and 

water could pass through this gate. However, as per information from the local people, the 

condition of the gate went back to the previous state after one year.  

Dhurang Irrigation Project: Dhurang is one of the successful irrigation projects of BWDB 

in the area. The location of weir is shown in Figure 5.19 Figure 5.20 shows the condition of 

different water control structures as observed during field visit. The weir was constructed at 

Dakkhin Sundarpur of Fatikchari Upazilla. The benefited area is located downstream of 

Sundarpur covering areas such as Nishchintapur, Somitihat and Rushangiri, which receive a 

significant amount of water diverted from the khal. It was found from FGD that the local 

people who live adjacent to Dhurang operate LLPs to lift water for irrigation during dry 

season. There are more than 100 LLPs operated at the upstream of Dhurang to supply 

irrigation water to the adjacent area. In early 1990s, a four feet high crest shutter was built on 

the weir to meet the increasing demand for irrigation. 
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Figure 5.19: Satellite image of the Dhurang Irrigation Project. 

   
                      (a)    (b)                                             

Figure 5.20: Condition of water control structures of Dhurang Irrigation Project as observed 
during field visit: (a) Dhurang weir during monsoon; (b) Dhurang weir during dry season. 

Lelang Irrigation Project: There are two irrigation projects in the Lelang khal. These are 

known as Lelang Upper Irrigation Scheme and Lelang Lower Irrigation scheme. The location 

and condition of the sluice gates are shown in Figures 5.21 and 5.22 respectively. From field 

observation it was found that, both the sluice gates were being operated by the local people 

manually. There was no mechanical system to pull the gate; instead they placed the steel 

plates of the gates manually. People also use LLPs and earthen dam across the khals to meet 

irrigation water requirement. These manually handled sluice gates and earthen dams obstruct 

flows until the start of the full rainy season because of difficulties in operation and control.  
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Figure 5.21: Satellite image of location of the sluice gate of Lelang Lower Irrigation Scheme 

   

          (a)        (b) 

Figure 5.22: Condition of water control structures of Lelang Irrigation Project as observed 
during field visit: (a) Condition of WCS of Lelang after huge flood at monsoon that blown 
away the whole gate; (b) Condition of WCS of Lelang after huge flood at monsoon that 
blown away the whole gate. 

Mondakini Irrigation Project: The Mondakini Irrigation Project is one of the major 

irrigation projects of the BWDB in that region. The location of the sluice gate is shown in 

Figure 5.23 Figure 5.24 shows the condition of different water control structures as observed 

during field visit. From field observation it was found that, there was no mechanism to 

control the gate. The gate was open and closed manually by the local people. 

 

Figure 5.23: Satellite image of the Mondakini Irrigation Project area. 
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                        (a)                                            (b) 

Figure 5.24: Condition of water control structures of Mondakini Irrigation Project as 
observed during field visit: (a) Condition of WCS of Mondakini; (b) Erosion in the adjacent 
area for WCS on Mondakini. 
 
From FGD it was found that the sluice gate worked very well for about 10 years after 

construction. However, due to the lack of proper maintenance, different parts of the sluice 

gate (including gate and associated structures) started to face wear and tear and eventually 

were damaged. Initially BWDB was in charge of the gate operation. But at present no 

specific committee is responsible for operation and maintenance of the sluice gate. Every 

year, local leaders form a committee to operate the gate without any conflict among the 

residents of the surrounding area.  

Baramasia Khal Water Control Structure: Baramasia Khal Water control structure was 

constructed across the Baramasia Khal. Figure 5.25 shows the location of Baramasia khal. 

This structure is also manually operated as per local people’s information. However, this site 

was inaccessible during field visit. 

 
Figure 5.25: Satellite image of location of Baramasia khal 

Bhujpur Rubber Dam: Bhujpur is located at the upstream of the Fatikchari Khal in the 

Fatikchari Upazilla. During 2011, the Local Government Engineering Department (LGED) 

constructed a rubber dam across the Halda River near Bhujpur. Figure 5.26 shows the 

location of Bhujpur Rubber dam and Figure 5.27 shows the present situation of the rubber 

dam. At present, navigation in this area is blocked. However, it is also likely to decrease 
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substantially the river flow at the downstream during dry season and potentially will have 

negative impact on the natural flow of Halda river during dry season. 

 

Figure 5.26: Satellite image of location of Bhujpur Rubber Dam on Halda river 

 

Figure 5.27: Field view of Bhujpur Rubber Dam 

Other Water Control Structures and Irrigation Schemes:  

As stated earlier, there are water control structures built almost on all streams to supply 

irrigation water in the adjacent areas. Some of these were constructed under large projects 

like the ones discussed above. Besides a number of a small irrigation schemes were also 

implemented by BWDB. Few of these water control structures were also observed during 

field visit. These structures are also likely to have impact on flow of the river albeit to a lesser 

extent as per information of the local people. 

Dharmachari Water Control Structure: Three khals, namely Purba Suabil, Vanga Dighir Par 

and Dharmachari are located at the upstream of the Mondakini khal. Flows from these three 

charas (streams) were controlled by one sluice gate. The locations are shown in Figure 5.28. 

The sluice gate was constructed about 15 years ago in the Purba Suabil on Dharmachari Khal, 

but later it appeared that this gate could not add any benefit to the area and was left 
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abandoned (Figure 5.29). As a consequence, the gate hinders the flow of the stream into the 

river. 

 
Figure 5.28: Satellite image of the Dharmachari Water Control Structure 

 

Figure 5.29: Present condition of sluice gate of Dharmachari. 
 
Harualchari Khal Water Control Structure: The Harualchari Khal is another important 

tributary of the Halda River (Figure 5.30). During field visit it was found that the local people 

used to construct earthen dam across this khal to store water for irrigation. Earthen dam 

remained in place untill the start of full monsoon. Thus the flow contribution from this chara 

decreased. There is also a water control structure on that stream. However, it was not possible 

to observe the structure during field visit due to inaccessibility to the site. 

 

Figure 5.30: Satellite image of the Harual Chari Khal Water Control Structure. 
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Fatikchari Khal Water Control Structure: One sluice gate was constructed over the 

Fatikchari Khal about 10 years ago. This stream is locally known as “Fatika Khal”. The 

location is shown in Figure 5.31. Very often high water flows from the hilly areas carried 

debris (trees, leaves etc.) which got deposited near the gate. From FGD it was found that like 

many other water control structures, no maintenance works were taken to keep the sluice gate 

operable. Such lack of maintenance resulted in the accumulation of floating vegetation from 

upstream over the years and eventually closure of the gate.  As a result, the natural flow has 

been hampered and caused breach of the surrounding embankment. This location was also 

inaccessible during field visit because of damage in the embankment (Figure 5.32); however 

the information was collected from the local people. 

 

Figure 5.31: Satellite image of the location of the Fatikchari Khal. 

 

Figure 5.32: Demolished embankment on the way to Fatikchari Khal sluice gate.  

Harina Khal Water Control Structure: Harina Khal water control structure was constructed at 

the outfall of the Harina Khal. The location of the water control structure is shown in Figure 

5.33. This water control structure i.e. the sluice gate was found in good condition during field 

visit. However, the construction pattern clearly indicates that the drainage path for the stream 

narrowed due to the sluice gate (Figure 5.34). 
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Figure 5.33: Satellite image of location of Harina Khal water control structure. 

 

Figure 5.34: Present status of Harina Khal water control structure. 
 

Halda River Restoration Project:  

This project was initiated by Department of Fisheries. From FGDs and KII it was revealed 

that there were several components to be implemented under this project to increase carp fry 

production. However, the local people did not seem to be positive about the project. The 

declaration of sanctuary in the river was severely criticized. As per their observation, before 

declaration of sanctuary the egg collectors would guard voluntarily so that no one could catch 

mother carps from the river. But after the declaration of sanctuary they could not do that 

patrolling. Consequently, few unscrupulous fishermen took the opportunity to catch mother 

carps from the river. They also informed that these carps are not inhabitant of the river. They 

migrate from Karnafuli to Halda for spawning. During migration the carps travel to further 

upstream of the river from the spawning ground. But the sanctuary was declared only to a 

specific segment of the river, from Chittagong - Rangamati Road to Chittagong – Kaptai 

Road. It is easy for some fishermen to catch fishes easily outside the sanctuary. They can 

catch fishes i.e. carps from either the mouth of Halda or from upstream near Fatikchari. Their 

allegations were also substantiated by the information received from the discussion with 

people near Dhurang. They agreed that they catch big carps in the river near Dhurang outside 

the weir. The egg collectors suggest that if it is possible to declare sanctuary for the whole 

river catchment then it may give fruitful results. They were also skeptical about cisterns 



61 
 

constructed under Halda River Restoration Project for hatching eggs (Figure 5.35). They 

opined that these are not good to hatch eggs. Fish fries died when eggs were released there 

for testing.  

                    
                           (a)        (b) 

Figure 5.35: Cisterns built under Halda River Restoration project 

It was also informed by the egg collectors that the benefit or alternative employment facilities 

declared by the project did not reach to the actual group. The egg collectors also clearly 

disagreed with the idea of dredging. They said that the whole spawning ground would be 

destroyed if it is scoured. Because the nutrient present in the river bed would be removed and 

the natural condition of the river would be seriously polluted with dredging. They also 

asserted that erosion would increase if dredging is done in the river. It was clear from the 

field visit that the local people i.e. egg collectors did not welcome this restoration project. 

Rather in implementing some components (e.g. dredging, bend straightening etc.), the project 

faced tremendous resistance from them. 

5.4.3 Summary of Field Observation 

The findings from field investigation of different water control structures are summarized in 

Table 5.6. Water control structures were constructed with the objectives to reduce agricultural 

loss due to flash flood, to increase land under agricultural activities and to provide irrigation 

facilities to the farmers so as to enhance rice production. However, the impacts on the river 

ecosystem were ignored like any other traditional irrigation and flood control projects. 

Irrigation and flood control projects both big or small, were implemented in the study area. 

The impacts of these interventions on the Halda river ecosystem are now clearly 

understandable. Several water control structures not functioning properly has led to 

difficulties in maintaining even the regular flow that would otherwise be possible to maintain 

if the water control structures were fully functional. 
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Table 5.6: Summary of field investigation of different water control structures. 

Sl 
No. 

Project/ Water 
Control 

Structures 

Type of 
water 

control 
structure 

Related Stream/   
Streams 

Key Observation Operational Rule Functional 
Status 

Persons 
Responsible 

for operation 

Closing 
duration of 

gates 

Observation of Projects 
1. Karnafuli 

Irrigation 
Project (Halda 
Unit) 

18 nos 
regulator, 4 
nos 
navigation 
lock, 1 no 
regulator 
cum 
navigation 
lock. 

All streams 
below Boalia and 
Sarta Khal 

Few WCS 
abandoned/unused; 
No integrated 
operation system; 
Manual operation by 
local people; 
unused/abandoned  
WCS causes drainage 
congestion, erosion in 
adjacent area. 
 
This causes increase 
in sediment load in 
the river, deposition 
of sediment in river 
bed etc. that can 
clearly indicate the 
reason of erosion in 
adjacent areas.

Manual Operation 
by Local people. 
Gates open and 
closed individu-
ally as and when 
required by the 
farmers. 

Some water 
control 
structures are 
non-
functional; 
Some water 
control 
structures are 
functional.  

Local people 
living adjacent 
to individual 
water control 
structures. 

December to 
May 
(Approximately)

2. Halda 
Irrigation 
Extension Sub-
Project 

One 
regulator at 
outfall of 
Boalia 

All streams that 
fall in Boalia and 
all streams  up to 
Nazirhat 
Railway Station 
beyond 
KIP(Halda Unit) 
boundary  
 

Not fully constructed 
as per plan. Major 
component Boalia 
regulator abandoned, 
causing huge water 
congestion at u/s of 
the khal.  
 
The congestion also 

- Non-
functional 

- Constructed 
gates remain 
closed all over 
the year. 
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Sl 
No. 

Project/ Water 
Control 

Structures 

Type of 
water 

control 
structure 

Related Stream/   
Streams 

Key Observation Operational Rule Functional 
Status 

Persons 
Responsible 

for operation 

Closing 
duration of 

gates 

obstructs and reduce 
the amount of flow 
into the river and also 
increases sediment 
load in the river, 
causes erosion in 
adjacent areas.  

 
Sl 
No
. 

Project/ 
Water 

Control 
Structures 

Type of 
water 

control 
structure 

Related 
Stream/       
Streams 

Key Observation Operational 
Rule 

Functional 
Status 

Persons 
Responsible for 

operation 

Closing duration 
of gates 

Observation of Projects 
3. Halda 

Parallel 
Khal Project 

One 
regulator 
at outfall 
of Boalia 

Similar 
streams of 
Halda 
Irrigation 
Extension 
Sub-Project 

No visible impact found. 
Only low level canal 
improved to supply 
water to adjacent land. 

- Non-functional - - 

4. Dhurang 
Irrigation 
Project 

One 
Weir 

Dhurang Successful Irrigation 
Project. However, water 
logging problem 
occurred in Rosangiri. 
Unmanaged sluice gate 
operation causes 
substamtial conflict for 
water during irrigation 
season. Dissatisfied 
local community 
adjacent to Dhurang as 

- Functional An operator 
appointed from 
BWDB 

- 
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Sl 
No
. 

Project/ 
Water 

Control 
Structures 

Type of 
water 

control 
structure 

Related 
Stream/       
Streams 

Key Observation Operational 
Rule 

Functional 
Status 

Persons 
Responsible for 

operation 

Closing duration 
of gates 

they don’t get the benefit 
of project. 
 
Reduction in flow 
contribution into the 
river during pre and 
early monsoon which 
overlaps with irrigation 
season. 

5. Lelang 
Irrigation 
Project 

Sluice 
gate 

Lelang Manual operation by 
local people 
 
Reduction in flow 
contribution into the 
river during pre and 
early monsoon which 
overlaps with irrigation 
season. 
 

Manual 
operation by 
local people 

Partially 
Functional 

Local Farmers December to May 

6. Mondakini 
Irrigation 
Project 

Sluice 
gate 

Mondakini  Gates worn out. Manual 
operation by local 
people. 

Manual 
operation by 
local people 

Partially 
Functional 

Local Farmers December to May 

7. Bhujpur 
Rubber 
Dam project 

Rubber 
Dam 

u/s of Halda 
from Bhujpur 
Union 

Across halda river. 
Navigation hampered. 
Store huge amount of 
water during irrigation 
season causes rapid flow 
reduction in the river. 
 
Obstruction of flow in 

Operated by 
local people 

Functional Local Farmers December to May 
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Sl 
No
. 

Project/ 
Water 

Control 
Structures 

Type of 
water 

control 
structure 

Related 
Stream/       
Streams 

Key Observation Operational 
Rule 

Functional 
Status 

Persons 
Responsible for 

operation 

Closing duration 
of gates 

the main channel of 
Halda caused significant 
reduction in the velocity 
of flow and thus 
increases sediment 
deposition in the river 
bed.  

8. Halda River 
Restoration 
Project 

- Segment of 
Halda River 
(From Sarta 
Ghat to 
Maduna Ghat) 
 

No clear benefit from 
the project, rather 
controversial. 

- - - - 

Observation of Water Control Structures 
9. Harualchari 

Khal Water 
Control 
Structure 

Sluice 
gate 

Harualchari WCS manual operation 
by local people and 
Earthen dam constructed 
by people during 
irrigation season. 
 
Reduction in flow 
contribution into the 
river during pre and 
early monsoon which 
overlaps with irrigation 
season. 

Manual 
operation by 
local people 

Partially 
Functional 

Local Farmers December to May 

10
. 

Fatikchari 
Khal Water 
Control 

Sluice 
gate 

Fatikchari/Fa
tika Khal 

WCS abandoned and 
jammed.  
 

- Non-Functional - Whole year 
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Sl 
No
. 

Project/ 
Water 

Control 
Structures 

Type of 
water 

control 
structure 

Related 
Stream/       
Streams 

Key Observation Operational 
Rule 

Functional 
Status 

Persons 
Responsible for 

operation 

Closing duration 
of gates 

Structure Flow obstruction in the 
stream and causes 
erosion of the banks of 
that stream. 

11 Baramasia 
Khal Water 
Control 
Structure 

Sluice 
gate 

Baramasia WCS manual operation 
by local people and 
Earthen dam constructed 
by people during 
irrigation season. 
 
Reduction in flow 
contribution into the 
river during pre and 
early monsoon which 
overlaps with irrigation 
season. 
 

Manual 
operation by 
local people 

Partially 
Functional 

Local Farmers December to May 

12 Harina Khal 
Water 
Control 
Structure 

Sluice 
gate 

Harina In good condition and 
functional.  
 
 

Mechanical gate 
active but 
operated by 
local people 

Functional Local Farmers December to May 
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Chapter Six 

Impact of Modified Runoff on Halda River Ecosystem 

6.1 Introduction 

This chapter presents the people’s perception regarding impact of interventions on the 

ecosystem of the Halda river. The information was collected through direct observation, 

Focus Group Discussion (FGD) and Time Line Analysis with egg collectors and farmer 

communities in the area. Time line is a social research method that helped to identify 

important past events in a locality. It is “a list of key events in the history of the community 

that helps to identify post trends, events, problems, and achievements in its life” (Simon, 

2000). Semi-structured interviews are conducted to obtain oral histories of past events. These 

oral histories can provide details on local events, how the community perceived them, and the 

eventual impact of these events on the local area and the community. These discussions 

provide a good opportunity to ask elders about previous trends and traditional responses. 

Time line analysis was conducted with the egg collector communities of the area to find out 

the reduction pattern of carp spawning in the river over the last 40 years.  

Gathered primary information where integrated with the results of rainfall runoff analysis that 

yielded relative flow contribution of different tributaries and the implementation history of 

projects. This allowed analysis of the impact of different water control structures on the 

ecosystem of Halda river. 

6.2 Carp spawning process and the importance of fresh water flow 

The information about carp spawning and its processes and related factors were found from 

FGDs with the egg collectors. The discussion with the egg collectors was conducted in 

Garduara which is adjacent to the spawning location. A seasonality map was developed based 

on input from stakeholders (Figure 6.1). Information about the seasonal condition of water 

level, crop production, fishing etc. was collected using this map. The season of carp spawning 

is from first of April to the end of June. These carps are not the inhabitants of Halda. These 

fishes migrate from different pockets of Karnafuli to Halda for spawning during the first 

week of February. Ruhi, Catla, Mrigel are the major carp fishes in this river. These fishes 

travel up to the location near the Nazirhat railway station with tide. From the first of April 

rain starts in the adjacent hilly areas. This rain causes flashy runoff in the area. When the 

sudden runoff coincides with high tide, the carps move down to relatively lower part of the 

river near Noyapara, Garduara of Hathazari. With heavy rain and thunderstorms the carps 
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start to spawn in this location. The spawning takes place within half to one hour. If eggs 

cannot be collected during this time, the eggs move out to Karnafuli and with the strong 

current of Karnafuli the eggs are flushed out to the Bay of Bengal. These eggs cannot sustain 

the high salinity of sea water and therefore are destroyed there. Spawning location and the 

indicators of spawning are known to the local egg collectors. They can also locate the 

presence of carps before or during spawning in the river by the changing color of water and 

the disturbance in the water surface which help them to spot out the spawning locations 

precisely. 

  
    (a)                                          (b) 

    
          (c)                           (d)  
Figure 6.1: Fish fry production in Halda river: (a) ‘kua’ for hatching eggs near the river; (b) 

fish fries at pond for growing; (c) different fish fries at the age of 7 days; (d) Ruhi, Catla and 

Mrigel fish fries 

The egg collectors use their local techniques to collect eggs.  After collection, they keep eggs 

in earthen ditches known as “Kua” (Figure 6.1 (a)). They keep eggs over fine nets dipped in 

these Kuas. The eggs are hatched within 18 hours after collection. Small fish fries come out 

from eggs and flow out in the Kuas from nets. These fish fries are then kept in the ditches for 

two weeks for growth and later are transferred to other ponds for further growth. The fish 

fries are sold in the market of different sizes. The age of the fries varies from one month to 

several months. Figure 6.1 shows fries of at the age of 7days. Costs of fish fries depend on 

the size of the fries. 

There are also few other important issues that came out from the discussion. From FGD it 

was found that there is significant impact of flow reduction on the carp spawning in Halda. 

The spawning reduced abruptly during early 1990s and from then decreased gradually every 



69 
 

year. In recent years, the location of carp spawning is scattered along the river which makes 

egg collection very difficult. They suspect that this is caused by changing hydrological 

condition in the river as flow is not sufficient from upstream when it is required.  The major 

causes of reduction in spawning identified by the egg collectors were: flow reduction from 

upstream, capturing brood fish at the mouth of the Halda, depth reduction in deeper section of 

the river where carps used to spawn, increase in salinity, industrial waste discharge and 

straightening of ox-bow bends.  

Earlier there were several ox-bow bends that were suitable places for spawning. These were 

suitable because there were deep pools in those locations that were considered favorable 

place for spawning. However, the bends were straightened for ease in navigation and 

reduction of erosion in the adjacent areas in the last one hundred years.  However, there were 

arguments among the FGD participants about this issue. One group said it was related to the 

reduction of carp spawning and has had negative impact, while the other group said it was not 

the most important factor for reduced spawning. Their logic was that the amount of spawning 

was good even after straightening of ox-bow bends. As per their information the carps 

usually spawn in deep pools/pockets of the river and these pockets were abundant in those 

ox-bow bends. Spawning conditions would be favorable as long as the flow remains 

uninterrupted and the pockets are kept intact in the river bed. There are some deep pools near 

Noyapara in the river which are favorable place for spawning. During heavy rain, the flash 

flood from adjacent hilly areas carries tremendous amount of sediments in the river through 

the streams and through surface runoff over the surrounding area. With reduction in overall 

flow in the river the suspended sediments which come with upstream flow settled in the river 

bed and filled up those pools, thus decreasing the locations of spawning. From their point of 

view egg collection can be increased by ensuring sufficient flow from upstream.  

It was also mentioned that the decrease in upstream flow increases salinity intrusion from 

downstream of the river. Salinity has indirect impact on spawning. The ditches used to hatch 

eggs are supplied with river water. As small fries cannot survive in high saline water the 

overall fry production gets affected. As per the information from the egg collectors, huge loss 

of carp fries happened in the year 2011 due to this reason. Thus, the argument provided by 

the second group is scientifically more logical than the first group. 

Another reason that got more emphasis in the FGD was the industrial waste discharge. There 

are several industries including Asiatic Paper Mills in Hathazari that discharge wastes in 
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Halda. These wastes form huge foam in river water making it impossible to collect eggs after 

spawning.  

Another reason for reduction of spawning is capturing of mother carps illegally. Some 

fishermen catch the mother carps outside of Halda fish sanctuary, which was declared under 

“Halda river restoration project”. The area of fish sanctuary is within Moduna Ghat Bridge 

(Chittagong – Kaptai road) to Satter Ghat Bridge (Chittagong – Rangamati road).  These 

Carps migrate from Karnafuli crossing the restricted area and travel up to Dhurang and 

further upstream. As catching fish is not restricted in those areas, people catch carps there 

which cause negative impact on the spawning of carps. 

6.3 Historical changes in volume of egg collection    

Time line analysis yielded useful information on reduction of volume of egg collection over 

the years. Several reasons for reduction of carp spawning were identified during FGD as 

mentioned in section 6.2. It is evident that the amount of carp spawning is reducing over the 

years. However, to correlate the causes and effects described by the egg collectors during 

FGD, a time line analysis was conducted. The result of the time line analysis is shown in 

chart Table 6.1.  

Table 6.1: Time Line Analysis result in chart. 

Year Amount of Spawning (Qualitative) 
(in terms of 12-14inch sized 

Bucket) (per person) 

Water Control Structure Construction 

2012 **  

2011 - Bhujpur Rubber Dam 

2010 ***  

2005 ****  

2000 *******  

1995 ********  

1990 ********* 4 ft Gate over Dhurang Weir 

1987  Halda Irrigation Extension Sub Project (1987 – 1993) 

1985 ***************  

1980 *************** Mondakini Water Control Structure, 

Karnafuli Irrigation Project (Halda Unit) (1975 -1985) 1975 ****************************** 

1970 ******************************  

1965 - Dhurang Irrigation Project (Dhurang Weir) 
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The asterisk “*” symbol indicates number of ‘bucket’. As per the egg collectors, the amounts 

of eggs collected are measured by ‘buckets’. During 2012, the total collection of egg was 

only ‘two buckets’ per egg collector. During 2005, the egg collection was approximately 

‘four buckets’ per person, during 2000 nearly ‘seven buckets’ per person and during 1990 

‘nine buckets’ per person.  The amount was much more in 1985 (approximately fifteen 

buckets). Again, this egg collection amount in 1985 was far less than that during 1975. The 

result of time line analysis indicates that the sudden reductions in spawning followed massive 

construction work that had impacts on the river. Therefore, it can be inferred that the 

reduction in spawning is related to flow reduction due to different water control structures in 

Halda and in its tributaries. If the information obtained from time line analysis can be 

compared with recorded time of straightening of oxbow bends and construction period of 

water control structures, a logical answer regarding the impact of modified runoff due to 

different water control structure over carp spawning can be derived. 

6.4 Impact of irrigation activities on spawning  

The irrigation activity in the study area starts from the first of December and the flows remain 

obstructed until the full monsoon starts i.e. from May to early June. The spawning season 

starts from the first week of April and continues up to June. Thus, the spawning season 

overlaps with irrigation period for two months which is crucial time for carp spawning in the 

river (Figure 6.2).  

 

Figure 6.2: Irrigation Season vs. Spawning Season. 

 

The overlapping of irrigation period with carp spawning season has caused significant impact 

on the carp spawning in Halda. During irrigation season, significant amount of water is 

withdrawn from the river as well as from different tributary streams to meet the irrigation 
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requirement of the adjacent areas. The sluice gates remain closed during the whole irrigation 

period. This withdrawal of irrigation water has reduced the flow in the river and increased 

sedimentation. Sedimentation diminished the deep pools in the river bed which are known as 

suitable places for carp spawning. As mentioned earlier in Chapter 3, the change in flow 

condition in the river is directly related with the factors required for carp spawning e.g. 

optimum pH, flow velocity, turbidity, dissolved oxygen, water temperature etc. The flow 

reduction changes the physical and chemical conditions that are required for carp spawning in 

the river. This changing condition is affecting the natural spawning activity in the river. The 

impact is already visible in the amount of fish fry production. Previous studies observed that 

in 1945 the amount of carp fry production was more than 2000-2500 kg (Tsai et el, 1981) 

which was reduced to 50 -100 kg in 2000s. 

The result from hydrologic model shows one major contributor to the Halda flow is the upper 

river catchment upstream of Bhujpur. The other major contributing tributaries of Halda 

include Boalia, Dhurang, Kutubchari, Sarta, lelang, Mondakini, Harualchari, Baramasia, 

Fatikchari and Telpari. Implementation of rubber dam is causing 17.41% reduction of flow 

on an average. Possible flow obstruction from major contributing tributaries are Boalia 

9.19%, Dhurang 10.15%, Kutubchari 9.37%, Sarta 9.04%, Lelang 9.15%, Mondakini 5.80%, 

Harualchari 3.95%, Baramasia 2.72%, Fatikchari 1.48% and Telpari 0.67%. Any obstruction 

on flow of these streams will cause change in the flow of Halda. It is found that the 

aforementioned streams have one or more water control structures. The flow of streams 

remains obstructed till the end of May for irrigation which clearly coincides with the 

spawning season (April to June). This flow modification has a direct influence on the 

declining trend of carp spawning. This can be further clarified by comparing the time of 

interventions in the natural flow in the river and in its streams with the reduction in egg 

collection from the river. The time when the major irrigation projects were initiated and the 

rapid declination in carp spawning are plotted together in Figure 6.3. The comparison of time 

of water control structure construction with spawning reduction shows that with the massive 

intervention in the streams, the carp spawning reduced significantly.  
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Figure 6.3: Comparison between major irrigation project implementation time and reduction 
in carp spawning 

The result of hydrologic analysis, field information and several secondary information reveal 

that the irrigation projects caused changes in flow contribution in Halda which ultimately 

affected the carp spawning in the river. Presence of carp is an indicator of healthy ecosystem 

of a river. Thus, it is evident that the flow modification due to different water control 

structure affects significantly the eco-hydrology of the river Halda. 

The important factors for maintaining natural ecosystem are seasonally variable optimum 

flow contribution from tributaries, maintaining natural course of the river, controlled 

operation and maintenance rules of different water control structures so that impact on 

ecosystem of the river is minimal etc. These important factors need adequate so that 

minimum environmental requirements for river ecosystem can be obtained.  
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Chapter Seven 

Conclusions and Recommendations 

7.1 Conclusions 

The flow modification due to different human intervention had great influence on the ecology 

of the river Halda. This concept is very much clear from the study. The conclusions of this 

study are briefly presented below.   

1. From relative flow contribution point of view, among the streams that are obstructed 

by different water control structures, the streams under Karnafuli Irrigation Project 

(Halda Unit) contribute largest amount of flow into the river (22.9% ~ 16.7% 

contribution). The contributions of streams those were obstructed by Bhujpur rubber 

dam were second (20.7% ~ 17.4% contributions). Besides, the other important 

contributing streams are– Dhurang (15.1% ~ 6.9%), Kutubchari (11.7% ~ 7.8%), 

Lelang (10.8% ~ 7.5%), Sarta (10.8% ~ 7.4%) and Boalia (11.9% ~ 6.1%).   

2. Water control structures that were constructed under different projects have no 

specified operational rules.  

3. Most of the water control structures are non-functional or blocked that aggravated 

drainage congestion during rainy season. Most of the structures are maintained 

manually. The flow obstruction time for agriculture coincides with spawning time 

(April to June). It is clear that, flow obstruction continues until huge rain begins that 

causes flood in upstream.  

4. The average flow in the river decreases during pre- and early monsoon season in last 

30 to 35 years. The time of reduction of flow and time of construction of different 

water control structures in the river is similar. These constructions can be considered 

as an important reason for flow reduction in the river. 

5. Flow reduction is inherently related to different human intervention i.e. for different 

water control structures in the tributaries of the river that are major water supplies in 

the river.  The flow obstruction reduced the natural flow in the river and increased 

sedimentation, which filled up the deeper pools in the river. This resulted in carps 

losing the favorable spawning place. 

6. Comparison of timing of construction of water control structures (e.g. Dhurang weir, 

WCSs under Karnafuli Irrigation project, Boalia regulator, Mondakini WCS etc.) with 
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reduction of carp spawning clearly revealed that carp spawning has reduced 

substantially due to flow reduction in the river, and this is the most important factor. 

7. Due to flow reduction in the river, the important factors for spawning i.e. water level, 

air and water temperature, dissolved oxygen, pH and turbidity changed which is the 

cause of reduction in carp spawning to a very high extent. 

8. The popular perception that straightening of oxbow bends was the one significant 

factors behind reduction in carp spawning is questionable; they did have negative 

impact, however, to a lesser extent compared to the impacts caused by the reduced 

flow contributions from the tributaries. 

7.2 Recommendations 

Few recommendations have been provided below. It is noted that many of these came from 

the local people in the study area during field investigation –  

1. For carp spawning to be improved, there needs to be a balance between irrigation 

water use and release of fresh water with sediment load from important tributaries to 

the main Halda river. 

2. Irrigation water requirements from major flow contributing streams need to be 

identified in consideration of the command area, followed by assessment of water 

demand during April-June.   

3. The functionality of different water control structures need to be restored and 

operational rules must be established to operate the Bhujpur Rubber Dam which was 

built across the main channel of Halda and cause maximum flow obstruction. 

Operational rules also needed to be established for the sluice gates and regulators on 

the major contributing tributary streams (e.g. Dhurang, Kutubchari, Lelang, Boalia, 

Mondakini, Telpari etc.) to ensure sufficient water in the river to maintain natural 

flow.  

4.  Irrigation practice in that area needs to be reviewed and less water consuming 

irrigation techniques needed to be explored. 

5. Industrial waste discharges need to be checked and pollution control measures need to 

be taken by local authorities if possible with the help of the Department of 

Environment (DoE) so that industries of the adjacent areas cannot discharge the raw 

wastes into the river. 

6. Community based water control structure management system can be implemented 

for effective operation and maintenance of water control structures. 
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7.3 Suggestion for Future Study: 

A detailed study can be carried out based on the requirement and on the available surface 

flow as well as ground water resources to provide suggestion about amount of water that can 

safely be extracted from both sources and to implement integrated water resource 

management (IWRM) concept as far as possible. A catchment of a major tributary stream 

(e.g. Dhurang or Lelang) can be selected for in-depth study where requirements for different 

water users, including flow requirement of Halda can be worked out.   
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Land Use Pattern of the Study Area (Appendix ‐ A1)

NAME Area (sq.km) Forest (sq.km) Hill (sq.km) Agricultural 
Land   
(sq.km)

Settlement  
(sq.km)

WaterBodies 
(sq.km)

% Forest % Hill % Agri %Settlement % Water

W590 104.0090 58.9166 0.0000 40.0789 5.0134 0.000000 56.65% 0.000% 38.53% 4.82% 0.000000%
W600 109.3103 69.8054 0.0000 35.6453 3.8596 0.000004 63.86% 0.000% 32.61% 3.53% 0.000004%
W610 38.6918 28.3401 0.0000 9.1884 1.1633 0.000052 73.25% 0.000% 23.75% 3.01% 0.000135%
W620 40.8123 31.8833 0.0000 7.0403 1.8887 0.000000 78.12% 0.000% 17.25% 4.63% 0.000000%
W630 1.7091 1.2838 0.0000 0.2666 0.1587 0.000010 75.11% 0.000% 15.60% 9.28% 0.000565%
W640 18.4755 13.8293 0.0000 4.1974 0.4489 0.000008 74.85% 0.000% 22.72% 2.43% 0.000043%
W650 2.6744 2.2817 0.0000 0.1478 0.2449 0.000008 85.32% 0.000% 5.53% 9.16% 0.000308%
W660 22.8511 16.1421 0.0000 5.4571 1.2519 0.000003 70.64% 0.000% 23.88% 5.48% 0.000012%
W670 68.4742 54.7886 0.0000 9.9353 3.0055 0.744851 80.01% 0.000% 14.51% 4.39% 1.087783%
W680 4.0037 0.0000 0.0000 3.8331 0.1706 0.000003 0.00% 0.000% 95.74% 4.26% 0.000066%
W690 27.7331 13.6721 0.0000 13.6442 0.4168 0.000000 49.30% 0.000% 49.20% 1.50% 0.000000%
W700 6.0609 0.7251 0.0000 5.0394 0.2964 0.000003 11.96% 0.000% 83.15% 4.89% 0.000044%
W710 21.7355 15.4681 0.0000 5.9666 0.3008 0.000003 71.17% 0.000% 27.45% 1.38% 0.000012%
W720 41.9517 15.4331 0.0000 24.6714 1.8472 0.000003 36.79% 0.000% 58.81% 4.40% 0.000006%
W730 37.8214 31.3288 0.0000 4.2076 2.2851 0.000000 82.83% 0.000% 11.12% 6.04% 0.000000%
W740 54.2793 34.1134 0.0000 18.5106 1.6553 0.000001 62.85% 0.000% 34.10% 3.05% 0.000002%
W750 54.5246 16.2064 0.0000 33.7871 4.5311 0.000023 29.72% 0.000% 61.97% 8.31% 0.000042%
W760 44.4125 33.6647 0.0000 9.1899 1.5579 0.000003 75.80% 0.000% 20.69% 3.51% 0.000006%
W770 33.2085 27.0721 0.2721 4.5950 1.2693 0.000000 81.52% 0.819% 13.84% 3.82% 0.000000%
W780 10.0963 1.4600 0.0000 7.9653 0.6710 0.000003 14.46% 0.000% 78.89% 6.65% 0.000026%
W790 50.8611 8.8207 0.0000 41.7716 0.2688 0.000016 17.34% 0.000% 82.13% 0.53% 0.000031%
W800 2.5082 0.0000 0.0000 2.3833 0.1250 0.000003 0.00% 0.000% 95.02% 4.98% 0.000106%
W810 6.5831 1.3394 0.0000 5.0871 0.1567 0.000004 20.35% 0.000% 77.28% 2.38% 0.000064%
W820 68.9806 25.3590 0.0000 40.4508 3.1709 0.000000 36.76% 0.000% 58.64% 4.60% 0.000000%
W830 38.1775 35.2383 0.7872 1.3533 0.7988 0.000000 92.30% 2.062% 3.54% 2.09% 0.000000%
W840 36.6741 14.9518 0.0000 20.2185 1.5038 0.000005 40.77% 0.000% 55.13% 4.10% 0.000013%
W850 20.8730 7.0029 0.0000 13.8445 0.0256 0.000009 33.55% 0.000% 66.33% 0.12% 0.000045%
W860 80.4774 9.3586 14.5962 49.1721 7.3504 0.000091 11.63% 18.137% 61.10% 9.13% 0.000113%
W870 13.0951 4.1922 0.0000 7.5281 1.3747 0.000006 32.01% 0.000% 57.49% 10.50% 0.000044%
W880 26.2535 0.0000 0.0000 20.9393 5.3141 0.000002 0.00% 0.000% 79.76% 20.24% 0.000009%
W890 23.4366 19.6611 0.0000 2.6466 1.1289 0.000003 83.89% 0.000% 11.29% 4.82% 0.000011%
W900 30.4075 4.7133 0.0000 19.3065 6.3876 0.000007 15.50% 0.000% 63.49% 21.01% 0.000024%
W910 7.9836 0.0000 0.0000 6.8197 1.1640 0.000000 0.00% 0.000% 85.42% 14.58% 0.000000%
W920 21.3319 1.3003 0.0000 18.5430 1.4886 0.000000 6.10% 0.000% 86.93% 6.98% 0.000000%
W930 24.4099 0.0000 0.0000 17.9674 6.4424 0.000014 0.00% 0.000% 73.61% 26.39% 0.000058%
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Land Use Pattern of the Study Area (Appendix ‐ A1)

NAME Area (sq.km) Forest (sq.km) Hill (sq.km) Agricultural 
Land   
(sq.km)

Settlement  
(sq.km)

WaterBodies 
(sq.km)

% Forest % Hill % Agri %Settlement % Water

W940 50.8057 7.3663 24.5092 14.6915 4.2387 0.000006 14.50% 48.241% 28.92% 8.34% 0.000011%
W950 81.4190 0.0000 8.2211 62.3023 10.8956 0.000023 0.00% 10.097% 76.52% 13.38% 0.000029%
W960 1.3768 0.0000 0.0000 1.2004 0.1764 0.000006 0.00% 0.000% 87.19% 12.81% 0.000401%
W970 26.1902 0.0000 11.7479 11.0157 3.4035 0.022988 0.00% 44.856% 42.06% 13.00% 0.087775%
W980 4.6446 0.0000 0.0000 4.0353 0.6093 0.000006 0.00% 0.000% 86.88% 13.12% 0.000119%
W990 10.3890 0.0000 0.0000 7.9434 2.4456 0.000012 0.00% 0.000% 76.46% 23.54% 0.000111%
W1000 52.9817 0.0000 32.1305 15.3248 5.5263 0.000003 0.00% 60.645% 28.92% 10.43% 0.000006%
W1010 54.9756 0.0000 9.5612 34.9182 10.4962 0.000008 0.00% 17.392% 63.52% 19.09% 0.000014%
W1020 0.1503 0.0000 0.0000 0.1454 0.0049 0.000000 0.00% 0.000% 96.73% 3.27% 0.000000%
W1030 21.0708 0.0000 0.0000 14.8819 6.1889 0.000012 0.00% 0.000% 70.63% 29.37% 0.000055%
W1040 44.0248 0.0000 8.3296 27.6585 8.0367 0.000001 0.00% 18.920% 62.82% 18.25% 0.000003%
W1050 19.9472 0.0000 13.9051 2.0138 4.0284 0.000003 0.00% 69.709% 10.10% 20.20% 0.000017%
W1060 7.5326 0.0000 0.0000 5.9726 1.5601 0.000000 0.00% 0.000% 79.29% 20.71% 0.000000%
W1070 6.3774 0.0000 0.0000 4.9127 1.4648 0.000006 0.00% 0.000% 77.03% 22.97% 0.000089%
W1080 37.7740 0.0000 8.1048 20.3390 9.3301 0.000016 0.00% 21.456% 53.84% 24.70% 0.000042%
W1090 17.5102 0.0000 8.4081 5.2786 3.7323 0.091158 0.00% 48.018% 30.15% 21.31% 0.520599%
W1100 0.3561 0.0000 0.0000 0.1955 0.1605 0.000006 0.00% 0.000% 54.92% 45.08% 0.001587%
W1110 7.2715 0.0000 0.0000 5.1447 2.1269 0.000008 0.00% 0.000% 70.75% 29.25% 0.000117%
W1120 22.6217 0.0000 0.0000 15.1610 7.4607 0.000011 0.00% 0.000% 67.02% 32.98% 0.000050%
W1130 47.1977 0.0000 20.0518 15.5599 11.5859 0.000063 0.00% 42.485% 32.97% 24.55% 0.000133%
W1140 2.7140 0.0000 0.0000 1.7050 1.0090 0.000016 0.00% 0.000% 62.82% 37.18% 0.000587%
W1150 14.8437 0.0000 0.0000 11.4522 3.3915 0.000025 0.00% 0.000% 77.15% 22.85% 0.000170%
Total Area 1727.0631 605.7187 160.6248 793.2514 166.6087 0.859511 35.07% 9.300% 45.93% 9.65% 0.049767%



Soil Type Distribution Pattern in the Study Area (Appendix ‐ A2)

Sub‐Basin Sub‐Basin Area (Sq.Km) Silt Area (Sq. Km) Sand Area (Sq. Km) Clay Area (Sq. Km) Silty Loam (% Area) Sandy Loam (% Area) Clay (% Area)
W590 104.01 104.01 0.00 0.00 100.00%
W600 109.31 109.31 0.00 0.00 100.00%
W610 38.69 0.00 38.69 0.00 100.00%
W620 40.81 0.00 40.81 0.00 100.00%
W630 1.71 0.00 1.71 0.00 100.00%
W640 18.48 11.09 7.39 0.00 60.00% 40.00%
W650 2.67 1.60 1.07 0.00 60.00% 40.00%
W660 22.85 22.85 0.00 0.00 100.00%
W670 68.47 0.00 68.47 0.00 100.00%
W680 4.00 4.00 0.00 0.00 100.00%
W690 27.73 27.73 0.00 0.00 100.00%
W700 6.06 6.06 0.00 0.00 100.00%
W710 21.74 21.74 0.00 0.00 100.00%
W720 41.95 41.95 0.00 0.00 100.00%
W730 37.82 22.69 15.13 0.00 60.00% 40.00%
W740 54.28 54.28 0.00 0.00 100.00%
W750 54.52 32.71 21.81 0.00 60.00% 40.00%
W760 44.41 35.53 8.88 0.00 80.00% 20.00%
W770 33.21 33.21 0.00 0.00 100.00%
W780 10.10 10.10 0.00 0.00 100.00%
W790 50.86 25.43 25.43 0.00 50.00% 50.00%
W800 2.51 2.51 0.00 0.00 100.00%
W810 6.58 6.58 0.00 0.00 100.00%
W820 68.98 24.83 44.15 0.00 36.00% 64.00%
W830 38.18 38.18 0.00 0.00 100.00%
W840 36.67 36.67 0.00 0.00 100.00%
W850 20.87 0.00 20.87 0.00 100.00%
W860 80.48 32.19 48.29 0.00 40.00% 60.00%
W870 13.10 13.10 0.00 0.00 100.00%
W880 26.25 26.25 0.00 0.00 100.00%
W890 23.44 23.44 0.00 0.00 100.00%
W900 30.41 30.41 0.00 0.00 100.00%
W910 7.98 7.98 0.00 0.00 100.00%
W920 21.33 21.33 0.00 0.00 100.00%
W930 24.41 24.41 0.00 0.00 100.00%
W940 50.81 50.81 0.00 0.00 100.00%
W950 81.42 32.57 32.57 16.28 40.00% 40.00% 20.00%
W960 1.38 1.17 0.00 0.21 85.00% 15.00%
W970 26.19 26.19 0.00 0.00 100.00%
W980 4.64 3.72 0.00 0.93 80.00% 20.00%
W990 10.39 7.27 0.00 3.12 70.00% 30.00%



Soil Type Distribution Pattern in the Study Area (Appendix ‐ A2)

Sub‐Basin Sub‐Basin Area (Sq.Km) Silt Area (Sq. Km) Sand Area (Sq. Km) Clay Area (Sq. Km) Silty Loam (% Area) Sandy Loam (% Area) Clay (% Area)
W1000 52.98 47.68 0.00 5.30 90.00% 10.00%
W1010 54.98 16.49 27.49 11.00 30.00% 50.00% 20.00%
W1020 0.15 0.00 0.00 0.15 100.00%
W1030 21.07 12.64 0.00 8.43 60.00% 40.00%
W1040 44.02 11.01 24.21 8.80 25.00% 55.00% 20.00%
W1050 19.95 19.95 0.00 0.00 100.00%
W1060 7.53 4.90 0.00 2.64 65.00% 35.00%
W1070 6.38 0.00 0.00 6.38 100.00%
W1080 37.77 9.44 20.78 7.55 25.00% 55.00% 20.00%
W1090 17.51 14.01 0.00 3.50 80.00% 20.00%
W1100 0.36 0.00 0.00 0.36 100.00%
W1110 7.27 0.00 0.00 7.27 100.00%
W1120 22.62 2.26 0.00 20.36 10.00% 90.00%
W1130 47.20 16.52 0.00 30.68 35.00% 65.00%
W1140 2.71 0.00 0.00 2.71 100.00%
W1150 14.84 0.00 0.00 14.84 100.00%
Catchement 1727.06 1128.81 447.75 150.51 65.36% 25.93% 8.71%



Estimated Sub‐Basin Parameters  (Appendix A3)

Sub‐Basin Area (sq.Km) Maximum Retention (S) Basin Slope 
(y)%

Longest Flow Path   L 
(m)

SCS Lag Time, 
tL (min)

Time of Concentration (tc) 
(min)

W590 104.009 27.365 9.34% 18789 2821.0 4702.6
W600 109.310 27.678 14.29% 22537 2657.8 4430.6
W610 38.692 17.677 4.88% 11236 1929.1 3215.8
W620 40.812 17.581 10.32% 14269 1601.1 2669.0
W630 1.709 17.312 38.11% 2603 211.4 352.5
W640 18.476 22.701 19.31% 10650 1098.4 1831.0
W650 2.674 21.808 33.77% 3707 347.6 579.4
W660 22.851 27.209 28.59% 10718 1024.9 1708.4
W670 68.474 17.545 18.66% 23866 1794.4 2991.3
W680 4.004 27.500 65.42% 5606 406.3 677.4
W690 27.733 28.184 19.97% 11874 1362.9 2272.0
W700 6.061 27.349 32.58% 5155 536.4 894.2
W710 21.735 28.214 14.74% 12383 1642.0 2737.3
W720 41.952 27.466 18.23% 15825 1764.1 2940.8
W730 37.821 22.213 31.02% 13212 1014.8 1691.7
W740 54.279 27.796 18.08% 24112 2500.7 4168.6
W750 54.525 21.917 31.98% 25400 1670.9 2785.4
W760 44.412 24.856 18.06% 15850 1658.9 2765.4
W770 33.208 27.607 23.18% 21362 1995.8 3327.1
W780 10.096 26.935 31.08% 9554 890.5 1484.4
W790 50.861 21.913 15.47% 15362 1606.6 2678.3
W800 2.508 27.326 69.04% 3410 264.6 441.1
W810 6.583 27.963 37.98% 8953 784.3 1307.5
W820 68.981 20.190 22.24% 22958 1749.5 2916.5
W830 38.178 28.035 8.80% 17841 2834.2 4724.7
W840 36.674 27.539 23.14% 13782 1404.4 2341.1
W850 20.873 17.850 34.89% 10800 703.8 1173.3
W860 80.477 20.076 27.78% 29996 1931.2 3219.3
W870 13.095 26.069 23.96% 8564 908.9 1515.2
W880 26.253 24.110 35.45% 11000 866.1 1443.8
W890 23.437 27.366 16.06% 10619 1362.7 2271.6
W900 30.407 23.968 16.22% 15006 1635.4 2726.1



Estimated Sub‐Basin Parameters  (Appendix A3)

Sub‐Basin Area (sq.Km) Maximum Retention (S) Basin Slope 
(y)%

Longest Flow Path   L 
(m)

SCS Lag Time, 
tL (min)

Time of Concentration (tc) 
(min)

W910 7.984 25.211 48.46% 8773 637.0 1062.0
W920 21.332 26.858 29.63% 12260 1111.3 1852.5
W930 24.410 23.017 24.13% 11438 1049.9 1750.1
W940 50.806 26.547 16.95% 21991 2326.3 3878.0
W950 81.419 18.911 29.35% 29900 1800.8 3001.9
W960 1.377 22.970 52.71% 3195 255.7 426.3
W970 26.190 25.522 13.06% 13494 1746.2 2910.9
W980 4.645 22.173 32.25% 6983 596.8 994.9
W990 10.389 14.970 33.70% 6487 424.1 707.0
W1000 52.982 24.190 9.69% 14386 2058.2 3431.0
W1010 54.976 17.843 21.95% 20421 1476.8 2461.9
W1020 0.150 14.831 126.79% 1201 56.4 94.0
W1030 21.071 18.193 30.31% 12401 854.2 1424.0
W1040 44.025 17.608 16.09% 17740 1527.7 2546.7
W1050 19.947 24.118 19.14% 12715 1324.1 2207.3
W1060 7.533 19.436 45.47% 4609 330.2 550.4
W1070 6.377 14.289 53.34% 4662 251.0 418.5
W1080 37.774 17.197 9.95% 13129 1503.7 2506.6
W1090 17.510 21.037 24.07% 12825 1084.7 1808.2
W1100 0.356 13.725 78.53% 1474 80.2 133.7
W1110 7.272 14.124 22.13% 5867 465.0 775.1
W1120 22.622 14.553 35.58% 9647 556.6 927.9
W1130 47.198 16.495 6.34% 17049 2258.2 3764.5
W1140 2.714 13.921 30.24% 3910 284.8 474.7
W1150 14.844 14.292 8.38% 8139 989.4 1649.4



Composite Curve Number  (CN) Estimation (Appendix ‐ A4)
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CN 
(Forest
_Sand)

CN 
(Forest
_Clay)

CN 
(Settle
ment_
Silt)

CN 
(Settle
ment_S
and)
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(1) (2) (3) (4) (5) (6) (7) (8) = 
(2)x(5)

(9) = 
(2)x(6)

(10) = 
(2)x(7)

(11) = 
(3)x(5)

(12) = 
(3)x(6)

(13) = 
(3)x(7)

(14) = 
(4)x(5)

(15) = 
(4)x(6)

(16) = 
(4)x(7)

(17) (18) (19) (20) (21) (22) (23) (24) (25)

W590 0.57 0.05 0.05 1 0 0 0.5665 0.0000 0.0000 0.0482 0.0000 0.0000 0.0482 0.0000 0.0000 45 66 77 77 85 90 72 81 88 32.67261233
W600 0.64 0.04 0.04 1 0 0 0.6386 0.0000 0.0000 0.0353 0.0000 0.0000 0.0353 0.0000 0.0000 45 66 77 77 85 90 72 81 88 33.99789285
W610 0.73 0.03 0.03 0 1 0 0.0000 0.7325 0.0000 0.0000 0.0301 0.0000 0.0000 0.0301 0.0000 45 66 77 77 85 90 72 81 88 53.33290399
W620 0.78 0.05 0.05 0 1 0 0.0000 0.7812 0.0000 0.0000 0.0463 0.0000 0.0000 0.0463 0.0000 45 66 77 77 85 90 72 81 88 59.24252327
W630 0.75 0.09 0.09 0 1 0 0.0000 0.7511 0.0000 0.0000 0.0928 0.0000 0.0000 0.0928 0.0000 45 66 77 77 85 90 72 81 88 64.98663048
W640 0.75 0.02 0.02 0.6 0.4 0 0.4491 0.2994 0.0000 0.0146 0.0097 0.0000 0.0146 0.0097 0.0000 45 66 77 77 85 90 72 81 88 43.75600268
W650 0.85 0.09 0.09 0.6 0.4 0 0.5119 0.3413 0.0000 0.0549 0.0366 0.0000 0.0549 0.0366 0.0000 45 66 77 77 85 90 72 81 88 59.82379702
W660 0.71 0.05 0.05 1 0 0 0.7064 0.0000 0.0000 0.0548 0.0000 0.0000 0.0548 0.0000 0.0000 45 66 77 77 85 90 72 81 88 39.95126788
W670 0.80 0.04 0.04 0 1 0 0.0000 0.8001 0.0000 0.0000 0.0439 0.0000 0.0000 0.0439 0.0000 45 66 77 77 85 90 72 81 88 60.09507219
W680 0.00 0.04 0.04 1 0 0 0.0000 0.0000 0.0000 0.0426 0.0000 0.0000 0.0426 0.0000 0.0000 45 66 77 77 85 90 72 81 88 6.347701334
W690 0.49 0.02 0.02 1 0 0 0.4930 0.0000 0.0000 0.0150 0.0000 0.0000 0.0150 0.0000 0.0000 45 66 77 77 85 90 72 81 88 24.42374484
W700 0.12 0.05 0.05 1 0 0 0.1196 0.0000 0.0000 0.0489 0.0000 0.0000 0.0489 0.0000 0.0000 45 66 77 77 85 90 72 81 88 12.67040003
W710 0.71 0.01 0.01 1 0 0 0.7117 0.0000 0.0000 0.0138 0.0000 0.0000 0.0138 0.0000 0.0000 45 66 77 77 85 90 72 81 88 34.08633827
W720 0.37 0.04 0.04 1 0 0 0.3679 0.0000 0.0000 0.0440 0.0000 0.0000 0.0440 0.0000 0.0000 45 66 77 77 85 90 72 81 88 23.11531147
W730 0.83 0.06 0.06 0.6 0.4 0 0.4970 0.3313 0.0000 0.0363 0.0242 0.0000 0.0363 0.0242 0.0000 45 66 77 77 85 90 72 81 88 53.64615637
W740 0.63 0.03 0.03 1 0 0 0.6285 0.0000 0.0000 0.0305 0.0000 0.0000 0.0305 0.0000 0.0000 45 66 77 77 85 90 72 81 88 32.82542178
W750 0.30 0.08 0.08 0.6 0.4 0 0.1783 0.1189 0.0000 0.0499 0.0332 0.0000 0.0499 0.0332 0.0000 45 66 77 77 85 90 72 81 88 28.81944478
W760 0.76 0.04 0.04 0.8 0.2 0 0.6064 0.1516 0.0000 0.0281 0.0070 0.0000 0.0281 0.0070 0.0000 45 66 77 77 85 90 72 81 88 42.63950743
W770 0.82 0.04 0.04 1 0 0 0.8234 0.0000 0.0000 0.0382 0.0000 0.0000 0.0382 0.0000 0.0000 45 66 77 77 85 90 72 81 88 42.74835598
W780 0.14 0.07 0.07 1 0 0 0.1446 0.0000 0.0000 0.0665 0.0000 0.0000 0.0665 0.0000 0.0000 45 66 77 77 85 90 72 81 88 16.40947197
W790 0.17 0.01 0.01 0.5 0.5 0 0.0867 0.0867 0.0000 0.0026 0.0026 0.0000 0.0026 0.0026 0.0000 45 66 77 77 85 90 72 81 88 10.45773963
W800 0.00 0.05 0.05 1 0 0 0.0000 0.0000 0.0000 0.0498 0.0000 0.0000 0.0498 0.0000 0.0000 45 66 77 77 85 90 72 81 88 7.424580712
W810 0.20 0.02 0.02 1 0 0 0.2035 0.0000 0.0000 0.0238 0.0000 0.0000 0.0238 0.0000 0.0000 45 66 77 77 85 90 72 81 88 12.70100125
W820 0.37 0.05 0.05 0.36 0.64 0 0.1323 0.2353 0.0000 0.0165 0.0294 0.0000 0.0165 0.0294 0.0000 45 66 77 77 85 90 72 81 88 28.83326369
W830 0.94 0.02 0.02 1 0 0 0.9436 0.0000 0.0000 0.0209 0.0000 0.0000 0.0209 0.0000 0.0000 45 66 77 77 85 90 72 81 88 45.58095643
W840 0.41 0.04 0.04 1 0 0 0.4077 0.0000 0.0000 0.0410 0.0000 0.0000 0.0410 0.0000 0.0000 45 66 77 77 85 90 72 81 88 24.45594066
W850 0.34 0.00 0.00 0 1 0 0.0000 0.3355 0.0000 0.0000 0.0012 0.0000 0.0000 0.0012 0.0000 45 66 77 77 85 90 72 81 88 22.34661742
W860 0.30 0.09 0.09 0.4 0.6 0 0.1191 0.1786 0.0000 0.0365 0.0548 0.0000 0.0365 0.0548 0.0000 45 66 77 77 85 90 72 81 88 31.68566436
W870 0.32 0.10 0.10 1 0 0 0.3201 0.0000 0.0000 0.1050 0.0000 0.0000 0.1050 0.0000 0.0000 45 66 77 77 85 90 72 81 88 30.04816777
W880 0.00 0.20 0.20 1 0 0 0.0000 0.0000 0.0000 0.2024 0.0000 0.0000 0.2024 0.0000 0.0000 45 66 77 77 85 90 72 81 88 30.16002816
W890 0.84 0.05 0.05 1 0 0 0.8389 0.0000 0.0000 0.0482 0.0000 0.0000 0.0482 0.0000 0.0000 45 66 77 77 85 90 72 81 88 44.92799441
W900 0.16 0.21 0.21 1 0 0 0.1550 0.0000 0.0000 0.2101 0.0000 0.0000 0.2101 0.0000 0.0000 45 66 77 77 85 90 72 81 88 38.27535501
W910 0.00 0.15 0.15 1 0 0 0.0000 0.0000 0.0000 0.1458 0.0000 0.0000 0.1458 0.0000 0.0000 45 66 77 77 85 90 72 81 88 21.72352349
W920 0.06 0.07 0.07 1 0 0 0.0610 0.0000 0.0000 0.0698 0.0000 0.0000 0.0698 0.0000 0.0000 45 66 77 77 85 90 72 81 88 13.14060498
W930 0.00 0.26 0.26 1 0 0 0.0000 0.0000 0.0000 0.2639 0.0000 0.0000 0.2639 0.0000 0.0000 45 66 77 77 85 90 72 81 88 39.32500973
W940 0.63 0.08 0.08 1 0 0 0.6274 0.0000 0.0000 0.0834 0.0000 0.0000 0.0834 0.0000 0.0000 45 66 77 77 85 90 72 81 88 40.66400369
W950 0.10 0.13 0.13 0.4 0.4 0.2 0.0404 0.0404 0.0202 0.0535 0.0535 0.0268 0.0535 0.0535 0.0268 45 66 77 77 85 90 72 81 88 27.66370502
W960 0.00 0.13 0.13 0.85 0 0.15 0.0000 0.0000 0.0000 0.1089 0.0000 0.0192 0.1089 0.0000 0.0192 45 66 77 77 85 90 72 81 88 19.6490573
W970 0.45 0.13 0.13 1 0 0 0.4486 0.0000 0.0000 0.1300 0.0000 0.0000 0.1300 0.0000 0.0000 45 66 77 77 85 90 72 81 88 39.54854166
W980 0.00 0.13 0.13 0.8 0 0.2 0.0000 0.0000 0.0000 0.1050 0.0000 0.0262 0.1050 0.0000 0.0262 45 66 77 77 85 90 72 81 88 20.30798422
W990 0.00 0.24 0.24 0.7 0 0.3 0.0000 0.0000 0.0000 0.1648 0.0000 0.0706 0.1648 0.0000 0.0706 45 66 77 77 85 90 72 81 88 37.1231887
W1000 0.61 0.10 0.10 0.9 0 0.1 0.5458 0.0000 0.0606 0.0939 0.0000 0.0104 0.0939 0.0000 0.0104 45 66 77 77 85 90 72 81 88 45.07471252
W1010 0.17 0.19 0.19 0.3 0.5 0.2 0.0522 0.0870 0.0348 0.0573 0.0955 0.0382 0.0573 0.0955 0.0382 45 66 77 77 85 90 72 81 88 41.94343236
W1020 0.00 0.03 0.03 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0327 0.0000 0.0000 0.0327 45 66 77 77 85 90 72 81 88 5.822228928
W1030 0.00 0.29 0.29 0.6 0 0.4 0.0000 0.0000 0.0000 0.1762 0.0000 0.1175 0.1762 0.0000 0.1175 45 66 77 77 85 90 72 81 88 47.17123345
W1040 0.19 0.18 0.18 0.25 0.55 0.2 0.0473 0.1041 0.0378 0.0456 0.1004 0.0365 0.0456 0.1004 0.0365 45 66 77 77 85 90 72 81 88 41.87563204
W1050 0.70 0.20 0.20 1 0 0 0.6971 0.0000 0.0000 0.2020 0.0000 0.0000 0.2020 0.0000 0.0000 45 66 77 77 85 90 72 81 88 61.46003132
W1060 0.00 0.21 0.21 0.65 0 0.35 0.0000 0.0000 0.0000 0.1346 0.0000 0.0725 0.1346 0.0000 0.0725 45 66 77 77 85 90 72 81 88 32.96116766

Composite CN               
(26)= (8)x(17)+(9)x(18)+ 
(10)x(19)+(11)x(20)+ 
(12)x(21)+(13)x(22)+ 
(14)x(23)+(15)x(24)+ 
(16)x(25)
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(14) = 
(4)x(5)
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(4)x(6)
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(4)x(7)

(17) (18) (19) (20) (21) (22) (23) (24) (25)

Composite CN               
(26)= (8)x(17)+(9)x(18)+ 
(10)x(19)+(11)x(20)+ 
(12)x(21)+(13)x(22)+ 
(14)x(23)+(15)x(24)+ 
(16)x(25)

W1070 0.00 0.23 0.23 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.2297 0.0000 0.0000 0.2297 45 66 77 77 85 90 72 81 88 40.88274629
W1080 0.21 0.25 0.25 0.25 0.55 0.2 0.0536 0.1180 0.0429 0.0617 0.1358 0.0494 0.0617 0.1358 0.0494 45 66 77 77 85 90 72 81 88 54.05146661
W1090 0.48 0.21 0.21 0.8 0 0.2 0.3841 0.0000 0.0960 0.1705 0.0000 0.0426 0.1705 0.0000 0.0426 45 66 77 77 85 90 72 81 88 57.67705236
W1100 0.00 0.45 0.45 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.4508 0.0000 0.0000 0.4508 45 66 77 77 85 90 72 81 88 80.24404023
W1110 0.00 0.29 0.29 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.2925 0.0000 0.0000 0.2925 45 66 77 77 85 90 72 81 88 52.06361315
W1120 0.00 0.33 0.33 0.1 0 0.9 0.0000 0.0000 0.0000 0.0330 0.0000 0.2968 0.0330 0.0000 0.2968 45 66 77 77 85 90 72 81 88 57.74841613
W1130 0.42 0.25 0.25 0.35 0 0.65 0.1487 0.0000 0.2762 0.0859 0.0000 0.1596 0.0859 0.0000 0.1596 45 66 77 77 85 90 72 81 88 69.15816985
W1140 0.00 0.37 0.37 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.3718 0.0000 0.0000 0.3718 45 66 77 77 85 90 72 81 88 66.17624995
W1150 0.00 0.23 0.23 0 0 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.2285 0.0000 0.0000 0.2285 45 66 77 77 85 90 72 81 88 40.66904692
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Appendix - A6

Year Average flow 
(m3/s)_December

Average flow 
(m3/s)_January

Average flow 
(m3/s)_February

Average flow 
(m3/s)_March

Average flow 
(m3/s)_April

Average Dry season flow 
(m3/sec)                         (From 
previous year's December to 

April)
1965 12.48 Data Not Available Data Not Available Data Not Available 8.62 Data Not Available
1966 12.60 7.54 4.65 3.13 1.74 5.50
1967 5.71 6.70 3.61 3.98 6.71 6.72
1968 6.71 3.32 1.39 1.31 2.89 2.92
1969 7.72 4.27 2.11 3.71 11.08 5.58
1970 10.06 6.06 4.88 3.41 6.46 5.71
1971 Data Not Available 7.39 3.54 1.60 Data Not Available Data Not Available
1972 3.72 Data Not Available Data Not Available Data Not Available 3.31 Data Not Available
1973 13.56 2.76 1.09 2.59 1.61 2.35
1974 11.50 6.89 2.77 2.07 4.91 6.04
1975 13.29 5.44 2.00 0.51 2.76 4.44
1976 10.55 7.81 4.64 1.36 5.34 6.49
1977 6.60 6.18 6.26 2.94 56.27 16.44
1978 4.73 3.82 1.32 0.55 3.44 3.15
1979 8.09 2.66 1.18 0.28 0.26 1.82
1980 6.11 3.72 1.93 8.34 1.25 4.67
1981 4.43 4.95 2.05 2.27 32.29 9.53
1982 8.77 1.91 2.10 0.59 7.60 3.33
1983 12.93 3.49 2.36 8.46 48.32 14.28
1984 6.87 7.73 2.50 0.77 1.84 5.15
1985 2.75 5.30 1.97 2.02 2.40 3.71
1986 8.13 2.35 1.17 0.54 7.92 2.95
1987 7.18 3.71 1.82 2.48 41.12 11.45
1988 11.93 4.51 2.98 8.32 16.14 7.83
1989 11.48 6.24 3.96 1.73 7.49 6.27
1990 9.69 5.62 5.35 14.22 19.21 11.18
1991 12.46 5.04 4.13 2.05 4.26 5.04
1992 7.25 7.61 16.00 3.46 1.71 8.25
1993 8.85 3.92 8.64 18.79 6.92 9.11
1994 Data Not Available 5.35 2.06 10.24 Data Not Available Data Not Available
1995 11.28 3.65 1.89 0.88 3.78 Data Not Available

Average river flow during dry season (December to April)
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Year Average flow 
(m3/s)_December

Average flow 
(m3/s)_January

Average flow 
(m3/s)_February

Average flow 
(m3/s)_March

Average flow 
(m3/s)_April

Average Dry season flow 
(m3/sec)                         (From 
previous year's December to 

April)

Average river flow during dry season (December to April)

1996 8.84 6.45 2.57 25.64 11.97 11.58

1997 Data Not Available Data Not Available Data Not Available Data Not Available 6.91 Data Not Available
1998 18.72 12.78 8.83 22.05 25.76 Data Not Available
1999 20.22 Data Not Available Data Not Available Data Not Available 7.99 Data Not Available

2000 Data Not Available 17.02 13.31 30.19 Data Not Available Data Not Available
2003 15.41 Data Not Available Data Not Available Data Not Available 10.51 Data Not Available
2004 11.40 11.89 8.38 7.12 12.64 11.09
2005 83.19 55.30 57.55 Data Not Available 56.74 Data Not Available

2006 Data Not Available Data Not Available 95.84 92.81 29.96 Data Not Available
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Check list for FGD with egg collectors: 

1. What is the present condition of spawning/ spawning in this year? 

2. What is the location of spawning this year? 

3. When it occurs? 

4. What is the amount of egg collected this year? 

5. How many time spawning occurs this year? 

6. What natural conditions prevail this year during spawning? 

7. What was happened previous year? 

8. What was the amount of egg collected previous year? 

9. Is there any change in location of spawning? 

10. What are the causes they think might impact spawning? 

11. What is the amount of fry collected from egg this year? 

12. What was the amount of fry collected from egg last year? 

13. What was the amount of fry collected from egg preceding year? 

14. Why the amount of collection increases or decreases? What is their perception? 

15. Is there any salinity problem that is affecting spawning and egg collection? 

16. Is there any other natural or anthropogenic cause (salinity, pollution etc.) that might 

affect fry production? 

17. What are the reasons behind that, they think? 

18. What is their suggestion regarding the solution of the problem? 

19. What is the present role of Halda River Restoration project? 

20. Are the fishermen benefited from the project? How? 

21. What are their opinions regarding Different WCS at streams? 

22. Are they think those structures have any adverse impact on egg collection?  

23. What they are thinking of about operation of those structures? 

Check List For FGD with Farmer: 

1. What Kind of crop they use to grow in the field? 

2. Is there available water for irrigation? 

3. From when water is made available in the project area? 

4. How these WCS work? 

5. Is there any operation or management rule for those structures? 
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6. How many areas are now under irrigation?/ What is name of the area upto which 

irrigation water available? 

7. Is it always possible to supply water when needed? 

8. Is there any involvement in managing the project?/ What is the role of BWDB in the 

irrigation Projects?  

9. Is there any WMA in the area? 

10. What is there role in management of irrigation water? 

11. What is the situation during heavy rainfall? 

12. If the WCS permanently obstructed flow, doesn’t it cause water congestion during rainy 

season? 

13. If any waterlogging problem exists then how long this congestion continued? / How 

much time this water logging continued in a year? 

14. How it hampered the agricultural production? 

15. Don’t they think it may hamper the flow in the river? 

16. What is their suggestion to minimize the problem? 

17. Is there any small water control structure constructed within the streams? 

18. By whom those WCS managed? 

19. In how many streams this type of WCS constructed? 

 

Check List for KII with BWDB officials: 

1. What is the total number of water control structures constructed by BWDB? 

2. What are the types of WCS? 

3. When those are constructed? 

4. Are all those structures functioning? If not, 

5. How many of them are not functioning? 

6. What is the reason of non-functioning? 

7. What is the coverage area of those projects (Individually)? 

8. Is there any difference between theoretical coverage area and actual coverage area? If 

any, then at what extent those differs and why? 

9. What is the actual coverage area? 

10. Who are responsible for maintenance of those WCS? 
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11.  What is the role of BWDB about management of those WCS? 

 

Check List for KII with Social Activists: 

1. Since when the spawning reduced severely? 

2. How is this reduction in spawning impacting the society there? 

3. At what time of the year carp spawning start? 

4. What is the reason of carp spawning in the specific location? 

5. What are the reasons they think important for reduction in spawning? 

6. What is the idea about water control structures constructed by BWDB?  

7. Is there any relation with those structures with reduction in spawning? 

8. Who are the egg collectors of Halda? Are they fishermen or different community?  

9. Are there any other interest groups in this issue? 

10. How many streams are there as tributaries of Halda, name of streams and where those are 

located (tentative location)? 
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