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iv 

 

This research work has been carried out to assess the e-flow of the Ganges River. First 

objective of this study is to identify the appropriate methodology among the 

established e-flow measurement techniques for the Ganges River and the second 

objective is to assess the e-flow for fisheries, maintenance of Sundarbans ecosystem 

and morphological equilibrium condition of the river. Based on detailed review on 

various methodologies, the Indicator of Hydraulic Alteration (IHA) method of Range 

of Variability Approach of Hydrologic method is used for assessing the impact on 

flow regime of Ganges River after the construction of Farakka Barrage. Building 

Block Method (BBM) is used to estimate the fisheries demand, ecological demand, 

Sundarbans‘ requirement, flushing flow and morphological equilibrium.  

Analysis shows that Golda fish requires 379 m
3
/s amount of flow during November to 

April, 2008 m
3
/s during May to September and 6023 m

3
/s during the month of 

October. Hilsha fish requires 9318 m
3
/s amount of water during July to October. Carp 

fish requires minimum of 853 m
3
/s during December to February and maximum of 

12829 m
3
/s during July to August. The minimum requirement of Gangetic Dolphin is 

2213 m
3
/s for November and 5177 m

3
/s in the months of May and October. Ghorial 

habitat requires a minimum flow of 664 m
3
/s in the month of March and maximum 

flow of 3775 m
3
/s during August and September. For sustainability of Sundarbans, a 

minimum of 542 m
3
/s flow is required during April and an amount of 22715 m

3
/s is 

required during August and September for natural river flushing.  

This study also identified that the observed minimum flow during the pre-Farakka 

period was within the range of e-flow requirements in the dry season. But in the post-

Farakka period, the minimum flow falls below the dry season requirement. The dry 

season flow has been reduced drastically after 1975 but it was found that the average 

flow between the two time periods differs only by 706 m
3
/s. This study has shown a 

reasonable hydrograph (here it is called e-flow hydrograph) at Hardinge Bridge. The 

sustainability of Ganges River itself and its selected dependents may be secured if the 

required amount of water can be ensured at Hardinge Bridge. 
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1.1 Background of the Study 

Water has an economic value and it should be exploited for the benefit of people, their 

subsistence and economic welfare. Environmental flow (e-flow) concept is at the core 

of all water management strategies for the river system in Bangladesh. Because, 

investigation on e-flow requirements for rivers of Bangladesh is essential in view of 

diminished flows and creation of dry beds in many rivers in lean seasons (Zobayer, 

2004). Knowledge of e-flow is necessary for understanding any river restoration and 

resuscitation task. 

E-flow is the amount of water needed in a watercourse to maintain healthy 

ecosystems. The term is used in the context of rivers which have been dammed, with 

most or all of the flow trapped by the dam — the failure to provide an e-flow can have 

serious ecological consequences. According to the Global Environmental Flows 

Network (GEFM), e-flow refers to water provided within a river, wetland or coastal 

zone to maintain ecosystems and the benefits they provide to people. 

The 10
th

 International River Symposium and E-flows Conference, held in Brisbane, 

Australia, in 2007, proclaimed for a global action agenda that address the urgent need 

to protect rivers globally. The conference declared that freshwater ecosystems are the 

foundation of our social, cultural, and economic well-being. The forum acknowledges 

that water flowing to the sea is not wasted. Flow alteration through dam or any other 

manner might imperil freshwater and estuarine ecosystems. E-flow management 

provides the water flows needed to sustain freshwater and estuarine ecosystems in 

coexistence with agriculture, industry, and cities. That global agenda commits to 

estimate e-flow needs everywhere immediately and to integrate e-flow management 

into every aspect of land and water management.  

Bangladesh is a riverine country. About 700 rivers including 57 common rivers (54 

rivers with India and other 3 rivers with Myanmar) flow through the country 
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constituting a waterway (all rivers, streams, creeks and channels) of total length 

around 24,140 km.  So, the water resources development and river system is the main 

factor of lives and livelihoods of the People of Bangladesh. Ganges, whose 90% of 

the catchments area lies out of Bangladesh, is one of the three big rivers in 

Bangladesh (the Ganges, The Brahmaputra and the Meghna). Ganges Dependent Area 

(GDA) which is delineated under National Water Management Plan (NWMP) has 

directly influenced by the Ganges River in terms of historic hydrologic linkages 

and/or currently having potential for direct impact by the river. The GDA includes 

both Southwest and South Central hydrological regions and narrow strip along river 

of North West region of Bangladesh. The GDA is bounded by the Ganges, Padma and 

Lower Meghna rivers to the north and the west. International border and the Bay of 

Bengal are the west and south limits of this area, as shown in Figure 1.1.1. With a 

gross area of 4.6Mha, the GDA represents roughly one-third of the country (NWMP, 

2001). GDA is rich with Sundarbans mangrove forest, the world heritage site declared 

by UNESCO in 1997 covering 10% of the GDA area. Cultivable and settlement land 

are 77% of the total area, where 13% area cover surface water including rivers, beels 

and perennial water bodies (NWMP, 2001). As affirmed in Dewan, A. (2010), about 

37% (area-wise) of Bangladesh depends solely on the Ganges for freshwater supply, 

which is not only supporting millions of lives but is also substantially important in 

maintaining the ecological balance of south-west Bangladesh as well as the largest 

mangrove forest, the Sundarbans. 

The increased uses of water especially through diversion and storage by the upper 

riparian country have created significant impact on the natural flow regime of the 

Ganges River. The flow regime has been impacted through morphological, 

hydrological and environmental changes. These changes in the flow regime have in 

turn caused changes in the dynamics of the aquatic system with adverse impact the 

ecological and environmental conditions, especially on the Gorai River as well as 

Sundarbans ecosystem. 

E-flow is that flow that is essential within a stream to maintain its natural resources 

and dynamics at desired or specified level. E-flow assessment (EFA) is required for 

balancing the use (or development) of water from aquatic ecosystems for various 

purposes whilst protecting (or managing) the aquatic ecosystems so that it can 
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continue to be used by present and future generations. In simple, e-flow is the amount 

of water needed in a watercourse to maintain healthy ecosystems. Knowledge of e-

flow requirements is a must in planning for new projects related to water development 

and evaluating the operation and management of existing projects. E-flow means that 

water in rivers is managed in such a way that downstream users and ecosystems 

receive enough water for their sustainability. It entails negotiations between water 

users, based on an understanding that their water use has no effects on others, and on 

their natural environment. 

Here, the river environment means not just the river channel, but it includes the 

connected flood plains and wetlands. Thus a comprehensive term ‗e-flow‘ is often 

used to account for all components of the river including natural flow variability, 

social and economic issues and ecological values. In addition to the protection of a 

river, flows are needed to protect basic human needs and rights of downstream users, 

navigation, to prevent salinity intrusion and maintain channel diversity and flood 

carrying capacity. 

Bangladesh is already facing problem due to construction of Farakka barrage outside 

the country in the Ganges River which caused the Gorai River almost dried up in lean 

period. Thirty-eight million people in the GDA area are suffering due to low flow in 

the Ganges River (NWMP, 2001). Further upstream water withdrawal by the upper 

riparian country has already been aggravated the situation and has been worst 

situation due to more transfer of water from Ganges basin. Already, some people of 

this area have been migrated and more people have been migrating to other places for 

their survival and livelihood. 

The environment itself is increasingly being considered as legitimate water user in 

many countries.  As a consequence the water requirement of the environment needs to 

be estimated.  The amount of water that has been allocated to the environment is a 

decision made by society, and is to some extent arbitrary. 

Therefore, it has become essential to assess the e-flow for the sustainability of the 

Ganges River, as many lives and livelihood as well as the environment depended on 
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this river. The e-flow assessment is required to preserve the ecology and associated 

functions of the river for sustainable development of the region. 

 

Figure 1.1.1:  Ganges Dependent Area  

Rationalities for considering Ganges River are manifold reasons. As Ganges is one of 

the major rivers in Bangladesh and the dependent area has been clearly delineated 
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under the NWMP (2001). The demand of river itself, i.e. e-flow, is hardly been 

assessed to understand the demand of flow for the river itself. On the other hand, 

Ganges is the most intervened river by upper riparian countries. In addition, the Gorai 

River, which is naturally fed by the Ganges, is the only source of freshwater for the 

south-west region of Bangladesh for maintaining of the mangrove eco-system. The 

most important Sundarbans ecosystem is also solely dependent on the fresh water 

flow from the Gorai River, the only one distributary of Ganges River. 

1.2 Scope of the Study 

Flood management and irrigation development have got the priority by the water 

practitioners for water resources management in Bangladesh. Low flow management 

does not get any attention properly. Rivers are the main identity of Bangladesh and 

thus it is essential to maintain healthy riverine ecosystem. National Water Policy 

(NWP, 1999) has explicitly recognized water for nature.  

The scopes of this study are as follows: 

 All available literature will be reviewed for better understanding of the e-flow 

measurements.  

 Applicability and procedure of the Building Block Method (BBM) for this 

study will be identified. It is an initiative to apply the BBM in Bangladesh. 

 Location will be finalized depending on its data availability and proper 

importance. 

 Some indicators will be identified and blockwise flow requirement for each 

indicator will be calculated. 

 Finally monthly flow requirement will be calculated.  This study will quantify 

the minimum flow requirement for the Ganges River at the specific site for 

river maintenance and sustainable use of river water for economic uses and 

safeguard subsistence use of river resources by riparian people. The results 

may become useful for water resources practitioners in Bangladesh. 
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E-flow includes water quality as well as water quantity. This research work does not 

focus any kind of the water quality issue. If there is no water, talking about water 

quality becomes redundant. Also, while groundwater is an integral part of a 

hydrological system as well as ecosystem, groundwater is not included in this thesis 

analysis. These limitations are considered in order to stay within the scope and focus 

on the thesis. 

1.3 Objective of the Study 

The main objective of this research study is to understand the e-flow requirements for 

the functions of hydrology, morphology and ecology of the Ganges River. To achieve 

the main objective, two specific objectives of this study are as follow: 

 To identify the appropriate methodology for assessing the e-flow for the 

Ganges River 

 To assess the e-flow for fisheries, maintenance of Sundarbans ecosystem, 

morphological equilibrium condition of river.  

Possible Outcome 

 A customized methodology for assessing the e-flow for the Ganges River. 

 Monthly average discharge requirement for fisheries, Sundarbans ecosystem, 

Morphological equilibrium for both monsoon and dry season of the Ganges 

River. 

1.4 Outlines of the Thesis 

This thesis work represents the results of application of e-flow assessment methods to 

Ganges River. This research focus on fisheries, ecological and morphological 

functioning of the river. This thesis document comprises of six chapters. It starts with 

a background, objectives and scope of the study in the introductory Chapter 1. 

Chapter 2 describes the history and literature available related to this topic and its 

practices around the world and in Bangladesh. 
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Chapter 3 presents the description of e-flows assessment methods and choice of 

appropriate methods for this research.  

Chapter 4 illustrates the study area selection, data collection and methodology. 

Impacts of upstream withdrawal have been analyzed in this chapter. The site for this 

research has been selected. Indicators of e-flow assessment have been identified and 

requirements for each indicator have been quantified in terms of velocity, depth and 

discharge. 

Chapter 5 portrays a summary of findings. All analysis and results have been 

discussed in this chapter. 

Finally, Chapter 6 states the conclusions and recommendations for further research.  
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2.1 Introduction 

The flows of the world‘s rivers are increasingly being modified through 

impoundments such as dams and weirs, abstractions for agriculture and urban water 

supply, drainage return flows, maintenance of flows for navigation and structures for 

flood control (Dyson et al., 2004and Postel and Richter, 2003). These interventions 

have caused significant alteration of flow regimes mainly by reducing the total flow 

and affecting the variability and seasonality of flows. Ravenga et al. (2000) has 

estimated that more than 60% of the world‘s rivers are fragmented by hydrological 

alterations. This has led to widespread degradation of aquatic ecosystems by 

Millennium Ecosystem Assessment, 2005. 

Available literatures have been reviewed for searching out available techniques for 

assessing e-flow requirements. In the previous studies, the key information and 

recommendations of different techniques for different environmental values are 

described with their limitations, advantages and cost-effectiveness. It has been 

identified the function, definition and rational for e-flow assessment (EFA) of a river, 

identified the different methods and approaches in different countries, application and 

case studies in different river system in Bangladesh. This study assists to propose a 

‗best practice‘ framework for the application of techniques to EFA. 

There is no specific guideline for assessing e-flow. However, several methods, 

approaches and frameworks are being applied in different countries including 

Australia, South Africa (SA), United Kingdom (UK) and United States of America 

(USA) depending on their river function. Mainly it depends on stakeholder‘s decision 

on the desired character and health condition of a certain ecosystem. Arthington and 

Zalucki (1998a) reveals that techniques for assessing e-flow requirements range from 

simplistic use of the hydrological record to establish minimum and flushing flows to 

sophisticated modelling procedures linking changes in river discharge with 

geomorphological and ecological response. 
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Table 2.1.1:  Three different categorizations of EFA methodologies 

Organization 
Categorization 

of EFA 
Sub-category Example 

IUCN (Dyson et 

al. 2003) 

 

Methods 

 

Look-up tables  Hydrological (e.g. Q95 

Index) 

Ecological (e.g. Tennant 

Method) 

Desk-top analyses  Hydrological (e.g. Richter 

Method) 

Hydraulic (e.g. Wetted 

Perimeter Method) 

Ecological 

Functional 

analyses  

BBM, Expert Panel 

Assessment Method, 

Benchmarking 

Methodology 

Habitat modeling  PHABSIM 

Approaches  Expert Team Approach, 

Stakeholder Approach 

(expert and non-expert) 

Frameworks  IFIM, DRIFT 

World Bank 

(Brown and King, 

2003) 

 

Prescriptive 

approaches 

 

Hydrological 

Index 

Methods 

Tennant Method 

 

Hydraulic Rating 

Methods 

Wetted Perimeter Method 

 

Expert Panels  

Holistic 

Approaches 

BBM 

 

Interactive 

approaches 

 IFIM 

DRIFT 

IWMI (Tharme, 

2003) 

 

Hydrological index methods  Tennant Method 

Hydraulic rating methods Wetted Perimeter Method 

Habitat simulation methodologies  IFIM 

Holistic methodologies BBM 

DRIFT 

Expert Panel 

Benchmarking 

Methodology 
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The development of EFA methodologies began in USA in the late 1940s and was 

implemented during the 1970s, mainly as a result of new environmental and 

freshwater legislation accompanying the peak of the dam-building era in USA. 

Outside the USA, the development of EFA methodologies only gained significant 

ground in the 1980s or later. Tharme (2003) found that Australia and South Africa are 

among the most advanced countries with respect to development and application of 

EFAs.  

In the most recent review of international e-flows assessments, Tharme (2003) 

recorded 207 different EFA methodologies within 44 countries. Several different 

categorizations of these methodologies exist, three of which are shown in Table 2.1.1. 

Many EFA methods have been applied in Australia, and modified according to 

circumstances. Reviews can be found in Kinhill (1988), Pusey and Arthington (1991), 

Arthington and Pusey (1993), AWWA (1994) and Arthington and Zalucki (1998b). 

Above researchers have set out these methods under the headings of geomorphology 

and channel morphology, wetland and riparian vegetation, aquatic invertebrates, 

freshwater and estuarine fish, water dependent wildlife and water quality.  

The categorization by IWMI is the most logical since it is based on the required 

biophysical input data and not on the methodological characteristics, which may 

change over time and be overlapping (Tharme, 2003). This categorization will, 

therefore, be used in the following brief review of methodologies. The review is based 

on Tharme (2003), Dyson et al. (2003), Brown and King (2003) and Acreman and 

Dunbar (2004). 

2.2 Present Status of E-flow Methodologies in Various Countries 

Developments in EFAs in South Africa have advanced dramatically during the past 

decade (King and O‘Keeffe, 1989; Gore and King, 1989; O‘Keeffe and Davies, 1991; 

Gore et al., 1991; King and Tharme, 1994and King et al., 1995). Tharme (1996) and 

Tharme and King (1998) provide an overview of the historical and local evolution of 

e-flow methodologies. King, et.al. (2008) states that holistic methodologies are 

considered the most appropriate for South African conditions, where there are some 

constraints. Those constraints are historical hydrological, ecological and 
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geomorphological data on the river system of concern; limited finances; extreme time 

pressures with future water-resource development projects; and limited manpower 

and expertise. However, other approaches, like IFIM (Gore and King, 1989; King and 

Tharme, 1994; Gore et al., 1990a) and the Biotope Approach, Rowntree and Wadeson 

(1996), have been used and show merit for further development and incorporation 

within holistic EFA frameworks (Tharme, 2000). 

Tharme (1997) recommended a multi-scale approach to EFAs for South Africa, 

comprising a three-tier hierarchy of methodologies, with professional judgment being 

exercised at all levels. Although all levels of the hierarchy should preferably be 

applied at various stages within a major water resource development, in all likelihood 

the third level would only be applied in cases of highly controversial projects and/or 

where the riverine ecosystem of concern is rated as of high conservation importance.  

The broadest level of the hierarchy comprises reconnaissance-level assessments of e-

flow needs. Methodologies based primarily on hydrological indices, for example 

Range of Variability Approach (RVA) would be most appropriate at this level. 

Holistic methodologies would be most appropriate for application at the intermediate 

level of the hierarchy, the level at which the majority of routine EFAs is likely to be 

conducted. Tharme (1997) recommends further advancement of the BBM for its most 

effective use at this level, for instance by incorporating ecologically relevant 

hydrological indices into the hydrological component and by biotope-level modeling. 

It is noteworthy that DRIFT, developed subsequently, incorporates early elements of 

both these features (Tharme, 2000). 

With rivers of high conservation priority, it would be appropriate to apply elements of 

a suitable, internationally recognised habitat simulation methodology within or in 

conjunction with a holistic methodology like the BBM or DRIFT, where the flow 

requirements of key, ecologically important or rare species need to be addressed. This 

would represent the final, most resource intensive level of the proposed hierarchy. 

Considerable effort would need to be expended, however, in order to select the most 

appropriate techniques from the wide range available, and to train and guide 

researchers in the development and application of these techniques in a local context. 
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Table 2.2.1:  Most widely used or preferred methodologies in various countries 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Alaska,USA IFIM; Tennant Method, including modifications 

thereof on the basis of professional judgment and 

fish data; various hydrological indices, including 

QAM (Mean Monthly Daily Discharge)  and 

FDCA (Flow Duration Curve Analysis); others 

(unspecified) 

Tennant Method, or a 

modification thereof, 

is often routinely 

applied 

 IFIM is used for 

special cases 

 Holistic methodologies do not appear to 

have been applied  

 

Australia Various methodologies: IFIM; RHYHABSIM; 

Holistic Approach; Tennant Method; FDCA and 

various other hydrological indices; professional 

judgment; EPAM; SPAM; FLOWRESM; Habitat 

Analysis Method and WAMP benchmarking; 

MTA; BBM 

State-dependent 

IFIM and holistic 

methodologies 

Methodologies used by each state are 

detailed in Growns and Kotlash (1994), 

Tharme (1996); Stewardson and 

Gippel(1997), Dunbar et al. (1998), and 

Arthington and Zalucki (1998a, 1998b) 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Austria Habitat modeling; other methods unspecified  unspecified A future aim is to combine IFIM with 

elements of holistic methodologies 

 An holistic framework has been proposed, 

including: expert opinion; a list of criteria; 

a 7-point naturalness scale; elements of 

IFIM, including PHABSIM 

 A quantitative fish habitat modelling 

approach is under development 

Britain and 

Wales 

 

 

 

 

 

 

 

 

Various methodologies: IFIM; hydrological tool 

(e.g. Micro Low Flows); hydrological indices (e.g. 

Q95); Environmentally Prescribed Flow Method; 

hybrid and alternative approaches, including the 

Scott Wilson Kirkpatrick Method, Jones Peters 

Method, HABSCORE, RIVPACS, 

Biotopes/Functional Habitats methods; holistic 

methodologies, such as the River Babingley 

(Wissey) Method and expert panel approaches 

 

unspecified A future aim is to combine 

IFIM/PHABSIM analyses for target species 

with holistic elements 

Holistic methodologies, specifically the 

Holistic Approach, BBM and EPAM are 

recommended for further investigation 

 The Tennant Method could be modified to 

develop more multidisciplinary stream 

ecotype-specific methods, with extensive 

work and use of other methods in its 

development 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Britain and 

Wales 

(continued) 

 

Hydrological indices, e.g. RVA and Texas 

Method, and regionalisation of  

seasonal FDCs, are considered useful for 

preliminary assessments, use on a river 

ecotype basis, and incorporation in existing 

methods (e.g. River Babingley Method) 

 Other methods considered to have 

potential include: the Basque Method; 

CASIMIR; Biotopes/Functional Habitats 

approaches 

 Further information on useful 

methodologies is provided in Dunbar et al. 

(1998) 

Canada 

 

 

 

               

Various methodologies: IFIM, including 

Biologically Significant Periods/Fish Rule Curve 

Approach; Tennant Method, including set 

percentages of Average Annual Flow ( e.g. 25% 

MAF Method) and Tessman Modification; Wetted 

Perimeter Method; correlation of fish year class to 

spawning flow; WSP model; water quality models; 

IFIM used in all of the 

7 provinces that apply 

e-flow methodologies, 

and Tennant Method 

or a modification 

Northwest Territories do not employ any 

methodologies 

Holistic methodologies do not appear to 

have been applied 

Methodologies used by each province are 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Canada 

(continued) 

7Q10 Method; Median Monthly Flow Method; 

FDCA (e.g. 90th percentile); HABIOSIM 

thereof often routinely 

applied 

 

detailed in Reiser et al. (1989b), Tharme 

(1996) and Dunbar et al. (1998) 

Czech 

Republic 

 

IFIM Unspecified IFIM-based procedures are under 

development 

Denmark 

 

Hydrological methods Median Minimum 

Method 

 It is recognised that other low flow 

hydrological indices are more sophisticated 

 

Finland 

 

It is recognised that other low flow hydrological 

indices are more sophisticated 

 

Unspecified 

 

There are no standard methods 

 

France 

 

Habitat simulation methodologies, such as EVHA, 

AGIRE, ENSAT Toulouse Method 

EVHA: applied in 

about 70 cases  

Ongoing research is taking place into 

continuous fish population modelling 

within an IFIM framework 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Germany 

 

 

 

Hydrological indices, case-specific expert opinion, 

and a habitat simulation methodology, CASIMIR 

 

 Mean of minimum 

daily flows for each 

year. or a fraction 

thereof, and expert 

opinion have been 

used to assess 100 

flows 

 

CASIMIR has been applied for benthic 

invertebrates as a benthic shear stress 

model, and new models are under 

development for fish habitat and riparian 

zone plant communities 

 

Italy 

 

Hydrological indices, including FDCA, daily and 

annual mean flows; IFIM; Tennant Method; 

Wetted Perimeter Method; Singh Method, and 

Orth and Leonard Method for regionalization; 

hybrid approach using regionalization of Q95 on 

the basis of geology and catchment area 

 

Hydrological indices, 

IFIM in resource-

intensive applications 

Relationships between fisheries standing 

crop and environmental variables are under 

development 

 

Japan 

 

 IFIM, including multidimensional hydraulic 

modelling and multivariate habitat suitability 

criteria 

 

Unspecified 

 

None 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Netherlands 

 

Hydrological model, PAWN; alternative 

approaches, including HEP, a general habitat 

suitability scoring model, an ecotope classification 

(ECLAS), a physical habitat model (MORRES), a 

habitat suitability model (EKOS), and a policy and 

alternatives analysis model (AMOEBA);HSI type 

model; hybrid methodologies based on habitat 

simulation, such as a GIS-based microhabitat 

mode 

Unspecified 

 

None 

New Zealand 

 

Various hydrological, hydraulic and habitat 

simulation methodologies (unspecified); IFIM; 

RHYHABSIM; Orth and Leonard Method for 

regionalisation, and other habitat regionalisation 

techniques 

 

RHYHABSIM: used 

on about 25 rivers; 

IFIM 

None 

Norway 

 

Hybrid approaches based on habitat modelling, 

specifically RSS which includes the HEC-2 

program, BIORIV I/II and HABITAT models, and 

temperature 

RSS and microhabitat 

modelling 

None 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

South Africa 

 

 

 

 

Various methodologies: hydrological indices, 

including FDCA; IFIM; BBM; DRIFT; FMP; 

Bulk Water Estimate (BWE); MTA; some 

alternative approaches, e.g. River Conservation 

Status Model; geomorphological change-flow and 

riparian vegetation-flow models, Biotopes 

Approach; multivariate statistical techniques for 

hydrological and ecological regionalization 

 

BBM and associated 

suite of methods for 

ecological Reserve 

determination 

 

The Biotopes Approach is recommended 

for further investigation, including biotope-

level modelling within habitat simulation 

methodologies 

Habitat and water quality modelling 

techniques are recommended for 

incorporation into the BBM and DRIFT, 

and research into linking water quality and 

quantity is underway 

Research is taking place into the 

identification of ecologically-relevant 

hydrological indices 

The IFR Model and a link model to 

reservoir operation, WRYM, have been 

developed 

 

Spain 

 

Hybrid and alternative methodologies, including 

an approach similar to IFIM with holistic elements 

and historical flow series, multivariate biomass 

Unspecified 

 

A future aim is to combine IFIM with 

elements of holistic methodologies 

Dunbar et al. (1998) provide further 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

Spain 

(continued) 

 

models, Cubillo‘s Madrid Method, and the Basque 

Method; IFIM; hydrological indices, specifically 

the Basic Flow Method 

 

information 

 

Sweden 

 

RSS 

 

RSS 

 

Only two e-flow studies have been 

completed 

Switzerland 

 

Hydrological indices; expert opinion Unspecified A future aim is to combine IFIM with 

elements of holistic methodologies, 

especially incorporating floodplain 

ecological data 

 

USA 

 

 

 

 

 

An extremely wide array of methodologies 

covering hydrology-based, hydraulic rating, 

habitat simulation, and various hybrid or 

alternative approaches; some methods unspecified 

17 commonly used methodologies: IFIM; Tennant 

Method, with various regional adjustments 

accounting for local hydrological regimes and 

IFIM: used in 30 states 

and cited in majority 

of cases as the 

preferred 

methodology; requisite 

methodology in 3 

states 

Holistic methodologies do not appear to 

have been formally applied 

Methodologies used by each state are 

detailed in Reiser et al. (1989a) and Tharme 

(1996) 

Habitat modelling techniques, especially 

using PHABSIM, are under continual 
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Table 2.2.1: Most widely used or preferred methodologies in various countries (continued) 

Country E-flow methodologies in use 

Most widely used or 

preferred 

methodologies 

Comments 

USA 

(continued) 

further modifications, e.g. Bayha Modification and 

Tessman Modification; Wetted Perimeter Method; 

ABF Method; 7Q10 Method; Professional 

judgement; R-2 Cross Method; hydrological 

methods based on flow records/FDCA; Water 

Quality methods; USGS Toe-Width Method; 

Arkansas Method; AVDEPTH program; HEC-2 

program; HQI; Oregon Method; September 

Median Flow Method; Vermont Fish-Flow 

Method 

Others including: RCHARC; Texas Method; 

Habitat Evaluation Procedure (HEP); RVA; Singh 

Method, and Orth and Leonard Method for 

regionalisation 

State-dependent 

Tennant Method: used 

in 11 states; primary 

methodology in 3 

states 

Wetted Perimeter; 

Average Base Flow 

(ABF); 7Q10 are other 

3 methodologies 

frequently applied 

 

development 
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E-flow methodologies currently in use and recommended for future application in 

various countries have been modified from that proposed by Tharme (1997). The 

most widely used or preferred methodologies are noted in Table 2.2.1. Much of the 

information presented is derived form Reiser et al. (1989a), Tharme (1996), Dunbar et 

al. (1998) and Arthington and Zalucki (1998a). An updated synopsis is presented in 

Tharme (2000). 

2.3 Present Status in Bangladesh 

In Bangladesh, some academic studies have been carried out regarding e-flow 

assessment. Rahman (1998) has carried out a research on Ganges River, whereas 

Zobayer (2004) and Saha (2007) have carried out researches on Surma River and 

Gorai River respectively. Rahman (1998) used hydrologic method, such as – Flow 

Duration, Constant Yeild and Mean Annual Flow methods. Zobayer (2004) applied 

Physical Habitat Simulation (PHABSIM) model in the Surma River. He showed that a 

habitat time series analysis with existing and varying flow condition clearly showed 

an increase in flow in dry season would considerably increase the suitable habitat for 

the selected species. Saha (2007) also applied PHABSIM model considering salinity 

intrusion and fish habitat, but he worked on river Gorai.  

Very few practical exercises have been done for e-flow assessment in Bangladesh. 

IUCN, Bangladesh has opened up the e-flow introduction in Bangladesh in practical 

level. It has carried a study on Bakkhali River and developed a protocol to adopt a 

holistic method to assess e-flow in Bangladesh. The protocol has been piloted at the 

Bakkhali River Rubber Dam, where there was a need to establish a balance between 

water for irrigation and dry season flows for fish movement to increase fish 

production. The protocol is based mainly on the expert assessment considering the 

dearth of data regarding e-flow.  The protocol was tested in case of Bakkhali rubber 

dam in Cox‘s Bazar district. Those efforts were mainly based on fisheries component. 

E-flow was assessed for Golda and Hilsa species at the rubber dam site of the 

Bakkhali River in Cox‘s Bazar. An overall flow release requirement was also assessed 

for all fish movement. These requirements are found to be comparable to the surplus 

volumes and may be negotiated for release through the dam. 
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Bari and Marchand (2006) has carried out a research with a focus on -suitability of 

methods to assess e-flows in Bangladesh and -inclusion of socio-economic aspects in 

e-flow assessments under BUET-DUT Linkage Project, Phase III. The suitability of 

different e-flow assessment methods is tested in three rivers: the Surma-Kushiyara, 

the Teesta and the Gorai. The study so far has made progress in collection and 

analysis of hydrological data for the above three rivers and made use of several 

hydrology-based methods of e-flow assessment (including Tennant, Constant Yield, 

Flow Duration Curve and the Range of Variability Approach – RVA). Physical 

Habitat Simulation Model has been applied for Surma, Teesta and Gorai River. 

Ghagot, Baghair and Bacha have been taken as dominant fish species for Surma 

River, Boirali for Teesta River and, Ayeer and Bacha for Gorai River. Karen Mayer, a 

Ph.D student of Delft Hydraulics, Technical University of Delft and IUCN, 

Bangladesh, has carried out a Ph.D research on a part of Surma River under this 

project.  

IWM (2006) has carried out another study on river Buriganga. In this study, Natural 

and human activities driven changes in the Buriganga River and the rivers around 

Dhaka city have in the dry seasons of the last decades caused a complete deterioration 

of water quality. The river Buriganga is increasingly being polluted with the city's 

thousands of industrial units and sewerage lines dumping huge volumes of toxic 

wastes into it day and night. A very detailed investigation comprising of state-of-the 

art mathematical water quality modelling of the Buriganga river system around the 

Dhaka city has been carried out for understanding the hydraulic and water quality 

processes responsible for such deterioration and the deterioration of the river 

offtaking from the Jamuna. This paper deals with the successful updating and 

application of the 1D hydrodynamic (HD) and water quality (WQ) models with 

rational data analysis to find out the optimum benefit for improving overall 

navigability and the water quality. It also deals with the some key applications of the 

model results to analyze the projected scenario up to year 2020 thereby supports the 

selection of the preferred e-flow. 
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2.4 Summary 

Based on literature review, it is found that few studies of e-flow have been carried out 

in Bangladesh. Among them, Rahman (1998) has carried out the study on Ganges 

River that was mainly on hydrologic approaches. This study is also done partly with 

hydrologic methods with latest data, as the scenario has been changed a little after the 

Ganges Water Treaty in 1997. In addition, this research study has adapted other 

approaches, except habitat simulation method.  
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3.1 Introduction 

The quantity of water allocated to the environment will always be less than what the 

environment ideally would require, namely the natural, undisturbed, flow regime of a 

river. Actually, there is no absolute quantifying value of e-flow requirement for a 

stream. Users of a river, therefore, have to weigh the potential costs and benefits to 

the environment and to all other water users, of allocating (or not) a certain amount of 

water to the environment. In so doing, a certain modification of the natural 

environment has to be accepted by the users. This accepted level of modification may 

differ from river to river, and is sometimes defined in terms of "ecological 

management classes".  

The e-flow requirement is often defined as how much of the original flow regime of a 

river should continue to flow down it in order to maintain the riverine ecosystem in a 

prescribed state- like pristine, good or satisfactory.  However, an environmental 

instream flow often fulfils a number of different functions.   

In addition to the ecology of a watercourse, there may be a need to recommend e-flow 

requirements for other purposes, such as follows: 

a. Maintenance of the channel diversity 

b. Sustenance of fisheries 

c. Navigation 

d. Prevention of saline intrusion 

e. Dilution of effluent 

f. Maintenance of the flood carrying capacity of the channel 

g. Protection of the rights of other abstractors 

h. Cultural and social reasons 

i. Prevention of invasive plant species 
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3.2 E-flow Assessment Methods 

There are numerous methods available for the assessment of e-flows. Most widely 

used methods are outlined in the following sections. The e-flow assessments (EFAs) 

are used as a method for estimating the quantity of water required. An EFA produces 

one or more descriptions of possible future flow regimes for a river each linked to an 

objective relating to the condition or the health of the riverine ecosystem. The e-flow 

requirement for a river is the minimum flow required to enhance or maintain aquatic 

and riparian life.   

More than 200 approaches have been used for determining e-flows in many different 

countries around the world. However, these approaches are broadly categorized into 

four major discrete methods which are widely used for assessment of e-flow. These 

are: 

a. Hydrological method 

b. Hydraulic rating method 

c. Habitat simulation method 

d. Holistic/ Integrated method 

Each method differs in its data requirements, procedures for selecting flow 

requirements, ecological assumptions and effects on river hydraulics.   

3.2.1 Hydrological Methods 

Hydrological methods that rely primarily on analysis of river flow data sometimes 

with interpretation by biologists of the ecological significance of different flows; 

whilst relatively simple, results from these methods have high levels of uncertainty 

(e.g. Tennant, 1976; Poff  et al., 1997, Richter  et al., 1996; 1997). 

Hydrological methods are the simplest type of e-flow assessment and rely on the use 

of historical hydrological data for making flow recommendations.  These data are 

usually in the form of long-term, historical monthly or daily discharge records.  These 

are used to determine e-flow requirements.  Hydrological methods are the simplest 
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and least data intense methods for estimating the e-flow.  The most commonly used 

hydrological methods include: 

a) Tennant (or Montana) Method; 

b) Flow Duration Curve Analysis; 

c) Aquatic Base Flow Method; and 

d) Range of Variability Approach. 

These methods are discussed in below sections. There are some advantages of 

hydrological methodologies. It is relatively simple to use. It is an appropriate method 

to use for use at a catchment level for establishing low-resolution estimates of the 

quantity of water required. Relatively little site-specific data are needed. In many 

cases only historical flow records are required. It does not require costly fieldwork to 

be carried out, but sometimes it requires field work in order to set the various 

standards and parameters. Hydrological indices that are derived from such methods 

can be incorporated into as sub-components of holistic type methods. It is limited to 

be applied for high level scoping studies. 

3.2.1.1 Tennant Method 

The most commonly used hydrological method is the Tennant method or Montana 

Method. This method is currently still the second-most widely used e-flow method in 

North America (Reiser et al., 1989a). The basic method (Tennant, 1976) is also used 

routinely in many other countries, often as the primary, basin wide scoping level of a 

two-tier system of EFA (Tharme 1996; Dunbar et al., 1998). 

It specifically links average annual flow to different categories of environmental 

habitat condition. The Tennant method is based on discharge statistics and historical 

flows.  The minimum flow requirement for a watercourse is expressed as a percentage 

of the mean annual naturalized flow at a specified site.  The naturalized flow regime is 

the hydrological regime of the watercourse with the man-made influences (e.g. 

abstractions of water, changes in runoff resulting from urbanisation) removed from 

the flow series.  To produce a naturalized flow series flow records are required.  This 

series is then modified to remove man-made influences thus giving a naturalized flow 

record.   
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The Tennant method was developed to specify minimum flows for watercourses in 

the mid-western USA.  Percentages of the mean annual flow (MAF) are specified to 

maintain the riparian habitat in a particular state. Table 3.2.1 shows Tennant‘s 

recommendations for e-flow to support varying qualities of fish habitats based on his 

observations of how to best mimic nature‘s hydrology (Stalnakers et el., 1995). There 

have been several modifications to the Tennant method by various practitioners since 

it was first used in the USA in 1976.   

Table 3.2.1:  Percentages of MAF based on the Tennant Method  

Habitat quality 
% of MAF 

Low flow season High flow season 

Flushing or Maximum 200 200 

Optimum 60-100 60-100 

Outstanding 40 60 

Excellent 30 50 

Good 20 40 

Fair 10 30 

Poor 10 10 

Severe degradation <10 <10 

 There are some advantages and disadvantages of this method. The most advantage of 

this method is it‘s simplicity to use.  Once relationships between discharge and the 

aquatic environment have been established it requires relatively little data and it does 

not require costly fieldwork to be carried out. It does not preserve the natural 

variability of the watercourse by taking account of daily and yearly variation of flows 

i.e. the method only prescribes a minimum environmental base flow. The natural flow 

regime (i.e. the regime before any anthropogenic influences on the watercourse have 

occurred) has to be established. The method never produces a zero flow 

recommendation. The method is not applicable to semi-arid regions. The relationship 

between flow and the state of the aquatic ecosystem is poorly established and this 

method is site specific. 
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3.2.1.2 Flow Duration Curve Analysis 

Another common hydrology-based methodology applied worldwide in its general 

form, is Flow Duration Curve Analysis (FDCA). Flow duration curves (FDCs) 

display the relationship between discharge and the percentage of time that it is 

exceeded. Where historical flow records are analyzed over specific durations in 

FDCA (Gordon et al., 1992), FDCs are used to derive specific flow percentiles 

(percentage exceedence values) associated with required suitable river conditions, 

often in combination with professional judgment, to produce e-flow 

recommendations. For instance, the Q95 Method is based on the 95% exceedence 

value on a seasonal FDC (Gustard et al., 1987, cited in Dunbar et al., 1998). 

In FDCA, naturalized or present-day historical flow records are analyzed over specific 

durations to produce curves displaying the relationship between the range of 

discharges and the percentage of time each of them is equaled or exceeded. Usually, 

90 percentile flow (Q90) has been set as the minimum e-flow. This is the flow that is 

exceeded 90% of the time. However, to apply such a FDC technique, hydrological 

flow data are required.  

3.2.1.3 Aquatic Base Flow Method 

This method is based on hydrological indices and also incorporates biological criteria 

in some instances. September Median Flow Method (Reiser et al., 1989a), Texas 

Method (Reiser et al., 1989a), Annual Minima Method (Reiser et al., 1989a) and 

Basic Flow Method (Palau and Alcazar 1996) are the most practiced methods under 

the Aquatic Base Flow Method (ABFM). Tharme (1996, 1997, 2000) and Dunbar et 

al. (1998) reviewed these approaches. 

This method is based on the assumption that the median flow for the lowest flow 

month is adequate throughout the year for fisheries, unless additional flow is required 

to meet the needs of spawning and incubation. The ABFM is unlikely to be applicable 

for many watercourses, which are ephemeral, like many rivers in South Africa. 

Ephemeral rivers have no flow during dry flow. 
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3.2.1.4 Range of Variability Approach 

The Range of Variability Approach, i.e. RVA (Richter et al., 1996, 1997), is one of 

several new methods that are considered to hold considerable merit for further 

investigation (Tharme 1997, 2000; Dunbar et al., 1998). It aims to provide a 

comprehensive statistical characterization of ecologically-relevant characteristics of a 

flow regime. Briefly, the natural range of hydrological variation is described using 32 

different hydrological indices derived from long-term daily flow records (Richter et 

al., 1997). The indices, termed Indicators of Hydrologic Alteration (IHA), Richter et 

al. (1996), are grouped into five categories based on the regime characteristics; 

magnitude, timing, duration, frequency and rate of change of discharge. Flow 

management targets, which can be monitored and refined over time, are set as ranges 

of variation of each hydrological parameter. 

The RVA is the most sophisticated form all of the hydrological index methodologies.  

It is aimed at providing a comprehensive statistical characterization of the 

ecologically relevant features of the flow regime, recognizing the crucial role of 

hydrological variability in maintaining ecosystems.  The method is intended to be 

applied to rivers where protection of the natural ecosystem functioning and 

conservation of the natural biodiversity are the primary management objectives.  This 

method is a good method for impact assessment. The methodology comprises six 

basic steps. 

1. The first of which is the characterization of the natural range of hydrological 

variation using a number of ecologically relevant hydrological indices, termed 

Indicators of Hydrologic Alteration (IHA).  These are summarized in Table 3.2.2. 

2. The second step is to select management targets for each of the IHA parameters.  

The fundamental concept is that the river should be managed so that the annual 

value of each IHA parameter falls within the range of natural variation of that 

parameter.  The management targets should be based on available ecological 

information.  In the absence of adequate ecological information it is recommended 

that ±1 standard deviation is used as the default for the initial setting of targets. 



 

19 

3. Step 3 is to use the flow based management targets, known as the Range of 

Variability (RVA) to set up management rules that will enable the targeted flow 

conditions in most, if not all, years.   

4. Step 4 involves implementing a monitoring programme to assess the ecological 

effects of the new management system.   

5. The fifth step is to characterise the actual stream flow variation using the same 

hydrologic parameters and compare then to the RVA targets.   

6. The final step is to repeat the first five steps incorporating the results of the 

preceding years‘ management and any new ecological research or monitoring 

information to revise either the management system or the RVA targets. 

Table 3.2.2: Summary of hydrological parameters used in the Indicators of 

Hydrologic Alteration 

IHA statistics 

group 

Regime 

characteristics 
Parameters 

Group 1: 

Magnitude of 

monthly water 

conditions 

Magnitude 

Timing  

 

Mean value for each calendar month 

Group 2: 

Magnitude and 

duration of annual 

extreme water 

conditions 

Magnitude 

Duration 

Annual minima and minima 1 day means 

Annual minima and minima 7 day means 

Annual minima and minima 30 day 

means 

Annual minima and minima 90 day 

means 

Group 3: Timing of 

annual extreme 

water conditions 

Timing Julian date of each annual 1 day 

minimum and maximum 

Group 4: Frequency 

and duration of 

high and low pulses 

Frequency 

Duration 

Number of high and low pulses each year 

Mean duration of high and low pulses 

Group 5: 

Rate/frequency of 

consecutive water 

condition changes 

Rates of change Means of all positive differences between 

daily values                                                   

Means of all negative differences 

between daily values 
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The tools named Indicators of Hydrologic Alteration (IHA) will be used for this 

method. This software is developed by The Nature Conservancy (TNC) as an easy-to-

use tool for calculating the characteristics of natural and altered hydrologic regimes. 

This tool require at least 20 years of flow data.  In some cases hydrological simulation 

models may be used.  The RVA approach was designed to bridge the gap between 

applied river management and current aquatic ecology theories. The power of the IHA 

method is that it can be used to summarize long periods of daily hydrologic data into a 

much more manageable series of ecologically relevant hydrologic parameters. 

3.2.2 Hydraulic Methods 

From the 1970s onwards, initially in North America, there was rapid development of 

incremental methodologies that utilized a quantifiable relationship between the 

quality of an instream resource, such as fishery habitat, and discharge, to calculate e-

flow requirements. These examined, for the first time, the effects of specific 

increments in discharge on instream habitat according to Tharme (1996). Two groups 

of transect or cross-section based methodologies, founded on a habitat-discharge 

relationship, progressively evolved, namely hydraulic rating and habitat rating 

methodologies (Trihey and Stalnaker, 1985). Hydraulic rating methodologies measure 

changes in various single river hydraulic variables such as wetted perimeter or 

maximum depth, at a single cross-section. Loar et al. (1986) stated that this is used as 

a surrogate for habitat factors that are limiting for riverine biota, to develop a 

relationship between habitat and discharge from which to derive e-flow 

recommendations.  

Hydraulic methods relate various parameters of the hydraulic geometry of a 

watercourse channel to discharge.  The most commonly used hydraulic method is the 

wetted perimeter technique. Tharme (1996) reviews commonly applied hydraulic 

rating methodologies and a number of associated hydraulic simulation models used to 

derive e-flow requirements. The wetted perimeter method is the most commonly used 

hydraulic rating methodology worldwide, and overall the third most used 

methodology in North America (Reiser et al., 1989a). 
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3.2.2.1 Wetted Perimeter Technique 

The Wetted Perimeter Technique (WPT) is the simplest of the field survey-based, 

site-specific techniques. It allows the minimum flow of a watercourse.  It is noted that 

this method includes no explicit representation of the aquatic habitat. To establish the 

minimum e-flow, a wetted perimeter-discharge relationship need o be generated. The 

wetted perimeter of a watercourse is defined as the length of the line of intersection of 

the channel wetted surface with a cross-sectional plane normal to the direction of the 

flow.  

The method assumes that preserving the wetted perimeter in critical habitat areas such 

as riffles, adequate flow is available to maintain aquatic life. The wetted perimeter-

discharge relationship should be generated for watercourse cross-sections that are at 

riffle sites or at sites where fish passage is likely to be limited.  The WTP is illustrated 

in Figure 3.2.1 and applied as follows: 

a) The relationship between the wetted perimeter and the discharge of the 

watercourse at a riffle, or where the passage of fish is limited, is established; 

b) A non-dimensional graph of wetted perimeter versus discharge is plotted.  The 

values of wetted perimeter and discharge are expressed as a proportion of their 

maximum value; 

c) The breakpoint of the curve is established. The breakpoint indicates where 

small decreases in the flow result in increasingly greater decreases in the 

wetted perimeter.  The breakpoint on the wetted perimeter-discharge curve can 

be mathematically defined as the point where the curvature of the curve is 45
o
.  

It should be noted that it is not possible to reliably assess the breakpoint by 

eye.  The breakpoint should be taken at the point where the slope of the curve 

is one  (dy/dx = 1); 

d) Compound cross-sections with multiple benches may produce an irregular 

relationship between wetted perimeter and discharge, and there may be more 

than one breakpoint.  In these cases the lowest breakpoint is usually the most 

relevant to minimum flow determination; 
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e) Once the breakpoint has been established the minimum e-flow requirement 

can be estimated.  

It should be noted that compound cross-sections with multiple benches will produce 

an irregular relationship between wetted perimeters and there may be more than one 

breakpoint where the slope is unity.  The lowest breakpoint is probably the most 

relevant to minimum flow determination. This method requirements surveyed 

watercourse cross-sections at appropriate locations and measured or generated stage-

discharge curve for the surveyed cross-section. 
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Figure 3.2.1:  Use of the wetted perimeter method to estimate e-flows 

The main advantage of the wetted perimeter method is that it is relatively simple to 

use and it requires relatively little data. It recommends only a minimum 

environmental base flow and the method is site specific. 
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3.2.3 Habitat Simulation Methods 

Habitat Simulation methods attempt to integrate the habitat requirements of different 

species with the river flow regime. These tend to be the most costly and data hungry 

methods, but give the most quantitative and replicable results; as stated in Bovee 

(1982), Jowett (1989), Jorde (1996) and Killingtviet and Harby (1994). 

These methods provide the most complex and the most flexible approach to EFAs. 

They provide information on how habitats change with flow for environmental uses, 

either biological or recreational. No prior assumptions are made about the state of the 

natural ecosystem. Changes of physical habitats with stream flow are accounted for 

and combined with the habitat preferences of a given species to determine the amount 

of habitat available over a range of stream flow conditions. The result is a curve 

relating available habitat area and stream discharge. Optimum stream flows for a 

certain number of species can be ascertained from these curves, and the results can be 

used as a guide for recommending e-flows.  The most commonly used habitat method 

is the Instream Flow Incremental Methodology (IFIM).  This is discussed below. 

3.2.3.1 Instream Flow Incremental Methodology 

Of all currently available habitat simulation methodologies, Instream Flow 

Incremental Methodology (IFIM) is the most sophisticated and scientifically and 

legally defensible methodology available for quantitatively assessing e-flow 

requirements for rivers (Gore and Nestler, 1988). It is, therefore, the most commonly 

used e-flow methodology worldwide, particularly in the USA where it was developed 

(Mosley, 1983; Reiser et al., 1989a; Gan and McMahon, 1990, b; Bullock et al., 1991; 

Gore et al., 1991; King and Tharme, 1994; and Jowett and Richardson, 1995). 

However, according to Mathur et al. (1985), Shirvell (1986), Scott and Shirvell 

(1987), Gan and McMahon (1990) and King and Tharme (1994), the methodology has 

also received an enormous amount of criticism over the years.  

Orth and Maughan (1982) and Stalnaker et al. (1996) stated that IFIM was originally 

developed for addressing the e-flow requirements of economically important fish 

species. Overview of e-flow methodologies purposes: for assessment of instream 

flows for benthic invertebrates (Gore, 1987; Campbell, 1991 and King and Tharme, 
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1994); for instream biota downstream of hydropower projects  (Gore and King, 1989 

and Gore et al., 1990b); for wildlife (Gore et al., 1990a); for riparian vegetation 

(Bovee, 1982; for flushing flows (Milhous et al., 1982, cited in Reiser et al., 1989a); 

and for maintenance of water quality (Armour and Taylor, 1991). 

IFIM is a conceptual framework for assessing the effect of water resources 

development or management activities on aquatic and riverside ecosystems, and for 

solving water resources management problems and conflicts that involve the 

definition of an ecological flow to minimize impacts on ecosystems.  IFIM is a 

collection of analytical procedures and computer models that allows the development 

of a different approach for each problem and situation.  The goal of this method is to 

relate fish and wildlife parameters to stream discharge in equivalent terms to those 

used to estimate other beneficial uses of water.  

IFIM is based on the assumption that living organisms in running water have their 

distribution (longitudinally and laterally) controlled by the hydraulic conditions.  The 

decision variable generated by IFIM is the total habitat area with suitable conditions 

for a species at a particular life stage or for a particular activity (e.g. spawning), 

computed as a function of discharge.  The e-flow is usually the highest value of a 

range of minimum flows computed for several species, assuming that this value has 

been adequate for the preservation of the ecosystem.  The target species, one or more, 

are usually game, commercial, endangered or indicator fish species. 

IFIM relates changes in the extent of habitats that are available to aquatic species to 

changes in discharge.  This allows e-flow demands to be expressed in the same terms 

as other water resource demands.  The IFIM methodology is usually coupled with the 

Physical Habitat Simulation System (PHABSIM) model to generate a habitat-

discharge relationship.  IFIM coupled with PHABSIM can be used to predict changes 

in almost any environmental parameter that can be quantified in the form of a flow 

dependent relationship.  

PHABSIM is a collection of computer programs that combine aquatic organisms‘ 

preferences for velocity, depth and channel conditions to predict habitat availability at 

various discharge levels.  It simulates the relationship between stream flow and 
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available physical habitat (defined by depth, velocity, substrate and cover).  For each 

life stage of the target species, the model requires expressions of the relative 

suitability for that species of the full range of values taken by these variables.  These 

univariate curves are called habitat suitability indices; they may be derived from 

existing literature, expert opinion or by sampling techniques such as electro-fishing or 

snorkeling.  

PHABSIM simulates suitable habitats for aquatic species by using depth, velocity and 

stream channel characteristics to describe local physical niche that are occupied by 

aquatic species. This method develops a measure of physical habitat called WUA. The 

PHABSIM methodology can be summarized as follows:  

a) The cross-section of the watercourse is divided up into a number of cells; 

b) Depth, velocity, flow area and cover conditions are measured or simulated for 

a given discharge; 

c) Suitability Index Criteria (SI) are used to weight the area of each cell for the 

discharge; 

d) The habitat values for each of the cells in the study reach are summed to 

obtain a single habitat value for the discharge; 

e) The procedure is repeated for a range of discharges and a graph of WUA 

versus discharge is produced for a particular life stage of the indicator species;  

f) The WUA is the aggregate product of the Suitability Use Index Criteria (SI) 

and the area of each stream cell developed using stream gauging techniques.  

It is calculated as the summation, over all stream cells in a study reach, of the 

product of cell area and SI for depth, velocity and stream channel 

characteristic index (cell area x SI depth x SI velocity x SI channel index).  It 

represents a description of the amount of equivalent optimal habitat occurring 

within a standard length of stream; 

g) Calculating the WUA for numerous discharges allows the relative habitat 

suitability of a watercourse under different flow conditions to be assessed. 
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PHABSIM allows changes in habitat resulting from changes in e-flow to be quantified 

and thus provides answers to ―what if‖ water management questions.  Figure 3.2.2 

shows how PHABSIM calculates habitat values as a function of discharge. 
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Figure 3.2.2:    PHABSIM calculation as a function of the discharge (Source: 

Stannaker et al., 1995) 

PHABSIM contains a number of standard, one-dimensional, steady-state, open 

channel hydraulic models to predict values of depth and velocity at different 

simulation discharges.  These are combined with habitat models to describe WUA 

under a variety of channel configurations and flow management conditions.  The use 

of hydraulic simulation models allows physical habitats to be described for 

unmeasured discharges.  The models require calibration using field data collected at 

two or more calibration discharges and hence is fairly data intensive.  Observations of 

substrate and cover are recorded using a coding system and are assumed to be 

independent of discharge.  Once calibrated, the model can simulate values of 
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microhabitat variables over the full range of discharge within a river reach, combining 

the results with habitat suitability data to produce WUA versus discharge 

relationships. 

Simulated values of microhabitat variables (from the calibrated hydraulic model) are 

combined with habitat preference data for each target species for each stage of life.  

Combining this with a time series of historical flows yields a time series of available 

physical habitat for each life stage of the target species.  An example is shown in 

Figure 3.2.3.  Using PHABSIM it is possible to simulate habitat curves relating to 

season and complete life cycles of target species.  By relating habitat to discharge, 

PHABSIM provides a quantitative entity, allowing river ecologists to negotiate 

prescribed flows in equivalent terms to other water resource demands. 
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Figure 3.2.3:  Example of WUA versus discharge curves (Source: DFID, 2003) 

In summary, PHABSIM predicts the impact of changing flows on fish, invertebrates 

and macrophytes and predicts physical habitat change and quantifies it in respect of 

the ecological value of habitat losses/gains.  Hydraulic modelling techniques such as 
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PHABSIM require detailed hydraulic and morphological surveys and knowledge of 

the habitat preferences of the species of interest. 

Data Requirements 

The data requirements to carry out an IFIM study using PHABSIM are dependent 

upon the level of detail to which the analysis is carried out.  A minimum of the 

following data is required: 

a) Historical stream flow data; 

b) Stream flow measurements; 

c) Channel geometry measurements; 

d) Indicators of habitat suitability for each species (from  literature, expert 

opinion, field sampling); 

e) Critical depth of flow per species; and 

f) Critical velocities of flow per species. 

In addition the following information may be required: 

g) Differences in critical indicators over lifetime of species; 

h) Flow effects on inter-species relations; 

i) Water quality standards and dilution; 

j) Local land use; 

k) Location of potentially polluting industries; 

l) Pollution types; 

m) Dilution standards; 

n) Proximity of agriculture; 

o) Seasonal variations (emphasis on dry season flows and floods); 

p) Aesthetic needs and standards; 

q) Cultural needs and regulations; and 

r) Recreational needs. 
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Advantages 

a) If employed correctly IFIM allows the values of every legitimate stakeholder 

to be taken into account; 

b) The method takes into account the flow requirements of the indicator species 

over its entire life cycle; and 

c) An assessment of the natural flow requirement can be made independently of 

the naturalized flow data.  

Disadvantages 

a) It is time consuming and costly to carry out an IFIM study; 

b) The IFIM techniques have been mainly applied at micro- and meso-habitat 

levels focusing on one or a few river reaches.  There is little experience of 

using IFIM techniques to assess environmental water demands at a catchment 

or even a sub-catchment level; 

c) The method is site specific; and 

d) To implement IFIM requires a multi-disciplinary team with expertise in 

hydrology, river morphology, water quality, aquatic and terrestrial ecology, 

carrying out biological field surveys and hydraulic engineering. 

3.2.4 Holistic Methods 

The most widely used holistic method in southern Africa is the Building Block 

Methodology (BBM).  This methodology for determining e-flow requirements is 

outlined below. 

3.2.4.1 Building Block Methodology 

The BBM is introduced in King and Tharme (1994) and King (1996). The BBM 

originated in two major South African specialist workshops on EFAs, where parts of 

it began evolving in the form of the ―Cape Town‖ and ―Skukuza‖ approaches (King 

and O‘Keeffe, 1989; Bruwer, 1991). The BBM was developed in South Africa by the 
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Department of Water Affairs and Forestry and various academic institutions (Hughes 

and Münster, 1999).  This method requires the following: 

a) The total flow volume of the following four building blocks components: 

- Low flows; 

- Habitat maintenance floods; 

- Channel maintenance/Flushing floods; 

- Spawning migration flows; 

b) Monthly distribution of the four building block components; 

The major objective of the method is to estimate the values of the four building block 

components as a percentage of the mean annual runoff of the natural flow regime.  A 

building block e-flow study would be carried out as follows: 

i. The monthly naturalized flow series for the site of interested must be 

established. 

ii. The ecological management of the site is established.  

iii. The flow variability has to be established to summaries the variability within 

the wet and dry seasons.  This is based on the average coefficient of variation 

(i.e. standard deviation/mean) for the three main wet season months and the 

three main dry season months (excluding those that have zero mean monthly 

flows).  The actual coefficient of variation (CV) is the sum of these two 

means.  The assumption is that rivers with a high degree of variability in their 

flow regime will require a lower proportion of their natural mean annual 

runoff because they are used to experiencing such conditions.  Rivers with 

more reliable flows and less flow variation are assumed to be ecological less 

well adjusted to frequent extremes in the flow regime. 

iv. The base flow is calculated.  The base flow index (BFI) is the proportion of 

the total flow occurring as the base flow.   
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v. A combined variability index is calculated by dividing the coefficient of 

variation by the base flow index. 

vi. For particular sub-catchments, curves can be constructed for maintenance low 

flow estimation and maintenance high flows versus the variability index 

(CV/BFI) for the four future ecological management classes.  A typical set of 

curves is shown in Figure 3.2.4.  
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Figure 3.2.4:  Typical curves to establish the maintenance of low flows (Source: 

DFID, 2003) 

vii. The drought low and drought high flows are established. A hypothetical e-flow 

requirement created using the Building Block Methodology is shown in Figure 

3.2.5. 

viii. The monthly distribution of flows is then produced.  It should be noted that one of 

the basic principles of the approach is that a higher proportion of the natural 

monthly flow is required during the dry months than during the wet months. 
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Figure 3.2.5:    Examples of the flow building blocks used in BBM (Source: DFID 

2003) 

The main advantage of this method is that it takes into account the monthly flow 

variability for both high and low flows. The low flow building block can be used to 

assess preliminary e-flow requirements. The method is site specific and it requires an 

estimation of base flow, the natural mean annual runoff and naturalized flows.  

3.3 Flushing Flow Requirements 

Channel maintenance or flushing flows are critically important for the maintenance of 

several geomorphological and sedimentological characteristics of river channels 

(Reiser et al., 1989b and Tharme 1996). Nevertheless, the recommendation of such 

flows is one of several facets of EFAs which has not been adequately investigated. 

The topic of flushing flows is explored at length in Reiser et al. (1987, 1989b) and 

more recently in Brizga (1998). 

Limited research has been conducted to develop methodologies to determine the 

magnitude, timing, frequency, duration and effectiveness of flushing flows (Wesche 
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et al., 1987). Most methodologies have focused on the maintenance of fish habitat 

(Reiser et al., 1989b), while others have primarily been developed for different e-flow 

purposes, but have components that can be used to address requirements for flushing 

flows. 

Methodologies for the establishment of flushing flow recommendations can be 

separated into five broad categories: (i) hydrological event methods, (ii) channel 

morphology methods, (iii) sediment transport mechanics methods, which include the 

majority of available methods, (iv) habitat simulation methodologies, specifically 

IFIM and (v) holistic methodologies (Tharme 1996). Tharme (1996) reviews the basic 

data requirements, advantages and disadvantages of 23 methods within these various 

categories. Reiser et al. (1987) suggest using both an office and field method for 

determining flushing flows, with the office method producing an initial estimate for 

refinement using field evaluations. 

3.4 Comparison of the E-flow Methods 

Historical and hydraulic techniques such as the Tennant Method and wetted perimeter 

technique are applicable for establishing minimum environmental demands for high 

level water resources management.  It should be noted that these techniques provide 

an initial ―low confidence‖ estimate.  These techniques can be applied rapidly at a 

large number of sites to provide a first estimate of the likely quantities of water 

required to maintain the ecology in a given condition.  The BBM can also be used for 

rapid assessments.  However, in order to use this method for rapid e-flow appraisals, 

monthly naturalized flow series are required. 

The IFIM method utilizing PHABSIM is a commonly used method for more complex 

decisions e.g. the construction of a hydropower plant or the setting abstractions limits 

from an ecologically sensitive watercourse.  In conclusion there is no one 

methodology that should be used for establishing the e-flow demand.  Figure 3.4.1 

indicates that the choice of the method used is a function of the complexity of the 

decision to be made and the complexity of the system. To establish the necessary e-

flow the practitioner should consider the history and purpose of the various techniques 
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available and must use this knowledge to make an informed choice of the best method 

to use. 
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Figure 3.4.1:  Spectrum of e-flow methodologies 

3.5 Selection of Appropriate Techniques 

E-flow decisions may include license for water withdrawal, an operating schedule for 

a water storage project, negotiation on river water sharing with riparian countries or 

an element of national water management plan (Bari and Marchand, 2006). Here 

mainly two methods are used for this study namely the RVA for impact assessment 

and BBM for e-flow assessment. Since no one method will provide for all needs and 

required flow assessment should be reevaluated with changing demands and amount 

of data should be appropriate (Saha, 2007). However, all other hydrologic and 

hydraulic method will be analyzed and will be compared. 
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4.1 Ganges River 

The combined flow of the Bhagirathi and Alakananda forms the River, Ganges. The 

Bhagirathi originates from the Gangoatri glacier and the Alakananda rises in the 

Anzkar Range west of the Nanda Devi (Figure 4.1.1). The length of the Ganges from 

the west of the Nanda Devi to the confluence of the Jamuna River at Aricha is about 

2200 km. In its upper course the river is not large, and several left bank tributaries 

contribute to the main flow of the Ganges. In particular, three trans-Himalayan 

tributaries that join the river in its middle course, the Karnali, Gandak and Sapto Kosi 

(all of which originate in Nepal), are together responsible for about 40% of the total 

annual flow in the Ganges system (Haque, 1997).   

The Ganges enters Bangladesh through the Chapai Nawabganj district and flows 

about 110 km along the international border of Bangladesh and India occupying the 

territory of both countries. In fact, this river enters completely into the territory of 

Bangladesh from the off-take of the Mathabanga River. This river meets the Jamuna 

at Rajbari running 120 km and their combined flow is named as the Padma. The river 

planform is in between meandering and braiding. In this river, the planform varies 

temporally and spatially. 

4.2 Study Site 

The location of the Hardinge Bridge is chosen as the study site based on some specific 

reasons. There is only another discharge measuring station at Paksey Transit other 

than Hardinge Bridge in this study river. But Hardinge Bridge station has more 

significance than the Paksey Transit station. Gorai River is being fed from the Ganges 

after this location of Hardinge Bridge. The Gorai is the only one river which is the 

main source of water to the southern part of Bangladesh as well as to the world 

heritage ‗Mangrove Forest‘ Sundarbans. Considering the above criteria, this location 

has been selected for the purpose of this study. 
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Figure 4.1.1:  Catchment of the Ganges River 
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The total drainage area of Ganges River is about 1000x10
3
 km

2
. The average width of 

the reach of the river is 5.3 km but varies from 1.5 km to 14 km. The average median 

bed material size at Hardinge Bridge is 0.15 mm. The average floodwater slope of the 

river is 5 cm/km. Figure 4.1.2, Figure 4.1.3 and Figure 4.1.4 show the yearly 

maximum, minimum and average flow of Ganges. Figure 4.1.2 shows that yearly 

maximum flow pattern has been increased, where yearly minimum flow pattern, as 

shown in Figure 4.1.3, has reduced drastically. Figure 4.1.4 shows that there is a slight 

change of average flow with time, although this is not significant.  

 

Figure 4.1.2:  Yearly maximum flow of Ganges 

 

Figure 4.1.3:  Yearly minimum flow of Ganges 
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Figure 4.1.4:  Yearly average flow of Ganges 

Before Farakka Barrage construction (1934-1975), the mean of yearly maximum, 

minimum and mean flow were calculated as 73,000 m
3
/s, 1,190 m

3
/s and 11,692 m

3
/s 

respectively; whereas after Farakka Barrage construction (1976-2005), those values 

were calculated as 77,438 m
3
/s, 261 m

3
/s and 11,195 m

3
/s respectively. The detail 

impact analyses are discussed in Chapter 5. 

4.3.1 Methodology 

4.3.1 Obtaining Hydrologic Data for Use in the IHA Software 

The IHA software uses daily data for its calculations. The IHA statistics is meaningful 

only when it is calculated for a sufficiently long hydrologic record. The length of 

record necessary to obtain reliable pre-vs.post-impact comparisons is a matter of 

current research. Hydrologic data has been collected from NWRD of WARPO. 

4.3.2 Analyzing Hydrologic Data Using the IHA 

The IHA tool has calculated a total of 67 statistical parameters, subdividing into 2 

groups, the 33 IHA parameters and the 34 Environmental Flow Component (EFC) 

parameters. The Ganges has experienced an abrupt change such as construction of 

Farakka Barrage. The IHA is used to analyze how the flow regime is affected by 

computing the hydrologic parameters for two time periods, before and after the 
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impact. For hydrologic systems that have experienced a long-term accumulation of 

human modifications, the IHA will compute and graph linear regressions to evaluate 

the trend.  

IHA parameters are calculated using parametric (mean/standard deviation) statistics. 

The hydrologic parameters obtained by the IHA are calculated and organized in the 

output tables by water year in Figure 5.3.3 to Figure 5.3.19 of Chapter 5. 

4.3.3 E-flow Assessment 

All relevant methods for assessing e-flow are described in the previous chapter and 

the analytical results of the selected methods are illustrated in the next chapter. At 

first, parameters for selected indicators have been identified. The second step is to 

calculate the total requirements of each indicator which are quantified in terms of 

discharge for the sustainability of the selected indicators of the Ganges. Finally, the 

monthly flow requirements for the sustainability of Ganges River are calculated. 

4.4 Selection of E-flow Indicators 

Four indicators are selected for this study. They are described in the following 

sections. 

4.4.1  Fisheries 

A very little information on the swimming and migration pattern of the fish and 

shrimp species of Bangladesh is available. Considering all the limitations, a detail 

study is carried out on the species life cycle and habitat, their migration pattern, 

responses to the water velocity, spawning season, seasonal occurrence and abundance, 

tidal condition, water depth, hydrological parameters, etc. Information on migrating 

fish and shrimp available in the Ganges River and the timing and pathways of 

migration is collected from the field investigation. This information is collected to 

identify the fishes that are sensitive to inadequate quantity of flow.  

Fish migration is commonly found by a behavioral response of the fish to currents. 

However, the nature of this response can be changed during the life cycle of the 

species. The most fundamental change is found in between active upstream migration, 
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usually undertaken by adults moving to their spawning grounds, and the passive or 

combined active/passive downstream migrations of juveniles. For maintaining the fish 

population, both phases (active and passive) are important. The fish populations are 

greatly differ by the extent of their movement. 

The fish communities of Southern Asia (Bangladesh, India, etc.) have been divided 

into two types: black fishes and white fishes. Black fishes are essentially resident on 

the floodplain and the white fishes show some distinct migrations within the river 

system, usually associated with spawning.  

Migration pattern of shrimp and prawn depends on its physiological process and the 

hydrological system of river. The anadromous Hilsa shows large scale movements 

from the estuary into the river during the monsoon season (June-September) and 

spawn in the estuarine areas during pre-monsoon (January-April) period. Anadromous 

fishes spend most of their adult lives at sea, but return to fresh water to spawn.  

The migratory behavior of catfishes of Bangladesh is unknown. However, it appears 

that by far greatest number of migratory species in Bangladesh exhibit category those 

with limited longitudinal migrations followed by lateral migrations onto the 

floodplain or feeding habitat e.g. Catla catla, Labeo rohita, Cirrhinus mrigala all show 

only local movements upstream, and primarily migrate laterally onto the floodplain 

after spawning along the margin adjoining the river. Euryhaline fishes are able to 

adapt to a wide range of salinities. Some euryhaline species show both way 

migrations for long distance from estuary to fresh water.  

River discharge provides the essential directional signal to physiologically prepared 

fishes to move upstream, and also offers increased resistance to progress. Some fishes 

tend to follow their migratory pathways against the resistance of the current in one of 

two ways. Any water in the sea that is not close to the bottom is in the pelagic zone. 

Pelagic and some near bottom dwelling species move near the surface of the water. 

Illumination, but not the timing of the day, is the principal criterion for movement; 

hence the fullness of the moon is important in determining the timing of migrations. 

Species which rely upon mainly physical orientation, for many of the catfishes, move 

against the current close to the bottom or near the banks at night. The moon or other 
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sources of light can inhibit migratory movement of these species. Estuarine hydrology 

and tidal cycle has also great influence on the juvenile movement for euryhaline 

species in both active/passive way. 

The early floods are not only important for transporting carp hatchlings, but they also 

carry a large number of other species. The development and drift of other species, 

such as Chanda species, and Glossogobius species and species of prawn correspond to 

later peaks in river discharge in August and September. Early water flow in March-

April from the upper regime also influences the downstream migration of the prawn 

brood and stimulate for breeding in optimum estuarine condition. Juvenile migration 

towards upstream also depends on the current velocity and tidal length of the 

estuarine ecosystem. 

Depending on the species abundance and their migration pattern in the study river and 

concerning the seasonality of Macrobrachium rosenbergii, locally named as Golda 

chingri, Hilsa species, the flag ship national anadromous fish and Carp fish could be 

the most indicative species sensitive to the inadequate flow for maintaining both way 

migrations in the course of their lifecycle. However, the list of other pre-dominant 

indicator fish species in Ganges is given in Table 4.4.1. Biology of the selected 

indicator species are described as below. 

Table 4.4.1:  Checklist of indicator fishes of Ganges 

Sl. 

No. 
Species Name 

Local 

Name 
Habitat 

1 Macrobrachium 

rosenbergii 

Golda 

chingri 

River and estuaries, Depth range: 1-20m, Salinity 

range: 0-15ppt (Adult: 0-2ppt; PL or juvenile: 8-

15 ppt), Water transparency: Clean water, Bottom 

condition: Sandy or sandy-mud. 

2 Hilsa species Ilish Estuarine areas and Fresh water, Depth range: 10-

30m, Salinity range: 0-20ppt, Water transparency: 

Clear or turbid waters, Bottom condition: Muddy 

or sandy-mud. 

3 Labeo ruhita Rui/ 

Carp 

River, Depth range: 1-10m, Salinity range: 0 ppt; 

Water transparency: Clean water; Bottom 

condition: Sandy or sandy-mud. 
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4.4.1.1 Golda chingri 

Being able to live and grow in varied types of fresh and brackish waters and having 

omnivorous food habits, Golda chingri has attracted for venture. In the last decade, 

the exploitation of the species has become more intensive due to growing market 

demand. Fishing of the Golda is usually done by trapping, casting nets or galling nets. 

In general, at present, there is significant decline of catch from natural stocks almost 

everywhere in the regions of Ganges dependent area. Harvest has diminished owing 

to indiscriminate fishing which cause the stock decrease. The reduction of natural 

stock is also due to the destruction of habitat by human. Construction of dams, roads 

and factories in the lower reaches of the river systems lead to the reduction of 

dispersal area of the prawn including their spawning and feeding grounds. Water 

pollution is another hindrance to the growth of the species.  

In the wild, the Golda occurs the whole year round inhabiting freshwater and rather 

often in brackish water with the main concentrations in the lower reaches of the rivers 

which are influenced by tides. It is also known to occur in waters far away from the 

coast. It can migrate more than 200 km upstream entering lakes, water reservoirs, 

irrigation canals and even paddy fields. The migratory ability does not apply to it, but 

there are some other species within the genus of Macrobrachium which are also 

capable of such dispersion. 

It can easily tolerate different salinities of water from fresh to saltwater; therefore, this 

species is considered euryhaline. Golda is popular for its rapid growth, with the males 

growing faster than the females. The adults are omnivorous, eat greedily and 

frequently on both plants and animal materials. It is usually quiet during the day and 

stays at the bottom without much activity tending to avoid strong illumination. At 

night they become active and search for food. The larvae are attracted by light; it 

avoids direct light and other strong lights area. Through the whole larval stages it 

takes food continuously as long as the food is available in suitable sizes in living form 

in the water column. 

There are four stages in the life of a freshwater prawn, viz. larvae, juvenile and adult 

(Figure 4.4.1). Like other crustaceans, the freshwater prawn moults. The number of 
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moults and the durations of inter-moults are not fixed, and depend on the 

environment, particularly temperature and the availability of food. 

 

Figure 4.4.1:  Life cycle of Golda after New and Singholka (1985) 

In the natural environment, mating of Golda takes place all year round, although, due 

to environmental reasons, peak mating takes place only during certain periods of the 

year. It lives in turbid freshwater, but their larval stages require brackish water to 

survive. Abdominal appendages movement generally occurs during the downstream 

spawning migration of prawn towards optimum salinity of 8-15 ppt.  

Even if larvae hatch in freshwater, they will not survive if they are not put into 

brackish water within two or three days. Larvae in the wild generally eat zooplankton, 

small insects and larvae of other aquatic invertebrates. Larvae generally take a 

minimum of 26 days to metamorphose into post-larvae (PL). Post larvae can tolerate a 

wide range of salinity, but freshwater is their normal habitat. And so, two to three 

weeks after metamorphosis, the PL move against the current and head towards 

freshwater canal and rivers. They abandon the planktonic habit at this stage and 

become omnivorous, feeding on aquatic insects and their larvae, phytoplankton, seeds 

of cereals, fruit, small molluscs and crustacean, fish flesh, slaughterhouse waste and 

animal remains. It can move by crawling and generally swim with its dorsal side 
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uppermost. It can swim rapidly. It takes almost 6-7 months to become sexually 

matured and able to reproduction of egg for a female Golda.  

4.4.1.2 Hilsa species 

Hilsa catch from both inland rivers and inshore hauls comprises a major portion 

(40%) of our capture fishing items. From antiquity with the characteristics flavor, this 

fish has been a subject of attention to the consumers and hence given the dignity of 

being the national fish of Bangladesh. It is characteristically an inshore fauna and 

hence distributed along the coasts of Bangladesh. It is anadromous fish moving wide 

range of saline water to brackish water and then fresh water and vice-versa. It moves 

upto 1,200-1,300 km upstream and than go back to its original habitat. Riverine Hilsa 

is found in the depth range of 10-30m of inland rivers and estuaries. 

The permanent habitat of Hilsa ilisha is in the sea. It comes toward the near shore 

areas for spawning. The main breeding season of Hilsa ilisha is during the southeast 

monsoon. Commencement and duration vary in different stocks. There have been two 

breeding or spawning season discovered – a shorter one extending from January to 

February or March, another broad season extending from June-July to about February. 

Among the factors influencing the spawning; Nair (1958) consider flooding 

associated with high turbidity to be most favorable for spawning. Figure 4.4.2 shows 

the abundance of Jatka in major rivers of Bangladesh.  In general estuaries of different 

rive are considered as the breeding ground of Hilsa. At the beginning of southwest 

monsoon they begin to migrate upwards. After breeding spent fishes return to the 

original habitat and remain there until the next breeding season comes. Hilsa ascend 

to the upper reaches of rivers during breeding season but the extent to which they 

migrate varies considerably in different areas.  

Those of Irrawaddy are known to migrate to upper Burma near Mandalaya, a distance 

from sea of about 7,242 km. Those of Bangladesh spread in the whole Gangetic Delta 

system. Stocks of Brahmaputra go upto Tezpur, a distance from Bangladesh Boarder 

of 306 km. Hilsa of Hoogly ascend to 298 km. 
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Figure 4.4.2:  Seasonal movement of Jatka towards upstream 
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Figure 4.4.3:  Fish breeding grounds of Bangladesh  
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4.4.1.3 Carp species 

The rivers and floodplains not only support a valuable food- fish capture fishery, but 

also it provides a lucrative major carp spawn or fry fishery. The Ganges River is one 

of the main rivers of egg and fry collection in Bangladesh. Figure 4.4.3 shows the 

major carp egg and spawn collection centers of the country. The spawn fishery of the 

country is dependent on the physio-chemical and limnological conditions of the 

spawning grounds. Alteration of the habitat of spawning grounds by damming or 

dredging or changing of the course of the rivers would destroy the spawning grounds. 

The spawns of Ganges river is a mixture of all species of major carp including a small 

percentage of minor carp as well as other species of fish. Spawning generally occurs 

from April through June, particularly during full or new moons. 

4.4.2  Ecosystem 

The benefits of ecosystems services can be far removed in time and space from the 

ecosystem that provides them. Ideally, all ecosystem services supported by e-flow 

should be included in the e-flow assessment. In reality, the resource available for 

undertaking such an assessment is limited. In such cases, clear selection criteria must 

be defined. The appropriate criteria for selecting important ecosystem services depend 

entirely on the objectives of the e-flows assessment. Two indicators have been 

selected for this study: Gangetic dolphin habitat and Ghorial habitat. Another 

indicator for this study is Sundarbans ecosystem. It is found that if Sundarbans‘ 

requirement can be ensured, it will cover the rest ecosystem demands dependent on 

Ganges. General descriptions of the selected two habitats are described below:  

4.4.2.1 Gangetic Dolphin Habitat 

The Ganges River dolphin has a long beak, a stocky body, and large flippers. Its eye 

lacks a lens, and the dolphin is sometimes referred to as being blind, although its eyes 

do seem to function as a direction-finding device. The Ganges River dolphin 

measures 1.5 - 2.5 m (4.9 - 8.2 ft) in length and weighs up to 90 kg (200 lb).  

The Ganges River dolphin feeds on several species of fish, invertebrates, and possibly 

turtles and birds. It does much of its feeding at or near the bottom. It inhabits in 
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extremely murky water.  Probably for this reason, the dolphin's sight has degenerated.  

To find food, it probably uses echolocation and also probes with its sensitive snout 

and flipper for prey in the bottom mud. Reports from the 19th century speak of ‗large 

schools‘ of Ganges River dolphins to be seen near most large towns on the Ganges 

River. However, in more recent times, this dolphin has usually been found to occur in 

small groups or alone.  

The Ganges River dolphin was formerly distributed throughout the Ganges-

Brahmaputra river system of Bangladesh, India and Nepal, and possibly Bhutan. 

Although it still has a fairly extensive range, its distribution has contracted, and its 

abundance has declined dramatically in some areas. The linear extent of its 

distribution in the Ganges mainstream appears to have diminished by some 100 km 

(62 mile) since the 19th century, and even larger amounts of tributary habitat have 

been lost due to reduction in water flow below Farakka Barrage.  Its habitat is 

severely fragmented, and additional barrages continue to be built in the upper riparian 

country. Further reductions in the extent of occurrence and area of occupancy of this 

dolphin are expected. It is almost certainly declining in numbers and will continue to 

do so as habitat degradation shows no sign of abating. 

The Ganges River dolphin occurs only in fresh water in Bangladesh, where the rivers 

flow slowly through the plains.  Its preferable velocities range from 0.3 m/s to 0.6 m/s 

during monsoon. There is a preference for deep waters, especially deep counter-

current eddy pools below channel convergences and sharp meanders and above and 

below mid-channel islands, bridge pilings, and other engineering structures that cause 

scouring. The Ganges River dolphin lives not only in the main channels, but also, 

during the flood season, in seasonal tributaries and flooded lowlands.  It has been 

found in water between 8 and 33
0
C (46 - 91

0
F). Brackish waters are a major 

component of the total range, but the Ganges River dolphin is not generally known to 

occur in salinities greater than 10 ppt, although it has been recorded in waters as 

saline as 23 ppt (Sinha, 2000). Calving apparently can occur at any time of the year, 

but there may be peaks during December - January and March – May (Culik, 2003).  

The waters that the Ganges River dolphin inhabits are extremely murky.  Probably for 

this reason, the dolphin's sight has degenerated.  Its eye lacks a lens, and the dolphin 
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is sometimes referred to as being blind, although its eyes do seem to be used for 

direction-finding. To find food, it probably uses echolocation and also probes with its 

sensitive snout and flipper for prey in the bottom mud.  

The marked seasonal changes in the distribution and density of the Ganges River 

dolphin over much of its range are due, at least in large part, to fluctuations in water 

levels. During the dry season from October - April, many dolphins leave the 

tributaries of the Ganges - Brahmaputra system and congregate in the main channels, 

only to return to the tributaries the following rainy season. They may become isolated 

in pools and river branches during the dry season (Culik, 2003). 

4.4.2.2 Ghorial Habitat 

Riverine - Ghorials are more adapted to an aquatic lifestyle in the calmer areas of 

deep, fast-moving rivers. Sandbanks on these rivers are exposed seasonally, 

sometimes in different areas as the banks are moulded by the river over time. Ghorials 

concentrate around these sandbanks during the dry season making them more 

vulnerable to disturbance. The Ghorial is poorly equipped for locomotion on land, and 

adults cannot lift their bodies clear of the ground. It usually leaves the water to bask 

and nest, both of which usually occur on sandbanks. 

It is elongated shaped and has a narrow snout. Variation in snout shape occurs with 

age (generally becomes proportionally longer and thinner with increasing age). The 

bulbous growth on the tip of the male's snout is called a 'ghara' (after the Indian word 

meaning 'pot'), present in mature individuals. It has several functions attributed to it: a 

vocal resonator with which the Ghorial can produce a loud buzzing noise during 

social behaviour, a visual stimulus for females during courtship, and an aid to 

producing bubbles also during courtship. The elongated jaws are lined with many 

interlocking, razor-sharp teeth - an adaptation to the diet (almost exclusively fish in 

adults). The Ghorial is one of the largest of all crocodilian species according to 

several reports, approaching C. porosus in terms of maximum size - males reach at 

least 5 metres in length, and occasionally approach 6 metres. Reports of 7 metre 

animals exist, but are unconfirmed and considered highly unlikely. The Ghorial is 

poorly equipped for locomotion on land as an adult - the leg musculature is not suited 
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to raise the body off the ground to produce the 'high-walk' gait - being able only to 

push its body forward across the ground ('belly-sliding') although it can do this with 

some speed when required. It is, however, very agile in the water - the tail is well-

developed and laterally flattened, and the rear feet possess extensive webbing. 

The diet changes between juvenile and adult - the juveniles are well suited to deal 

with a variety of invertebrate prey such as insects, plus smaller vertebrates such as 

frogs. Adults, however, are almost exclusively fish-eaters, for which their jaws and 

teeth are perfectly adapted - the thin shape gives the snout low resistance in water, 

which is suited to fast lateral snatching movements underwater; teeth are ideally 

suited for holding struggling prey such as slippery fish. The slender jaws are precision 

instruments capable of deftly manipulating fish into position for swallowing. There 

have been accounts of larger Ghorials being more opportunistic and taking larger 

prey, including mammals, but this seems extremely rare if it happens at all, and may 

simply be explained by a Ghorial snapping at a nearby disturbance. 

Females reach sexual maturity around 3 m in length (usually over 10 years old). 

Males guard a harem of several females. The mating period occurs for two months 

during November, December and into January. Nesting occurs in March, April and 

May (the dry season) where hole nests are dug into seasonally-available riverine sand 

banks. Between 30 and 50 eggs (average of 37) are deposited into the hole before it is 

covered over carefully. The size of the eggs in Ghorials is the largest for any 

crocodilian species, weighing on average 160 grams. After 83 to 94 days, the 

juveniles emerge, although the female has not been observed assisting the hatchlings 

to the water as in many other crocodilian species. This is perhaps because of the 

unsuitability of their jaws for carrying hatchlings, and also because of their needle-

sharp teeth. However, protection of the young does occur around the nesting area for 

some time after hatching. 

4.4.3  Sundarbans 

The Sundarbans is the largest unique mangrove ecosystem of the world. The 

significance of this unique ecosystem is greatly felt due to its unique biota and source 

of multiple resource bases for the national economy. The Sundarbans Reserve Forest 

(SRF) in Bangladesh comprises 6,017 km
2
. Within the SRF, there are three wildlife 
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sanctuaries in the southern part, which were declared as World heritage sites in 1997. 

The SRF area is recognized as internationally important as the Ramsar Site and as a 

repository for globally significant biodiversity.  

The Sundarbans Biodiversity is recognized as a unique assemblage of mangroves and 

associated plants in the world. The floral richness is one of the highest in the world 

mangroves and consists of no less than 123 woody plant species (IUCN, 1994). The 

forest supports one orchid (Cirhopetalum roxburghii), which has been reported to be 

endemic to the Sundarbans only (Prain, 1903). The species Sundri (Heritiera fomes) 

and other mangrove species face extinction. The Sundarbans also support an 

extremely rich and diverse fauna that includes over 270 species of birds, 42 species of 

mammals, and 35 species of reptiles. This represents a significant proportion of the 

species present in Bangladesh (about 28% of the reptiles, 36% of the birds and 33% of 

the mammals).  

Gorai River is the main source of freshwater to the Sundarbans from the Ganges 

River. The Gorai River is the major distributary of the Ganges River in the right bank 

and important provider of fresh water inflows to southwestern region of Bangladesh 

including Sundarbans. The Gorai used to discharge into the Bay of Bengal through the 

Madhumati and Baleswar Rivers. The Madhumati is connected to the Nabaganga at 

Bardia point. This is the drainage path of the Gorai water, which now reaches the Bay 

of Bengal mainly via the Passur and Sibsa rivers. It also brings fresh water in the 

region through Bhairab and Mathbhanga Rivers. The distribution of the Gorai River 

flow at Bardia between the Nabaganga and Madhumati Rivers and tidal conditions, 

which influence the sediment concentration are not known (Islam and Gnauck, 

2009a). The mean peak flow in the Gorai River is 6,200 m³/s and the minimum 

recorded monthly mean flow was 171 m³/s in April in 1995 (EGIS, 2000). 

The Gorai discharge reaches the Bay of Bengal through Passur and Sibsa rivers. It is 

flowing upstream fresh water to the southwest region and the Sundarbans mangrove 

wetlands, the Bhairab and Mathabanga also inspiring the water caring process, the 

Gorai River has become a potential instrument for balancing the ecosystems and 

economy of the region (EGIS, 2000). After construction of the Farakka Barrage in 

1975 it has hastened this process. Due to the reduction of upstream water flow huge 
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amounts of sediment loads are transforming and settling down on the Gorai river bed. 

Therefore the morphology of the river basin and river banks are always changing 

which is harmful for river ecosystem services in the Gorai catchment area. The 

sediment transport tidal waves and salinity intrusion in the downstream of the 

Sundarbans region are badly affecting of its ecosystem (Islam and Gnauck, 2009a). 

To protect the Sundarbans mangrove wetlands and ecosystem services, it is essential 

to flow upstream freshwater during the dry period to thrust the salinity front at a 

manageable line for the sustainability of the Sundarbans ecosystem. Figure 4.4.4 

demonstrates the minimum dry season and average dry season flows. The figure 

shows that both the flow patterns have a decreasing tendency.  

 

Figure 4.4.4:  Dry season flow at Gorai Railway Bridge 

Islam and Gnauck (2009a) have also found the decreasing trend of Gorai flow at 

Gorai Railway Bridge with the data set of 1969 to 2008. They have also found that the 

effect of this decreasing trend has been an eight-fold increase in maximum salinity at 

Bardia and a two-fold increase in Khulna in both cases. Due to dry post monsoon 

hydrological changes in the Post-Farakka period and deterioration of the Gorai off-

take by massive sedimentation in the same period, opening of the Gorai mouth 

without human intervention will not be possible (Islam and Gnauck, 2007a; 2008; 

EGIS, 2000). The high sediment concentration reaches about 20 km upstream of 

Bardia and a clean concentration gradient can be observed along the downstream 
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direction of the Gorai and Nabaganga River. For the past 100 years, the region 

depended on fresh water inflows from the Gorai to maintain its last defense against 

the encroachment of the salinity front during the dry season. Since the end of the 

1980s, however, the flow in the Gorai River has been blocked by the build-up of 

sediment in the off-take. The Gorai River dry season flow may reduce or balance the 

sediment concentration along the Nabaganga and Rupsa Rivers to some extent (Islam 

and Gnauck, 2009a; EGIS, 2000). 

4.4.4 Flushing or Flooding 

Channel maintenance or flushing flows are critically important for the maintenance of 

several geomorphological and sedimentological characteristics of river channels. Such 

flow is one of several sides of EFAs which will be adequately investigated. The topic 

of flushing flows is explored at length in Reiser et al. (1987, 1989b) and more 

recently in Brizga (1998). 

Limited research has been conducted to develop methodologies to determine the 

magnitude, timing, frequency, duration and effectiveness of flushing flows (Wesche 

et al., 1987). Most methodologies have focused on the maintenance of fish habitat 

(Reiser et al., 1989b); while others have primarily been developed for different e-flow 

purposes, but have components that can be used to address requirements for flushing 

flows. 

4.4.5  Morphological Equilibrium 

Channel morphology adjusts in the different time-scale - long, medium and short – to 

changing water and sediment discharges (Sarker, 2005). Long-term influences on 

climate, hydrologic and gradual tectonics causes gradual and progressive adjustment 

of the alluvial channels. Medium-term adjustments are often caused by human 

activities. Natural hazards like earthquakes and volcanic eruptions are also 

responsible for medium-term adjustment. On the other hand, short-term channel 

adjustment is caused by individual extreme events, like a catastrophic flood. 

Changes in the upstream hydraulic regime of a river system can easily be felt in the 

downstream. For example, increase in flood discharge due to deforestation in the 
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upstream and a decrease in flow due to the construction of dams can quickly occur in 

the downstream. These upstream interventions would increase or decrease the water 

and sediment input, the effects of which on the river morphology could be felt in the 

downstream several years later. 

Fluvial geomorphology is the scientific study of the origins of landforms caused by 

flowing water. It has as its focus the channel form resulting from erosion and 

deposition forces. These occur both within the channel and in the associated riparian 

zone. Geomorphological processes therefore play an important role in determining the 

structure and functioning of riverine ecosystems (King et al., 2008). 

A large number of variables act together in a river system.  The roles of variables for 

controlling the river morphology are often understood only qualitatively. As the 

number of available theoretical relations linking the variables is insufficient to obtain 

a solution given the number of variables involved to quantify the future condition, it is 

considered to be undetermined (Richards, 1982). Although it is not possible to solve 

morphology questions analytically, it is possible to establish the required number of 

relations empirically, using data from field measurements and laboratory experiments 

(Hey, 1978). 

Generally, discharge, sediment load and sediment caliber are the most important 

independent variables for a river system. However, the characteristics of the bank 

materials are also considered to be an independent variable of some importance 

(Richards, 1982; Knighton, 1998; Eaton and Millar, 2004). Often channel slope is also 

considered as an independent variable (Lane, 1955; Lane, 1957; Leopold and 

Wolman, 1957; Parker, 1976), though many scientists designate channel slope as a 

dependent variable, preferring to take the valley slope as an independent variable 

(Bettess and White, 1983; Chang, 1988; Hey, 1997; van der Berg, 1995). Other 

parameters that may be considered for addition to the list of independent variables 

include temperature (Lane, 1957) and the degree of channel entrenchment (Rosgen, 

1994). However, there is broad consensus that these parameters are not especially 

significant in determining channel morphology and they are not discussed further 

here. 
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The physical form of the fluvial system is considered to be the outcome of 

interactions between the potential stream power (proportional to the product of 

discharge and valley slope) with the sediments making up the bed and banks 

(Richards, 1982). It is through processes driven by energy dissipation that the river‘s 

dependent variables adjust to the independent variables imposed by catchment runoff, 

sediment yield, valley slope and the physical properties of the boundary materials. In 

the case of streams of small and intermediate scale, aquatic, riparian and floodplain 

vegetation may act as an additional independent variable, although this is less likely to 

be the case in very large rivers like those considered here. 

The dependent variables that an alluvial river can adjust includes channel width, 

depth, velocity slope, sinuosity, meander wavelength, meander amplitude and the 

amplitude and shape of bedforms (Hey, 1997). The involvement of a large number of 

variables and the nonlinearity of the relations between them means that interactions 

between independent and dependent variables are complex and that a small change in 

any one of the controlling variables may produce a disproportionate and unpredictable 

response in some or all of the dependent variables. 

Moreover, there exist different opinions regarding the best way to select 

representative values for particular variables. For example, discharge of a river varies 

continuously through time and space. This raises the issue of what value should be 

taken to be representative of the range of discharges experienced by the river when 

attempting to define the channel morphology and explain its relationship to discharge 

within the graded time-scale. In the literature, at least three defined flows have been 

used as the representative discharge, including the mean annual flow (Leopold and 

Maddock, 1953; Lane, 1957; Schumm, 1969), the bankfull discharge (Leopold and 

Wolman, 1957; Chang, 1979; Ferguson, 1987) and the mean annual flood (Robertson-

Rintoul and Richards, 1993; van den Berg, 1995; Bridge, 2003). Similar disagreement 

in the literature also exists in relation to defining a representative size for graded bed 

materials. 
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4.5  Parameterization  

4.5.1  Fisheries 

Fish requires sufficient water flow with some certain velocities throughout it several 

life periods. But the quantitative assessment process is very difficult without having 

sufficient data on the interactive relationship between fish and water flow. Hydraulic 

features of Golda, Hilsa and Carp has not been defined completely earlier in 

Bangladesh except some partial information on movement pattern. 

Fish normally migrate at an intermediate cruising speed and only rarely at maximum 

speed. If current velocity in the main river channel exceeds their swimming ability, 

the fish will move closer to the bank where velocities are generally slower. The 

presence of turbulence or whirlpools tends to disorientate the fish. The swimming 

speeds of bottom fish tend to be rather lower than those of pelagic species, of the 

order of 0.5-1.0 times the body length per second compared to 3-4 times the body 

length per second for pelagic species. Nevertheless, the rate of progress upstream is 

often similar, since the bottom fish are moving in slower currents. 

Current velocity is the main initial stimulus to upstream migration, and there are two 

indices which define the ability of the current to stimulate movement and the ability 

of the fish to respond. These are Threshold Current Velocity (Vthr), the minimum 

current velocity which lead to an orientation reaction against the current (value remain 

between 1-30cm per second) and Critical Velocity (Vcr) at which minimum current 

velocity fish begin to be carried away by the water flow. The Vthr and Vcr vary with 

size of fish and also according to the species or category of fish. Typically, bottom 

dwellers have critical velocities 2-3 times lower than those for species living in mid or 

upper level of the water column. For these species there is a tendency for threshold 

velocities to be high and critical velocities to be low. The reverse is true for pelagic 

species. 

Fish are also generally attracted to faster currents: attracting velocities are frequently 

0.6-0.8 m per second of the Vcr. For a wide selection it could be 0.7-0.9 m/s 

(Malevanchik and Nikonorov, 1984). One final factor which is known to affect the 

performance and response of migratory fishes to current velocity is temperature. 
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Maximum swimming speed is affected both by temperature and length of fish. The 

higher the temperature and length of the fish species the higher of current velocity and 

faster the swimming speed of the fish. The hydrostatic pressure may sometimes be 

sufficient to kill hatchlings and berried fish female. 

Tools for Addressing Fish Water Flow 

As described above, the health of freshwater ecosystems depends on some amount of 

water remaining in the system to support the needs of fish biodiversity. Ecosystems 

vary, but aquatic species depend on an appropriate sequence and timing of minimum 

flows, normal flows, and peak flows for their survival. The productivity levels of 

deltas and estuaries, which arguably rival that of wetlands, also depend on the timing 

and volume of freshwater inflows to support critical habitats such as mangroves as 

well as fishery stocks. Depth is considered to be one of the biological demands of 

fishes. In addition, FAO-Fish Base developed an analytical tool that can estimate the 

depth requirement considering the habitat characteristics of the available catch data of 

specific fishes. This tool has been used for finding the depth requirement for the 

survival of the fish species. In addition, field level consultation has been adopt here 

for finalizing the water depth. 

Parameters for Selected Fish Indicators 

Golda, Hilsha and carp fish species have been selected for this study. Critical velocity, 

threshold velocity, depth and discharge are the parameters for selected indicators. 

Critical velocity is 0.6 m/s required for Golda during dry period (October to April). 

And threshold velocity during rest wet period (May to September) is 0.3 m/s. 

Minimum 2m depth is required during dry period and wetland connectivity depth is 

required in wet period for its breeding (Chowdhury et al. 2005).  

For Hilsa, 0.9 m/s critical velocity during May to October and 0.3 m/s threshold 

velocity in the month of April is required. Minimum 10m depth is required for the 

duration of July to October. Generally, Base flow in dry period and average flow in 

wet period is required for Hilsa species (Chowdhury et al. 2005). Table 4.5.1 below 

shows different values considered for e-flow calculation for fisheries. In May to 

September, 0.6 m/s is required for carp fishes. Different threshold velocities are 
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required for this species. In the period of May to June and September to October, 

wetland connectivity depth is required for carp species. 1m depth is essential during 

dry period (November-March). Bankfull depth is mandatory in July and August 

(Chowdhury et al. 2005). 

Table 4.5.1:  Parameters for selected fish indicators 

Indicator Parameter 
Dry season Wet season Dry season 

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

Golda 

Critical 

Velocity 

(m/s) 

0.6 0.6 0.6 0.6 ~ ~ ~ ~ ~ 0.6 0.6 0.6 

Threshold 

Velocity 

(m/s) 

~ ~ ~ ~ 0.2 0.2 0.2 0.2 0.2 ~ ~ ~ 

Depth (m) 2 2 2 2 Wetland connectivity depth (WCD) 2 2 

Hilsa 

Critical 

Velocity 

(m/s) 

~ ~ ~ ~ 0.9 0.9 0.9 0.9 0.9 0.9 ~ ~ 

Threshold 

Velocity 

(m/s) 

~ ~ ~ 0.3 ~ ~ ~ ~ ~ ~ ~ ~ 

Depth (m) ~ ~ ~ ~ ~ ~ 10 10 10 10 ~ ~ 

Carp 

Critical 

Velocity 

(m/s) 

~ ~ ~ ~ 0.6 0.6 0.6 0.6 0.6 0.6 ~ ~ 

Threshold 

Velocity 

(m/s) 

0.1 0.1 0.2 0.3 ~ ~ ~ ~ ~ ~ 0.3 0.1 

Depth (m) 1 WCD 
Bankful 

depth 
WCD 1 

(Source: Chowdhury et al. 2005) 

4.5.2  Ecosystem 

Essentially, ecosystem water demand has two key components: one that pertains to 

environmental water demand of the terrestrial ecosystem, and the other to the demand 

of the aquatic ecosystem. In this endeavor, the present study concentrated on wetland 

water demand as aquatic ecosystem. Two parameters such as depth and velocity are 

required to find out the requirement of Gangetic Dolphin habitat and Ghorial habitat. 

Following Table 4.5.2 shows monthly different values of parameters for selected 

indicators depended on Ganges River.  
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Table 4.5.2:  Parameters for Gangetic Dolphin and Ghorial habitat  

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

Gangetic 

Dolphin 

habitat 

Depth 

(m) 
~ ~ ~ ~ 10 12 12 12 12 10 8 ~ 

Velocity 

(m/s) 
~ ~ ~ ~ 0.5 0.6 0.6 0.6 0.6 0.5 0.3 ~ 

Ghorial 

habitat 

Depth 

(m) 
5 5 4 4 6 7 7 8 8 7 7 6 

Velocity 

(m/s) 
0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.3 

(Source: WARPO, 2009) 

4.5.3   Sundarbans 

Fresh water requirement for the Sundarbans mangrove is higher compared to other 

forests areas, because freshwater is not only required for fulfilling physiological 

demand but also for desalinizing the ecosystem. Saha (2007) found that discharge of 

about 100 m
3
/s and 250 m

3
/s respectively are required to keep salinity level upto 

Khulna station (247 km downstream of Gorai River headwaters) within allowable 

limits for irrigation water and source of drinking water supply. That study also found 

that a discharge of about 250 m
3
/s is needed to maintain salinity level within 

allowable limits for the part of mangrove forest influenced by Gorai river. 

WARPO (2009) found that the Gorai river system should have a discharge of 5,000 

m
3
/s in wet season and 60-100 m

3
/s in dry season for desalinizing the ecosystem for 

maintaining the ecological integrity of the Sundarbans mangrove ecosystem 

(WARPO, 2009). 

Aman (2009) said that to keep the Gorai River alive, around 1,416 m
3
/s to 1,557 m

3
/s 

of water is necessary in the Ganges River, the parent river of the Gorai. According to 

this statement it is also similar to another study conducted by Islam and Gnauck 

(2009a). This study reveals that if 12000 m³/s of average water is available in 

Hardinge Bridge Point then Gorai River might be alive and the Sundarbans 

ecosystems would be safe in a very healthy way. The later study also informs that if a 

minimum of 500 m³/s fresh water is available at Hardinge Bridge then 160 m³/s to 

190 m³/s flow will be available at Gorai Railway Bridge point that will keep the 

balance of mangrove wetland ecosystems in the Sundarbans. A comparative analysis 
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has been done to find out the water requirement for the sustainability of the 

Sundarbans ecosystem (Article 5.3.3.3). 

4.5.4 Flushing 

It requires flushing through flooding to prevent saline intrusion. Presently, there is no 

recognized standard or state-of-the-art office or field methodology for the prescription 

of flushing flows (Reiser et al., 1987) and many uncertainties are associated with 

existing approaches. Most flushing flow recommendations are largely made on the 

basis of professional judgment, and follow-up or verification studies generally are not 

undertaken. For river flushing, Tennant‘s flushing percentage will be used for this 

study for the month of August and September. 

4.5.5  Morphological Equilibrium 

Attempts have been made to establish a quantitative relation between the controlling 

variables and the dependent variables began long ago with the need to design stable 

channels to convey water for irrigation. These stable canals can be considered as 

equilibrium channels (Sarker, 2008). In the late 18th Century, Kennedy (1895) related 

the velocity to the depth of the channel using irrigation canal data from India. Lacey 

(1930) derived a number of relations for designing large water transfer canals in the 

Punjab, India. He derived ‗Regime Theory‘ to predict the stable width, depth and 

slope of a canal as a function of its bankfull discharge. Later, Leopold and Maddock 

(1953) derived regime-type relations for rivers by the analyzing data from natural 

streams in the USA. Their relations became known as ‗Hydraulic Geometry‘ 

equations, and express width, depth and velocity as functions of the channel forming 

discharge (Q) and can be shown as: 

W=aQ
b
,  d=cQ

f
,  u=kQ

m
……………………………………………………………….…4.1 

where W, d and u are channel width, average depth and mean velocity respectively. a, 

c and k are empirical coefficients, whereas b, f and m are the exponents. Based on 

many subsequent measurements, the average values of the exponents are b = 0.5, f = 

0.4 and m = 0.1 (Sarker, 2008). The exponents for discharge in the regime relations of 

Lacey (1930) are 0.5 and 0.33 for width and depth, respectively. That is, they are 
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close to those of Leopold and Maddock (1953). It should be mentioned here that 

Leopold and Maddock (1953) used mean annual discharge in place of the bankfull 

discharge used by Lacey. Stevens and Nordin (1987) report that Lacey found the 

exponent for discharge in relation to the slope is -0.1666667, indicating that channel 

slope decreases as discharge increases. In the following decades, many studies have 

further explored the hydraulic geometry relations for alluvial channels, though the 

basic tenets of Leopold and Maddock (1953) remain substantially unchanged. 

Determination of stable channel geometry has invoked several theories and hypothesis 

(Singh, 2003) including not only regime theories (Lacey, 1930), but also tractive force 

theory (Lane, 1935 and 1953), stability theory (Callander, 1969; Parker, 1976) and 

extremal hypotheses (Yang, 1976; Chang, 1979; White et al., 1982). Different 

approaches have expressed channel geometry parameters as a function of a single 

independent variable such as discharge (Leopold and Maddock, 1953, Singh, 2003), 

or several variables such as discharge, sediment size and sediment transport (Griffiths, 

1981; Julien and Wargadalam, 1995). The coefficients in Equation 4.1 have been 

found to vary from one geographical location to another, but the exponents of these 

equations are found to be consistent and seem independent of location (Parker, 1979). 

The constancy of the exponents in hydraulic geometry equations illustrates the strong 

dependency of channel geometry on discharge, but the fact that coefficients vary 

widely indicates that other variables are also influential. 

Discharge has also been used to predict the planform pattern of alluvial rivers. In this 

regard, the pioneering work was performed by Leopold and Wolman (1957), who 

identified a continuum of channel patterns based on the bankfull discharge and slope 

of the channel. The threshold between the meandering and braided pattern is 

expressed as (Leopold and Wolman, 1957): 

i = 0.013Qb
-0.44

 ……………………………………………………………………4.2 

Where, i = channel slope and Qb = bankfull discharge in cumec. For given bankfull 

discharge, a river may be braided if its slope exceeds the threshold value as defined by 

Equation 4.2 or meander if the slope falls below the threshold value. A similar method 

for predicting channel pattern was developed by Lane (1957), while Ferguson (1984 
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& 1987), Chang (1986) and Robertson-Rintoul and Richards (1993) performed 

significant work following similar approaches. The later work employs different 

representative discharges and adds further independent parameters including sediment 

size, sediment concentration and valley slope in classifying channel pattern. Most 

recently, different forms of stream power have been used to predict planform (van der 

Berg, 1995 and Richardson and Thorne, 2001), based on the product of discharge and 

slope. 

Debate has continued concerning the selection of a single discharge to represent the 

range of flows responsible for channel formation (Chang, 1979; van den Berg, 1995; 

Knighton, 1998; Bridge, 2003; Latrubesse, 2008). There is also debate about the 

influence of the annual variability in discharge on channel geometry and channel 

pattern (Howard et al., 1970; Schumm, 1985; Knighton, 1998; Bridge, 2003). 

Generally, it is believed that the stable width of the channel is larger for a given 

formative flow in rivers where the seasonal variation of discharge is very high. It has 

also been proposed that this also encourages braiding (Knighton, 1998). On this basis, 

Klaassen (1995) employed Lane‘s balance to derive relations between the variability 

of discharge, width and braiding intensity of the form:  

SD
p
W

(n-1)/3 
∞ αQQ

n/3
i
n/3

…………………………………………………………..…………4.3 

SD
p
W

(n-3)/6 
∞ αQQ(

n+3)/6
i
n/3

………………………………………………………..……….4.4 

Where, S and Q are annual average sediment load and discharge, respectively, W = 

flow width, k = braiding index, i = channel slope, D = characteristics bed material 

size, p = exponent of grain size and n = exponent of velocity in a simplified sediment 

transport equation and Q = a factor that reflects discharge variability. For uniform 

flow, the value of Q is 1 and it increases as the seasonal flow distribution deviates 

from the mean discharge. Equation 4.3 indicates that if other parameters remain the 

same, the stable width of a river increases as discharge variability (Q) increases. 

Similarly, Equation 4.4 indicates that the braiding index also increases as discharge 

variability increases. These findings are in line with the arguments proposed by 

Knighton (1998). 
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To expand on this similarity slightly more, it is handy to introduce Delft Hydraulics 

and DHI, (1996) has introduced a handy equation for discharge variability ( Qa ) as 

given below: 

dQ
Q

Q
Pa

n

i

iQ .
3

……………………………………………………………………………….4.5 

Where, Qa = discharge variability, Pi = number of months, Qi = monthly average, Q  

= annual average and n = coefficient. This equation 4.5 has been used in this study to 

underastand the extent of varying discharge to river morphology. 

In addition, velocity and depth will be calculated to corresponding low flows. Shields 

(1936) applied dimensionless analysis to determine some dimensionless parameters 

and established a well known diagram for incipient motion. The factors that are 

important in the determination of incipient motion are the shear stress τ, the difference 

in density between sediment and fluid ρs-ρf, the diameter of the particle d, the 

kinematic viscosity υ, and the gravitational acceleration g. These five quantities can 

be grouped into two dimensionless quantities, namely, 

d{( τc/ τf)
0.5

/ υ}=d(U*/ υ)………………………………………………………….……….4.6 

and τc/d{(ρs-ρf ) g}= τc/d[γ{ ρs/ρf}-1]…………………...…………………………..…….4.7 

Then results will be examined from the Shield diagram. Figure 4.5.1 show the Shields 

diagram for incipient motion. Figure 4.5.2 presents relationship between critical 

velocities proposed by different investigators and mean particle size. This figure was 

suggested by the American Society of Civil Engineers Sedimentation Task Committee 

(Vanoni, 1977) for stable channel design. 
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Figure 4.5.1: Shields diagram for incipient motion (Vanoni, 1975) 

 

Figure 4.5.2:  Critical water velocities for quartz sediment as a function of mean 

grain size (Vanoni, 1977) 
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4.6 Data Requirement 

Several types of data are required for this study. A brief description of data 

requirement at selected site is given in the following section. 

Cross Section: Cross sectional profile is collected from National Water Resources 

Database (NWRD) of WARPO. There is no cross section data at the location, 

therefore cross section data of RMG13 at just after 2.25 km down from the selected 

location is considered. Another cross section of Gorai river is considered for wetland 

connectivity, as Gorai is the only one source of sweet water flow to the southern part 

of Bangladesh. Cross sections of 2002 are chosen for the analysis. Figure 4.6.1 and 

Figure 4.6.2 represent the cross sections of Ganges and Gorai rivers respectively.  

Water Level and Discharge Ddata: Water level and discharge data at selected site 

are also collected from NWRD. Discharge data from 1934 to 2005 has been used for 

this study. 

Dominant Fish Species Habitat Preference Data: Threshold velocity, critical 

velocity, required depth data are collected from expert judgment worked under Indian 

River Linking Project of Water Resources planning Organization. 

 

Figure 4.6.1:  Cross section of RMG13 of Ganges River 
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Figure 4.6.2:  Cross section of RMGM2 of Gorai River 

4.7 Summary 

EFA is required for balancing the use (or development) of water from aquatic 

ecosystems for various purposes whilst protecting (or managing) the aquatic 

ecosystems so that it can continue to be used by present and future generations. 

Impacts of upstream withdrawal from 1975 have been presented in this chapter. From 

the analysis, it is found that the flow regime of Ganges River has totally been 

changed. To stop further degradation, it is essential to find out the river required flow 

for the sustainability of its own and it‘s dependent.   

In this study, BBM has been used which considers the socio-economic aspects of e-

flow. BBM uses in those rivers where multidisciplinary approach is needed with data 

unavailability, poor understanding of river ecosystems, limited funds and time 

constraints. For its other advantageous sides, this study has applied BBM in the 

Ganges River and has generated e-flow requirement for this river at a specific site. 

Some indicators have been selected in this chapter. Those selected indicators have 

been parameterized in terms of depth, velocity and discharge for their sustainability. 

Required data have been collected to present all requirements in terms of discharge. 

The details analysis and results are shown in the next chapter. 
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5.1 General 

This chapter describes all results and analysis. Changes of flow regime have been 

shown by using IHA tools. All results of this analysis have been shown in Figure 

5.2.1 to 5.2.19. After impact analysis, e-flow assessments have been done by 

Hydrologic (Tennant Method, Flow Duration Curve Analysis and Aquatic Base Flow 

Method), Hydraulic (Wetted Perimeter Technique) and Holistic Approaches (Building 

Block Methodology). Results of those approaches have been sown in Art.5.3.1 to 

5.3.3.  

5.2 Change in River Regime 

To quantify the e-flow assessment for Ganges River, the construction of Farakka 

Barrage plays an important role. The morphological, hydrological and hydraulic 

behavior of Ganges River has been changed due to construction of Farakka Barrage. 

In 1975, India commissioned the barrage on the Ganges at Farakka, 18 km above the 

India-Bangladesh border, in order to divert a portion of dry season flow to increase 

the navigability of Calcutta port. Right after it went into operation in 1975, the fresh 

water supply of the Ganges decreased considerably, with a number of consequent 

effects in the south-west part of Bangladesh. The top-dying disease of Sundari trees in 

the Sundarbans is believed to be the result of reduced flows of the Ganges. 

Table 5.2.1:  Seasonal mean stream flow (m
3
/s) statistics for Ganges River at 

Hardinge Bridge 

Situation 
Wet Season 

(June-October) 

Dry Season 

(November-May) 
Annual average 

Pre-Farakka: 1934-1975 22,945 3,350 11,514 

Post-Farakka: 1976-2005 23,621 2,598 11,358 
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Dry seasonal minimum flow is found to be 261 m3
/s in post Farakka situation, where it 

was 1,190 m
3
/s in pre-Farakka situation. Water availability in Ganges is highly 

characterized by seasonal variation. The monsoon flow is observed much higher than 

the dry season flow in this river. Flow of Ganges is highly impacted after Farakka 

Barrage construction. The distribution of flow regime in the Ganges River shows 

appreciable changes (shown in Table 5.2.1) in magnitude considering with and 

without diversion water at Farakka.  

Due to diversion of water at Farakka from the Ganges, the hydrological characteristics 

have been altered and impacted on large dependant areas of Bangladesh. Following 

hydrological characteristics are investigated by selecting indicators in the hydrologic 

regime based on available data at NWRD. 

5.2.1 Indicator for Hydrologic Alteration 

Approach for hydrologic assessment is first to define a series of biologically relevant 

hydrologic attributes that characterize intra-annual variation in water conditions and 

then to use an analysis of the inter-annual variation in these attributes as the 

foundation for comparing hydrologic regimes. Though there are six steps for IHA 

methodology, these have been summarized in four steps for this chapter: 

1. Data series has been defined for pre- and post-impact periods in the ecosystem 

of interest. The data set has been considered two discrete different time 

interval considering of commissioning of Farakka Barrage: pre-Farakka 

Barrage: 1934-1975 and post-Farakka Barrage: 1976-2005. 

2. Values of hydrologic attributes have been calculated for each of 33 

ecologically relevant hydrologic parameters for each year in each data series, 

i.e., one set of values for the pre-impact data series and one for the post-impact 

data series.  

3. Inter-annual statistics measures of central tendency and dispersion have been 

computed for the 33 parameters in each data series, based on the values 

calculated in step 2. This produces 66 inter-annual statistics for each data 

series (33 measures of central tendency and 33 measures of dispersion).  
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4. Values of the IHA have been calculated for the 66 inter-annual statistics 

between the pre- and post-impact data series, and present each result as a 

percentage deviation of one time period (the post-impact condition) relative to 

the other (the pre- impact condition). The method can be used to compare the 

state of one system to itself over time (e.g., pre- versus post-impact as just 

described), or it can be used to compare the state of one system to another 

(e.g., an altered system to a reference system) or current conditions to 

simulated results based on models of future modification to a system. 

The Range of Variability Approach (RVA) has been adopted for the interpretation of 

IHA indicator results. In an RVA analysis, the pre-impact data for each parameter is 

divided into three different categories (high and low boundary thresholds are 17 

percentile above or below the median). The RVA uses 33 hydrologic parameters to 

evaluate potential hydrologic alterations. Table 5.2.2 shows the parameters that can be 

categorized into five groups addressing the magnitude, timing, frequency, duration 

and rate of change. 

The boundaries between categories are based on either percentile values (for non-

parametric analysis) or a number of standard deviations away from the mean (for 

parametric analysis). RVA algorithm computes the frequency with the "post-impact" 

annual values of IHA parameters actually fell within each of the three categories. This 

expected frequency is equal to the number of values in the category during the pre-

impact period multiplied by the ratio of post-impact years to pre-impact years. 

Finally, a Hydrologic Alteration (HA) factor is calculated for each of the three 

categories as: 

HA (%) = (Observed frequency – Expected frequency) / Expected frequency 

A positive Hydrologic Alteration value means that the frequency of values in the 

category has increased from the pre-impact to the post-impact period (with a 

maximum value of infinity), while a negative value means that the frequency of 

values has decreased (with a minimum value of -1).  
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Table 5.2.2:  Indicators for hydraulic alteration (IHA) 

Parameter Group Indicator 

1. Magnitude of monthly 

water conditions IHA 

Parameter Group (G1) 

Mean or median value for each calendar month 

Subtotal 12 parameters Hydrologic Parameters 

2. Magnitude and duration of 

annual extreme water 

conditions (G2) 

 Annual minima and maxima, 1-day mean  

 Annual minima and maxima, 3-day means  

 Annual minima and maxima, 7-day means  

 Annual minima and maxima, 30-day means  

 Annual minima and maxima, 90-day means  

 Number of zero-flow days  

 Base flow index: 7-day minimum flow/mean flow for 

year 

Subtotal 12 parameters 

3. Timing of annual extreme 

water conditions (G3) 

 Julian date of each annual 1-day maximum 

 Julian date of each annual 1-day minimum 

Subtotal 2 parameters 

4. Frequency and duration of 

high and low pulses (G4) 

 Number of low pulses within each water year 

 Mean or median duration of low pulses (days) 

 Number of high pulses within each water year 

 Mean or median duration of high pulses (days) 

Subtotal 4 parameters 

5. Rate and frequency of 

water condition changes (G5) 

 Rise rates: Mean or median of all positive differences 

between consecutive daily values 

 Fall rates: Mean or median of all negative differences 

between consecutive daily values 

 Number of hydrologic reversals 

Subtotal 3 parameters 

 Grand Total 33 parameters 

The non-parametric statistical approach has been adopted for the detail calculation. 

The 33rd and 67th percentile ensures that in most situations an equal number of pre-

impact values will fall into each category, which makes the results easier to 

understand and interpret. The IHA results for the Ganges River are given in Table 

5.2.3. 

The IHA method is based upon the statistical derivation of 33 ecologically relevant 

hydrological parameters for each year of stream flow record for the selected reference 

period or data series. Measures of central tendency (e.g. mean, median) and dispersion 
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(e.g. range, standard deviation, coefficient of variation) are computed from the annual 

series for each of the 33 parameters and used to characterize inter annual variation. 

The fundamental concept is that the river should be managed in such a way that the 

annual of each IHA parameter falls within the range of natural variation for that 

parameter, as defined by inter annual measure of dispersion. The RVA targets are 

means to achieving biological goals, and are not ends in themselves.  

5.2.2 Results of the IHA Tools 

The natural range of stream flow variation for the Ganges River is characterized by 

generating the 33 IHA parameters from a 41-yr pre-Barrage record (1934-1975) taken 

at Hardinge Bridge. The results obtained from IHA analysis for the Ganges River are 

shown in Table 5.2.3. The relative differences between means ranged from -64% 

(annual 1-day minimum flow) to +158% (low pulse duration) for the individual 

attributes, while the average absolute difference for the five groups ranged from 11% 

(Group 3: Timing of Annual Extreme Water Conditions) to 41% (Group 4: Frequency 

and Duration of High and Low Pulses). For individual attributes, the relative 

difference in coefficient of variation ranged from -71% (Julian date of Annual 

Minimum) to +163% (High pulse duration); the range for the five groups was 36% 

(Group 5: Rate and Frequency of Change in Water Conditions) to 87% (Group 2: 

Magnitude and Duration of Annual Extreme Water Conditions). The results of the 

IHA analysis for the Ganges River reflect the effects of Farakka Barrage at upstream. 

An obvious impact of upstream water withdrawal is the virtual elimination of dry 

seasonal flow. Multi-day minimum are likewise affected (reduction of 60%) by the 

withdrawal. 

The pulsing behavior of the Ganges River has been severely impacted, as both high 

and especially low pulses now occur with substantially greater frequency. This might 

be a byproduct of upstream withdrawal, herein water is diverted into another channel. 

The magnitude and timing of the annual minima have changed, with a shift from 

higher, fall season to lower. This probably results from attempts to capture winter 

flows for to the upstream channel. Somewhat surprisingly, the average hydrograph 

rise rate (Group 5) for the Ganges is reduced from the pre-Barrage period.  
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Table 5.2.3: Results of the Indicators of Hydrologic Alteration analysis for Ganges River, presented in a "scorecard" format. Basic data used in 

the analysis were daily mean stream flow (m
3
/s) 

Parameter 

Medians Co-efficient of dispersion/deviation 

Pre-

Impact 

Post- 

Impact 

Deviation Count limits 
Pre-

Impact 

Post- 

Impact 

Deviation Count limits 

Magnitude  %  Minimum Maximum Magnitude  %  Minimum Maximum 

 

Parameter Group: G1 

April 1990 899 -1091    (55) 1235 2970 0.2437 0.3222 0.0785      32  381 1755 

May 2000 1267 -733    (37) 1330 3000 0.3175 0.3715 0.054      17  554 2455 

June 3400 2932 -468    (14) 2090 6880 0.411 0.8208 0.4098    100  702.5 7530 

July 16100 20270 4170      26  9010 30400 0.4099 0.5549 0.145      35  5120 35900 

August 40500 35280 -5220    (13) 22000 55800 0.284 0.4683 0.1843      65  8824 57600 

September 34000 36600 2600        8  17700 62350 0.3934 0.4604 0.067      17  11210 56850 

October 14800 14300 -500      (3) 7060 43600 0.5709 0.5807 0.0098        2  7810 38800 

November 6235 5425 -810    (13) 3940 14200 0.3809 0.3755 -0.0054      (1) 2685 15970 

December 3710 2710 -1000    (27) 2820 6250 0.3854 0.3948 0.0094        2  2010 14760 

January 2810 1530 -1280    (46) 1840 4980 0.3648 0.6188 0.254      70  1220 8031 

February 2510 1189 -1321    (53) 1500 4900 0.262 0.4792 0.2172      83  486 2121 

March 2200 908 -1292    (59) 809 3620 0.2295 0.4646 0.2351    102  311 1700 

Averages       29               44      
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Table 5.2.3: Continued 

Parameter 

Medians Co-efficient of dispersion 

Pre-

Impact 

Post- 

Impact 

Deviation Count limits 
Pre-

Impact 

Post- 

Impact 

Deviation Count limits 

Magnitude  %  Minimum Maximum Magnitude  %  Minimum Maximum 

Parameter Group: G2 

1-day minimum 1830 664 -1166 (64) 657 2360 0.2623 0.6538 0.3915 149 261 1210 

3-day minimum 1830 672.8 -1157.2 (63) 661.3 2373 0.2577 0.6339 0.3762 146 264 1223 

7-day minimum 1853 705.3 -1147.7 (62) 679.7 2394 0.2513 0.6152 0.3639 145 272.4 1241 

30-day minimum 1943 788 -1155 (59) 820.5 2495 0.2294 0.5154 0.286 125 313.9 1410 

90-day minimum 2401 1212 -1189 (50) 1381 4450 0.2017 0.4102 0.2085 103 602.2 2236 

1-day maximum 49000 51100 2100 4 35900 73200 0.1908 0.3178 0.127 67 17690 77440 

3-day maximum 48670 50870 2200 5 35630 73200 0.1959 0.3168 0.1209 62 17490 75130 

7-day maximum 47960 50130 2170 5 33360 72690 0.2118 0.2956 0.0838 40 17280 73090 

30-day maximum 43230 42830 -400 (1) 27550 63160 0.2434 0.2874 0.044 18 16550 64490 

90-day maximum 34410 32720 -1690 (5) 20690 48490 0.2619 0.3132 0.0513 20 14850 44570 

Averages    32      87   

  

Parameter Group: G3 

Julian date of 

Annual Minimum 
113 91 -22    (19) 80 139 0.0806 0.0232 -0.05738    (71) 78 308 

Julian date of 

Annual Maximum 
245 252 7        3  228 267 0.0451 0.0861 0.04099      91  200 338 

Averages          11               81     
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Table 5.2.3: Continued 

Parameter 

Medians Co-efficient of dispersion 

Pre-

Impact 

Post- 

Impact 

Deviation Count limits 
Pre-

Impact 

Post- 

Impact 

Deviation Count limits 

Magnitude  %  Minimum Maximum Magnitude  %  Minimum Maximum 

 

Parameter Group: G4 

Low pulse count 1 1 0       -    0 6 1 1 0       -    1 6 

Low pulse duration 62 160 98    158  1 165 1.5 0.5797 -0.9203    (61) 2 206 

High pulse count 1 1 0       -    1 3 0 0.5 0.5   1 2 

High pulse duration 89 83 -6      (7) 5 141 0.2416 0.6355 0.3939    163  25 122 

Averages           41               56      

  

Parameter Group: G5 

Rise rate 340 139.9 -200.1    (59) 110 640 0.7206 0.5003 -0.2203    (31) 52.46 435.8 

Fall rate -95 -80 15    (16) -255 -40 -0.5789 -0.3349 0.244    (42) -218 -12.94 

Averages           37              36     

Note: The deviation columns represent the ―Indicator of Hydraulic Alteration. Group averages are computed as the mean of all deviations (in 

absolute values) within the group 
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Typically, areas downstream of hydropower dams experience steeper hydrograph rise 

due to rapid releases of water from the reservoir during peaking power generation. 

The apparent reduced flow in dry period on the Ganges is probably due to the fact that 

flow releases never exceed 3000 m
3
/s; in the pre-Barrage period, flows commonly 

raised more than 4000 m
3
/s in a single day during rainstorms. 

5.2.2.1 Magnitude of monthly water conditions (G1) 

The magnitude of monthly water conditions deals with the mean or median value for 

each calendar month consisting of 12 parameters. The indicator for hydraulic 

alteration represents the intra-monthly variability for pre and post Farakka Barrage 

construction. In terms of ecological impact assessment, it provides a general measure 

of temporal variation of habitat availability or suitability. The similarity of monthly 

medians within a year reflects conditions of relative hydrologic constancy (the degree 

to which monthly means/ medians vary from month to month), whereas inter-annual 

variation (e.g., coefficient of dispersion) in the median water condition for a given 

month provides an expression of environmental contingency (Colwell, 1974; Poff and 

Ward, 1989). 

Monthly stream flow availability in this river has been severely affected due to direct 

upstream water withdrawal/ diversion. For the Ganges River, April was the lowest 

median flow (1,990 m
3
/s) month for ―before Farakka‖ situation, where the stream 

flow has been reduced to 899 m
3
/s which is more than half of before. It can be seen 

from the Figure 5.2.1 and Figure 5.2.2 that hydrologic change of monthly flow is 

expected to be prominent in the middle of flood period (September). Figure 5.2.3 

shows the temporal variability in the magnitude of median monthly statistics of April. 

High alteration is being also expected in the month of October (0.037). Other than 

this, flow variability for the river Ganges is highest during the month of February, 

March, April and June with RVA scores of -1.0; where the mean monthly median 

flow have been reduced by more than 59% (2,200 m
3
/s to 908 m

3
/s). 
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Figure 5.2.1:  Hydrologic monthly (median) flow and variation (%) 

 

Figure 5.2.2:  Monthly RVA boundaries and hydrologic alteration 
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Figure 5.2.3:  Temporal variability in the magnitude of median monthly statistics 

The changes of monthly flows in 12 months may influence the availability of habitat 

for aquatic organisms, availability of soil moisture for plants and availability of water. 

These might affect on water temperature and dissolved oxygen that might arise 

question for the reliability of water supplies for wildlife. 

5.2.2.2 Magnitude and duration of annual extreme water conditions (G2) 

The 1-day maximum (or minimum) is represented by the highest (or lowest) single 

daily value occurring during the year; the multi-day maximum (or minimum) is 

represented by the highest (or lowest) multi-day average value occurring during the 

year. The mean magnitude of high and low water extremes of various duration 

provide measures of environmental stress and disturbance during the year; conversely, 

such extremes may be necessary precursors or triggers for reproduction of certain 

species. The inter-annual variation (e.g., coefficient of variation) in the magnitudes of 

these extremes provides another expression of contingency. 

The frequency of stream low flow availability in the Ganges River has also been 

mostly affected after starting the upstream withdrawal (Figure 5.2.4 to Figure 5.2.8). 

Daily, weekly, monthly and seasonal median low flow situation is altered drastically, 

Year 
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where 1 day, 7-day and 30-day median low flow statistics is reduced (more than 60%) 

from 1830 m
3
/s, 1853 m

3
/s and 1943 m

3
/s to 664 m

3
/s, 705 m

3
/s and 788 m

3
/s 

respectively and seasonal median low flow volume is reduced from 2401 m
3
/s to 1212 

m
3
/s (49.5% reduction). 

 

Figure 5.2.4:  Daily low flow condition 

 

Figure 5.2.5:  Three days low flow condition 

Year 

Year 
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Figure 5.2.6:  Weekly low flow condition 

 

Figure 5.2.7:  Monthly low flow condition 

Year 

Year 
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Figure 5.2.8:  Seasonal low flow condition 

 

Figure 5.2.9:  Daily maximum flow condition 

Year 

Year 
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Figure 5.2.10:  Three days maximum flow condition 

 

Figure 5.2.11:  Weekly maximum flow condition 

Year 

Year 
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Figure 5.2.12:  Monthly maximum flow condition 

 

Figure 5.2.13:  Seasonal maximum flow condition 

 

Year 

Year 
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Similar to this, 1-day, 3-day and weekly maximum flood flow statistics have been 

positively altered with flow increase of around 5% (Figure 5.2.9 to 5.2.13). And 

monthly and 3-monthly maximum flows have been reduced due to possible upstream 

water diversion scenario. Highest level of absolute flood flow variability is observed 

on the seasonal flood flow statistics, where RVA score is found as 0.131. 

In the view of IHA results, it is found that minimum extreme flow conditions have 

been more impacted than the maximum flow conditions. This may create imbalance 

of competitive and stress-tolerant organisms and can create sites for plant colonization 

(migration). This may also create serious effect on structures of river channel 

morphology and physical habitat conditions. Very low flow in winter possibly will 

create stress in plants for lower soil moisture causing dehydration in wildlife. Long 

duration of these stressful conditions may possibly distribute the plant communities. 

5.2.2.3 Timing of Annual Extreme Conditions (G3) 

Two parameters are considered under this group -- one measuring the Julian date of 

the 1-day annual minimum and the other measuring the Julian date of the 1-day 

maximum water condition. The timing of the highest and lowest water conditions 

within annual cycles provides a measure of critical period showing environmental 

disturbance or stress by describing the seasonal nature of these stresses. Key life-cycle 

phases (e.g., reproduction) may be intimately linked to the timing of annual extremes; 

thus human-induced changes in timing may cause reproductive failure, stress, or 

mortality. The inter-annual variation in timing of extreme events reflects 

environmental contingency. 

Timing of low flow shows that, the Ganges River, the Julian date of low flow and 

high flow occurrence is shifted (Figure 5.2.14 and Figure 5.2.15). Date of occurrence 

of low flow is shown to be shifted by 22 days backward, whereas date of maximum 

flow has been shifted to 7 days forward. 

The alteration of annual extreme conditions (maximum and minimum) possibly will 

influence on predictability and avoidability of stress for organisms. The most 

importantly, affect badly for spawning cues for migratory fish. 
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Figure 5.2.14:  Timing of annual extreme (minimum) flow condition 

 

Figure 5.2.15:  Timing of annual extreme (maximum) flow condition 
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5.2.2.4 Frequency and Duration of High and Low Pulses (G4) 

Four parameters are grouped that measure the number of annual occurrences of water 

condition pulses (a day is classified as a pulse if it is greater than or less than a 

specified threshold) that exceeds an upper threshold or remains below a lower 

threshold, and measure the mean duration of such high and low pulses. These 

measures of frequency and duration of high and low water conditions together portray 

the pulsing behavior of environmental variation within a year and provide measures of 

the shape of these environmental pulses. Hydrologic pulses are defined here as those 

periods within a year in which the daily mean water condition either rises above the 

75th percentile (high pulse) or drops below the 25th percentile (low pulse) of all daily 

values. 

As shown in Figure 5.2.16, the low pulse duration increases by 158% (62 day to 160 

day) and as shown in Figure 5.2.17, the high flow pulse duration decreases by 7% (89 

day to 83 day). These might altered the frequency and magnitude of soil moisture 

stress for plants and availability of floodplain habitat for aquatic organisms. These 

alterations may also affect bed-load transport and channel sediment distribution, and 

duration of substrate disturbance. 

 

Figure 5.2.16:  Frequency of low pulse duration 

Year 



 

86 

 

Figure 5.2.17:  Frequency of high pulse duration 

5.2.2.5 Rate and Frequency of Change in Conditions (G5) 

Two parameters (rise and fall rates) are in group 5, measure the number and mean rate 

of both positive and negative changes in water conditions. The rate and frequency of 

change in water conditions can be described in terms of the abruptness and number of 

intra-annual cycles of environmental variation and can provide a measure of the rate 

and frequency of intra-annual environmental change. 

It is found for Ganges River (Figure 5.2.18 and 5.2.19) that the rise rate decreases 

from 340 to 139.9 m
3
/s/day and fall rate increases from -95 to -80 m

3
/s/day. Rise rate 

(59%) is decreased and the fall rate (17%) is increased around two times, which 

means that rise of flows will be elongated but fall may be more rapid. This type of 

alteration may create drought stress on plants and desiccation (waterlessness) stress 

on low-mobility streamedge organisms. 

For each of the 33 hydrologic parameters, the differences between the pre- and post-

impact time periods in both the mean and coefficient of variation are found as both a 

magnitude of difference and a deviation percentage. These comparisons of means and 

Year 
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coefficients of variation for each of the 33 parameters comprise the 66 different 

Indicators of Hydrologic Alteration.  

 

 

Figure 5.2.18:  Variability (rise) in the rate of change in the stream flow events 

 

Figure 5.2.19:  Variability (fall) in the rate of change in the stream flow events 

Year 

Year 
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5.3 E-flow Analysis and Results 

Based on the analysis done with the IHA tools, it is seen that Ganges has lost her 

normal characteristics for the construction of Farakka Barrage at upsteam. In the 

previous section, it is realized how the Ganges River has adapt the situation. This 

analysis expose that e-flow assessment for the sustainability of the Ganges River is 

very crucial. 

Mainly the daily time series of Hardinge Bridge discharge measuring station from 

1934 to 2005 have been used for this study. The impact of Farakka Barrage 

constructed upstream of Bangladesh has been analyzed for two time steps: before 

Farakka and after Farakka. All detail analysis and results are described in this section. 

For e-flow analysis, time steps have also been segregated into two time steps: pre and 

post Farakka. 

5.3.1 Hydrological Methods 

5.3.1.1 The Tennant Method 

Data analysis with three time period show different scenarios for different condition 

as stated by Tennant. The average of flow data is specified to maintain the riparian 

habitat in a particular state. The mean annual flows are found as 11,514 m
3

/s and 

11,358 m
3

/s in pre-Farakka and post-Farakka situations respectively.  It shows that 

MAF has decreased after constructing Farakka Barrage.  

April is the driest month in the long time series. November to May, seven months are 

considered as dry months for Ganges; rest five months are considered as wet months. 

Mean monthly values are shown in Table 5.3.1. Table 5.3.2 shows the percentage of 

flows in different condition according to Tennant. 

It is seen that flows in the month of March and April are much less that the poor 

condition (10% of MAF) of the river system. Flows of January, February are May are 

nearly poor condition. Flow in June maintains 30% of MAF. Therefore flows in 

January to May in Ganges River are highly vulnerable for its ecosystem according to 

Tennant. Flows in December are less than good condition; which is less than 40% of 
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mean annual flow. July, August, September and October are the months when river 

flushes with more than its bearable flows, especially in August and September. 

Table 5.3.1:  Mean monthly flows at Hardinge Bridge of Ganges River 

Months 

Pre-Farakka 

(1934-1975) 

Post-Farakka 

(1976-2005) 

m
3
/s 

Jan 3,079 2,537 

Feb 2,658 1,409 

Mar 2,296 936 

Apr 2,030 929 

May 2,140 1,478 

Jun 4,359 3,972 

Jul 18,097 21,742 

Aug 38,343 36,763 

Sep 36,072 36,914 

Oct 17,852 18,714 

Nov 7,076 6,692 

Dec 4,169 4,204 

Table 5.3.2:  Percentage of Mean Annual Flow 

Percentage of MAF 

Pre-Farakka 

(1934-1975) 

Post-Farakka 

(1976-2005) 

m
3
/s 

200% (flushing flow) 23,029 22,715 

60-100% (optimum  range) 6,909-11,514 6,815-11,358 

60% (outstanding) 6,909 6,815 

50% (excellent) 5,757 5,679 

40% (good) 4,606 4,543 

30% (fair or degrading) 3,454 3,407 

10% (poor) 1,151 1,136 

So, according to above given tables, more than 40% of MAF (around 4,500 m
3
/s) 

should be available during the month of January to May. This method has severe 

limitations, and should be restricted to reconnaissance level planning (Mosley, 1983). 

Considering February, March and April as the critical months and August and 

September as flood peaks, Table 5.3.3 shows corresponding e-flow. Critical dry 

months can be considered to fall under severely degraded and later two months under 
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flushing flow condition. Therefore, the e-flow requirement for February to April 

becomes 1,151 m
3
/s and for August and September as 23,029 m

3
/s.  

Table 5.3.3:  E-flow demand based on Tennant method 

Months E-flow (m
3
/s) Remarks 

February 

10% of MAF 

1,151 

Dry months (severely degraded condition) March 1,151 

April 1,151 

August 
200% of MAF 

23,029 
Wet months (flushing flow) 

September 23,029 

 

5.3.1.2 Flow Duration Curve Analysis 

Flow duration curves for each month for the pre-Farakka period (1934-1975) and 

post-Farakka period (1976-2005) have been constructed from daily mean discharge. 

According to Loar and Sale (1981), the recommended flow for e-flow is set at 90
th

 

percentile for normal months and 50
th

 percentile for high flow months. Therefore, the 

50
th

 and 90
th

 percentile flows of Ganges at Hardinge Bridge were calculated from 

flow-duration curves for two time periods and shown in Figure 5.3.1 and figure 5.3.2.  

 

Figure 5.3.1: Discharge from flow duration curve in pre-Farakka period 
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Figure 5.3.1: Discharge from flow duration curve in post-Farakka period 

Considering June to October as high flow months and November to May as normal 

months, the e-flow for Ganges for each month were calculated to be as follows and 

shown in Table 5.3.4. 

Table 5.3.4:  E-flow demand as indicated by Flow Duration Curve Analysis 

Month 
E-flow 

Remarks 
Percentile m

3
/s 

Jan 

90th 

2,831 

Normal month 

Feb 2,524 

Mar 2,161 

Apr 1,949 

May 1,961 

Jun 

50th 

3,661 

High flow months 

Jul 17,431 

Aug 39,917 

Sep 36,512 

Oct 17,450 

Nov 

90th 
5,523 

Normal month 
Dec 3,536 



 

92 

5.3.1.3 Aquatic Base Flow Method 

This flow method is based on mainly on median flow analysis. Median flow of a 

month has been calculated from the mean daily monthly flows data sets.  April is 

found to be the lowest flow month (2,037 m
3
/s) during pre-Farakka situation by this 

Aquatic Base Flow method analysis. The lowest flow month has changed to March 

(905 m
3
/s) during post-Farakka situation. It is clear that the lowest median was more 

than twofold before Farakka Barrage construction. So, according to the Aquatic Base 

Flow Method, The Ganges River requires minimum 2,037 m
3
/s flow throughout the 

year unless additional flow is required to meet the needs of spawning and incubation. 

Table 5.3.5 below shows the monthly flow demand in two time periods and pre-

Farakka flows are considered as e-flow. 

Table 5.3.5:  Monthly demand as indicated by Aquatic Base Flow Method 

Months 

Pre-Farakka 

(1934-1975) 

Post-Farakka 

(1976-2005) 
E-flow 

m
3
/s 

Jan         3,041           2,478          3,041  

Feb         2,675           1,421          2,675  

Mar         2,299             905          2,299  

Apr         2,037             920          2,037  

May         2,102           1,365          2,102  

Jun         3,661           3,347          3,661  

Jul        17,431         24,706         17,431  

Aug        39,917         35,666         39,917  

Sep        36,512         39,572         36,512  

Oct        17,450         18,459         17,450  

Nov         6,797           6,455          6,797  

Dec         4,100           4,108          4,100  

5.3.2 Hydraulic Methods 

The most popular methods of hydraulic method is wetted perimeter method which is 

described in the following section. 
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5.3.2.1 Wetted Perimeter Technique 

The wetted perimeter method looks at the general relationship between the stream 

discharge and the wetted perimeter (Gillilan and Brown, 1997). The negative aspect 

of this is that it introduces error through the subjectivity, but the advantage is that it 

allows for the consideration of the management objectives for the stream segment 

(Gippel and Stewardson, 1998). 

 

Figure 5.3.3:  Relation between cross-section and water level of Ganges River 

 

Figure 5.3.4:  Relation between wetted perimeter and discharge 
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Using MIKE- 11, the cross section has been analyzed and a relation between water 

level and cross section area is found and is shown in Figure 5.3.3. MIKE-11 also 

gives hydraulic radius at different water level. Hence, wetted perimeter has been 

calculated by dividing the cross section area by hydraulic radius. Then the Figure 

5.3.4 has been generated by two dimensionless parameters. There is no sharp 

breakpoint in the graph which will be the minimum e-flow. A tentative line (dy/dx=1) 

is drawn and it does not touch any point of the generated curve. 

5.3.3 Holistic Methods: Building Block Methodology 

The most popular method of holistic approaches is Building Block Method. Selected 

indicators for this study are fisheries, Gangetic Dolphin habitat, Sundarbans, flushing 

and morphology. Demands for each indicator are described in the following sections. 

5.3.3.1 Demand for Fisheries 

The relation between water level and cross sectional area of Ganges (Figure 5.3.3) 

and Gorai (Figure 5.3.5) are derived from MIKE-11. The relationship between cross-

section and water level for Ganges and Gorai are given in equation 5.1 and 5.2. 

Required water levels are found by adding the required depth with the minimum level 

of the cross section of the respective river. Cross sectional areas for that specific water 

level are calculated following the generated equations. 

 

Figure 5.3.5:   Relation between water level and cross section area (Gorai River) 
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The relations between water level and cross section are: 

For Ganges River, Y = 0.527x
4
 - 13.05x

3
 + 155.7x

2
 + 443.1x + 224.3……..……..5.1 

For Gorai River, Y = -0.335x
5
 + 18.41x

4
 - 377.7x

3
 + 3708.x

2
 - 17355x + 30994…..5.2 

Where, Y= cross section and x= water level. 

Golda fish requires wetland connectivity with a threshold velocity (Table 4.5.1) 

during May to September. And a critical velocity of 0.6 m
3
/s is required during 

October to April with maintaining 2 m depth in the main channel. Wetland 

connectivity with southern part of Bangladesh means connectivity with Gorai River, 

as Gorai is the connection path of the Ganges to the southern part of Bangladesh. The 

bed level of Ganges River is 6.54 m higher than the Gorai River. Assuming the 

condition same, the connectivity depth is found to be 8.54 m with maintaining 2m 

depth at Gorai. The required cross section is found from the relation made in equation 

5.1. In addition, there is required velocity for this species. The required discharge is 

found by multiplying the velocity with the calculated cross section, as Q=AV; where 

Q= discharge, A= cross-sectional area and V= velocity. The detail calculation of flow 

requirements for Golda, Hilsha and Carp are given in Table 5.3.6, 5.3.7 and 5.3.8 

respectively. The summary of fisheries demand is given in Figure 5.3.6. 
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Table 5.3.6: Flow requirement for Golda  

Parameter 
Dry season Wet season Dry season 

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

Critical 

Velocity 
0.6 0.6 0.6 0.6 ~ ~ ~ ~ ~ 0.6 0.6 0.6 

Threshold 

Velocity 
~ ~ ~ ~ 0.2 0.2 0.2 0.2 0.2 ~ ~ ~ 

Governing 

velocity 
0.6 0.6 0.6 0.6 0.2 0.2 0.2 0.2 0.2 0.6 0.6 0.6 

Depth 2 2 2 2 Wetland connectivity depth 2 2 

RL 0.74 0.74 0.74 0.74 8.54 8.54 8.54 8.54 8.54 8.54 0.74 0.74 

Cross-

sectional area 
632 632 632 632 10,039 10,039 10,039 10,039 10,039 10,039 632 632 

Discharge 379 379 379 379 2,008 2,008 2,008 2,008 2,008 6,023 379 379 
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 Table 5.3.7:  Flow requirement for Hilsha  

Parameter 
Dry season Wet season Dry season 

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

Critical 

Velocity 
~ ~ ~ ~ 0.9 0.9 0.9 0.9 0.9 0.9 ~ ~ 

Threshold 

Velocity 
~ ~ ~ 0.3 ~ ~ ~ ~ ~ ~ ~ ~ 

Governing 

velocity 
~ ~ ~ 0.3 0.9 0.9 0.9 0.9 0.9 0.9 ~ ~ 

Depth ~ ~ ~ ~ ~ ~ 10 10 10 10 ~ ~ 

RL ~ ~ ~ ~ ~ ~ 8.74 8.74 8.74 8.74 ~ ~ 

Cross-

sectional area 
~ ~ ~ ~ ~ ~ 10,353 10,353 10,353 10,353 ~ ~ 

Discharge ~ ~ ~ ~ ~ ~ 9,318 9,318 9,318 9,318 ~ ~ 
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Table 5.3.8:  Flow requirement for Carp 

Parameter 
Dry season Wet season Dry season 

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

Critical 

Velocity 
~ ~ ~ ~ 0.6 0.6 0.6 0.6 0.6 0.6 ~ ~ 

Threshold 

Velocity 
0.1 0.1 0.2 0.3 ~ ~ ~ ~ ~ ~ 0.3 0.1 

Governing 

velocity 
0.1 0.1 0.2 0.3 0.6 0.6 0.6 0.6 0.6 0.6 0.3 0.1 

Depth 1 1 1 2 2 2 Bankful depth 9 9 1 1 

RL 7.54 7.54 7.54 8.54 8.54 8.54 14 14 8.54 8.54 7.54 7.54 

Cross-

sectional 

area 
8,526 8,526 8,526 10,039 10,039 10,039 21,381 21,381 10,039 10,039 8,526 8,526 

Discharge 853 853 1,705 3,012 6,023 6,023 12,829 12,829 6,023 6,023 2,558 853 
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Figure 5.3.6:    Flow requirement for Golda, Hilsha and Carp fishes 

The results of fisheries demand show that for Carp, maximum flow (12,829 m
3
/s in 

July and August) is about fifteen times greater than of minimum flow (853 m
3
/s 

during December to February) requirement. Hilsa requires about 9,318 m
3
/s during 

July to October. Flow requirement for each month for Carp fish is dominant among 

the three selected species, except September and October. These two months are 

governed by Hilsha species requirement. Golda fish require the minimum flow in 

every months Therefore, it is certain that flow for Carp is dominant flow during 

November to August and flow for Hilsha is dominant during September and October.  

5.3.3.2 Demand for Ecosystem 

Gangetic Dolphic habitat requires some specific water depth with some specific 

velocities in the month of May to November. This demand calculation is similar to the 

fisheries demand calculation. The required depth is translated to the reduced level (m, 

PWD) after adding the depth with the bottom level of the cross section. Then cross-

sectional area has been calculated from the generated relationships with water level 

for Ganges. Subsequently discharge has been calculated following Q=AV formula. 

The calculation for Gangetic Dolphin habitat and Ghorial habitat are shown in Table 

5.3.9 and Table 5.3.10 respectively. The results are shown in Figure 5.3.8.  
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Table 5.3.9:  Demand (m
3
/s) for Gangetic Dolphin of Ganges River 

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

Depth (m) ~ ~ ~ ~ 10 12 12 12 12 10 8 ~ 

Velocity (m/s) ~ ~ ~ ~ 0.5 0.6 0.6 0.6 0.6 0.5 0.3 ~ 

RL, mPWD ~ ~ ~ ~ 8.74 10.74 10.74 10.74 10.74 8.74 6.74 ~ 

X-section area (sq.m) ~ ~ ~ ~ 10353 13788 13788 13788 13788 10353 7376 ~ 

Discharge (m
3
/s) - - - - 5,177 8,273 8,273 8,273 8,273 5,177 2,213 - 

Table 5.3.10:  Demand (m
3
/s) for Ghorial habitat of Ganges River 

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

Depth (m) 5 5 4 4 6 7 7 8 8 7 7 6 

Velocity (m/s) 0.3 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.5 0.5 0.4 0.3 

RL, mPWD 3.74 3.74 2.74 2.74 4.74 5.74 5.74 6.74 6.74 5.74 5.74 4.74 

X-section area (sq.m) 3361 3361 2215 2215 4679 6096 6096 7551 7551 6096 6096 4679 

Discharge (m
3
/s) 1008 1008 664 886 1872 3048 3048 3775 3775 3048 2438 1404 
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Figure 5.3.7:  Demand of Gangetic Dolphin and Dolphin habitat 

Very few data are available for Gangetic Dolphin. Velocity and depth for this species 

could be identified only for May to November months. Figure 5.3.7 shows that 

Gangetic Dolphin habitat needs more flow than the Ghorial habitat, except November. 

Maximum flow (8,273 m
3
/s) during June to September for Gangetic Dolphin is twelve 

times greater than the minimum flow (664 m
3
/s) in the month of March for Ghorial 

habitat.  

5.3.3.3 The Sundarbans Water Demand 

The Gorai is playing an important role to balance the Sundarbans mangrove wetland 

ecosystem services and the protection of morphological landscapes in the basin area. 

The Sundarbans mangrove is located in the Ganges-Brahmaputra delta and such as in 

Gorai catchment area. For making a management plan for the protection of ecosystem 

services in the region the river water salinity modeling is essential. Islam and Gnauck 

(2009a; 2008; 2007b) have carried out a salinity modeling considering the Gorai 

River and other 13 rivers of Sundarbans.  

Water salinity modeling of Sundarbans rivers shows the gradually increasing 

tendency in the region which could be helpful for the decision makers. Figure 5.3.8 

shows the results of the salinity model that reveals that almost all rivers are carrying 

the salinity increasing behaviour in the Sundarbans region. 
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 Threshold Line 43220 dS/m 

Miohaline Zone Mesohaline Zone Polyhaline Zone 

Figure 5.3.8:  Water Salinity Modelling Results of 13 Rivers in Sundarbans 

Region (Source: Islam and Gnauck, 2009a) 

For the Sundarbans mangrove wetlands ecosystems protection the water salinity 

threshold value has been considered 43,220 ds/m. considering the salinity models 

only one river exceeded the  threshold level (43,220 ds/m) in 2000, whereas 11 rivers 

such as Passur-Mongla, Sibsa-Nalianala, Bal-Jhalia, Passur-Passakhali, Betmargang-

Kathka, Chunnar-Munchiganj, Kholpetua-Kobadak, Notabakikhal-Notabaki, 

Arpongasia-Deboki, Nilkamol-Hironpoint, and Malancha-Mandarbaria Rivers (Figure 

5.3.8) exceeded the water salinity threshold in 2003 (Islam and Gnauck, 2008; 2009a). 

Considering the water salinity model results it can be stated that two third of the 

Sundarbans area has covered the high salinity trends and only third of the mangrove 

wetland area is representing  as less saline zone that mean this area is still suitable 

condition of mangrove ecosystems. 

The Gorai is a meandering river until the upper part (116 km of 199 km) which is non 

tidal and the downstream of the river is tidal. At Bardia, the river bifurcates into 

Nabaganga and Madhumati. The Nabaganga River carries the major part of the flow 

of the Gorai River. The upper Nabaganga River is an inland non-tidal river joins with 

the inland tidal river at downstream of Bardia, such as Chitra and Bhairab and Passur 

River into the Bay of Bengal. The Passur and Sibsa rivers are connected through 
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lower Salta, Jhapjhapia and Chunkuri rivers upper stream of Mongla port (EGIS, 

2000). The Kabadak is a large river in the south western region. It is also declining. 

The lower part of this river is tidal and joins with tidal river Arpongasia. Then it joins 

with the Malancha River and finally falls into the Bay of Bengal. Kabadak also joins 

with Sibsa River near Paikgacha. The present water salinity values range are 54,025 

ds/m to 69,152 ds/m and the area has been extended from south to north and east to 

west direction which is extremely high and it is threats for the mangrove ecosystem 

services in the Sundarbans region as well as in the whole Gorai catchment area in 

Bangladesh (Islam and Gnauck, 2009b; 2007a; 2007b and IECO, 1980). As per an 

earlier soil investigation conducted by SRDI in 1970, the soil salinity was mainly 

found in the Ganges tidal floodplain of the study area. The Ganges river floodplain 

and the peat basins in the study area were classified as a non saline. 

Soil salinity occurred south of Khulna and Bagerhat districts. Salinity range was 

between 8,644 dS/m and 17,288 dS/m. After Farakka Barrage construction, a rise of 

soil salinity has been noticed. At present soil salinity level has recognized at south of 

Khulna and Bagerhat town ranges between 17,288 dS/m to 32,415 dS/m during the 

dry season (November-May). Soil and water salinity is rapidly increasing in the Gorai 

catchment area, currently, river water salinity moves up as far as Kamarkhali River 

port in Magura district (EGIS, 2000; SRDI, 1997; Islam and Gnauck, 2008).  

Saha (2007) found a minimum discharge of 200 m³/s to 250 m³/s at Gorai Railway 

Bridge could be safeguard for Sundari tree. Aman (2009) said that around 1,416 to 

1,457 m
3
/s flow is required in the Ganges to keep the Gorai River alive. In addition, 

Islam and Gnauck (2009a) shows that if minimum 500 m³/s fresh water is available at 

Hardinge Bridge during dry period, 160 m³/s to 190 m³/s flow will be available at 

Gorai Railway Bridge. This amount of fresh water will keep the balance of mangrove 

wetland ecosystems in the Sundarbans. 

Another analysis of 80% dependable flow shows the similar results as shown Table 

5.3.11. It is found that 80% dependable flow at Hardinge Bridge is about 542 m
3
/s. 

Therefore, 80% dependable flow has been considered for Sundarbans ecosystem 

demand. 
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Table 5.3.11:  80% dependable flow (m
3
/s) at Hardinge Bridge 

Period Jan Feb Mar Apr May Jun 

Pre-Farakka 2,490 2,196 1,910 1,730 1,740 2,502 

Post-Farakka 1,310 917 609 542 866 1,661 

Period Jul Aug Sep Oct Nov Dec 

Pre-Farakka 9,632 29,780 27,600 9,722 4,870 3,180 

Post-Farakka 9,983 26,600 25,424 8,828 3,950 2,140 

 

5.3.3.4 Flushing Flows  

A flushing flow is generally considered as large supplementary flow releases intended 

to achieve some predetermined environmental response. There appears to be 

considerable diversity in the Australian literature concerning the terminology, nature 

and purpose of flushing flows. Flushing flows are also required for the initiation of 

spawning or enabling passage of freshwater fishes. High flows are needed to maintain 

several different aspects of ecosystem integrity, such as substrate renewal, channel 

maintenance and water quality maintenance. Geomorphological processes play an 

important role in determining the structure and functioning of riverine ecosystems. 

Observing the two period hydrograph of Hardinge Bridge, August and September 

have been considered for flushing flow period. Average flow is found to be 11,358 

m
3
/s in post-Farakka situation. Therefore, following the Tennant flushing flow 

percentage (200%), flushing flow for Ganges River is considered as 22,715 m
3
/s in 

the month of August and September. Here, average flow of August and September are 

38,343 m
3
/s and 36,072 m

3
/s respectively during pre Farakka Barrage situation. The 

average flows have been changed to 36,763 m
3
/s and 36,914 m

3
/s in August and 

September respectively in post-Farakka situation. It is noticed that existing average 

flow is higher than the flow requirement for river flushing. Table 5.3.12 shows the 

flow requirement for river flushing. Importantly, flushing flows may cease to be 

beneficial if released at inappropriate times, such as during low flow periods when 

fish spawn. 
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Table 5.3.12:  Flow (m
3
/s) requirement for river flushing 

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

Flushing 

flow 
- -  -  -  -  -  -  22,715 22,715 -  -  -  

5.3.3.5 Morphological Equilibrium 

In a natural river, discharge varies seasonally and annually according to the flow 

regime. Changes in mean discharge, flood discharge or the annual variability of 

discharge drive semicontinuous adjustments in the morphology of alluvial reaches 

(Klaassen, 1995; Knighton, 1998; Bridge, 2003). However, such adjustments fall 

within the realm of dynamic equilibrium provided that the morphological 

characteristics and dimension of the channel do not change significantly over periods 

of decades. Conversely, either an impulse or a step change in the flow regime (due to, 

for example, a major flood or land-use change in the catchment, respectively) may 

trigger more pronounced adjustments that take the channel away from its equilibrium 

condition and render it unstable. 

Figure 5.3.12 and Figure 5.3.13 show the monthly average flow of pre-Farakka and 

post Farakka situations. Yearly averages are 11,514 cumec and 11,358 cumec in those 

two periods respectively. To apply Equation 4.5 to the Ganges River, it is necessary to 

specify representative value for n. Sarker (2008) has parameterized the value of n for 

the Jamuna River is 3.66. As any relevant study cannot be found for Ganges, it has 

been assumed the value of n to be the same for Ganges River as of Jamuna River. 

Hence, discharge variability has increased from 1.14 to 1.16 in pre-Farakka and post-

Farakka situations respectively and is shown in Figure 5.3.14. The estimated values 

did not show any sensitive changes. Thus it can be summarized that discharge 

variability does not changes river morphology significantly.  

 

 

 



 

106 

 

 

Figure 5.3.12:  Monthly average of pre-Farakkai situation (1934-1975) 

 

Figure 5.3.13:  Monthly average of post-Farakkai situation (1976-2005) 
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Figure 5.3.14:  Discharge variability durine two time periods 

 

Figure 5.3.15:  Water level and dischange relationship of Ganges River at Hardinge 

Bridge  

Table 5.3.13 shows the different parameters calculations for velocity assessment Dry 

seasonal average flows are found to be 3,350 m
3
/s and 2,598 m

3
/s in pre-Farakka and 

post-Farakka periods respectively. Water level has been generated from the water 

level discharge relationship shown in Figure 5.3.15. Subsequently depth has been 

calculated from the difference between water level and bottom level data. Average 

bed material size has been considered as 0.15 as in Sarkar (2008). After that the cross 
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sectional area has been calculated from the cross section and water level relationship 

shown in Figure 5.3.3. Then dry seasonal flow velocity has been assessed as 0.35 m/s 

in pre-Farakka period. The velocity is decreased by 0.05 cumec after Farakka barrage 

construction. The difference of velocities is not significant. Hence, it does not impact 

considerably. 

Table 5.3.13:  Estimated parameters for low flow of Ganges River 

Parameters Pre Farakka Post Farakka 

 Dry seasonal average flow (m
3
/s)  3,350 2,598 

 WL, generated from rating curve (m, PWD)  8.21 7.66 

 Depth (m)  9.47 8.92 

 Bed material, d50 (mm)  0.15 0.15 

 Cross section area, (m
2
)  9,545 8,767 

 Velocity  (m/s)  0.35 0.30 

We know, at 4
o
C 

Kinematic Viscosity, γ = 0.00000158 m
2
/s 

Water Density, ρw = ρ = 1 kg/m
3
 

Dynamic Viscosity, μ = γ x ρ = 0.00000158 N.s./m
2 

Sediment Density, ρs = 2.65 kg/m
3  

Specific Weight of Sediment, γs = ρs - ρw = 1.65 kg/m
3 

Slope, S = 5cm/km = 0.00005 

And, Tractive Force, τ = ρgDS  

Shear Velocity, U* = (τ/ρ)0.5
 

Boundary Reynolds Number = U* . d50. / γ 

Dimensionless Shear Stress = τ/( γs- γ) d50 

Following Table 5.3.14 shows the results calculated from the above said formulas.  
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Table 5.3.14:  Results for Shields diagram for two time periods 

Parameters 
pre-Farakka 

Situation 

post-Farakka 

Situation 

Average Shear Stress or Tractive Force 0.00464 0.00437 

Shear Velocity (m/s) 0.068 0.066 

Boundary Reynolds Number 6466 6278 

Dimensionless Shear Stress 0.0187 0.0177 

The results have been compared with the Shields diagram shown in Figure 4.4.5 and 

Figure 4.4.6. The flows are turbulent in both time periods as the Reynolds numbers 

are more than 4000. Therefore, Figure 4.4.5 cannot be compared with the generated 

data. Water velocities and sediment sizes are compared with Figure 4.4.5. It reveals 

that both the condition falls under Shields bottom velocity. At points above the curve, 

the particle will move. At points below the curve, the flow is unable to move the 

particle. Therefore, from the above findings, it can be decided that low flow condition 

of Ganges does not changed significantly in two time periods.  

Considering flow and velocity responses in the Ganges, flow requirement for 

morphological equilibrium have been considered the 80% dependable flow for each 

month. Hence, flows shown in Table 5.3.15 are e-flow requirement for morphological 

equilibrium of Ganges River.  

Table 5.3.15:  E-flow for morphological equilibrium 

Month Jan Feb Mar Apr May Jun 

E-flow for 

morphology 
1,310 917 609 542 866 1,661 

Month Jul Aug Sep Oct Nov Dec 

E-flow for 

morphology 
9,983 26,600 25,424 8,828 3,950 2,140 

5.3.3.6 Summary of E-flow Requirement by BBM 

Flow requirement for selected indicator (fisheries, ecology, Sundarbans, flushing and 

morphology) are summarized to estimate the total requirement. The maximum value 
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out of these five indicators has been considered as flow demand for each month. A 

summary of all demand for selected indicators are given in Figure 5.3.16 and Table 

5.3.16. Figure 5.3.16 demonstrates that flow requirement for fisheries govern in the 

months of March, April, May, July and October. Selected ecological demand governs 

in February and June. Other months of August, September, November and December 

are governed by flow requirement for Sundarbans or morphological equilibrium. It is 

seen that flow requirement for Sundarbans or morphological equilibrium i.e. 80% 

dependable flow are much more than flushing flow (200% of average flow). 

 

Figure 5.3.16:  Summary of all demand for selected indicators 

Figure 5.3.17 shows the demand of maximum flow requirement for selected three 

fisheries and maximum of Gangetic Dolphin and Ghorial habitats. It illustrates that 

fisheries demand in March to November can fulfill the demand for selected ecological 

demand; whereas in the months of December, January and February are governed by 

ecological flow requirements. Figure 5.3.18 demonstrates that flow for Flushing 

requirement governs among fisheries, ecology and flushing demands. It shows that 

river flushing requirement is governed in the month of July and August. 
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Table 5.3.16:  E-flow requirement for Ganges River (m
3
/s) 

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

Fisheries 
853 853 1,705 3,012 6,023 6,023 12,829 12,829 9,318 9,318 2,558 853 

Ecology 
1,008 1,008 664 886 5,177 8,273 8,273 8,273 8,273 5,177 2,438 1,404 

Flushing 
- - - - - - - 22,715 22,715 - - - 

Morphology 
1,310 917 609 542 866 1,661 9,983 26,600 25,424 8,828 3,950 2,140 

Sundarbans 
1,310 917 609 542 866 1,661 9,983 26,600 25,424 8,828 3,950 2,140 

Required e-flow 
1,310 1,008 1,705 3,012 6,023 8,273 12,829 26,600 25,424 9,318 3,950 2,140 

 

 Note: The required e-flow is the highest flow of that month based on selected indicators requirements.
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Figure 5.3.17:  Demand for fisheries and ecological habitat 

 

Figure 5.3.18:  Flow requirement for Fisheries, Ecological habitat and River 

Flushing 

Figure 5.3.19 shows a comparative form between maximum flow of fisheries, 

Gangetic Dolphin and flushing requirements and requirements of Sundarbans or 

morphological equilibrium. Therefore, E-flow for Ganges River is shown in Figure 

5.3.20. 
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Figure 5.3.19: Comparative requirements of maximum of fisheries, Gangetic 

Dolphin and flushing and Sundarbans or morphological requirement 

 

Figure 5.3.17:  E-flow for Ganges River 

Figure 5.3.20 shows that Maximum flow (26,600 m
3
/s) is required during August and 

minimum flow (1,008 m
3
/s) is required during February. The maximum flow is 

twenty-six times greater than the minimum flow. Yearly average of e-flow is about 

8,466 m
3
/s. The existing yearly average of the Ganges River is much higher than this 
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average flow of e-flow requirement. But the main problem is too much low flow in 

dry period and too much high flow in wet season. More flow is required during dry 

season for healthy river ecosystem and its dependents. 

5.3.4 Comparison of Computed E-flow Requirements 

To sum up all e-flows calculated by different methods are compared in Table 5.3.17. 

FAP24 (1996) has considered the bankful discharge of 40,000-45,000 m
3
/s, which is 

higher than wet seasonal e-flow requirements. Minimum flow ranges from 1,190-

2,690 m
3
/s in pre-Farakka period and 261-944 m

3
/s in post-Farakka period. There are 

some exception during post-Farakka period with 1,310 m
3
/s, 1,140 m

3
/s, 1,170 m

3
/s, 

1,150 m
3
/s and 1,090 m

3
/s in 1978, 1979, 1982, 1986 and 2003 respectively. The 

average flows are found to be 11,632 m
3
/s and 10,926 m

3
/s during pre-Farakka and 

post-Farakka periods respectively. 

Table 5.3.17: Comparison of Computed E-flow requirements 

Month 

Hydrologic Approach 
Holistic 

Approach 

Tenant 

Method 

Flow Duration 

Curve Analysis 

Aquatic base 

Flow Method 

Building block 

Method 

Jan - 2,831 3,041 1,310 

Feb 1,151 2,524 2,675 1,008 

Mar 1,151 2,161 2,299 1,705 

Apr 1,151 1,949 2,037 3,012 

May - 1,961 2,102 6,023 

Jun - 3,661 3,661 8,273 

Jul - 17,431 17,431 12,829 

Aug 23,029 39,917 39,917 26,600 

Sep 23,029 36,512 36,512 25,424 

Oct - 17,450 17,450 9,318 

Nov - 5,523 6,797 3,950 

Dec - 3,536 4,100 2,140 

Minimum 1,151 1,949 2,037 1,008 

 

Table 5.3.17 shows that minimum flow during the pre-Farakka period falls within the 

range of e-flow requirements in the dry season. But in the post-Farakka period, the 
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minimum flow falls below the dry season requirement. Although the dry season flow 

has been reduced drastically, the average flow between the two time periods differs 

only by 706 m
3
/s that is 6% less than the pre-Farakka period. 

E-flow requirements according to building Block Method have been calculated based 

on selected five indicators. Further demand like- irrigation demand, domestic water 

supply demand and industry demand have to be additional demand of the river. These 

water requirement would be withdrawal from the river, called consumptive demand, 

and would be added with the calculated e-flow requirements for each month. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 General 

To calculate cross section for different level, it requires extensive data that were not 

available. But MIKE 11has made it easier to develop the relationship between cross 

section and water level. This study has only considered for three selected fish species 

(Golda, Hilsha and Carp), two ecological habitat (Gangetic dolphin and Ghorial), 

Sundarbans ecosystem, river flushing and morphological equilibrium. Fish data and 

ecological data in terms of velocity and depth for their sustainability have been 

collected form literature and FAO-based tools. Those data are verified with the 

consultation of fishermen, practical judgment and experts‘ opinion. The demand for 

Sundarban ecosystem has been finalized ensuring certain flow at Hardinge Bridge of 

Gorai River. Flushing flow requirement has been considered of 200% of average flow 

following the Tennant percentages. Considering flow and velocity responses in the 

Ganges, flow requirement for morphological equilibrium have been considered the 

80% dependable flow for each month. So, e-flow for each of the month should be 

considered as preliminary only.  These flows can be more re-evaluated by flow 

augmentation in Ganges River. 

Existing flow pattern of Ganges River proves that it has less than 10% of average 

flow during dry season month (March and April). According to Tennant‘s formula the 

river is in less than poor condition. August and September months flow is more than 

the flushing flow (200% of average flow). So, the river is in extreme condition: too 

much low flow in dry period and too much high flow in wet period. 

In Flow Duration Curve Analysis, 90% exceedence probabilities of low flows are 

found to be 3,055 m
3
/s and 2,496 m

3
/s in pre and post Farakka situation respectively. 

50% exceedence probabilities of high flows are 22,694 m
3
/s and 26,036 m

3
/s, whereas 

50% exceedence probability of intermediate flows are 3,992 m
3
/s and 3,927 m

3
/s 

during pre and post Farakka periods respectively. And, according to the Aquatic Base 

Flow Method, The Ganges River requires minimum 2,037 m
3
/s flow throughout the 
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year unless additional flow is required to meet the needs of spawning and incubation. 

There is no sharp breakpoint found in the graph which will be the minimum e-flow 

under Wetted Perimeter Technique. 

Wetland connectivity with southern part of Bangladesh means connectivity with 

Gorai River, as Gorai is the connection path of the Ganges to the southern part of 

Bangladesh. The bed level of Ganges River is 6.54 m higher than the Gorai Riverbed. 

Assuming the condition same, the connectivity depth is found to be 8.5 m with 

maintaining 2m depth at Gorai. Corresponding cross sectional area is calculated from 

the relation between water level and cross sectional area generated by MIKE11. 

6.2 Conclusions 

In this study, e-flow for Ganges River has been assessed for the sustainability of the 

river itself and the various components dependent on it. The results are compared and 

maximum flow requirement for any selected indicator has been considered the flow 

requirement for that specific month. From the study, the following conclusions can be 

drawn according to BBM: 

 Golda fish requires 379 m
3
/s during November to April, 2,008 m

3
/s during 

May to September and a flow of 6,023 is required in the month of October. 

 Hilsha fish requires 9,318 m
3
/s amount of water during July to October. 

 Carp fish requires minimum of 853 m
3
/s during December to February and 

maximum of 12,829 m
3
/s during July to August. 

 Gangetic Dolphin requires minimum of 2,213 m
3
/s during November and 

5,177 m
3
/s require during May and October. A maximum of 8,273 m

3
/s is 

required during June to September. 

 Ghorial habitat requires minimum flow of 664 m
3
/s in the month of March and 

maximum flow of 3,775 m
3
/s during August and September. 

 For sustainability of Sundarbans, minimum of 542 m
3
/s flow is required 

during April and maximum of 26,600 m
3
/s during August. 
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 For river flushing, an amount of 22,715 m
3
/s is required during August and 

September. 

 Low flow in dry period in post Farakka situation does not be impacted. 

Therefore, 80% dependable flow has been considered for morphological 

equilibrium if the Ganges River.  

From the fisheries demand, it is found that flow for Carp is dominant flow during 

November to August and flow for Hilsha is dominant during September and October. 

Gangetic Dolphin habitat needs more flow than the Ghorial habitat, except November. 

Maximum flow (8,273 m
3
/s) during June to September is twelve times greater than 

the minimum flow (664 m
3
/s) in the month of March. 80% dependable flow has been 

considered for Sundarbans ecosystem demand. Following the Tennant flushing flow 

percentage (200%), flushing flow for Ganges River is considered as 22,715 m
3
/s in 

the month of August and September. Considering flow and velocity responses in the 

Ganges, flow requirement for morphological equilibrium have been considered the 

80% dependable flow for each month. Finally, maximum flow of above said five 

selected indicators have been selected as e-flow for Ganges River for that specific 

month. E-flow requirement for Ganges River shows that Maximum flow (26,600 

m
3
/s) is required during August and minimum flow (1,008 m

3
/s) is required during 

February. 

Minimum flow according to Tenant Method, Flow Duration Curve Analysis and 

Aquatic base Flow Method are 1,151 m
3
/s 1,949 m

3
/s and 2,037 m

3
/s respectively, 

whereas minimum flow following Building Block Method is 1,008 m
3
/s. This amount 

is found only considering five indicators. Further demand like- irrigation demand, 

domestic water supply demand and industry demand have to be additional demand of 

the river. 

In final, this study concludes that any one method will not provide for all needs and 

minimum flow assessment can be re-evaluated with changing demands for different 

indicators. E-flow assessment is a complicated process and needs both consultation 

and technical assessment. The output of this study can be helpful to the water 

managers with sufficient information to take decision. The impact of upstream 

withdrawal shows a typical hydraulic alteration which might be the risk to the aquatic 
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species. Experiences on environmental risk management to stream benefit will play an 

important role in the decision making process. 

6.3 Recommendations 

Some recommendations can be made after this study. The recommendations are s 

below: 

 Depth and velocity of habitat suitability criteria have an enormous influence 

on e-flow assessment, so extensive research plan may be useful in developing 

the criteria.  

 Only few indicators have been considered for this study. Steps may be made to 

consider other dependent species in future studies.  

 Flow data is an important aspect of this study. So, authentic data should be 

used for this study.  

 The cross sections for this study have been assumed as unchanged, but it 

varies with flow. Accordingly, further research can be taken with varying 

cross sections with different flows conditions.  

 A detail study can be carried out to specify the actual wetland connectivity 

flow requirement. It is essential to include all the wetlands dependent on 

Ganges River system for future studies. 
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