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HFL (m) 
Maximum 
Depth(m) 

Bankfull 
Width(m)

356.5 1.8 161.5

Figure 17:  River Cross

Table 18:   Salient Features of Biotic Components of the River Aquatic 
  System at U/S 

River  Stretch UG3 (Devprayag to Haridwar)
Algal diversity Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12
Algal ratio (D*   G*   BG*) 100:14:13
Specific Zoobenthos Tricoptera, 
Carps/ All Fish taxa 0.59
Carps/ Cat fishes 3.57(25/7)
RET Fish species 8 
Characteristic fish species Golden Mahseer (
Higher vertebrates No 
 

Table 19: Description of 
  Computed D3 at U/S Rishikesh

Keystone Species

Golden Mahseer (Tor putitora)
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Bankfull 
Width(m) 

Width/Depth 
ratio 

Velocity 
 (m/s) 

161.5 89.7 NA 

River Cross-section at U/S Rishikesh on River Ganga

Salient Features of Biotic Components of the River Aquatic 
U/S Rishikesh on River Ganga 

UG3 (Devprayag to Haridwar) 
Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12
100:14:13 (95, 13, 12) 
Tricoptera, Ephemeroptera, Diptera, Odonata 
0.59 (25/42) 
3.57(25/7) 

Golden Mahseer (Tor putitora) 
No aquatic higher vertebrates 

Description of key-stone species, corresponding D1 and D
at U/S Rishikesh on River Ganga 

Keystone Species 
Required Depths for E-

D1 D2 
Tor putitora) 0.5 m 0.8 m 

 

Discharge 
(m3/s) 

NA 

on River Ganga 

Salient Features of Biotic Components of the River Aquatic  

Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12 

and D2, and 

-flows 
D3 

2.91 m 



Figure 18a: Representation of Various Flow Regimes at U/S Rishikesh
River Ganga over 12 Months

Figure 18b:   Representation of Various Flow Regimes at 
River Ganga during Non

Table 20:  Assessed E-Flows as Percentage of Virgin River Flows at U/S 
  Rishikesh 

Basis 
Minimum Ecological 
Requirement as  % of 
Average Virgin Flow

Wet Period 53.00
Dry Period 30.23
Total 33.71
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Representation of Various Flow Regimes at U/S Rishikesh
over 12 Months 

Representation of Various Flow Regimes at U/S Rishikesh 
River Ganga during Non-Monsoon Period 

 
Flows as Percentage of Virgin River Flows at U/S 

Minimum Ecological 
Requirement as  % of 

Virgin Flow 

E-Flows as % of 
Average Virgin 

Flow 

E-Flows as % of 90% 
Dependable Flow 

53.00 67.29 72.42
30.23 50.23 64.16
33.71 53.64 65.81

 

Representation of Various Flow Regimes at U/S Rishikesh on 

 
Rishikesh on 

Flows as Percentage of Virgin River Flows at U/S  

Flows as % of 90% 
Dependable Flow  

72.42 
64.16 
65.81 



5.6 Site 6: Rishikesh CWC
 (30°08'02”N, 78°20'11"E):

 

Figure 19: Schematic and Photographic Representation of the E
  at Rishikesh CWC

 
 

 

 

 

 

 

Table
River style: Transition of Himalayan Bedrock and alluvial setting
Channel confinement
Channel features:  Alluvial islands, mid 
Sinuosity: 1.18.40 
Active floodplain: Valley width
Slope: 0.5180 
Bed material: Conglomerate, cobbles, pebbles and sand are present
Geomorphologically: 
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Site 6: Rishikesh CWC Monitoring Site on River Ganga
(30°08'02”N, 78°20'11"E): 

Schematic and Photographic Representation of the E-Flows Site 
Rishikesh CWC Monitoring Site on River Ganga 

 

Table 21: Geomorphic attributes 
Transition of Himalayan Bedrock and alluvial setting 

Channel confinement: Partly confined 
Alluvial islands, mid  

Valley width-1:5 

Conglomerate, cobbles, pebbles and sand are present
: Agradational regime 

Monitoring Site on River Ganga

 

Flows Site 

Conglomerate, cobbles, pebbles and sand are present 



HFL (m) 
Maximum 
Depth(m) 

Bankfull 
Width(m)

356.5 1.8 161.5

Figure 20: River Cross-section at Rishikesh CWC
  Ganga 
 
Table 22:   Salient Features of Biotic Components of the River Aquatic 
  System at Rishikesh CWC
 
River  Stretch UG3 (Devprayag to Haridwar)
Algal diversity Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12
Algal ratio (D*   G*   BG*) 100:14:13
Specific Zoobenthos Tricoptera, Ephemeroptera, Diptera,
Carps/All Fish taxa 0.59
Carps/Cat fishes 3.57
RET Fish species 8 
Characteristic fish species Golden Mahseer (
Higher vertebrates No 
 
Table 23: Description of key
  computedD3 at Rishikesh CWC

Keystone Species

Golden Mahseer (Tor putitora)
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Bankfull 
Width(m) 

Width/Depth 
ratio 

Velocity 
 (m/s) 

161.5 89.7 NA 

section at Rishikesh CWC Monitoring Site on River 

Salient Features of Biotic Components of the River Aquatic 
Rishikesh CWC Monitoring Site on River Ganga

UG3 (Devprayag to Haridwar) 
Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12
100:14:13 (95, 13, 12) 
Tricoptera, Ephemeroptera, Diptera, Odonata 
0.59 (25/42) 
3.57 (25/7) 

Golden Mahseer (Tor putitora) 
No aquatic higher vertebrates 

Description of key-stone species, corresponding D1 and D
at Rishikesh CWC Monitoring Site on River Ganga

Keystone Species 
Required Depths for E-

D1 D2 
Tor putitora) 0.5 m 0.8 m 

 

Discharge 
(m3/s) 

NA 

Monitoring Site on River 

Salient Features of Biotic Components of the River Aquatic  
Monitoring Site on River Ganga 

Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12 

and D2, and 
Monitoring Site on River Ganga 

-flows 
D3 

3.63 m 



Figure 21a: Representation of Various Flow Regimes at Rishikesh CWC 
  Monitoring Site on River Ganga 

Figure 21b:   Representation of Various Flow Regimes at Rishikesh CWC 
Monitoring Site on River Ganga during Non

Table 24:  Assessed E-Flows as Percentage of Virgin River Flows at 
Rishikesh CWC

Basis 
Minimum Ecological 
Requirement as  % of 
Average Virgin Flow

Wet Period 55.83
Dry Period 31.72
Total 35.40
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Representation of Various Flow Regimes at Rishikesh CWC 
Monitoring Site on River Ganga over 12 Months 

Representation of Various Flow Regimes at Rishikesh CWC 
Monitoring Site on River Ganga during Non-Monsoon Period

 

Flows as Percentage of Virgin River Flows at 
Rishikesh CWC Monitoring Site on River Ganga  

Minimum Ecological 
Requirement as  % of 

Virgin Flow 

E-Flows as % of 
Average Virgin 

Flow 

E-Flows as % of 90% 
Dependable Flow 

55.83 70.55 72.42
31.72 52.55 64.16
35.40 56.15 65.81

 

 
Representation of Various Flow Regimes at Rishikesh CWC  

 
Representation of Various Flow Regimes at Rishikesh CWC 

nsoon Period 

Flows as Percentage of Virgin River Flows at 

Flows as % of 90% 
Dependable Flow  

72.42 
64.16 
65.81 



5.7 Site 7: D/S Pashulok
(30°08'02”N, 8°20'11"E)

Figure 22: Schematic and Photographic Representation of the E
  at D/S Pashulok

Table
River style: Himalayan Bedrock
Channel confinement: Confined
Channel features: Very less mid channel bars, side bars and confluence bars
Sinuosity: 1.18-1.40 
Braid channel ratio: 1.21-2.78
Active floodplain:  Valley margin width
Slope: 0.5180 
Symmetricity: Asymmetrical channel
Bed material: Boulders, cobbles, pebbles and coarse sand in channel belt 
Geomorphologically: Agradational regime
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Pashulok Barrage, Rishikesh on River Ganga 
(30°08'02”N, 8°20'11"E) 

Schematic and Photographic Representation of the E-Flows Site 
S Pashulok Barrage, Rishikesh on River Ganga 

 
Table 25: Geomorphic attributes 

Himalayan Bedrock 
onfined 

Very less mid channel bars, side bars and confluence bars

2.78 
Valley margin width- 1:1.5 

Asymmetrical channel 
Boulders, cobbles, pebbles and coarse sand in channel belt 

Agradational regime 

Rishikesh on River Ganga 

 

Flows Site 

Very less mid channel bars, side bars and confluence bars 

Boulders, cobbles, pebbles and coarse sand in channel belt  
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HFL (m) Maximum 
Depth(m) 

Bankfull 
Width (m) 

Width/Depth 
ratio 

Velocity 
 (m/s) 

Discharge 
(m3/s) 

333.141 1.04 294.25 282.9 NA NA 

 
Figure 23: River Cross-section at D/S Pashulok Barrage, Rishikesh on River 
  Ganga 
 
Table 26:   Salient Features of Biotic Components of the River Aquatic  
  System at D/S Pashulok Barrage, Rishikesh on River Ganga 
 
River  Stretch UG3 (Devprayag to Haridwar) 
Algal diversity Total Taxa: 123; Diatoms: 95; Green algae: 13; Blue green: 12 
Algal ratio (D*   G*   BG*) 100:14:13(95, 13, 12) 
Specific Zoobenthos Tricoptera, Ephemeroptera, Diptera, Odonata 
Carps/All Fish taxa 0.59(25/42) 
Carps/Cat fishes 3.57(25/7) 
RET Fish species 8 
Characteristic fish species Golden Mahseer (Tor putitora) 
Higher vertebrates No aquatic higher vertebrates 
 
Table 27: Description of key-stone species, corresponding D1 and D2, and 

Computed D3 at D/S Pashulok Barrage, Rishikesh on River Ganga 

Keystone Species 
Required Depths for E-flows 

D1 D2 D3 
Golden Mahseer (Tor putitora) 0.5 m 0.8 m 2.04 m 

 
 

 

 



Figure 24a: Representation of Various Flow Regimes at 
Barrage, Rishikesh on River Ganga 

Figure 24b:   Representation of Various Flow Regimes at 
Barrage, Rishikesh on River Ganga during Non

 
Table 28:  Assessed E-Flows as Percentage of Virgin River Flows at
  Pashulok Barrage, Rishikesh on River Ganga

Basis 
Minimum Ecological 
Requirement as  % of 
Average Virgin Flow

Wet Period 27.99
Dry Period 30.99
Total 30.53
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Representation of Various Flow Regimes at D/S 
Rishikesh on River Ganga over 12 Months 

Representation of Various Flow Regimes at D/S 
Barrage, Rishikesh on River Ganga during Non-Maonsoon Period

Flows as Percentage of Virgin River Flows at
Barrage, Rishikesh on River Ganga 

Minimum Ecological 
Requirement as  % of 

Virgin Flow 

E-Flows as % of 
Average Virgin 

Flow 

E-Flows as % of 90% 
Dependable Flow 

27.99 37.43 76.26
30.99 58.42 63.92
30.53 55.22 65.80

 

D/S Pashulok 

 
D/S Pashulok 
nsoon Period 

Flows as Percentage of Virgin River Flows at D/S 

Flows as % of 90% 
Dependable Flow  

76.26 
63.92 
65.80 
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6 Observations on EFA at Seven Select Sites 

A summary of the Environmental Flow Assessment (EFA) exercise carried out 
for seven select sites in the Upper Ganga Segment is presented in Table 29. 
The assessed E-Flows are in the range of 35 to 59 %, 37 to 71 % and 42 to 83 % 
in the monsoon, non-monsoon and lean flow period respectively of the 
average virgin flows. Similarly, the assessed E-Flows are in the range of 61 to 
71 %, 67 to 76 % and 71 to 85 % in the monsoon, non-monsoon and lean flow 
period respectively of the 90 % dependable virgin flows. 
 
Table 29:   Summary of EFA Results at Seven Select Sites in Upper Ganga 

Segment 

Location 
Monsoon Non Monsoon Lean Flow Period Annual 

A B A B A B A B 
Ranari, Dharasu on  Bhagirathi River 46 61 53 67 62 79 47 62 

U/S Dev Prayag on Bhagiathi River 35 67 38 69 43 77 35 67 

D/S Rudra Prayag on Alaknanda River 40 64 46 69 48 71 42 65 

D/S Dev Prayag on Ganga River  59 71 61 71 72 83 60 71 

U/S Rishikesh on Ganga River 50 64 67 72 79 85 54 66 

CWC Station Rishikesh on Ganga River 53 64 71 72 83 85 56 66 

D/S Pashulok Barrage on Ganga River 58 64 37  76 42 85 55 66 

Monsoon: June 1 – October 20; Non-Monsoon: October 21 – May 31; Lean Period: 
December 16 – March 15; A: as % of Average Virgin Flow; B: as % of 90% Dependable 
Flow 

 

7 Concluding Remarks 
 

1. E-Flows Assessment (EFA) is an important step in determining the River 
Health Regime (RHR). 

2. E-Flows are location specific, and are essentially governed by ecological 
and geo-morphological requirements. 

3. For EFA, information regarding (i) river hydrology, (ii) stage-discharge 
relationship, (iii) geo-morphological settings, (iv) bio-diversity of the 
stretch that represents and includes the river location under 
consideration is of critical significance. 

4. E-Flows that maintain natural geo-morphology and biodiversity status can 
also be considered to fulfill and support the socio-cultural and local river-
based livelihood aspirations. 
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5. EFA, thus is essentially a scientific process while the choice to maintain 
the river in a particular RHR is a social process that strives to strike a 
balance between societal aspirations and preservation of aquatic 
ecosystems. 

6. Comparison of E-Flows with Virgin Flows (historical average and 90 % 
dependable flows) and minimum ecological requirements (MER) can guide 
in determining RHR in terms of Pristine, Near-Pristine, Slightly Impacted, 
Impacted and Degraded. 

7. Achieving a specific RHR may warrant (i) certain policy decisions to set 
boundary conditions for planned actions (e.g. irrigation and hydropower 
projects that are at planning stage), and/or (ii) reversal of trends in 
ongoing activities (e.g. hydropower projects and water diversions 
schemes that are operational). The time line, resource requirements and 
challenges faced are expected to be different and may have to be based 
on strategic planning (e.g. Ganga River Basin Management Plan). 

8. In this report Concept of Environmental Flows (E-Flows), Methodology for 
Assessing E-Flows, Concept of River Health Regime (RHR) and Criteria for 
assessing RHR for any specific flow regime based on state-of-the-art for 
Indian Rivers has been presented, which may be approved.  

9. Water quality considerations are considered external to EFA as water 
quality is significantly influenced by anthropogenic pollution sources. 
Controlling pollution sources by adopting reuse and recycle policy rather 
than following the principle of “dilution is the solution to pollution” is a 
better strategy in water stressed regions.  

10. The E-Flows methodology has been illustrated for seven locations on river 
Ganga and some of her head-streams up to Rishikesh for which the 
relevant data/information was available with IITC. Similar exercise may be 
carried out for all desired locations on the main stem of river Ganga as 
well as all her tributaries once the relevant data and information as stated 
at point 3 above are collated. 

11. It is to be noted that EFA and RHR assessment are dynamic in nature and 
will get refined and improved as and when requisite information gets 
collated. 
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