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HFL (m) Maximum Bankfull Width/Depth Velocity Discharge
Depth(m) Width(m) ratio (m/s) (m®/s)
356.5 1.8 161.5 89.7 NA NA

Figure 17: River Cross-section at U/S Rishikesh on River Ganga

Table 18:

Salient Features of Biotic Components of the River Aquatic
System at U/S 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 19: Description of key-stone species, corresponding D, and D,, and

Computed D; at U/S Rishikesh on River Ganga

Required Depths for E-flows

Keystone Species
¥ P D, D, Ds

Golden Mahseer (Tor putitora) 0.5m 0.8 m 291m
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Figure 18a: Representation of Various Flow Regimes at U/S Rishikesh on
River Ganga over 12 Months
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Representation of Various Flow Regimes at U/S Rishikesh on
River Ganga during Non-Monsoon Period

Figure 18b:

Table 20: Assessed E-Flows as Percentage of Virgin River Flows at U/S
Rishikesh
- - ) o
. Mmlfnum Ecological E-Flows as.A: .Of E-Flows as % of 90%
Basis Requirement as % of Average Virgin
. Dependable Flow
Average Virgin Flow Flow
Wet Period 53.00 67.29 72.42
Dry Period 30.23 50.23 64.16
Total 33.71 53.64 65.81




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

Figure 19: Schematic and Photographic Representation of the E-Flows Site
at Rishikesh CWC Monitoring Site on River Ganga

Table 21: Geomorphic attributes
River style: Transition of Himalayan Bedrock and alluvial setting
Channel confinement: Partly confined
Channel features: Alluvial islands, mid
Sinuosity: 1.18.40
Active floodplain: Valley width-1:5
Slope: 0.518°
Bed material: Conglomerate, cobbles, pebbles and sand are present

Geomorphologically: Agradational regime



Event
19

D RL Flow
D-3 New (335.75) 2916.51

D-2(332.92)
D-1(332.62)

Bed Level (332.12)
All in me ters.

30 50 60 70 30 180 190 200

HFL (m) Maximum Bankfull Width/Depth Velocity Discharge
Depth(m) Width(m) ratio (m/s) (m®/s)
356.5 1.8 161.5 89.7 NA NA
Figure 20: River Cross-section at Rishikesh CWC Monitoring Site on River
Ganga
Table 22:  Salient Features of Biotic Components of the River Aquatic

System at Rishikesh CWC Monitoring Site 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 23:

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

Required Depths for E-flows

Keystone Species

D, D, D;

Golden Mahseer (Tor putitora)

0.5m 0.8 m 3.63m
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Figure 21a: Representation of Various Flow Regimes at Rishikesh CWC
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Figure 21b: Representation of Various Flow Regimes at Rishikesh CWC

Monitoring Site on River Ganga during Non-Monsoon Period

Table 24: Assessed E-Flows as Percentage of Virgin River Flows at
Rishikesh CWC Monitoring Site on River Ganga
— - i .
. Mmlrnum Ecological E-Flows as.A .of E-Flows as % of 90%
Basis Requirement as % of Average Virgin
. Dependable Flow
Average Virgin Flow Flow
Wet Period 55.83 70.55 72.42
Dry Period 31.72 52.55 64.16
Total 35.40 56.15 65.81




5.7

Site 7: D/S Pashulok Barrage, Rishikesh on River Ganga
(30°08'02”N, 8°20'11"E)
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Figure 22: Schematic and Photographic Representation of the E-Flows Site

at D/S Pashulok Barrage, Rishikesh on River Ganga

Table 25: Geomorphic attributes
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- 1:1.5
Slope: 0.518°
Symmetricity: Asymmetrical channel
Bed material: Boulders, cobbles, pebbles and coarse sand in channel belt
Geomorphologically: Agradational regime
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HEL (m) Maximum Bankfull Width/Depth Velocity Discharge
Depth(m) Width (m) ratio (m/s) (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 D, and D,, and
Computed D; at D/S Pashulok Barrage, Rishikesh on River Ganga

Required Depths for E-flows

Keystone Species
v P D, D, D3

Golden Mahseer (Tor putitora) 0.5m 0.8m 2.04m
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Representation of Various Flow Regimes at D/S Pashulok
Barrage, Rishikesh on River Ganga over 12 Months
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Representation of Various Flow Regimes at D/S Pashulok
Barrage, Rishikesh on River Ganga during Non-Maonsoon Period

Table 28: Assessed E-Flows as Percentage of Virgin River Flows at D/S
Pashulok Barrage, Rishikesh on River Ganga
- - ) o
. Mmlfnum Ecological E-Flows as.A .Of E-Flows as % of 90%
Basis Requirement as % of Average Virgin
.. Dependable Flow
Average Virgin Flow Flow
Wet Period 27.99 37.43 76.26
Dry Period 30.99 58.42 63.92
Total 30.53 55.22 65.80




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
CW(C 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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10.

11.

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.

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.

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).

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.

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.

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.

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.

37



8 References

1. Brisbane Declaration (2007) Recommendations of the 10™ International
Riversymposium and International Environmental Flows Conference, held
in Brisbane, Australia, on 3-6 September 2007;
www.riversymposium.com/2006/index.php?element =2007 Brisbanbane
Declaration 241007; accessed on June 10, 2011.

2. Expert Body Report [2014]: “Assessment of Environmental Degradation and
Impact of Hydroelectric projects during the June 2013 Disaster in
Uttarakhand” Submitted to the Ministry of Environment and Forests,
Government of India

3. IITC [2011]:“Environmental Flows State-of-the-Art with special reference to
Rivers in the Ganga River Basin”, |IT-GRBMP Thematic Report — Report
Code: 022_GBP_IIT_EFL SOA 01 Ver1 Dec 2011.

4. IITC [2014]:“Assessment of E-Flows at Some Select Sits in Upper Ganga
Segment”, lIT-GRBMP  Thematic Report —  Report Code:
073_GBP_IIT_EFL_ANL_01_Ver 1_Dec 2014.

5. ITC [2015]:“Ganga River Basin Management Plan — 2015: Mission 1: Aviral
Dhara”, Consortium of 7 lITs (IITC).

6. IMG [2013]: “Report of the Inter-Ministerial Group on Issues Relating to
River Ganga”, submitted to Government of India, New Delhi.

7. Nature Conservancy [2006]: “Environmental Flow: Water for people, water
for Nature”, TNC MRCSO1730, Boulder, CO: Nature Conservancy

8. Paine R T [1995]:“A Conversation on Refining the Concept of Keystone
Species”. Conserv Biol, 9 (4):962-964.

9. WII [2012]: “Assessment of Cumulative Impacts of Hydroelectric Projects
on Aquatic and Terrestrial Biodiversity in Alaknanda and Bhagirathi Basins,
Uttarakhand”, Wildlife Institute of India, Dehradoon, Uttarakhand, India.

10.WWHF-India [2011]: “Assessment of Environmental Flows for Upper Ganga
Basin”.

11.Van der Velde, G., R. S. E. W. Leuven & I. Nagelkerken, 2004. Types of river
ecosystems. In: Fresh surface water. Water Sciences, Engineering and
Technology Resources. Encyclopedia of life support systems (EOLSS).
UNESCO, EOLSS Publishers, Oxford: 1-29 (http://www.eolss.net/).

38



12.Naiman, R. J., Bunn, S. E., Nilsson, C., Petts, G. E., Pinay, G., and Thompson,
L. C. 2002. Legitimizing fluvial ecosystems as users of water: an overview.
Environmental Management 30(4):455-467.

13.Mathews, R., and Richter, B. 2007. Application of the Indicators of
Hydrologic Alteration software in environmental flow-setting. Journal of
the American Water Resources Association (JAWRA) 43(6): 1400-1413.

14.http://www.wrc.org.za/Knowledge%20Hub%20Documents/Research%20R
eports/TT%20354-CONSERVATION.pdf

15.http://web.cecs.pdx.edu/~jaylab/public/naik%26jay_jwrpmsubmitted.pdf
16.http://water.usgs.gov/edu/streamflow3.html

17.http://www.nccma.vic.gov.au/library/scripts/objectifyMedia.aspx?file=KM
SMedia/pdf/66/63.pdf&fileName=NCCMA-43878%20-
%20Understanding%20River%20Health%20-%20fact%20sheet.pdf

18.https://cmsdata.iucn.org/downloads/flow __ the_essentials_of environme
ntal_flow___dyson_et_al.pdf

39






PROJECT MANAGEMENT BOARD [PMB]

Expert Members:

e Sri Swami Avimukteshwaranand Saraswati
e Dr Madhav AChitale
e Dr Bharat Jhunjhunwala

PROJECT IMPLEMENTATION AND
COORDINATION COMMITTEE [PICC]

Representatives from lIT Consortium:

Dr ShyamAsolekar, IIT Bombay

Dr A K Mittal, IIT Delhi

Dr Mohammad Jawed, IIT Guwahati
Dr Vinod Tare, IlIT Kanpur

Dr D J Sen, IIT Kharagpur

Dr Ligy Philip, lIT Madras

Dr | M Mishra, IIT Roorkee

Thematic Group Leads:

Dr Purnendu Bose, Environmental Quality and Pollution (EQP)

Dr A K Gosain, Water Resources Management (WRM)

Dr R P Mathur, Ecology and Biodiversity (ENB)

Dr Rajiv Sinha, Fluvial Geomorphology (FGM)

Dr Vinod Tare, Environmental Flows (EFL)

Dr S P Singh, Socio Economic and Cultural (SEC)

Dr N C Narayanan and Dr Indrajit Dube, Policy Law and Governance (PLG)
Dr Harish Karnick, Geospatial Database Management (GDM)

Dr T V Prabhakar, Communication (COM)




COMPOSITION OF

1. Environmental Quality and Pollution (EQP)
Lead: Purnendu Bose, IIT Kanpur

Members: Shyam R Asolekar, Suparna Mukherjee (IIT Bombay); A K Mittal, A K Nema, Arun Kumar, T R Sreekris-
hanan (IIT Delhi); Ajay Kalmhad (lIT Guwahati); Saumyen Guha, Vinod Tare (lIT Kanpur); A K Gupta, M MGhan-
grekar, Sudha Goel (IIT Kharagpur); Ligy Philip, Mukesh Doble, R Ravi Krishna, S M Shivnagendra (IIT Madras);

A A Kazmi, B R Gurjar, Himanshu Joshi, Indu Mehrotra, | M Mishra, Vivek Kumar (IIT Roorkee); Anirban Gupta
(BESU Shibpur); P K Singh (IIT BHU); Rakesh Kumar (NEERI Nagpur); S K Patidar (NIT Kurukshetra); Sanmit Ahuja
(ETI Dynamics, New Delhi)

2. Water Resources Management (WRM)
Lead: A K Gosain, lIT Delhi

Members: Rakesh Khosa, R Maheswaran, B R Chahar, C T Dhanya, D R Kaushal (IIT Delhi); Subashisa Dutta,
Suresh Kartha (IIT Guwahati); Shivam Tripathi, Gautam Rai, Vinod Tare (lIT Kanpur); Anirban Dhar, D J Sen (lIT
Kharagpur); B S Murty, Balaji Narasimhan (lIT Mdras); CS P Ojha, P Perumal (IIT Roorkee); S K Jain (NIH, Roor-
kee); Pranab Mohapatra (IIT Gandhi Nagar); Sandhya Rao (INRM, New Delhi)

3. Fluvial Geomorphology (FGM)
Lead: Rajiv Sinha, lIT Kanpur

Members: Vinod Tare (IIT Kanpur); Vikrant Jain (IIT Gandhi Nagar); J K Pati (Allahabad University); Kirteshwar
Prasad, Ramesh Shukla (Patna University); Parthasarthi Ghosh, Soumendra Nath Sarkar, TapanChakarborty (ISI
Kolkata); Kalyan Rudra (WBPCB); S K Tandon, Shashank Shekhar (University of Delhi); Saumitra Mukherjee (JNU
Delhi)

4. Ecology and Biodiversity (ENB)
Lead: R P Mathur, lIT Kanpur

Members: A K Thakur, Vinod Tare (lIT Kanpur); Utpal Bora (IIT Guwahati); M D Behera (lIT Kharagpur); Naveen
Navania, Partha Roy, Pruthi Vikas, R P Singh, Ramasre Prasad, Ranjana Pathania (lIT Roorkee); Sandeep Behera
(WWF-India)



THEMATIC GROUPS

5. Socio Economic and Cultural (SEC)
Lead: S P Singh, IIT Roorkee

Members: Pushpa L Trivedi (IIT Bombay); Seema Sharma, V B Upadhyay (lIT Delhi); P M Prasad, Vinod Tare (IIT
Kanpur); Bhagirath Behera, N C Nayak, Pulak Mishra, TN Mazumder (IIT Kharagpur); C Kumar, D K Nauriyal,
Rajat Agrawal, Vinay Sharma (IIT Roorkee)

6. Policy Law and Governance (PLG)
Lead: N C Narayanan, |lIT Bombay and Indrajit Dube, IIT Kharagpur

Members: ShyamAsolekar, Subodh Wagle (IIT Bombay); Mukesh Khare (IIT Delhi); Vinod Tare (IIT Kanpur);
Deepa Dube, Uday Shankar (lIT Kharagpur); G N Kathpalia, Paritosh Tyagi (IDC, New Delhi)

7. Geo-Spatial Database Management (GDM)
Lead: Harish Karnick, IIT Kanpur

Members: N L Sharda, Smriti Sengupta (IIT Bombay); A K Gosain (IIT Delhi); Arnab Bhattacharya, Kritika Ven-
katramani, Rajiv Sinha, TV Prabhakar, Vinod Tare (lIT Kanpur)

8. Communication (COM)
Lead: T V Prabhakar, lIT Kanpur

Members: Purnendu Bose, Rajiv Sinha, Vinod Tare (lIT Kanpur)

9. Environmental Flows (EFL)
Lead: Vinod Tare, lIT Kanpur

Members: ShyamAsolekar (IIT Bombay); A K Gosain (IIT Delhi); P M Prasad, R P Mathur, Rajiv Sinha, Shivam
Tripathi (IIT Kanpur); M D Behara (lIT Kharagpur); B S Murthy, N Balaji (IIT Madras); Pranab Mohaparta, Vikrant
Jain (IIT Gandhinagar); S K Jain (NIH Roorkee); Nitin Kaushal (WWF-India, New Delhi); Sandeep Behera (NMCG, MoWR,
RD & GR, New Delhi); A P Sharma K D Joshi (CIFRI, Barrackpore); Ravindra Kumar (SWaRA-UP); Ravi Chopra (PSI, Dehra-
doon); Paritosh Tyagi, (IDC, New Delhi)




SWwisiueyIa N ._m\illrrfw_:ﬁm yas

PeqpesipueBULOIUON e we|duwj N

ASeieuls
%

sieysesigisuiedy BSulpiendajeg ainynauBy
uoipajoiduiseg [e2180j08D @|qeuleisns

uolel03sey
wawaSeue|y |exdojoa3
spJezey Janly
eleyq

noheq |ejpueuly

i

safeyoed yIOoM

ﬂ,

sjeo g seAaalqo

ld
WOD

SIN

[BLIN
UoNEZIYSUSS
pue Buip|ing-e8pajmouy -
[BIUBWIUCIIAUT _E_”M_
o (475s)
SUOIEPUALILICIAY
. g suonsadsng
(INY)
> - sish|euy
= WaD
(o =
= W AMH_MH £—— sealy 91d
= " v\ I35 €
(H1iw)
€0 Adojopoyialy N3
o (vos)
10 alnjelaln

WEM

N3ID

SUOISSIA

q

UOISIA
M

7

h

(dngyo)
ue|d

uawaeuey
uiseg
Jany eBueg

N

P

GRBEMP WORK STRUCTURE



ORGANIZATIONAL STRUCTURE
FOR PREPARING GRBMP
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NGRBA: National Ganga River Basin Authority

NMCG: National Mission for Clean Ganga

MOoEF: Ministry of Environment and Forests

MHRD: Ministry of Human Resource and Development
MoWR, RD&GR: Ministry of Water Resources, River
Development and Ganga Rejuvenation

GRBMP: Ganga River Basin Management Plan

IITC: IIT Consortium

PMB: Project Management Board

PICC: Project Implementation and Coordination Committee

EQP: Environmental Quality and Pollution
WRM: Water Resources Management
ENB: Ecology and Biodiversity

FGM: Fluvial Geomorphology

EFL: Environmental Flows

SEC: Socio Economic and Cultural

PLG: Policy Law and Governance

GDM: Geospatial Database Management

COM: Communication
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