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EXECUTIVE SUMMARY

National Mission for Clean Ganga (NMCG) is the implementation agency of Namami Gange Mission and

is entrusted with responsibilities towards protection and rejuvenation of River Ganga and its tributaries.

One of the responsibilities of NMCG is to make ose# make the River Basin Management Plan for

Ganga Basin and its shhsins. In this connection, IS NXY' 'y ¢ SOKY A Ol f / 22 LISNI
L2 NI G2 DIFy3l wSe2d@SyliaAzy o{DwuQ KIFI& 0SSy adzLJL.
management aproachesonsideringhe experience from Germany and otherHE8. Since 2015, the

SGR project has been implemented by the GIZ on behalf of German Federal Ministry of Economic Co-
operation and Development (BMZ). Since 2017, the SGR project is being imgiemearnjunction

with India EU Water Partnership Action (IEWP) dismanced by the EU.

Under this IndeGerman Technical Cooperation, the Ramganga River Basin Management Plan has been
developed by GIZ together with NMCG. The approach for the developiirgt RBM Plan is based

on the RBM Cycle which is built on the implementation philosophy of European Water Framework Di-
rective (EU WFD). The RBM Cycle provides a structured and stepped method to develop RBMPs in cyclic
manner. The main steps of RBMPgamation and implementation include defining a clear coordination

& governance, basin characterisation, overview of network of monitoring programme, risk assessment
of selected key water management issues (KWMIs), development of Programme of Measurgs (PoM
implementable action plan to mitigate identified risks), review of progress and revising the Plan for next
OOt Sd ¢KS FTANRG O6eod0ftS 2F wlyY3aFy3dl w.at Aa F2N g
The 5 KWMIIs identified for this first cyoeRBMP are 1) Water quality deterioration due to point
sources, 2) Water quality deterioration due to fawint sources including agricultural activities, 3) Al-
teration in groundwater regime impacting on ssirface flow, 4) Alteration in river hydrolaayyd wa-

ter quantity, and 5) Flood risk due to encroachment including sandmining.

This document is structured aligning to the RBM Cycle steps. Chapter 1 provides an overview on the
adopted approach, institutional arrangements, and coordination structuteddRamganga RBM Plan-

ning. This is followed by the detailed description of the basin well supported by the different figures,
tables, and maps (Chapter 2). Chapter 3 offers an account of existing network of surface and ground-
water quality and quantity niatained by various agencies. Chapter 4 lists the KWMIs identified for this
cycle and the set vision and management objectives for each of the KWMIs. Following to this is Chapter
5 which explains the methodology and results of risk assessments carried eath of the KWMI

using DPSIR (Driver Pressure Status Impact Response) approach. This risk assessment categorises the
basin into three categories i.e. a) no risk to fail to achieve the set vision and management objectives, b)
possibility at risk to fatb achieve the set vision and management objectives, and c) at risk i.e. the
current status of the basin will fail the set vision and management objectives. The risk assessment ex-
ercise has been carried out using the combination of observed data, mgdaliiput, validation
GKNRdzZAK 3INRPdzyR (NHzZiKAY3IkFASER GA&AGAZT | YR SELISNI
depicted using gespatial maps. Based upon the results of the risk assessment process, a detailed im-
plementable action plan (Prograrenof Measures) is presented in Chapter 6. The PoM are designed
with an overall objective that what actions are to be taken to achieve the set vision and management
objectives. The PoM are further categorised based on the urgency to implement them (g&hatdn

long term) While Chapter 7 offers a brief account of other relevant missions/programmes for synergies
and convergence&; hapte8 provides the way forward for the NMCG to implement the Ramganga RBM
Plan, and also summarises what steps are to kentakp by NMCG to institutionalise the entire RBM
Process. Finally, allditionalinformation enabling readers to get complete understanding of the Ram-
ganga RBMP is presentecgupplementaryechnicalreport andannexures.

Ramganga RBM Plan Page | 1
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1 INTRODUCTION

Rivers and theirdsins with the related groundwater bodies a&ital sourcesfor life to thrive. They
support all social, economic, and environmental/ecologictlities intheir basin Healthy river land-
scapes provide habitats for many plants and animals and ofterhigtveultural and religious signifi-
cancespecifically in Indid_ately with rapid urbanization, industrialization, and intense agriculture ac-
tivities (specially post Green Revolutionamy of the Indian rivers and the related groundwater re-
sourceshave ben exposed to pollution, overexploitation and altered flow regimes, which have ad-
versely impacted related ecosystems and their serviR@hution from urban areas and industries, in-
formal settlements & encroachment, rising irrigation demand in combinafithrpoor water use effi-
ciencies, indiscriminate waste disposal and lack of law enforcement, and unsustainable reservoir oper-
ation, all these factors contribute to the degradation of the natural water resources.

Further, he water resource governancdimia exhibits complicated nature as it involves divetiaee-

K 2 f RiSdéBrOmakersrom central, state, andlocal governmentsia several expert agencies and
institutions.A complicated governance structure coupled wathinadequate representation of rele-

vant stakeholders in decisignaking, lack of a systematic approaahd unclear or overlapping roles
andresponsibilities generally result in fragmented efforts and polivety towards the protection and

rejuvenation of rivers.

Adoption of integratediver basin approad@swherea riverbasin is seen as@mplete unitandre-
guiresinter-sectoral coordinationcannot be fulkcomprehendedvithout a thoroughunderstanding
2T LY RA I fyér bakin gladnihgldndraihagemenieory asattemptedin various following
sections.The following sectionwill providea backdrop understandingf the Ramganga River Basin
Management Plan (RBMP).

1.1 A chronological overview 8fiver BasiPlanning andlanagementin India

BEforts to manage rivers date back to as early as 1950s with the enactment of River Board At (1956)
India Later, the special purpose River Boards/Cooperations were formedaikedDamodar Valley
Cooperation, Bhakra Beas Management Boardtletough Indian parliament. All these efforts limit
their scope to the integrated reservoir operation for optimum use of water resources, water resource
development and intestate allocabn of water resources and energy (in case of hydropower).

Overall, river basins need to be understood as a single entity inchsdirigce and groundwateuan-

tity and quality, ecology, soegzonomic activities, land resourcpspple,and cultural hatage. There-
fore, dforts to rejuvenate riverand rehabilitate degraded watersheds mumstiudeintegratedplan-

ning good governancepordination among sectaint investmentplanningas well agrosssectoral
assessments and evaluations.

The aspectselated to protection of rivers including its groundwater frpoilution, maintaining its

good ecological health were, first, considered in Ganga ActioGAd) in 1987 The river Ganga and

its tributaries are a source of livelihood for over 450ionifheople (Census 2011). Thnelian part of

the Ganga Basin is spread over 861,404a&md covers a total of 11 states. While the main stem of

Ganga passes through five states (Uttarakhand, Uttar Pradesh, JAdgr&handand West Bengal), its

major 17 tributaries (such as Yamuna, Ramganga, Kosi, Sone, Ghagra and others) flow through addi-
tional six states of the country. The river Ganga with a total of 525 billion cubic meters (BCM) of annual
discharge contributes to almostotieK A NR 2F LYRAI Qa adz2NFI OS 461 G§SNJ NB
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SinceGAP lindian efforts to clean, protect and rejuvenate riGmga has undergone significant trans-
formationas can be seen in Ganga Action Plan Il, launch of National River Conservation Plan in 1995
The integrated approach for river basin planning and management was only recognized in 2009 through
the constitutionof National Ganga River Basin Management Authority (NGRBA) iTRe0¢ational

Mission for Clean Ganga (NMCG) was set up in 2011 as an implementing arm of NGRBA to take up the
execution of projects then supported by the World Bank.

In 2014, he Governmert of India(Gol)announcedits one of the most ambitious missions Namami
Gange Mission to accomplish the objective of effective abatement of pollution, conservation, and reju-
venation of the Gangay usingas an integrate@nd holisticconservatiorapproach NMCG continug

to be the implementing agency for this integrated and comprehemdission which brought under

one umbrella various action plans in existence for different rivers in the Ganga Basin. With an assured
fundingof Rs 20,000 crordsr five years, the mission was structured as a raétitoral programme

and finally approved by Union Cabinet in 2015.

The mlestone towards integrated river basin management was the issuafRteaenfGanga (Rejuvena-

tion, Protection and Management) Authorities €r¢h 2016 (AO 2016) through the erstwhile Ministry

of Water Resources, River Development & Ganga Rejuvenation (MoWR, RD & GR), Gol (now, Ministry

of Jal Shakti, MoJS, Gol). The AO (2016) empowers the National Mission for Clean Ganga (NMCG) as an
authorityt YR RSTAySa (GKS NRfS FyR NBalLRyaArAoAftAGASE 27
mandate and overall responsibilities tbe development of River Basin Management Plan for river

Ganga and its tributaries.

Forwarding in this directioNMCGs in the process to adopitegratedriver basin approad@swhere

a holistic river basin management plan (RBM plan) is developed by promotirgeittaal coordina-

tion among all stakeholdeirscluding periodienonitoringand adaptationdn this regard, hternational
experienceor cleaning and protection of its rivers such as Rhine, Danubegditimred in Germany

and the EU member statger example, is more and more considered. A coordinated implementation
by the national actors together witlhé concernedasinstates could benefit from the experiences
gainedby adoptingthe EU Water Framework Directive (EU WFD) and its Common Implementation
Strategy as well as othiternationalwater-related directivesSimultaneouslyadaptation and evolv-

ing of theprocesdo the Indian situation is apparent.

1.2 The European Water Framework DirecifWe~D

The EUWater Framework Directive introduced a new approtmshardsthe management of water

resourcesn more coordinated and uniform mannaecrossEurope, as it requires not only the compli-

FyOS 2F LRftdziSNA ¢AGK SyYAaairzy GFNBSGA odzi | f a
groundwaters and the integration of economic issues such as theegpgihys principle and full cost
recovery(Richter, Voelker, Borchardt, & Mohaupt, 2013)

A key objective of the EWFD is to reach a good status for all wafsusface water and groundwader
as briefed belowEuropean Commission, 2016)

Surface water

9 Ecologicastatus For defining the ecological stafisU WFD introducezhemicalnd hydrological
parametersAs no standards for biological quaiityabsolute termsan be set whichreapplicable
for all ecosystemsa tolerable diversion from a potential natural state without human impact was
introduced. This means that a potentially natural state must be deieed first and the current
situation is then evaluated against this potentially natural s@fn hydrological models are ap-
plied to determine potentially natural states.

Ramganga RBM Plan Page | 3



N/ Implemented by ‘NAA‘?A'@ - —n —
german " 3 INDIA-EU WATER

giz mmer,. WATWL PARTNERSHIP
= —

cooperation
SEUTSCHE ZUSAMMENARBETT

*
Co-funded by the
European Union

1 Chemicaktatus Good chemical status is defined in terms of compliance withtyséhndards
established for chemical substancethatEuropean level. The Directive also provides a mechanism
for renewing these standards and establishing new engdoyinga prioritizationmechanism for
hazardous chemicals. This ensuaé least a rmimum chemical quality, particulardpncerning
very toxic substances.

Groundwater

1 Chemical statuslhepresumption in relation to groundwater should be that it should not be pol-
luted at all. For this reason, setting chemical quality standards may not be the best approach, as it
gives the impressiothat it is tolerable to pollute groundwater bodies up te ttefined threshold.
Despite thata few standards have bedefinedfor particularsubstances likaitrates, pesticides
and biocidesThe common approach, however, is to apglyegautionanyapproachwhich prohib-
its direct discharges to groundwatand gipulates the monitoring ofgroundwater bodiesMoni-
toring is important to detect changes in the chemical composition which may arise from indirect
discharges. In addition, monitoring is required for early deteaifpollution trends.

1 Quantitative stata: Groundwater recharge is used as guiding parameter for groundwater use. Only
the portion that is not needed for connected ecosystems like wetlands can be considered. The Di-
rective limits abstraction to that quantity.

One of the innovations of the Dite@ was that it provided a framework ftive integrated manage-
ment of groundwater and surface water for the first time¢het European level.

Coordination of measuresd relevanEUDirectives

There areseveralmeasures taken ahe EuropeariJnion level talealwith specificpollution problems.
Key examplesf such measures includbe Urban Wastewater Treatment Directiviee NitratesDi-
rective,and the Industrial Emission Directifédne UrbanWastewaterTreatment Directive and the Ni-
trates Drective together,address thgroblem of eutrophicatioms well as health effects such as mi-
crobial pollution in bathing water areas and nitrates in drinking waterhdustrial Emissions Directive
deals with chemical pollutiothe overalaimisto coordinate the application dll directives taneet
the objectives established above.

First the objectives are established for the river basin as outlined in the previous s8atisequently,

an analysis of human impact is conducted to determine howdahwater bodydivertsfrom the de-
finedobjective Thefull implementation of all directives appliedo determine whether objectives can

be met or not. The procedure stops at this point if all objectives are achieved. If not, eadtieM
State must identify exactly wigannot the objective be achieved aadcordinglymust design addi-
tional measures needed satisfy all the objectives. These might include stricter controls on polluting
emissions from industry and agriculture, or urbaastewatersources.These additional measures
should ensure full coordination.

The combined approach

Combined in the sense tifis approach is to consider two different perspectives. The perspective of a
pollution source and the perspective of the receiving ecosystem. Standards exist which limit cumulative
discharge per year from a pollution source like a wastewater treatmstensy On the other hand,
maximum tolerabldwydrological and¢hemical parameters were defined to ensure that an ecosystem
does not degrade over time.

Ramganga RBM Plan Page | 4
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Cumulative impacts are the underlying reason why the ecosystem perspective was introduced. Low but
frequert dischargegan graduallglamage an ecosystem due to repetitive disturbances whesuffio
cienttime for recovery between the impactgiovided Therefore, a scalled doseesponse relation-

ship was developed linking the magnitude of pollution witfrétguency and duration of occurrence.

For this reason, a consensmasdeveloped that both are needed in practic® combined approach.

On the source sidéhe EUWFDrequires all existing technologlyivenmeasuresnust beimplemented
as a first stepTheframeworkcontains dist of priority substancesnkedbased orriskfor which the
most costeffective set of measuresust be implemented firdb achieve load reduction of those sub-
stances

On the effects side, it codinates all the environmental objectives in existing legislation, and provides
a new overall objective of good status forvaditers andrequires that where the measures taken on
the source side are not sufficient to achieve these objectives, additioeslboemandatory

TheRverBasinManagemenfan (RBMPgas planning instrument

All the elements of this analysis must be set out in a plan for the river basin. The plan is a detailed
account of how the objectives set for the river baisin,Ecological status, quantitative status, chemical
status and protected area objectives) are toaohievedwithin the requiredtimescale. The plan in-
cludes all the results of the above analysis: the river basin's characteristics, a review of the impact of
human activity on the status of waters in the baaimgstimation of the effect of existing legislation

and the remaininggapst to meeting these objectives; and a set of measures designed todéighgs.

One additional component is that an economi@lgsis of water use within the river basin must be
carried out. This is to enable a rational discussion on theeffestiveness of the various possible
measuresAll interested parties mustebfully involved in this discussion and in the preparatiadhenf
river basin managememian Thisleads to the final element of the Directive, the public participation
requirements.

The need to conserve adequate supplies of a resource for which demand is continuously increasing is
also one of the drivers behind wihia arguably one of the Directive's most important innovatidhs
introduction of pricing. Adequate water pricing acts as an incentive for the sustainable use of water
resources and thus helps achieve the environmental objectives under the Directive.

AnnexVIl of the Water Framework Directive stipulates RRBMPare to cover the following elements:

1 Adgeneral description of the characteristics of the river basin district and a summary of signifi-
cant anthropogenic pressures and their impact on the status of surface water and groundwater
bodies(i.e.,pressure and impact analysgs)

1 Mapping of protectecreas

Amap of the relevant monitoring networksidthe results of the monitoring programme

1 The relevant environmental objectives for water bodjesludingidentificationof instances
where exemptions have been mgde

1 Asummary of the economic analysisagfter use

1 Asummary of therogramme oMeasuregPoM) includinghowthe mandated objectives are
thereby to be achieved,

1 Asummary of the public information and consultation measures taken, their results, and the
changes to the river basin management plan namesequently

=
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The goal of attaining the objectives must be in accordance with a clearly defined tiffleéiméver

basin management plans and the various programmes of medfa®Bare updated during succes-
sivesixyearperiodsduring which implementatiostatus, newevolutions,and projected successas

well as failures are documented. In the event the mandatedvinonmental objectives were not
reached by 2015 and exemptions are neededsonsfor their use had to be provided. Hendke
RBMPcomprise a monitoring instrument for the European Commission and other river basin district
management stakeholders.

1.3 Indo-German Technical Cooperatifor Supportto Ganga Rejuvenation

Indo-German Technical Cooperation (TC}harejuvenation of the river Ganga started taking shape

in the year 2014/2015Considering the Namami Gange Mission, the Government ofregliasted

German support for tachallenging taséf building on ongoing cooperation on various aspects of water
resource management. In 2015, GIZ was commissioned by the German Federal Ministry of Economic
Cooperation and Development (BMZ) to implememisetl of theSupport to Ganga Rejuvenatjono-

ject.

As part of the Indi&EU Strategic Partnership, the European Union (EU) and India established the India
EU Water Partnership (IEWiPR015. It was saip to consolidate the political and strategic franoekv
for a more coherent and effective cooperation between the EU and India on water management issues.

Since November 202GIZ is implementing the Ind@erman Technical Cooperation Profgéapport to

Ganga Rejuvenation, Phas€SGR 1) on behalf of tlBMZ in conjunction with thBevelopment and
implementation support to the IndigU Water Partnership, Phase 2 (IEWP Action, Phasee2yain
implementation partners from the Indian side are the National Mission for Clean Ganga (NMCG) and
the Central WateCommission (CWC). Measureghatregional level target the states of Uttarakhand

and Uttar Pradesh as well as the Tapi Bsadhya PradestMaharashtraand Gujarat)

1.4 River Basiflanning antlanagementCycle(RBM Cycle)

Further to develop and impleent the RBM plan in a structured manner with defined timelines, the
River Basin Planning and Management Cycle (RBM @gslaeveloped by GIZ together with the
NMCGafter reviewing the EU WHIdncepts The RBM Cychcts as a planning totllat encompasses

all aspects of RBMsexhibitedin Figurel, the RBM Cycle has been adapted to fihalndian context.
Esentially, RBM Cycle is built on the implementation philosophy and requirements of the EU Water
Framework Directive (2000/60/E@Q02Q, which has contributed to the development of almost 200
RBM Plans in the European Union (EU) so far

Ramganga RBM Plan Page | 6
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Figurel: River Basin Planning and Management Cycle (RBM Cycle)

The first step of the RBM Cygiemmptsto work ona clear governance and coordination structure to
allocate responsibilities among all stakeholders. The cycle deploys the pragmatic approach to under-
stand the basins, i.e., the existing pressures on water resources and their impacts, and the risk assess-
mert for identified Key Water Management Issues (KWMIs) across the full hydrological drainage area
of the basin. Accordingly, the cyakrertains tht thedesigningadapting monitoring networlarepart

of the process whildeveloping programe of measuresfoM) to address the identified problems. The

cycle recommends continuous assessment of water quality and quaniifyotting maitoring post
implementation of PoM) and reviews the effectivenesh®RBM plans and their subsequent adapta-

tion/ revision.The phase | of the SGR project also implemented modular trainings on the RBM Cycle to
the Indian water professionals from national (NMCG, CGWB, CWC, CPCB) and state departments (from
UP and UK) to familiarize them with the integrated Cyclic approach oBasia Planning and Man-
agement. Simultaneouslyunder IEWP Action Phas¢hie RBM Cycle approach was deployed to de-
velopRBM Plafor Tapi River Basingether with the Central Water Commission, Central Ground Wa-

ter Board and the three states of the Tapi Basin. The Tapi RBM Plan in¢Beates &haracterizatién

of the Tapi river, a comprehensive Risk Assessment for identified Key Water Manageresnt Issu
(KWMIs) and recommends the Programme of Measures for implementation to achieve the overall ob-
jectives.
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1.5 Development of the Ramganga RB¥nusing RBM Cycle approach

Taking forward theoncept of viewing river basin as a single uaitdthe understadingthat many of
the tributaries argolluted, NMC&xpandedts activities tahe major tributaries of river Gangane
of such major tributarof river Ganga is raiied perennial river Ramganga.

About Ramganga River

Ramganga is the firstajortributary of river Ganga which meéte Ganga at Kannauj, Uttar Pradesh.
Along its course &96km, the river originates ithe lower Himalaya in Uttarakhand and passes through
Uttarakhand andnajor towns of western Uttar Pradesh. Several small tributaries such as Khoh, Gangan,
Aril, KosiGaula, Dhela, Bhelnd Garra also meethe main stem of Ramganga at different locations

mostly after the city of Moradaba@ihe Ramganga Basin has a catfitrarea of approximately 30,000

ks gAGK | LI2LJzE | GA2Yy 2F uwn YAtfA2Yy LIS2L)X S

(UPPCB) Ramganga restoration plan, a total of 445®p6er day of wastewater from 121 major in-

dustries and severaities is discharged into the Ramgangakinghe 375 km stretch from Moradabad
to Kannauj critically pollutedhe river also houses one malydro-powerdam at Kalagarheingan
integral part of various economic activities in the basin. Ram@adga | giséhdmige amounts tb7
billion n¥, which forms 3.1% of the annual flow of the Ganga.

OHANHDANU

Given thamportance of the Ramganga river towards the protection of river Ganga, the NMCG has also

been implemerihg several projects in the Ramganga Basin suchtexséption/diversion of nallahs,
and construction oEewage Treatment Plan&8TPsin RamnagaikashipurMoradabad and Bareilly.

Building on the work of Phase 1 of BE&R ®jed, it wasdecidedtogether with the NMC@& develop
a River Basin Managemd®tian for the Ramganga Badihe development of the Ramganga R

alsofollowsthe RBMCycleapproach. The first step is tbharacterizatiomf the Ramganga River basin,
which includes the identification 6fKey Water Management Issues (KWMIs) and a pressure/impact
analysis and a risk assessment for edehtified KWMI. Based on this, a Programme of Measures
(PoM) will be developed for theaRganga Basirsuggesting a set of management options and

measures for implementatiotd achieve the set RBM targets and to improve dkierall water man-
agementsituation in theRamgang&asin.

1.6 Implementation timeline of the Ramganga RBM Plan

BelowTablecaptures the timeline of the development of Ramganga RBM Plan. It is a Cyclic approach

2N w.a tflyyAy3d gKAOK ySSRa G2 0SS NBLISFISR
activities, the RBM Cycle for Ramganga RBM is agreed to be ccaktetevery fiveyears The pro-

I F4GSN

gress during first cyc(@0222027) will include the implementation of Programme of Measures (oM

their continuous monitoring & evaluation, generation of new knowledge antlermdrisk assessment

and Pressure Impact dyais of already selected Key Water Management Issues (KWMIs) to assess im-

provement and impacts, and of new KWMIls as would emerge in first fiveBelamsT ablel presents
an account of timelines for Ramganga RBM Planning.
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Tablel: The timeline of Ramganga RBM Planning

Timelines Steps / Milestones
December 2021 Ramganga River Basin, a-balin of the Ganga, was selected and agree(
the development of RBIRlan
May 2022 i Stakeholder consultations at national and state lewel® implemented
to identify and agree KWMIs to be taken up in first RBMP Cycle
1 Workshop with stakeholders on data availability and agreement o
method of data acquisitiowas completed
June 2022 The static data / information on Ramganga Basin was received
August 2022 I Ramganga River Basin Management Committee was constituted.
1 Msion and Management Objectives for each of the identified KWMI "
agreed with stakeholders through a consultative process
October 2022 First meeting of Ramganga RBM Committee was held, and the Vison an
agement Objectives were approved
November 2022 Joint field mission to Ramganga Basin was implemented by internatior
perts and all stakeholders to carryout ground truthing
Januay 2023 A background document on Ramganga Basin Characteristics and Key
and Pressures on each of KWMI was submitted to all stakeholders
March-April 2023  The methodologies to carry out Pressgrampact Analysis and Risk Asse
ment for each of th&WMI was agreed with stakeholders through a consi
tive process
Julyc August 2023 The first results of risk assessment exercise were shared and discusst
basin stakeholders to solicit feedback
September 2023 | Joint consultation with basin stakeholders was heliihtise the risk as
sessment results, to introduce conceptRafM, and agreeing on the ne
steps.
1 2nd meeting of Ramganga RBM Committee was held to present anc
agreement on the revised results, PoM Concept and next steps
9 Detailed draft PoM were shared with all basin stakeholders to solicit
back and inputs
October 2023 1 3rd meeting of Ramganga RBM Committee to seek approval on Ramr
RBM Plan, and
i Stakeholders meet to consult and agree on the Ramganga RBM P
plementation strategy
January 2024 Implementation of PoM to be initiated

1.7 Institutional Arangement andCoordination level of Ramganga RBM Plan

Institutional Arrangement

NMCG, as per the AO (2016) is the nodal responsible authority for the protection and rejuvenation of

river Ganga including its tributary Ramganga. Para 38 and 39 of the AO (2016tatednigt NMCG

is responsible to coordinatdl activities regardingejuvenation and protection of Ganga (and its tribu-

taries), and to make or cause to make the RBM Plans (cost, timelines, and responsibilities) and execu-
tion of the projectsNMCG is thus responsible to coordinalieactivities related to rejuvenation in the
Ramganga Basin (sbhsin of Gangajs fer this AONMCG also has the power to approve / sanction

projects up to INR 1000 Crore. NMCG reports to the National Ganga CQuKcill A NSR 6& | 2y Q0 f
Minister d India.

Furthermore, AO (2016) also mandates the formation of District Ganga Committees (DGCSs) in each
RAAGNAOG Ay DFEy3lF . FaAy FyYyR GKSANI NRf S Lihklig NI & LI2
this, Ramganga Basin is spread to a tot@lélistricts where DGCs are already existing to coordinate
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activities pertaining to development of District Ganga Plan and their implementation. State Mission for
Clean Ganga (SMCG in both Ramganga stdiés and UK) are also responsible for protectioth a
management of river Ganga and its tributaries.

Thus, it is clear that in Ramganga Basihrege-tier institutional arrangement (national, state and dis-
trict level) is well established and fully functional.

In addition to the NMCG, SMCGs and DGQs #re several national and state level departments and
parastatal bodies which, through their respective mandates and roles, contribubed the RBM
activities. Belowrigure2 present an overview of the existing institutional arrangement in Ganga (in-
cluding Ramganga) Basin:

National Level

Ministry of Jal Shakti (MoJS) Ministry of Environment and Forest Other Central Ministries

Department of WR, RD & Ganga
Rejuvenation

{CPCB)

Central Pollution Cantrol Board ‘ Ministry of Agriculture

Ministry of Housing and Urban Affairs

Department of Drinking Water
Ministry of ports, Shipping and
Mational Mission for Clean Ganga Waterways

(NMCG) L
Ministry of Power
Central Water Comission
Ministry of Tourism
Central Ground Water Board

Ministry of Rural Development

State Level
State Mission for Clean Ganga State Pollution Control Board Department of Water Resource /
(SPMGs) ) ) Irrigation
State Level Implementing Agencies:
Regional Offices of CWC UPJN, UJN Department of Urban Development
Regional Offices of CGWB Department of Agriculture
State Ground Water Board Etc.
State Water Resource Development

District Level

‘ DistrictMagistrateOffice} ‘ Urban Local Bodies

‘ District Ganga Committee ‘ Gram Panchayats

Figure2: The institutional arrangement in Ganga (including Ramganga) River Basin

Stakeholders fahe development dRamganga RBM Plan

The approach for the development of Ramganga RBM plan was a stakédlctamsultative process
where all available knowledge, experience and expert judgerafrilsuted at every step. Belowha-
ble 2 provides an overview of the stakeholder involved in Ramganga RBM Plan development:
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National stakehders

Uttar Pradesh state level stak Uttarakhand state level stake

holders holders
1T NMCG 1 SMCG 1 SPMG
1 Central Water Commis § Jal Nigam M Jal Sansthan
sion (CWC) and their r¢ § Pollution Control Board 9§ Pey Jal Nigam
gional offices in Ramgan¢ § UP Department of Env § Pollution Control Board
Basin ronment, Forests and Cl § Department of Environ
1 Central Ground Wate mate Change ment and Forests
Board (CGWB) and the § Urban Local Bties Direc- | Department of Urban De
regional offices in Ran torate velopment
ganga Basin 1 State Missions for SBM § State Department of Wa
f  Central Pollution Contrc q  State Mission for AMRUT ter Resources
Board (CPCB)  State Department o § DGC in Udham Singh N
I Ministry of Agriculture Groundwater gar
i State Department of Wa
ter Resources
T DGCs in Shahjahanpt

Moradabad and Bareilly

Additionally, organizations including WANiBia, Wildlife Institute of India (WII), National Institute of
Urban Affairs (NIUA);Ganga were also part of the entire process.

Ramganga River Basin Management Committee

I mn YSYoSNA QCommitted was Bdnstituteddy the ENBACG with the members rep-
resenting all levelof planning, coordination and implementation i.e. national, state and district. The
role of the committee is towersee andeview the progress of Development of RBM Bladfacilitate
coordination among all stakeholders
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2 BASINCHARACTERISTICS OFAMEAMGARIVERASIN

This chapter introduces and elaborates on the status of the Ramganga River Basin. The natural baseline
includes information on precipitation, flood, dght events, climate, and climate change across the
Ramganga River Basin. Subsequent sections elaborate the status of surface waters, groundwater, water
infrastructure within the basin. The information presented here serves as the baselinedfiwstigre

impact analysis ani further carry outthe pressureimpact analysislhe salient features of the Ram-

ganga Basiare summarized in the followifigable3.

Table3: The Salient Features of Ramganga Basin

Feature Description

BasinArea 30,759km?

SubBasins or Ram- 40 Subbasins with an area ranging from 3622kan1465 knd
ganga

Link to Ganga The &ft tributary of Ganga joins at Kannauj
Tributaries of Ram- Khoh, the Gangan, the Aril, the Kosi, Phika, DBe&a,Gaula and
ganga the Deoha (Garra)

Towns and Districts of 93 Towns acros0 districts inUttarakhandand Utar Pradesh

Ramganga Basin

Major citiesin the Ram- Bijnor, Moradabad, Rampur, Bareilly, Kannauj, Kashipur, Haldw

ganga Basin Kathgodam, Ramnagar, Shahjahanpur, Rudrapur

Ecological importance Rich in flora anfhuna including the presence of animals like tigel
elephants, leopards, marsh crocodile, gharial, turtles, golden Me
seer and many other fish and bird species.

Water resource infra- 11 dans, 10 barrages, 2 weirs, 1 hydro-powerhouse

structure

NMCG'snajor activities I/D of nallas at Kofver, Ramnagar (55 km) + 8.5 MLD STP Ope
tional
Moradabad: 58 MLD STP + 264 km Sewerline + 118 km I/D wor
Bareilly: 63 MLD STP
Kashipur: 10 MLD STP
In addition tothe above, NMCG is also working in other Ganga
towns like Bijnor, Rampuand Kannauj which hee part of their ar-
eas inthe Ramganga River Basin

2.1 Natural Baselinand Land Use

The 596 km long Ramganga River originates from the lower Himal&awal district of Uttarak-
hand state. The total drainage area of the Ramganga River Basin &Ks®¥,8Ramganga River Basin
is a sukbasin of Ganga River Basin covering 24 nliliaman population from the states of Uttar
Pradesh & Uttarakhand'he uper basin also housesnationalpark - Jim Corbett National Park
protected and primeTiger conservation sitét Kalagarh in Bijnor district of Uttar Pradesh, a major
hydro-powerdam (Kalagarh dam) has been constructed on the river for the purpasgation and
hydroelectric production. Almost all tributariesRamganga join the main stemR&mganga on its left

L Extrapolated based on Census 2011 data and averaged decadal growth rate
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bank.Map 1 showsthe Ramgangmainstreamand itstributariesstretchingover two states of/ttarak-
hand(approx.36% of the entire basirgnd Uttar Prades(approx.64%of the entire basij Within this

map, only cities with a population larger than 500,000 inhabitantsnar&ed The Map also shows

that most of the cities are located in the lowlarnghe southern part of the catchmerit.is clearly
indicated that the population both in number and dignss higher in southern parts of the catchments,
which are also the areshere cropland is the main type of land Wap 2. Anotable spread of land

use is cropland with almost 60% of the total area in the catchment. Other notable uses are forests
(approx. 30%) mainly in upper part of Basin in Uttarakhandsupu(lapprox. 3%), bare/sparse vegeta-

tion (approx. 3%) and Grassland (approx. B&dwTable4 lists the area wise major land use in Ram-
ganga Basin

Table4: Major Land Use along with area in Ramganga Basin (Source: NRSC, 2017/18)

SN Landuse Area, sq. km % of Basin Area
1 Built Up 957.8 3.1
2 Kharif Crop 4895.4 15.9
3 Rabi Crop 1699.2 5.5
4 Zaid Crop 51.0 0.2
5 Double / Triple Crop 6980.6 22.7
6 Current Fallow 2507.8 8.2
7 Plantation 935.4 3.0
8 Evergreen Forest 1670.6 5.4
9 Deciduous Forest 4526.8 14.7
10 Degraded / Scrub Forest 1085.5 3.5
11 Grassland 230.1 0.7
12 Wasteland 4027.6 13.1
13 Waterbodies Max 714.1 2.3
14 Waterbodies Min 477.6 1.6
Total Area 30759.30

Thereexistsa strong gradient in water demand within the Ramganga Basn. Increase in water
demand can be seen from north to south, with population and agricuétatialties are mainly concen-
trated in the southern lowlands of the catchment.
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Ramganga River Basin - Overview map with elevation ranges
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Map 1: Overview of the RamgangaveBasin elevatiorand its tributaries
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2.2 HydrologicaBaseline

The Ramganga catchment can be divided into 4b&sins with an area ranging from 362kon1465

km?. The hydrology of Ramganga is strongly characterized by monsoon season, as the river is only fed
by rain. The natural flow regime of Ramganga river and its tributaries is regulated through 11 dams, 10
barrages and 2 weirs. The main purpostheseinfragructural buildings is irrigation, while some are
additionally also used for drinking water supply and flood protection (especially in the northeastern
part). Only Kalagarh dam is also used for power gener#t&agarh dam with a height of 128 m and

lengh of 630 meter is an earth and rockfill dam with installed hydropower capacity of 198 MW. The
total capacity of reservoir is 2400 MCM. The diversion of water for irrigation purpose is through 142
cumec to lower Ganga Canal via a feeder and 14 cumecetd glifgation systems via Pheeka Doab

and Ramganga Main Canafilst the irrigation and flood protection benefits are mainly for the State

of Uttar Pradesh, and is managed by the UP Irrigation and Water Resources Department (UPI&WRD),
the hydropower genmtion benefit is meant for the State of Uttarakhand, which is managed by Utta-
rakhand Jal Vidyut Nigam Limited (UJVNL).

Map 3 illustrates the major regulating inftascture within the Ramganga Basin. Tap shows that
Ramganga, especially northern parts (Uttarakhand), is strongly characterized by water resources man-
agement infrastructure, including diversions from one-satichment to anotherThe worth mention-

ing sich hydraulic structures include Afzalgarh weir (73.3 MCM), Hareoli (1600 MCM), Kho Barrage
(91.6 MCM), Kosi Barrage (180 MCM), Dhela (115 MCM), Kichha and Nagla (52.82 MCM), Bareilly (725
MCM) and Phika Barrage (75 MCM).

Ramganga Basin sess a signifiaadtweliplanned interbasin transfer to support intense agriculture
practices in the Basin and in Lower Ganga Canal. Such transfer of waters also, at times, help in regulating
water flows and subsequently the flood everfikese abstractions (primarilyigation) may lead to

reduced discharges in downstream argagacting the required flows to maintain the ecological entity

and health of the river eesystem

Ranging from a minimum of 150 meters to a maximum of 420 kilometersth, ldrgRamganga River
Basin encompasses a total of 797 tributaries within its watershed. Howalyed 8 tributaries exhibit
a length more than 10km as listed in the beloWable5.
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Tableb: Main tributaries of Ramganga

¢ NR 0 dzii I NR S & Length (in Km)

Deoha/Garra 421
BahgulBaigul) 298
Kosi 277
Gangan 239
Bhakra 172
Aril 171
Khanaut 161
Gauda/Kicch#&Gola 160
Ban Nala 153
Dhora 128
Khoh 125
Deoranian 118
Dhela 114
Sukheta Nala 112
Karula Nala 111
Absara 106
Nandhaur 104
Nakatia 103

Further, the Ramganga RivexrsB contains more than 2,500 water bodies scattered across the entire
basin. However only 1688aterbodies extent more than the 1 sq.km area. These water bodies serve
not only environmental purposes but also play a crucial role in supporting local communities, providing
water for agriculture, and promoting economic growth through environmentaisiouf=or instance,

water bodies such as Ndadj Bhimtal, Sattal, and Nawhiya Tal are a few of the majourist attrac-

tions. Moreover, Water bodies like, Nanak Sagar, Tumaria, Bdagigur,and Gadgadia serve as
hotspots for promoting biodiversignd enhancing the environmental value of the entire Ramganga
Basin.
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2.2.1 Precipitation

TheRamganga Basieatures a high precipitation gradient from north to south or higlowoaltitude
(Figure3). While the mean annual precipitation is around 2,000 mm in some Himalayan regions in Ut-
tarakhand, the lowlands in Uttar Pradesh, which areostrfully used for agricultural activitidgve
around 1,000mmThe northerrHimalayan regions are the main water source for Ramganga and there-
fore ofgreatimportance forwater resources and in particulasater use likarrigation projects in the
wholebasin.

There are in total 34rpcipitation gauges distributed within tlaeea of the Ramganga Basin, providing
precipitation data on daily bagseeMap 4). The precipitation gauges are mostly located at the same
positions as the discharge gaugésidded precipitation dates available for Indigerived from1901

to 2021.Furthermore Figure4 highlights the average monthly rainfall and temperature trends in the
Ramgang&asin.
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Figure3: Mean Annual Precipitation in the Ramganga River Basin
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Figure4: Trend of &erage monthly rainfaland temperature inhe Ramganga Basi(Khan & Tian,
2018)
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2.2.2 Evaporation

Global Land Evaporation Amsterdam Md@LEAM, version 3 data(Martenset al. 2017Miralleset
al. 2011nas been used fgettingan overview ofctualevaporation infomationwithin the Ramganga
River BasinGLEAMa global datasetith a time series of 49ears(1980¢ 2021) is prepared with a
combination of observed, reanalysis and sateliieed dataand was used because temperature data
for the Ramganga Basiasinput for calculating evaporatiorwas found to bémplausible in the Hima-
laya region and therefore not considerdtie original spatial resolutioof model datas 0.25%. The
evaporatiornvalueranges from 3@ 90mmin the basinFigure5). Evaporationvalues ardhigher in the
Himalayan regiofupper catchment areayhere most of the freshwater reserves doeated These
high values could baue tothe direct impact of solar radiatioim this regioncompared to the lower
portion of thecatchment which has comparatively lowadevation This higher evaporatiovaluein
conjunction with the recent climatic changes in the region might lead téutmne water availability
for thisbasin

2In the figure, the resampled data (i.e., finer resolug@b5°) has been plotted for a finer image.
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Data Source: Gridded Evaporation 0.25x0.25 GLEAM v3.6a

Figureb: Evaporation in RamgandriverBasin based on GLEAM data (182021)
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2.2.3Climate and climate change

The climate of Ramgangaasinis subtropical, and monsoonal.Winters (Octoberto February)are
cooland dry with occasionafogsandlight showers,summers(Marchto early June)are hot and dry,
andthe monsoonseasorn(middleJuneto September)swarmandhumid,with frequentheavyrainfall.
Diverseclimateconditionsare observedbecausef the largevariationin the altitude of the catchment
area.Thelower valleyof the basinis usuallyhot.

Table6 shows maximum minimum losigrm rainfall data and rainfall changes in sedectedb districts
of the Ramganga Basin. From the talitlean be seen that:
1 The annual precipitation is reducifigm the upper catchmentithe mountains of Uttarak-
hand to the lower catchment in the plains of Uttar Pradesh;
1 The rainfall data of five districts depicts that thinfall has declinenh four districts;
1 The decline isery sharp in two of the districtsiz., Bareilly anNainital;
1 Additionallythe annual fluctuation in rainfall is very high all the districts.

Table6: Maximum, minimunand mean annual rainfall and lotgrm change in (spatial) rainfall of the
districts for rainfall data: 1901 to 2021

SN District State Maximum an-  Minimum an- Mean Annual Longterm Change

nual rainfall nual rainfall rainfall in rainfall
(mml/year)

1 Almora Uttarakhand 2,050 671 1,352 No change
2  Nainital Uttarakhand 2,364 666 1,521 -3.34 mml/year
3  Udham Singh Uttarakhand 2,374 693 1,442 -1.32 mm/year

Nagar

4  Bareilly Uttar Pradesh 1,994 451 1,024 -3.18mm/year
5 Moradabad Uttar Pradesh 1,591 293 969 -1.32mm/year
6 Hardoi Uttar Pradesh 1,681 415 889 -1.15mm/year

Source: analysis based on IRdi&IS data

Gridded temperature dats available for India between 19@D21for minimum and maximum tem-
peraturebut hascertain limitationsn the Himalaya regiorlt showsunexpected high temperatures in
the higher elevation zone@round 15°Cwhich is why the temperatures in the northern part of the
Ramgang&iver Basin are not considered reliable.

A studyon the Ramganga Basin concluded thaté is adecrease in annual rainfall & fhm yearper
year. A similar trend was also observed for seasonal raiBi#lthere was a significant increase in
rainfall during the period of 20Q2008 at a rate of 11 mm yejer year Decreasing trend in monso
season rainfall was also greater thanmoeonsoon season rainfé®urinaidu, et al., 2016puch incon-
sistent pattern in rainfall trends apparently affects the water supply for variousesmmomic activi-
ties andcould lead to conflicts in water allocationfuture, if not addressed

2.2.4 Stream flows

The magnitude of precipitation, its pattern of occurrence, the climatic conditions, land cover and soll
typesare considered the key attributé¥luendngthe occurrene of runoffand stream flows.

The observed streaiftows at selected monitoring stations (Moradabad, Bareilly and Dabri) on Ram-
ganga river in Uttar Pradesh were analysed and the 75% and 90% dependable mean monthly discharges
are presentedn Figure6 to Figure8, respectively (Sourc&WARA2020). The river has the highest
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(75% dependable) discharge during the month of September at both Moradabad and Bareilly locations,
followed by August. The wide difference in the values of 75% dependable and 90% dependable yields,
especially during Jugnd August sbw the high variabilityn the mean monthly discharges of these
months between years.

Mean monthly river discharge (&fsec) for different levels of
dependability: Moradabad

m 90% dependable discharge (m3/sec)

75% dependable discharge (m3/sec)

Figure6: Mean monthly river discharge at different levels of dependability: Moradabad

Mean monthly river discharge at different levels of dependability:
Bareilly

m 90% dependable discharge (m3/sec)

75% Dependable discharge (m3/sec)

Figure7: Mean monthly river discharge at different levels of dependability: Bareilly
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Mean Monthly River Discharge at Different Levels of Dependability:
Dabri

m 90% dependable discharge (m3/sec)

75% dependable discharge (m3/sec)

Figure8: Mean monthly river discharge at different levels of dependability: Dabri

The analysis of mean monthly discharge observed in three differeribligatiz.., Moradabad, Bareilly

and Dabri for the period of 1978 to 2010 shows a peak value of around 250m3/sec at Marchula in 2010,
425 m3/sec in July 1985 at Moradabad, around 1180 m3/sec in July 1988 at Bareilly and a little above
2200 m3/sec in 198& ®abri ource: based 08WAT Outpiit

The flow dependability curves generated for the virgin runoff of different catchments of Ramganga
indicate the sharp variation in the annual flows between y&s&F, 2015) The ratio of the regulated

flow to the natural flow is very low in some locationsthe river for all the four flow seasons and was
however found to be increasing from dry year to wet y@AMF 2015. The ratio of the regulated flow

to the natural flow was more than one in some other locations in certain seasons, implying that the
regulated flow in certain parts of the year was more than the natural flows.

2.2.5Flood and Drought Events

Ct22Ra RdAzZNAY3I {SLIISYOSNI Hnmn OBaBIMiniUsta Prdesd avith Ay (0 K
the city of Moradabad and its outskirts worst hit, as well as villages in close vicinity of the river flood-

plain. The floods of 2010 were a combination of extraordinarily heavy rainfall in the upper catchment

and heavy discharg@¥ ¥ GKS 3IFGSa 2F YFEF3IFNK RIFIYDd ¢KS /2/Q
highest ever flow level, with flows reaching 6,400 cumecs (September 21, 2010), with-eoheter

depth of close to seven meters. Several parts of the Moradabad city wase water and boats were

called in for rescue. The floods led to substantial loss of property. However, the impact of the 2010
floods resulted in the Standard Operating Procedures for the operation of Kalagarh dam being revised,
which is expected to sigigéntly reduce the likelihood of the recurrence of such an event.

The flood problem in Ramganga Basin is mainly caused by river Ramganga and its tributary Kho, Kosi,
BaigulandGarra/Deoha. The flooding from Ramganga and Kho is mainly caused in Bijadadd,

Bareilly and Sligahanpur. Due to flatter slope of the river in lower reaches, some areas are also flooded

in Dataganj and Jalalpur areas due to drainage congestion.

Drought

The recurrence period of highly deficient rainfall in in Wes{R#Pganga Basin is located hase)
estimated to belO yeardn India, the declaration of a meteorological drought depends upon a lot of
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factors including climatic conditions, its thresholigeaucratic processes and functioning, and politi-
Ot aOSYyIFINAR2ad 91 OK RAAGNARAOG A& RSOfFNBR |a 4GRNE
of these factorsSource SWARA2020

2.3 Water infrastructure

2.3.11Irrigation projects

Currently, 15 wier resources project command areas are completed, while an additional 3 are ongoing
(Map5). While water availability is mostly given for the northern part of Raradzaxgjn, the command

areas are mostly located in the south. This requires coordinated water resources management both for
surface and ground water.

2.3.2 Water abstraction and recharge

According to the basin planning report preparedShYARAR020), the estimagd virgin runoff contri-

bution from Uttar Pradesh to the Ramganga Basin, having a drainage area of 20,416 sq. km, is around
4,151.6MCM per annunS8WARA, 202& 75% dependability, and the contribution from Uttarakhand

is 3,469.3 MCM. Therefore, the total surface water availability in virgin conditions is 7,621 MCM. The
runoff contribution from Uttarakhand part of the Basin in proportion to the drainage ardghier,

owing to the higher precipitation received in the catchments there.

TheRamgang®asin imports water for irrigation from Ganga Basin through eastern Ganga canal and
Madhya Ganga canal and the Sarda Basin through the Sarda canal system abeldbariaigul Canal
system. It exports water to Ganga River through Ramganga feeder at a rate of 5,000 cusés)142 m
In addition, there is also import and export of water from the Uttarakhand part of Ramganga Basin.

The estimates from the stream flowcerds available for Dabri station (in Uttar Pradesh) shows an
annual stream flow of 3,42CM only, which shows the combined effect of the large number of water
storage and diversion systems that are located upstream, and the surface water import indgithe B
for irrigation. The observed stream flows include the return flows from the irrigation schemes that serve
the areas on theight-handside of the river.
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Map 5: Water Resources Project Command Areas of RamgangBasin
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BelowTable7 lists the details of major water resources projects in Ramganga Basin. The details of Kal-
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SFUTSCHE ZUSAMMENARETT

N/ Implemented by
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agarh dam are already prdeid in the above sectis.

Table7: Diversion Storage in Ramganga River Basin

_=H_
INDIA-EU WATER
PARTNERSHIP
e —

S N Name and Location Diversion Discharge (s)/ Purpose Year of
[Storage storage (MCM) commis-
sioning
1 Afzalgarh weir barrage Diversion Irrigation with 200 Irrigation NA
cumec to Pheek:
Canal
2 Jamrani  Multipurpose Storage 144 MCM live stor- 30 MW hydro- Under con-
Dam near Kathgodam age power struction
0.15 Million Ha Ir-
rigation
Drinking  water
supply
3 Budaunlirrigation project Diversion 56 n?/s 0.032 million Ha Under con-
in Bareilly irrigation (Khariff) struction
4 Kosi Barrage at Ramn Diversion 48.8 MCM in Banl Irrigation 196669
gar on Kosi River Storage
5 Rampur Barrage on Kc diversion 178 MCM 400 cusec Kosi ci 201419
3 kmd/s Ldpur weir nal capacity in-
creased to 60C
cusec
6 Kosi Barrage at Almora Diversion NA Drinking  water 19722012
supply to Almora
City
7 Tumaria Reservoil Storage 151 MCM live Stor Irrigation cca 1970
Kashipur Dhela/Bhela/ age 48563 happa
Kosi 25000 ha
8 Gola Barrage at Kathg' Diversion NA Drinking Water to NA
dam, Nainital Haldwani and Irri-
gation for Bha-
bhar field
9 East Baigul Reservoir ¢ Storage 86 MCM (Original) Medium  Irriga- 1968
BaigulSukhi in US Naga 65 MCM (Present) tion Project UBC
¢ 13564 ha, Bara
3041 ha
10 Pilli Dam, Bijnor PillBa- Storage 55.30 MCM Medium Irriga- 1968
reilly/Dhara 41.21 MCM utilisa: tion Project CC/
ble 7357 ha, Poten-
tial 4044 ha
11 Baur Dam on Kichcha, L Storage  3056Mcuft Irrigation in 6680 1967
Nagar ha
12 Haripura Dam on Bhakre Storage  1000Mcuft Irrigation cca 1975
West Baigul, US Nagar 11000 ha
13 Nanak Sagar Dam ¢ Storage 116. 521 MCM Medium Irriga- 196062
Deohariver, US Nagar (Gross) tion Project
111.601 MCM (Uti- 37646 ha

lisable)
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14 Dhora on Dhora river, U Storage  44.95 MCM Irrigation in 196061
Nagar (Gross), 44.2( 14000 ha.
MCM Utilisable
15 Sarda Sagar on Sar Storage 406.092 MCM Irrigation in CC/ 1954
River in Pilibhit (Gross), 329.87( 16.22 lakh ha ir 55/1928
MCM Utilisable 49% area i.e. 8.0

lakh ha

2.4 Geology and\quifers

The geology of the Ramganga Basin consists of a variety of lithologies, such as the inner lesser Himalaya
with bedrocks belonging to the Damtha and Tejam groups and the Berinag formation (Valdiya K. S,
1983). The upper parts of the basin (Almora, Garlamal Nainital) are crystalline defined by a variety

of schists, micaceous quartzites, and gneisses. The lower parts below the foothills (Bijnor to Hardoi) are
filled by Holocene, Quaternary, and Precambrian age alluvium. The detailed geology of the Ramganga
subbasin has beestudied and wekxplained irfAsthana, et al., 2015). The subsurface lithology in the
Ramganga indicated clay with silt and sand on the surface and it is underlaid by sand with gravel and
boulders with varying proportions (Surinaiduak, 2016).

In the Ramganga BasMdp 6), there are a total of sixteen aquifer types, broadly categorized into two
groups: 1. the northern upper part within the Himalayan Mountain Belt (HMB) and 2. the southern
lower part of the bain (located in Uttar Pradesh), primarily comprising a large Gangetic alluvial aquifer.

In the northern upper part, the Ramganga Basin primarily extends into the Lesser Himalaya region,
enclosed by the Main Boundary Thrust (MBT) to the south and the MairalCThrust (MCT) to the

north, with elevations ranging from 1000 to 3000 meters above sea level. Groundwater availability in
hilly areas is limited to small, isolated aquifers with restricted groundwater pote®eiairél Ground

Water Board2022). Tl region is characterized by hard rock aquifers such as Gneiss, Granite, Quartz-
ite, and Schist, which have relatively low permeability. Recharge in these areas occurs primarily through
cracks or fissures in the rock. In the Ramganga Basin, most basdfiéicsaare complex, consisting of
weathered and unweathered portions, with the latter being confined by impermeable layers. The
southern part of the basin is characterized by the Bhabar and Tarai regions, which hold significant po-
tential for groundwater reharge.

In contrast, the southern lower part of the basin (in Uttar Pradesh) consists of younger alluvial deposits
(Clay / Silt / Sand / Calcareous concretions) and older alluvial formations (Silt / Sand / Gravel / Litho-
margic clay). This area is further dividetd two primary groups:

w !l dzA TFIStineIsHAINE alpliider, occurs in unconfined to seamfined conditions and is divided

into two sections (IA and IB). Aquifer Group IA encompasses the uppermost layer up to 50 meters below
ground level (mbgl) and é@mpletely unconfined. Below 50 mbgl, Aquifer Group IB prevails in-a semi
confined state (Tahal & INRM, 2020). This aquifer group extends from ground level to deptfs of 80
180 mbgl.

w ! lj dzA FISiNSedanstBddzbh Aquifer Groupy thick, distindte clay layers and exists in con-
fined conditions. The upper boundary of this confined aquifer ranges frorg 18@ mbgl, while the
lower boundary ranges from 180260 mbgl, with an average thickness ofc580 meters (Tahal &
INRM, 2020).
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Map 6: Major Aquifers in RamgandriverBasin
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The followingrablelTable8 shows the details about the different aquifer complex and their respective
codes.

Table8: Aquifer codes with official colours and aquifer comyRaenganga River Basin

Ag:(;f:r Aquifer names Aquifer Complex Remarks
BGO1 Banded Gneissic Complex
INO1 Basic Rocks (Doie, Anorthositeetc.)
Undifferentiated metasedimentaries/Undifferent
GNO1 ,
ated metamorphic
Acidic Rocks (Pegmatite, Granite, Syenite, Rhy{ Hard Rock com- .
GR02 i
etc.) plex
.~ Qzo1 Quartzite (Proterozoic to Cenozoic)
Qz02 Quartzite (Azoic to Proterozoic)
SCO02 Phyllite
SCO03 Slate
STO1 Sandstone/Conglomerate . p—
ST02 Sandstone with Shale SE LIS i
— complex
SHO1 Shale with limestone
Younger Alluvium (Clay / Silt / Sand / Calcared
ALO2 Pebble / Gravel/ Bazada/ Kandi Hard Rock complex
" - - and lower parts of
ALO3 Older Alluvium (Silt / Sand/ Gravel / Lithomarg Uttarakhand
clay)
SCO01 Schist gug.sfmetd small
Alluvium complex chist outcrop
Subsumed  small
SHO02 Shale with Sandstone Shale/Sandstone
outcrop
ALOL Younger Alluviur(Clay / Silt / Sand / Calcareou
concretions) .
Older Alluvium (Silt / Sand/ Gravel / Lithomarg
ALO3 clay)

2.5 Cropping Pattern

The Ramganga Basin, except hilly areas, witnesses intense agriculture activities with 3 gyspping
tems. The major crops ite basin include water intensive paddy, wheat and sugarcane.

The Ramganga River Basin in UK has witnessed a significantcsbjfping patterns from the 1970s

to the 2010s. Between 1974 and 2017, fruit and vegetable farming in Uttarakhand experienced sub-
stantial growth, with a staggering increase of 247%. Similarly, Rapeseed and Mustard cultivation also
became increasingly imparit in Uttarakhand, showing a remarkable growth rate of 357%. From the
1990s onwards, minor pulse crops also demonstrated a steep incline. However, desigihht crops

like barley and finger millet experienced a notable decline, with a decrea82.8% and34.7%, re-
spectively, in Uttarakhand's agricultural landscape. Surprisingly, the cultisaicesof paddy and

wheat decreased by6.7% and17.3%. A similar scenario can be observed in sugarcane cultivation in
hilly districts like Nainital. Thiata indicates that in Uttarakhand, Udham Singh Nagar and Nainital are
two of the hidnestgrossing cultivated areaSigure9).
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Average Crop Area Changes in UK part of Ramganga Basin
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Figure9: Changes in crop wise cultivated area in UK part of Ramganga Basin

In Up Part of Ramganga Basin, area under cultivation of rice, paddygardane continue to grow
(77,93 and 101% respectively) from 19@®17(Figurel0). As expected, the area under barley, chick
pea, groundnut and sorghum has deaed with same magnitude. Minor pulses witnessed a marginal
decrease in the are under cultivation. Interestingly the areas under the cultivation of sesamum, and
rapeseed and mustard have increased beyond the comprehension. This could be due to relegively lo
area under cultivation. The area under potatoes, fruits and vegetables also continue to grow.

Average Cropping Area Changes in UP part of Ramganga Basin

Sesamum (1977 - 2017) |

lapeseed and Mustard (1966 - 2017)

Pigeonpea

Chickp

Sugarcane ( 1966 - 20

Wheat
Rice ( 1966

-500.0 0.0 500.0 1000.0 1500.0 2000.0 3000.0

Figurel0: Changes in crop wise cultivated area in UP part of Ramganga River Basin

The analysis of changes in yield of major £fppm 1966 simply indicates the imporvement in the
production oer ha across all districts. While UK witnessess around 61% and 95% improvement in paddy
and wheat, UP records around 300% improvemgagarcane records an increased yield of 107% in
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UK and 1%% in UP. Rapeseed and mustards exhibits extraordinary improvement in yield with 871% in
UP and 224% in UK.

2.6 Ecoregions, Biodiversity and Protected Areas

The upper part of the Ramganga Basin is blessed with rich flora andféthaives due to availability
of adequate freshwater resources and forest ar@&mnganga Basancompasses a diverse range of
habitats, from higkaltitude mountains to lowyingplains, making it a hotspot for biodiversifddi-
tionally,3.9% of basin area (1190 sqg. km) being under different waterboalsbute to the region's
overall ecological diversity.

Ramganga Basin falls under 2 main biogeographical zone, the hillpagipdalls under the Himalayan
biogeographical zone and the lower plain area falls under the Upper GangeticTplaif®amganga
Basinhousesdiverse forest types, including tropical moist deciduous forests in the plains, subtropical
broadleaf forests imid-altitudes, and temperate forests in the Himalayan foothills. Alpine meadows,
riverine vegetation, bamboo groves, and shrublands further contribute to the basin's varied vegetation.

Protected Areas in Ramganga Basin

The Ramganga Basin is home to séwagaificant protected areas, showcasing the region's commit-
ment to preserving its diverse wildlife and ecosystems. In Uttaralwmdf the basinthe iconic
Corbett National Park, established in 1936, spans over 520.Bthaqd is renowned for itsger pop-

ulation and diverse flora and fauriehe National Park has 252 tigers within it with other prominent
mammal species found in the park inéhglAsian elephants, leopards, sloth bears, Indian pangolins,
jackals, and various species of deer sucl@bar, chital, and hog deer. The Sonanadi Wildlife Sanctu-
ary, notified in 1987, covers an area of 301.18 square kilometers and acts as dicdiglsity pro-

tected area in this regiodpart from thatBinsar Wildlife Sanctuary, Nandhaur Wildlife Seargt and
Pawalgarh Conservation Reserve, established between 1988 and 2012, collectively contribute to the
conservation of various wildlife species in the region. Uttarakpardof basin alstiosts botanical
gardens and zoological parks, such as theef@Bawent Gardens at the G.B. Pant National Institute of
HimalayarEcology andEnvironment in Almora, the G.B. Pant Botanical Garden at G.B.P.U. A&T Pant-
nagar, and the Pt. G.B. Pant High Altitude Zoo in Naiti&aPRilibhit Tiger Reservwdttar Pradeslue-

clared in 2014, is a sprawling expanse covering 730.25 square kilometers. This reserve is dedicated to
safeguarding thdroyalBengal tiger and other wildlife species that call this region home. Together,
these protected areas and conservation initiative@Ramganga Basin play a crucial role in preserv-

ing the natural heritage and biodiversity of this ecologically significant region.

Aquatic Species

The aquatic fauna of the Ramganga Basin in northern India is diverse and plays a crucial role in the
ecosystem of the region. The basin's aquatic ecosystems include rivers, streams, lakes, and wetlands,
each supporting a variety of aquatic species.

Phytoplanktorand zooplankton

According to GRBMP report (201Rhytoplanktonin Ramganga Basin mainly b&je to fourclasses
i.e.Bacillariophyceae (26 taxa), Chlorophyceae (9 taxa), Myxophyceae (11 taxa), and Xanthophyceae (1
taxa) They, collectively mal@2% of the total phytoplankton populatioim recent, GISGRENP E

Flows sampling mission (Dec 20&2)he Ramganga Basin, recorded followfing groups of phyto-
plankton- Cyanophyceae&;hlorophyceae, Desmidiace&acillariophyceagand Euglenophyceae

Although the zooplankton populations are relatively low in the Ramganga tReiempopulation
changes from season to season depending on water quality, algal composition, planktonic growth pat-
terns etc. (Srivastava et.al 2019). According to GBRMP, riRfidBle zooplanktons ithe Ramganga
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River includérotozogArcella, Centropyxis, Diffugia, Vohang Vorticelly Rotifera(Asplanchna, Bra-
chionus, Philodina, Pompholix, Polyarthra, and TrichpcamdCrustacegBosmina, Ceriodaphnia, Cy-
clops, Daphnia, Helobdella, and NaupliDsiring the joint field mission of CIFRI and GIZ in Ramganga
Basin (Dec2022) the low zooplankton populatiavas observedHowevey most of the zooplankton

was noticed near Bareilly site, which contributes 45.16% of total planktonic diversity.

Fishes

The upper Tranklimalayan region, and the middle stretch of the Ramgargja Bear Moradabad and
Bareilly, are the hotspots of the fish commun8pme of the key species as reported by \ANdids
E-Hows Assessment report of Ramganga (2018) includes Golden Mahseaut{fboa), stone roller
(Crossocheilulatius), boalla (Labedyocheiluk tor barb (tortor), sucker fish (Garraullyg, minnows
(Barilius gatensis), sucker head (Garra gotyla), Snaw (Bchizothorax richardsonii), trout barb (Ra-
iamas bola), dudhnea/khoksa (Barilius va@mailius barny balitora minnows (Psilorhynchoglitora),
reticulate loach (Botitbhachatg, mottled loach (Acanthocobiti®tia). The Golden Mahseer and Snow
Trout (Schizothoraxichardsonjiare categorised as vulnerable species byltieN

During the joint field mission of CIFRI and GIZ in Ramganga Baalno&9 orders, 15 families, 30
genera and 38 species of fishes were obse@gdrinid was the dominagroup (39.47%) followed by
Bagridae (10.52%), Danionid@e89% and mastacembelida@.89%.

Other Aquatic Species

The Ramganga Basin is aldoaBitat to a diverse range of aquatic species, including gharials, river
dolphins, and turtles. Gharial €ified as critically endangered on the [IUCN Red List and designated as

a Schedule | species under India's Wildlife (Protection) Act of 1972. As of 2007, There were 129 Mugger
crocodiles and 42 Gharials documented within the the Ramganga River QMVGF Turtle can be

seen mostly in the midlle stretches. According to GRBMP (2012), six types of Turtle can be noticed in
the Ramganga Basin including the Indian flapshell turtle (Lisgemgtatg, Indian softshell turtle
(Nilssoniagangeticu¥, brown roofel turtle (Pangshuramithii), Indian tent turtle (Pangshutantoria),

spotted pond turtle (Geoclemygmiltoni), and Indian roofed turtle (Pangshueata). Other than this
Dolphins can be noticed in the lower stretch and Otters can be noticed in tier Bigetches of the
Ramganga Basin.

Mammals and Avaian Species

The snow leopard, musk deer, Himalayan brown bear, Asiatic black bear, and pheasants like Western
Tragopan, Himalayan Monal and cheer pheasant are found in the Great Himalaya region and can be
seen in Ramganga Basin. Elephants and tigers abound in the Shivaliks and the terai regions. (Malik et.al,
2019) The Jim Corbett Park including Ramganga reservoir is home to over 600 species of birds, including
the crested serpent eagle, blossém@aded paakeet, and the critically endangered Bengal florican.

Flora

The Ramganga Basin showcases diverse flora across its landscapes, including tropical moist deciduous
forests in the lowlands with teak, sal, and semal trees. Atlaightions, subtropical broadleaf forests

feature oak and rhododendron species. Highetualéis reveal temperate forests, home to coniferous

pines and deodars, alongside broadleaf varieties like oak and maple. Alpine meadows and scrublands
thrive at even greater elevations. The river and its tributaries support riverine and wetland vegetation,
while bamboo groves dot the region. The basin may also house rare and endemic plant species. Addi-
tionally, the availability of medicinal plants adds to its ecological significance, emphasizing the im-
portance of conservation to preserve this rich floragdiity and its potential for traditional medicine
practices.
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2.7 Demography

The Ramganga River Basin is spread to 20 districts (7 in UK and 13 in UP) with less or more geographic
areas covered in Ramganga Basin. B&kive9d presents an overview of the population and geograph-
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ical areas of these distriatghich belong to Ramganga Basin:

Table9: Population and Area of Districts in RamgaBasin

_H_
INDIA-EU WATER
PARTNERSHIP
e —

Stat | District Total popu-| Total Area Un- | % of Area | Total pop-| Total ur- | Total Ru-
e lation area (sqg. | der Ram- | Coming in| ulation ban pop- | ral Popu-
km) ganga Ba{ Ramgangg live in ulation lation
sin Basin Ram- live in
(sq.km) ganga Ba-| Ram-
sin ganga Ba-
sin
UK | Almora 6,22,506 3,139 2,506 80| 4,97,071 49,707 | 4,47,364
Bageshwa
UK |r 2,59,898 2,246 9 0 1,000 35 965
UK | Chamoli 3,91,605 8,030 326 4 15,887 2,415 13,472
Cham-
UK | pawat 2,59,648 1,766 60 3 8,786 1,300 7,486
UK | Nainital 9,54,605 4,251 3,753 88| 8,42,813| 3,27,854| 5,14,959
UK | Garhwal 6,87,271 5,230 1,915 37| 2,551,691 41,277 2,10,413
Udham
Singh Na- 10,30,61
UK | gar 16,48,902 2,542 2,467 97 | 16,00,331| 5,69,718 3
UP | Amroha 18,40,221 2,249 270 12| 2,20,778| 1,40,635 80,142
27,86,96| 15,17,89
UP | Bareilly 44,48,359 4,120 3,987 97 | 43,04,852 1 1
17,03,53
UP | Bijnor 36,82,713 4,049 2,605 64 | 23,69,312| 6,65,777 5
UP | Budaun 36,81,896 4,234 851 20| 7,40,090| 3,87,363| 3,52,727
Farrukha-
UP | bad 18,85,204 2,181 147 7| 1,26,962 98,929 28,033
UP | Hardoi 40,92,845 5,989 1,680 28| 11,48,192| 1,51,561| 9,96,631
UP | Kannauj 16,56,616 2,093 38 2 30,355 25,210 5,145
UP | Kheri 40,21,243| 12,805 89 1 28,078 3,229 24,849
Morada- 18,68,46
UP | bad 47,72,006 3,741 2,186 58 | 27,87,920 4| 9,19,456
11,28,95
UP | Pilibhit 20,31,007 3,449 2,318 67 | 13,65,115 0| 2,36,165
22,61,07
UP | Rampur 23,35,819 2,367 2,291 97 | 22,61,076 0 6
UP | Sambhal 21,92,933 2,453 288 12| 2,57,644 0| 2,557,644
Shahja- 16,09,55
UP | hanpur 30,06,538 4,575 3,052 67 | 20,05,923 3| 3,96,370
4,44,71,83 81509.5 1100493
Total 5 1| 30839.69 42 | 20863876, 9858939 7

Source: Indian Census, 2011

As noticed from the abovEable9, a total of 53% of population livesruralareaswhile 47% ibased

in Urban areas (against the 22% urbanization rate af THeye are five districts with less than 5% of

their areas fallig in Ramganga Basin (Bageshwar and Kheri having only 0.38 and 0.7 %). Districts like
Almora, Nainital, Rampur, Moradabad, Bijnor, Shajahanpur, Bareilly, Pilibhit and Udham Singh Nagar
have more than 50% of their area in Ramganga Basin (both Bareilldlzantd Singh Nagar with 97%

of their area). The RamganBasin has a total of 134 urban agglomerates (towns) with most of the
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district headquarters in UP having population of more than 100,000 (AMRUT | fesypes) the Census
(2011), only 39% of householdghese 134 towns were connected with safe and treated water supply
while only a mere 12.4% households had sewer connectionsitiagonis confidently expected to
have improved with the launch and progresadferiesof missions i.e. AMRUTand [I,.SBM-Urban

and Rural, NMCQal Jivan Missi@nd other state level schemes.

Main economic activities in the Ramganga Basin are agriculture and industries (as discussed in other
sections)Interestingly, the basin has a total of 21,586,370 animals as per the District Agriculture Con-
tingency Plans prepared by respective district inistration. Because of this, many of the towns in
Basin also exhibit rural nature in some of the wards.

As true for any river in India, Ramganga River and its tributaries enjoy great religious atwdltsoaio
significane.

2.8 Solidwaste Management

With the advent of Swachh Bharat Missgddrban, a lot of focus has been given on scientific Municipal
Waste Management in Ramganga Ba&sper the updated information on SBMportal, the infor-

mation on municipal waste management is available for 100d¢@ut of total 134 towns in Ramganga
Basin. 90% of the cumulative 1858 wards see 100% door to door collection. Thus, the d¢otkdcted
municipal waste fromd0 towns in basin is estimated to i®75 tons per day. 76% of the collected
municipal wast€1516 tons per dayis processed in the basin in a chaid 6fConstruction and Dem-
oilition Waste recycling units, 99 Material Recovery Facilities, 98 waste to compost units and 5 waste
to energy units. These 100 towns have a total of 14 landfills and 68imursites. Further no
dumpsite/landfill has so far conducted any leachate studies to assess any potential groundwater con-
tamination through unscientific dumping. Further in cities like Haldwani, Rudrapur and Moradabad, the
waste processing sites are insgoproximity of riverbeds, thus potential risk to contaminate surface
and groundwater bodies.

Solid and hazard waste generated from major industries in the basin is managed as per the conditions
laid in respective Consent to Operate given by Pollutioir@®&@oard. Though the PCBs strictly monitor

the industrial waste management in registered industries, there exist a large number of household in-

dustries in basin (mainly city of Moradabad) whose waste disposal practices are totally unknown. In
addition, the dty of Moradabad also has a major challenge of legacy wastesaccurate details on

the same could not be traced back.

2.9 Municipal and Industridastewater

According to UPPCB, arou6@4 MLD treated industrial effluens emitted intothe Ramganga River
and its tributariefrom UP part of the basifNo detailed statistics are available for domestic sewage.
But with a population adfipprox 24 million in 2022, andneaverage per capita emittance of 121 Ilger
per day(Sengupta, 2022approx.2,904 MLD domestic wastewater within the whole Ramg&agin

is expected tdlirectly or indirectly emitted into Ramganga and its tributaries. This includes a total emis-
sion of 260 tonef BOR per day, with a average daily emittance of 15g per perédangupta, 2022)

As the 15¢g from Sengupta (2022)rovidedfor the rural population, the numbemight underestimate

the total BOR emission within Ramganga Bagiven that47% is urban populatiorAs per the 2011
Census, 81.4%f households have toilet facilities within their premises. This includes o0l836se-
holds having water closets; 8.&%households having pit latrines;7%of households having other
toilets (connected to open drains, night soil removed by hwyeto., which are unsafe). Out of the
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70.9%0f households12.7%of households have water closets connectethesewer system ance-
maining withwater closetsonnected toaseptic tankWith thelaunch ofSvachh Bharat MissieRural
(SBMR), remaining 18.6% of the households are expected tohzalaccess twilet facilities®.

As perthe Ministry of Housing and Urban AffaikdoHUA) 135litresper capita peday(Ipcd) has been

suggested as the benchmark for urban water suflpistry of JaShakti: 02 MAR 2020 5:4BM by

PIB Delhi). In rural areas, the government standard to sGpgitres per capita per dajoes not take

into accountthat a large number of rur&l 2 dza S KvnfliiesioSland need water for their drinking

and washing needs. Moreover, in the absendeoniseholdlevel piped water supply and metering, it

is difficult to monitor the quantity of water received by each letwaéd. Thisin turn, makes it challeng-

ing to estimate the per capita needs of rural househdevertheless, based agrbanRural Popula-

GA2Y LISNODSyYyGlFr3IS FyR a2l ! ! Q4 a&semitdvce MIRIOEMUD semdNB £ A Y A
age in Ramganga Basin.

Domestic human waste includes human excreta, urine and the associated sludge (collectively known as
black water), and wastewater generated through bathing and kitchen (collectively known as grey wa-
ter). In 1950, the average daily output of human waste éxcrement and urine) was estimated to be

3.2 million tonnes; in the year 2000, the estimated daily outpateased t08.5 million tonnes
(Sengupta, 2022Map 7 shows locations of major industries, drains and STPs in Ramganga Basin.

3 Sourcehttp://cpheeo.gov.in/upload/uploadfiles/files/engineering chapterl,mifened October 28 2022
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Ramganga River Basin - STP, Drains and Grossly Polluting Industries
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Map 7: Locations of Industries, STP and major Drains in RamBaregBasin
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Approximately 24 MLD treated industrial effluent from 121 waialfuting industriessdischarge into

Ramgangan UP StateThe industries are Sugar, Pulp & Paper, Distillery, Textile, Sthogkeeand
Electroplating. These industries have effluent treatment plantsdiswhargetheir treated effluent

through majordraing wherethe treated industrial effluent is mixed with the sewage.

Out of these 12industries 105 are in Moradabad and Rampur while 16 are situatéteiBareilly
area.4 out ofthe 105 industriesf Moradabad and Ramp(& distilleries,1 paperindustryand 1sulfuric
acid plany do not discharge wastewatano any surface wateil he est ofthe 101 industriesof Mo-
radabad and Rampur are discharging treated effluent in difzéhseach tothe Ramganga Rivesugar
and Paper Industries mostly recycle their entire treated effluestpply itfor irrigationuse

Out of 16industriesin the badn area of Bareilly, #istilleriesdo not discharge wastewaténto any
surface waterThe otherl4 industriesof Bareilly are discharging treated effluent in major and minor
drains Major dainsare summarized ifiablel0and
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Tablell while an overviewof waterpolluting industries located ithe Ramganga Rer Basirof UPis
given inFigurell.

Tablel0: Summanof major draindn UPcarryingmixed industrial and municipal wastewaters

Drain Type of Industrdischarging into drain Total Effluent
Discharge
(MLD)
Sugar Pulp & Paper Distill-  Textile Slaughtehouse others Total Total
Distillery ery

Moradabad
Karula 02 2 0.01
Katghar Railway 0 0 0 0 0 04 4 0.017
Station
Prabhat Nagar 0 0 0 0 0 10 10 0.022
Vivekanand Left 3 3 0.012
Vivekanand 4 4 0.024
Right
Chandausi Roau 6 6 0.034
drain Leftside
ChandausRoad 1 1 0.003
drain Righsside
Delhi Road drair 38 38 0.280
Leftside
Delhi Road Drair 2 2 0.010
Rightside
Rampur 01 - 01 2 04 1.012
Bareilly
Nakatiya Drain - 01 - - 02 - 3 1.6
Deveraniya - - 01 - - 02 3 0.75
Drain
Total 80 3.762

Source: Action Plan for RestoratifrPolluted Stretclof River Ramgandeom Moradabado Kannauj, UPPCB, Year 2209
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Tablell: Summary of minadrains/Direct discharge into rivear UP
District Type of Industry Total Effluent
Discharge
(MLD)
Sugar Pulp & Paper Distillery Textile Slaughter- others Total Total
Distillery house
Moradabad 4 1 1 1 1 18 26 3.725
Rampur 3 1 0 0 0 1 5 3.428
Bareilly 5 0 1 0 0 4 10 13.052
Total 12 2 2 1 1 23 41 20.205

Source: Action Plan for Restoration of Polluted Streftétiver Ramgandeom Moradabad To Kannauj, UPPCB, Year-2019
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River Dhela and Kosi are the main tributaries of River Ramgagigaing in the headwater area of
the Uttarakhand StateTheriver Bhela is tributary of river Kosi. All three tributaries of Ramganga
receive industrial wastewatefhe water quality ofthe rivers Dhela and Bhela indicates that they are
highly affected by industrial pollution as compdt® Kosi River.

River Dhela originas from the Ramnagarmnfest area and pass along the agriculture fields difie

Tarai region. Tumaria dam liilt on the river Dhela upstream of Kashipur ttoe diversion of river

water for irrigation purpos® resulting most of the time non-natural dischargeonditionsin the river.

River Dhela also receives wastewatentnearby industrial units which are predominantly pulp and
paper industrieslocated inthe Kashipur Industrial area of Udham Singh Nagar District. There are four
major drainghat contribute industrial \wstewater to river Dhela, namely Pachhana Nala, Dandi Nala,
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Choti Dhela and Lapakna Nala. River Dhela joins river Ramganga upstream of Moradabad in Uttar Pra-
desh.

As per the data received from the Kashipur Regional office of Uttarakhand Pollution Boatd!
there are 12 Grossly Polluting industries (GRIs$tly Pulp & Paper industriéscated along thé®hela
riverbankswhich discharge almost 28.6 MLD treagdfluent irto the river DhelaAll these industrial
units have functional ETPs amly treated wastewatelis dischargedvost of the timeduring the dry
season the wastewater form the flow in the riv&rist of Grossly Polluting industries (GPIs) situated in
the Dhelariver catchmenis summarized irmrablel2

Tablel2: Listof GPIs located in catchment of river Dhela, Kashipur, Uttarakhand

SN IndustryName Wastanater
Generation MLD
1 KatyayinPapeillsPvt.Ltd. 2.258
2 NainiPaperd.imited 4.920
3 NainiTissuestd. 5.020
4  ProlificPaperdPvt.Ltd. 1.005
5 Sidarth Papers Pvt. Ltd (UB)J{FormerlySidarth Papers Ltd) 3.750
6 Siddheshwari Paper UdyBygt.Ltd (Formerly Siddheshwari Pa- 2919
per Udyog Ltd.)
7 BahlPapemills Limited 3.458
8 Sidharth Papers Pvt. L{formerySidharth Papers Ltd.) 3.800
9 SahotaPaperd.imited 2235
10 Dewrishipapers Pvt. Ltd. (former nanhunnajiPapemill Pvt. 0.810
Ltd)
11  M\sFibremarPapers Pvt Limited 1.755
12  VishwanathPaper& Boards Ltd 1.753
Total 3368

Source: Uttarakhand Pollution Control Board

River Bhela iasmall springied Riverand receives spill over water from Tumaria dam, agricutture

off and industrial wastewaterdm industries situated in Ramanagar Road and B&ppuwar of Kashipur
indudrial area. Afteflowingthrough Kashipur Town, river Bhela finally joins the river Kosi near Khabriya
Bhur Mustakham villagdistrict Rampur, Uttar Pradedlakti NalaPathri Nala and IGL drains Hieee

major drains whicleontribute industrial wastewter into river Bhela.

There are mainly 6 Grossly Polluting Industries (GPIs) lac&ashipur industrial area Bhela region
Out ofthe 6 GPIs, two GPIs are maintaining Zddo liquid dischargjhilethe rest ofthe 4industries

are discharging abou2.57 MLDwastewater directly or indirectly into river Bhela. Apart fribiese 6
GPlIsthere are 40 othemwater-polluting industries located in the catchment and generating about
3.379 MLD wastewater. Individual industries hawstalledtheir own wastewater treatment system
(ETP) of appropriate capacity. Details of Grossly Polluting Industries (GPIs) are menfiabél 3
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Tablel3: List of GPIs locatedtime catchment of river Bhela, Kashipur

SN IndustryName Wastevater  Status ofTreat- Finaimodeof
Generation ment Plant disposal
MLD

1 BanwarPaper Mills Ltd. 0915 Operational NaktiNala
RamnagaRoad captiveETP

2 PMVMaltingsPvt.Ltd, Nand 0315 Operatioral Drainleadingto
Nagar Industrial Estate, captiveETP BhelaRiver
Mahuakheragan

3 KashVishwanath Textile Mill 0500 CaptiveZLDwith ZLDthroughRGand
Pvt. Ltd., Ramnag&oad ROandMEE MEE.

4  Multiwal Duplex Pvt LtdVill 0800 Operational PathriNala
Gangapur Gosain, captiveETP
KundeshwarRoad

5 IndiaGlycolLtd., (MEG Plant) 0540 Operatinal Drain leadingo
Bazpur Roadashipur captiveETP BhelaRiver

6 IndiaGlycolLtd., (Ethanol 1920 CaptiveZLD ZLCthroughMEE
Plant), Bazpur Road with ROand

MEE

A Total Wastewater Generation 2570
from GPls

B Others 40 water pollutinig- 3.379  Operatimal -
dustries captive

ETP

Source: Uttarakhand Pollution Control Board

The Kosi originates in the middle Himaldpahe Kumaon region of Uttarakhand. Kosi river is one of
the few major Himalayan rivers that does not have a glacial source. River Kosi receives aplyroximate
3.879 MLDof treated industrial wastewater from two Pulp & Paper industries located in the stretch
between Sultanpur to Patkialan(Cheema Paper Ltd. And Multiwal PulpaperMills P Ltd)

2.9.3 Sewage & Urban Pollution Hotspots in Ramganga Basin of Uttar Pradesh (UP)

7 major citiesnamely Moradabad, Rampur, Bareilly, Shahjahanpur, Farrukhabad, datdannauj
are located in theRamganga Basin unddP. Out of these 7 citiethe 3 cities Moradabad, Rampur
andBareillyhavetreatedanduntreatedsewage/effluent flows into river Ramgangahkaremaining 4
cities (Shahjahanpur, Farrukhabad, Hardoi, kaijn noinformationis availableon drains and their
nature.

As per the study conducted by UPPCB and Jal Nigam, Uttar Pthdéstal sewage discharged into

the Ramganga river through 28 major drains is approximately 421.31 MLD. In the pollutddddtretc
river Ramganga, total sewage and industrial efflgésthargeare approximately 445 MLD. The total
domestic and industrial discharge flows into river Ramganga through 28 drains as well as through some
minor drains directly discharging into the rivieout of 28 drains carrsn aggregatedow of 8.86 MLD

to river Gagajwhich flows intahe Ramgangdownstream of city odoradabad.

Theamountof industrial effluent is based on tlsemmedup discharge quantity from thandustrial
units. But actual industrial effluent may thégherthanestimated, because aidditionaldischarge from
unregisteredndustries

Ramganga RBM Plan Page | 44



NANAMI i
germ/ Implemented by YA MSPE - -

giZ ks, LY /213 LV INDIA-EU WATER

PARTNERSHIP
[ -

cooperation
DEUTSCHE ZUSAMMENARBETT

Co-funded by the
European Union

2.9.4 Sewage & Urban Pollution Hotspots in Ramganga Bddttacdkhand State (K)

The river Dhela receives wastewater discharge iamajor drains namely Laxmipuminor, Kailash
Mandap, Gabiya Nala, Ice Factory Nala, Beljudi Nala and Glalaad from Kashipur townk-urther,

two municipal drains namehdaspur Khurd Nala and Hempur Ismail Nisdahargesewage into river
Bhela.
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3 MonitoringNetwork and Programmes

3.1 Surface Water Quality Monitoring

3.1.1 Monitoring Networks and Programmes

There area total of 76 Water Quality Monitoring Stations across the Ramdgasga among which 25

are inlocated inUttar Pradesh and 51 are in Uttarakhand. The Uttarakhand Pollution Control Board
(UPPCB) has the highest with 39 monitoring stations, followe®®R @ith 23, and CWC withriat

of stations The data shows that among the 25 Water Quality Monitoring Stations in Uttar Pradesh,
CWC and CPCB have 13 and 12 stations, respedtiadyition to thatthere are 25dentifiedpriority

drains of the Ramganga Riveonitored by CPCB in Ramganga B&&ap.8 shows the list of surface
water guality monitoring stations in Ramganga Basin.
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3.1.2 Surface Water Quéai Assessment and Situation

In the context of the aforementioned 76 monitoring stations, a total of 80,897 water quality assessment
data points spanningdm 1973 to 2022vere accessed through NWNbotably, a significant portion of

this data, specifically 32,143 entries, was collected between 2012 and 2022. This indicates substantial
effortsdedicated to enhancing the monitoring stations during the past decade.

While the Water Quality Assessment encompassed a considerable number of parameters, it is note-
worthy that the majority of these parameters primarily pertain to the physical and cHgroparties

(pH, Temp, DS, Turbidity, DO, BOD, @0 water. Information regarding biological parameters is
currently limited and warrants further improvement.

Total dischargérom all 25 drain@mounts to 497.37MLD with a BOD load of 32PB.Ramanga
River upstream at Kalagarh has a BOD level of 1.9mg/L which changes before the confluence with River
Ganga in Kannauj to 5mg/L with a maximum detectable Faecal Coliform level of 15,006/100 ml.

It is noted through various studies and observatitias the Ramganga river stretches downstream of
Moradabad to Bareilly contains more organic and sulphate content as compared to the river stretch
stretches upstrearf.Table14Error! Reference sece not found.presents the surface water quality

datafrom a quality monitoring study of Ramganga River and its tribu(#tes,Gani, & Chakrapani,

2015) The study concludes that Nitrates, B&ml COD concentrations in Ramganga and its tributaries

FNBE Ay GKS alryYyS NIy3aS YIF{Ay3 620K dzyFAG dzy RSNJ /
The most polluted river stretches are between Moradabad and Farrukhabad, especially in terms of or-
ganic load.

Tablel4: Average water quality parameters of Ramganga River and its tributaries.

Parameters Tributaries Ramganga River
pH 7.740.2 7.3:0.45
EC (uS/cm) 437+218 347+163.4
TDS (mg/L) 14.7+4.7 22.2+10.5
Turbidity (NTU) 25.4+3.4 43+3.6
COD 27+12.5 29.4:11.3
BOD5 13.7+6.4 15+6.7
NGy (mg/L) 4.7+0.4 4.7+0.5
Phosphorus (mg/L) 0.29+0.04 0.33t0.2
HCQ!(mg/L) 129.6%30.5 116.8:19.5
CL(mg/L) 16.6+2.1 8.6+0.9
F(mg/L) 0.22+0.1 0.130.1
SQ? (mg/L) 25.1+2.2 14.3+5.6
Mg?* (mg/L) 11.5+5.6 12.147.2
ca*(mg/L) 38.4+21.2 47 .4+:26.2

4CPCB, Annual Report 262021
5 CPCB, Water Quality Data of Rivers under National Water Quality Monitoring Programme (NWMP), 2020

6Khan et al, A case study of Ramganga River, Ganga Basin, India, 2015

Ramganga RBM Plan

Page | 48



NAMAMI
:\ﬁ/ o TRAMESE =,

gizi==l.  RJMATENIL " PARTNERSHIP
Bimgesn Uson, [P = e
Na' (mg/L) 18.5+11.5 23.2+14.1
K*(mg/L) 5.6+3.3 5.743.2

3.2 Surface Water Quantity Monitoring

3.2.1 Monitoring Networks and Programmes

Hydrological data of surfageater is collected through 36 water level gauges maintained by CWC and
state Water Resource / Irrigation Department. Since most of the gauges were installed ristegrfly,
relevantdatasets for the Ramganaver are only available at 4 gauges.

Ramganga and its tributaries are monitored with a dense network of gauging stations, which enables
the monitoring of changes in hydrological regime, both artificiahamaral changes.
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3.2.2 Surface Water Quantitkssessment and Situation
The details on surface water quantity assessraegivell described in Chapter 2.2

3.3 Challenges in Surface WaQuality Monitoring

Being a classified river, the discharge data of Ramganga Basin is strictly confidential and not accessible
through open publiddlomain. There are three agencies (CWC and UP/UK state Water Resources and
Irrigation departments) who records the surface water quantity related déere seems a lack of
coordination among all three authorities which results in a not seplaihed néwork of monitoring

stations. As it has been noticed there are certain stretches where multiple stations are available while
some stretches of Ramganga and or its tributaries do not have any monitoring stations. There is ample
scope to strengthen the coarthtion and accordingly the network of monitoring stations.

Regarding Surface water quality, a huge number of monitoring stations are set up recently and hence
time series information of how water quality has changed over the time is not availabler,Fuostia¢

lations of real time monitoring systems will further enrich the timely access to the water quality data.
There is also a need to increase the parameters to be monitored in order to have an adequate under-
standing of the water quality status. Thiscabecomes important in view of the emerging contami-
nants.Finallythe coordinates of these stations should also be recorded and maintained fep g
analysis.

3.4 Ground Water Quality Monitoring

3.4.1 Monitoring Networks and Programmes

The ground water quality monitoring is meticulously carried out by the block level monitoring stations/
observation wells of CGWB and UP State Groundwater departilesitgroundwater monitoring is
limited to shallev aquifer. In high altitude gradient Id@@ns in Uttarakhand, the groundwater quality

is proxied by the sampling and analysis of rainwater/springs.

There ae a total of 107 groundwater quality monitoring points in Ramganga Basinof which 56

points (11 of CPCB and 41 of CGWB) are intthekhand part whildJPhas a total ob1 stations (1

by CPCB and remaining 50 by CEWHz: collected samples are analyzed in the labs of CPCB and CGWB
respectively. The major parameters analyzed in groundwater are Electrical Conductivity (EC), Nitrate,
pH and presence of selected heavy metals irsptected sites. Data series for a total of 42 parameters
from 2002022 was accessed through NWIC.

3.4.2 GroundWater Quality Assessment and Situation

Thereexist390 observations for last 20 years from 52 statioh€GWB for entire Ramganga Basin.
Further, in case of nitrate, only 326 observations are available for last 20 years from 48 stations of
CGWBA quick analysis of these observations restat both EC and Nitrate remain well below the
permissible starards as set by the authorities (2250 mS/cm for EC and 45 mg/L for ratrateyt of

the stations. The details are presented in chapter on risk assessment.

3.5 Ground Water Quantity Monitoring

3.5.1 Monitoring Networks and Programmes
There are sufficient ground tea level monitoring stations within the Ramganga Riasin. These
stations are operated by tHeGWBGroundwater levels are surveyed within 947 ground water obser-
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vation stationg; maintained by CGWB and UP State Groundwater DepartMaptlO marks the lo-

cation of63 stations providing data with time series longer than 15 yemstharR0 stations provide

a time series of 25 years. There are only 17 stations where there is an observation available throughout
the length of the time series. On average there are 03 observations available per year.
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3.5.2 GroundWater QuantityAssessment and Situation

The depth to ground water table ranges fromtL¥0 m. There are 07 stations (i.e., Dhela, Dhoniya,
Belaparo, Kaladungi, Kathgodam, Lambachaur, Khag} Bahin the available time series that show
extreme values of depth to ground water table (Ségurel?). It can be assumed that these stations

face over abstraatin of groundwater resources and hence as a result the groundwater is depleting at
these specific locations. A detailed Assessment of the groundwater status in the Ramganga Basin is
available from CGWB from 202@gp 11) indicating that most of Ramganga Basin classified as safe
followed by semcritical. Only 3 blocks are classified as critical. The groundwater development state is
not assessed in the upper parttbé Basin (Himalayan region).

Data from the 2020 resource estimation reveals that in the Ramganga River Basin, there are 39 assess-
ment blocks in Uttarakhand and 90 in Uttar Pradesh. Due to its hilly terrain, the majority of Uttarak-
hand's blocks (30 out of 39) are not assessed. Amengthaining blocks, 7 fall into the safe category,

while 2 are classified as seaonitical. These two sergritical blocks are situated in the southeastern

part of Nainital and Westn Udham Singh Nagar District.

In contrast, the assessment in Uttar Prddessmore extensive, as groundwater estimation is relatively
easier in the vast alluvial plain. The data indicates that 53 out of 90 blocks (59%) are considered safe,
with 26 blocks (28%) falling into the searitical category, 6 blocks (7%) in the aiticategory, and 5

blocks (6%¢ategorized as ovexxploited. @ospatial analysis reveals thatl critical and oveex-

ploited blocks are located in the western and northwestern regions of Uttar Pradesh. Districts such as
Moradabad, western Rampur, Buda@ambhal, and Bijnordicateexcessive groundwater extramti

and a limited scopfor aquifer recharge.
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Groundwater Overview - 1996 - 2021
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3.6 Challenges in GrourWaer Monitoring

With the launch of NAQUIM, the groundwater monitoring is expected to be strengthened across the
Ramganga Basifihe majo challenges faced is n@vailability of groundwater stage of development
information in the hilly areas in Uttarakhand. The same is also true for groundwater quality but which
is proxied by the sampling and analysis of rainwater and spring waters. Wi I&&(S actively been
working on updating its Water Resource Estimation Methodology by incorporating the latest
knowledge. Deep aquifers are not monitored for their water quality which are major source of domestic
water supply in the Ramganga Basin.
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4 Key Water Managementissues(KWMIs)in the Ramganga Basin:
Drivers, Pressures, Vision and Management Objectives

4.1 OveralRamganga Basin Vision

A critical step in the RBM Planning process gtaim and management objectivés be achieved
during the implementation o€yclicRBM Plan. Sudgreed aims guide all involved stakeholders to-
wards clearly defined goals.

Overall Ramganga River Ba&ims are théasisof all assessmentiuringthe RBMPlamingas well as
the actiong PoM These aims&elpin aligning the actionandthe Rogrammeof Measures (PoMjp-
wardsagreed direction fosustainable water resources management in the RamgangaBRsiat-or
the Ramganga Basin, this willable thepreservation of ecosystems avell as act as a guide towards
safe, equitable and gender sensitive access to water resources.

In line with the feedback from stakeholdémsm the Ramganga Basin during a serignadtings the
two aimsas agreedan be summarized as follows

1 Maintaingoodsurface and ground water quality level by reducing pollution from point and
non- point sources

1 Maintaingoodsurface and ground water quantity by employing efficient water usage tech-
niques

Theoverall Ramganga Basin Visi@rotect and enhance the stz of all waters and protected are
including waterdependent ecosystems, prevent their deterioration and ensurégiongsustaina-
ble use of water resources.

4.2 |dentified KWMiand process of identification

Addressing the challenges faceithin a riverbasin requiresdentification ofthe KeyWater Manage-

ment Issues (KWMIJhe cause of these KWMIs are human usage and lotiman inducedlirect or

indirect impacts on water resources (surface and groundwdtee) KWMI can be considered as human

caused negative impacts on water quality and/ or quantity, wéachbe tackled by managing water
resources, policy change and behavior chafiese KWMI are identified y W@A Gl FSé | yR
YI yeQ LadifigddgetieSwittauthorities and stakeholdedsiringseveral consultation meet-

ings These identified KWNMire taken up inthe first cycle of Ramganga RBM Plaathorities from

national level, fronthe basin states of Uttar Pradesh and Uttarakhand, experts/academia from institu-

tions workingin the Ramganga Basiand representativesrom the districtsof the Ramganga Basin
participated in these consultations

List of consultationseetingsfor the identification andonfirmation of KWMI

w 2"vMay 2022¢ NMCG, GIZ and International experts (NMEiGe hall)

w 9" May 2022¢ NMCG, GIZ, International experts, CWC, CGWB, SMCG UP, UP PCB, UP Forest, UP
Ground Water Department, WWikdia, UP Agriculture Dept, DGC Shahjahanpur (Lucidtglrid
mode)
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® 11" May 2022¢ NMCG, GIZ, International experts, SPMG UK, UK lIrrigation Dept, CGWB Dehradun,
CWC, UK Agriculture, UKPCB, UKJVN, UK Urban Development, UK Forest Department, UK Jal Nigam,
UK Jal Sansthan, EO Nainital, DGC Pauri Garwal, DGC Rudrapur, WIl, Doon University (Dehradun,
Hybrid mode)

Tablel5 liststhe finally agreedive KWMIsfor Ramganga River Baginbe taken up in the first RBM
Cycle. Other cadditional pressuresiightemerge as relevant during the development offiret RBM
Cycleand will be identified as a KWHI the next Cycle of Planning

Tablel5: Key Water Management Isswssagreed for the first cycle of Ramganga RBMP

KWMI 1 Water quality deterioration due to point sources

KWMI 2 Water quality deterioration due to ngmoint sources including agricultural activities
KWMI 3 Alteration ingroundwater regime impacting on ssoirface flow

KWMI 4 Alteration inriver hydrology andvater quantity

KWMI 5 Floodrisk due toencroachment incldingsandmining

For aldressingheseKWMlas part of the Ramganga RBM Ptlaa Vision and Management Objectives
have beerjointly agreedwith the national, state and district level stakeholderseach of themThey
enable a targeted data collection and meaningful Pressure/Impact Arzadgsigsk Assessmenthe
management objectives follow tHRamgangd&BM Cycle timelintor their achievement and are of
gualitative and/or of quantitative and measurable nature.

4.3 \isions and management objectives

Vision statemenrd are described first faach KWMithesebuild upon the main concerns pertaining to
each KWMI and accordinglgfine the desired state to bachievedby implemented target POM he
visions for each of the 5 KWMIs for Ramganga RBM Plan have been deartbpgteed along with
the involved basirstakeholderandfinally agreed wittiRamganga RBM Committdde Management
Objectives are then identifiedsa direction foimplementable specificand targeted stepsrigurel3
shows an examplef avision regarding pollution issues amdated criticalmanagement objectives.

Point source
e.g. Industrial, Household

Non-point source
e.g. Agricultural activity

Problem Objectives

Good water Reduce Minimize Groundwater

Pollution Quality Pollution pollution

Figurel3: Example of Vision and Management objectives fautpmilissues (Source: Ebel Christian)

In other words, e management objectives attee actionable step$o achieve thevision defined for
each KWMISuchmajor stepsinclude proper data collection and then using this data to perform the
necessary pressure and impaoglysisThepressure andmpact analyses further lead dievelopment
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of Program of Measures (Pold) reducethe pressures (and subsequently the impaots)ater re-
sources. These PoM, when implemented, contributadioieve the management objectivasd ac-
cordinglyvisionset to addresgachof the identifiedKkWMI In brief, the overall approach follows DPSIR
approach which iurther explained in subsegnt sections.

The following chapterdescribeeachof the selectedcKWMb and summarizenow the anthropogenic
activities can play a substantial role in triggering th@aév|

4.4 KWMI 1Water quality deterioration due tpollutionfrom point source

4.4.1 Problem description

Point source pollution can be attributed to the emissions thatcaresedby untreated or partially
treated wastewater sources (efgom sewage andndustrialeffluent). These point pollution sources
are commonly connected to nearbyttbements and industries. In the Ramganga River Basin, existing
wastewater treatment capacity is insufficient to handle the present situagpecially in the urban
areas which are mainly contributing organic and nutrient pollufdso, in areas not comected with
sewerage networkgjomestic wastewater (effluent from onsite sanitation system gney water) is
discharged into drains which finally findvitayin surface water bodies.

Around 24 million people are living in the Ramganga River Basapplatedbased on Census 2011
data and averaged decadal growth pat€his means that there are 24 million people causing organic
pollutiondaily, whichisdirectly dischargeginto minoror major drains and sewer systefrom where,

this organic and rtrient pollutionis finally transportedhto rivers This bulk of generated organic pol-
lution has a negative impact on the oxygen balasicevater bodies whichadverselyimpacts the
aquatic life. There is a need to properly monitor the water qualityatafic likeCOD (chemical oxygen
demand), BOEbiological oxygen demand) and TOC (total organic caidbatgntify the decay in ox-
ygen levels. It is also crucial to prevent ¢rophication of watewhich is caused due mwverabun-
dance of nutrientgi.e. nitrogen and phosphorojis

In the Ramganga River Basin, there are several different types of indbeieéscharge from these
industriesis one of the contributors to poirdourcepollution. Industrial wastewater needs treatment
beforedischarging it to either surface water or in the public sewer sydenif it remains untreated

or even partially treatedhis wastewatedischarge hasevere impact on water quality. It is critically
important that there should be only controlled inthisl wastewater dischargestherwise it vould
cause problemsegarding thecapacity and thuperformance of existing Sewage Treatment Plants
(STPs).

Expectedly, the most affected river reaches in the Ramganga Basin can b#oiwonstteam of Mora-
dabadand Bareilly.

To summarizan the Ramganga River Basin there is a need to achieve adequaige and industrial
wastewater treatmenfacilities.

4.4.2 Key driverand related pressurdsr pollution frompoint-sources

Population growths the leading pressure factor behind urbanizatiod industrializatiom the Ram-
ganga River Bastausing aising number of point pollution sources, especiallgiiesand around
industrial areasSTP capacityasnot developed with the same growtate as population, which results
in discharge of partially or fully untreated municipal and industrial wastewdterapid urbanization
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in the Basin also causasthe more quantity of sewage being generatazhabled by access togped
freshwater.The other impactis the scattered ruralbowns within the basinwhich, in absence of any
conventional sewerage treatmenhainly discharge their dwestic wastewatersto nearby ponds or
drains.Moreover, rising demand of fresh water supply from rural settleis(enabled by Jal Jeevan
Mission)will also play its role in worsening the existing wastewater problemadustrial town of
Kashipur, an#loradabadwithin the Ramganga Basthere are abundance of household |leweteg-
isteredindustrieswhich also tpose of their wastes either into sewer network or in open stormwater
channels. Such mixing of industrial waste with domestic wastewater negatively impacts the perfor-
mance of STPs.

4.4.3 Vision and management objectives
During stakeholder meetings list of visions aselaborated by the participants. Based onittinput,
the vision for the KWMl is given in the box below.

The vision fothe KWMI 1Water quality deterioration due to point sougalutionis the holistt
planning toward&loseto-zercischarge of untreatedastewater (sewage and industrial efflue
water in the Ramganga Basin which enhances pristine water quality from tributaries and sur

ings

The keysteps toward visioattainmentare the implementation of thdollowingagreedmanagement
objectives:

1 In-depth knowledge of surface water quality and mapping of all hotspots throughies
mentation of awater quality monitoring systeim establishedor identificationof hotspots
drainagesor discharges and control of the effectiveness of measures.

1 Pinpoint sources of pollution from industries and settlements in the Ramganga Ba
identified through hotspot mapping, andeedfor action, pre-emptive measures and tar
geted invesientsis highlighted.

9 Sufficient STP/wastewater treatment capacity in the Ramganga Basin is achieved by
sufficient capacity, based on the results of hotspot mapping.

9 Direct mixing of untreated discharge from industries is prohibited by enfortevhpenal-
ties and fines as per the existing rules and legislations.

1 Presence aidequate infrastructure for wastewater management fonatieateddischarge
hotspots in the Ramganga Riveensured through proper consultation while taking all
important stakeholders on board in case of any approslght

1 Municipal wastewater from rural communitiseffectively managed through the develq
ment and implementation of decentralized cesticient naturebased solutions. So, it do
not contaminate surface or ground water resources

Ramganga RBM Plan Page | 61



P o (RNAAM — = _
german i b INDIA-EU WATER

E
cooperation glz ynﬂ‘e;!\ PARTNERSHIP
savs S -l

Co-funded by the
European Union

4.5 KWMI 2: Water quality deterioration due to rpaint sources including agricultural ac-
tivities

4.5.1 Problem description

Intense gricultural activities are pertinent the context of the Ramganga River Basit these activ-

ities can also lead tdeterioraion of water quality. For example, if pesticides andirients(e.qg. ferti-

lizers)are extensivelysed it will lead to pollutedsurface and groundwater resourdeshe long term

Pesticides and nutrients iha water arealso harmful for humaoonsumption. The use of pesticides in

the agricultural activities also results in hormonal imbalance including reproduatblemsas well as
the disrupton ofaquatic ecosysterfUNEP, 2016)

Lookingat the overallfertilizer emissiondndiawith 0.29kg/hahas a comparativelpw use compared

to the USwith 2.37kg/ha andthe EUwith 1.65 kg/lha (FAO, 2019) etin the Indianmarketmanyhaz-

ardous pesticide@.g.Thiamethoxam, Zirayetc.) are still available for sale (MoA&FW, 20P&pi RBM

Plan, 202 Pesticides, herbicides, fungicides and other hazardous substances used in agriculture may
alsohave a high impa¢hroughlong termbioaccumulation and bioconcentratienen if used in small
amounts.

In addition, the indiscrimate disposal of municipal wastes includingastes pose additional riskf
contamination ofsoil andsubsequentpercolation of (leaching) of such hazardousmeints into
groundwater andto nearby surface water bodies through surface runRédinganga Basin also faces

a severe challenge of legacy waste which is still to be inventorised scientifically. Further, dumping of
waste in unscientific landfills has ageupotential to contaminate groundwater (shallow aquifer)
through the leaching of toxic substasce

4.5.2 Key driverand related pressurdsr pollution from norRpoint sources

Agricultural production isssentiaffor food securityln recent years, with the g of new and fast
growing technologied y R &gkicOltire has experienced a huge surgproductivity (Patil Anna K,
2011) As agricultural productivity growsthout curbing the use of pesticides and fertilizéng pres-
sure due to norpoint source pllution will rise Additionally the alluvial soils and high availability of
groundwateiin middle and loweRamganga River Baaieideal for agricultural activitiesd intensive
agriculturewith 2-3 cropssownper yearis commonin this region As seen in Chapter 28.7% of the
land is cultivated in the basin. The major crops grown include water intesugjagecane, paddy and
wheat. As most of thbasinstill observedraditional methods of irrigations (flood irrigation in case of
paddy), theapplication ofertilizersremainson higher side.

On the other handrapid urbanization coupled with the change in lifestyfgpeople in residinghe
amount of municipal solid waste generatsa@gxponentiallgrowing. Tbugh, theefforts towardsbet-

ter solid waste managememiaveseen significant improvement in India in recent years, many of the
towns (and especially rural areas) are still struggling to catch up with the grmeidg. This isalso

true for Ramganga BasiRurther, unsciatific landfillsites increase the risk of groundwater contami-
nation as the leachates percolate down thBuvial soils of the basiTheindiscriminatedisposal of
municipal wastegto drains, water bodies, canals and rivers not only contaminate theceunfater-
bodies but also disrupts tHtow andpose gpublic healttrisk
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4.5.3 Vision and management objectives
During stakeholder meetings, a list of visions é&aseloped and discussethe followingvisiors for
the KWMI could be identified

Good water quality with nor reducedemissiornof chemicals fertilizersfertilizers/ pesticides
Increase in ature-based organicfarming techniques

Reduction/elimination of uncontrolled dump siflid waste

Better adptation offarming practiceso climate conditions

Solid vaste managemerdandelimination ofgarbage dumping in river flood plains;

€ e egegeg

The vision for KWMI Water quality deterioration due to nguoint sources including agricultur
activitiesis the closeto-zerodischarge of pesticides/fertilizers/toxic substances in surface ri
from agricultural fields and other areastioé Ramganga Basin.

The key steps toward vision attainmeme the implementation of the followinghanagemenbbjec-
tives:

1 The available natnal and state policies on regulatiortte use of pesticides, fertilizers af
other toxic substancesrestrictly implemented andupplementarynew policies (as heede
aredeveloped and implemented

1 The farmers within the Ramganga Basircarginuously informed and sensitized by arra|
ing awareness campaigns on the harmful use of pesticides/fertilizers/toxic subgtam
agricultural activities and their possible interaction with surface water

1 Itisensural that only permittednitrogen effluent discharges shall reach all water bodig
defined in the Indian standards

1 Solid waste disposal sites in the Ramganga Basin are identified through hotspot may
understand the need for action, measures and targetgdstments

1 Development of solid waste dumping facilities and landfill sites within flood zones is
prohibited by devising proper penalties and policies as per local rules and legislati
Solid Waste Management Rules, 2016

1 The citizens in thRamgangadsinare welkinformed and sensitized on the appropriate ¢
posal of municipal solid waste throutie implementation of public awareness campaig

1 Sufficient solid waste management capacities are created and implemented, where
to criticd situations pollution hotspots are tackled at the priority

I Use of new technologies in solid waste management is explored including garbage i
tion plants after discussing the feasibility as well as technical, operational, and maint
aspects offtese plants with joint consultation of all the relevant stakeholders.

1 Adequate information/data is developed on the leaching from historical solid waste du
sites located in flood zones.

4.6 KWAMI 3: Alteration in Groundwater regime impacting onsufece flow

4.6.1 Problem description
In view of deteriorating quality cfurface water sourcegroundwater resources are considereat
portant to meet the demand for domestic / drinking watarrposein developing countries like India
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Thus, sstainable groundwater managemenbissignificancdor both drinking water purposes as well
ascatering the needs farrigated agriculture in the Ramganga River Basin. Unregudapgtiesand
overexploitationof groundwateresources causgroundwater imbalancg which calls for thenoni-
toringof groundwater abstraction as well as monitoring water tatlegoundwateto informefficient
management of groundwater resources.

4.6.2 Key driveraind related pressures

Ramganga Basin especially upper part observes very high groundwdéaee water interactiordue

to thisgroundwaterquality and quantitglirectlyaffectsthe availability of water resourcestire entire
basin. The risk othe leaching of contaminants from unscientific landfiithin the basinis of concern
as the resulting groundwater contamination nsayerelaffect theprotected source of drinking water.
Thisalsobecomes criticasincealmost all rural areas and snealtowns in Ramganga Basin rely on
groundwater to meet theidrinking/potable water demand.

Relatedpressureghat have animpacton groundwaterare listedbelow:

w Unregulatedand indiscriminatgroundwater abstractioffior agricultural activitiegcluding irriga-
tion is the major pressure on groundwater resourcafmkihgwater supply and abstraction for
industrialproductionfollow but to a minor extend compared to agricultural use.

w Groundwater abstraction through unregulated use of solar pumps might alsogrddndwater
depletion issusince the limiting factor cost for pumpindigassed

w Use of chemicals that infiltrate into the groundwater lead teduction ofgroundvater quality.

w Rehabilitation of groundwater bodieausedigh costs and is a lengthy and difficult process due
to the slowrenewingrate of groundwater.

w Potential of leaching of toxic substances from unscientific waste dumping sites into groundwater

4.6.3 Vision and ranagement objectives

During stakeholder meeting$e followingvision wagormulated

The vision is tkeep upa sustainakd and goodgroundwaterquality andquantity for variouspur-
posesby considering the impacts of climate variabilltyis in line with the vision to restore the i
readydeteriorated groundwater regime to good quality levels.

The key steps toward vision attainmeme the implementation of the followinghanagementbbjec-
tives:

I The groundwater sources for drinking water suhy set to bedree from contamination
and fully protected. This regularlymonitored byimproved groundwater level and quali
monitoring system

1 Groundwater extractiois documentedy registering all the extractions from thasin

I Regulations in terms @oundwater pollution through seepage/leaching of pollutants fi
solid waste dumping/ management facilities, landfill sites and induatgés place and giv
regulatory authaities the mandate to enforce the regulations.
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9 CQutreach activities for groundwater user communities to encourage groundwater rech
managed aquifer recharge (MAR) and conjunctive use of surface water and grouraalev
effectively implemented

I Adequateinformation on groundwater for longrm forecasting (for allocation purposés
generated by deploying a complete basiidle groundwater modelling database invento

1 Demandside management interventions in areas, affected by droughts or where grou
ter is already oveabstracted or close to,iare promoted

1 Industries and farmers in the Ramgai@gain are kept well informed and sensitized on
pre-emptive measures taken for keeping groundwater safe and clean

4.7 KWMI 4: Alteration iRiver Hydrology and Wateu@ntity
4.7.1 Problem description

Tablel6shows a prediction of the rural and urban population growth in the Ramgangdd@ak&na-

dal time horizons up to 2048s can be seen in the tabj@opulation growth will be a serious driver

and put increased pressure on the water resources of the Basin. Taking 2015 as a baseline not only is
the total population of the Basin is expected to increase by about 30% between 2025 and 2045, the
proportion d urban population, with their proportionately greater demand on water resources, is ex-
pected to increase even more quickly at 35% over the same period.

Tablel6: Projected decadal population growth in Ramganga Basin (baseline 2015

Projected population at time horizon (millions)

Year

rural pop % change urr)t(;z;n % change Total pop %
2015 14.4 0 5.4 0 19.79 0
2025 16.7 16 6.5 20.4 21.2 7.1
2035 18.8 31 7.5 38.9 26.4 33.4
2045 21.0 46 8.4 55.6 29.4 48.6

Source: SYARA 2020

Further based on th&tate Water Agency of the Government &RA) of UPstudy, total irrigation
demand is projected to decrease slowly over the next two decades in both Agricultural scenarios mod-
elled (business as usual scenargmdalong with crop diersification, implementation of conjunctive

use management, equitable distribution of water and micro irrigation in 10% of croppéd area

Adding to the domestic and agriculture water demamdsnomic development is also expected to
increasendustrial demand over the next two decaggsm 10.1 Mniin 2015 to 24.6 Mrhin 2045)

An important element of the Development of the River Basin management plan is to identify adequate
environmental flows @ows) to maintain river health. The sucdakspplication and it is important
that any alteration of flows due to other demand as above consider the requirements to maintain the

" TheDevelopment of River Basin Assessment and Plans for All Major River BadimsPnadeshState Water
Resource#gency, Gov of UP March 2020
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ecological health of the Ramgangdldi# assessments for the Ramganga are currently being developed
under the IndisEUWater Partnership ActigiPhase ®»f GIZSGR Project

4.7.2 Key drivers and related pressures for alterations in river hydrology and water quantity

The key drivers and related pressures for alteration in river hydrology and water quantity in the Ram-
ganga Basirra the increasing demands on the surface water resources caused by the following factors:

9 Pressure caused by increased water demands in the urban and rural sectors due to population
increases and increased per capita expectations concerning water atsaitaduil security of
supply.

9 Pressure caused by increased water demands of an expanding industrial sector.

1 Variability of the climate patterns, including high annual rainfall fluctuations in all districts in
the Ramganga Basin, leading to myatr periodc alteration of the river hydrology impacting
on all water user sectors but especially on the agricultural sector.

1 Climate change issues impacting negatively on the hydrological regime of the Ramganga Basin
imposed on the already existing high variabilftglimate in the Ramganga Basin

4.7.3 Vision and management objectives
Based orthe stakeholder interactionghe followingVision,and Management Kjectives relevant to
issue of alteration in river hydrolognd water quantity are mentioned below:

The visiorfor river hydrology/water quantity in the Ramganga Basin is to maintain sustaina
of surface waters with a natural flow dynamic ensuragga minimum, environmental flows a
water security as well as considering the impacts of climate variability and climate change.

Objectives of the RRBMan are to be monitored, evolved, and regularly updated and addressed as
on objective of the management activities of a proactive Ramganga River Basin Committee.

I Key abstraction sources and hydrological alterations that may cause impacts in th
ganga Basiare identified

I Hotspots regarding alterations of water quantity specifically regardadgjuate E-Flows
and changing demands on the water quantity by all searergdentified

i Efforts, actions to maintain thedequateE-Flowsbased on theRamganga-Elows assess
ment ae identifiedtogether with all relevant stakeholders

9 Pertaining national, and state legislation and rules are strictly enforced to preveaitean
ation in river hydrology by illegal water abstraction

I Management protocdb maintainadequateflowsfor identifiedvulnerablehotspots(prone
to draughts or floods to be developed and established

I To understand and monitathe water accounting study of the basin is carried out

4.8 KWMI 5Flood risldue to enxcroachmentincludingsand mining

4.8.1 Problem description

Flood risk

GanggRamganga doab is one of the prolonged flaffdcted areain the middle Ganga plain due to
seasonal monsoon which leadsatase in water levels ¢fie Ganga anthe Ramganga rivergnihotri,
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A.K., Ohri, A., Gaur,e&.al, 2019) Floods are a recurrent phenomenon, whoamcause loss of lives
and damage to propertgndinfrastructure Hoodrelated damages show an increasing trend. The av-
erage annual flood damagese from Rs. 185 billion (for previous 53 year$p Rs. 445 billionfor a
10-yearperiod between 19962005 This can be attributedmong others to amcrease in population,
rapid urbanizatiowith encroachmenof flood plans coupled with global warming.

UrbanEncroachment

With an averagef 1% growth in population per year2022and strong movements towards industri-
alization, India is facinge challengesssociatedvith rapidurbanization Cities are growing and ex-
panding thér areas. In 2022, a populatiohapproximately 24 million peogigein the Ramganga River
Basin(based on Census 2011 extrapolated with 1% annual grdwthyjingcities and settlements
closer tothe river system andstflood plains. Increasing population also comes with an inereas
mobility, which leads to further encroachment due to infrastruetprojects (e.g., bridges, dams,
streets, etc.). than encroachment on floodplains has exacerbated flood disaStetteements are ex-
posed to floods when encroaching flood plains and flood plzsesapacity for flood retention, which
set settlements downstream to a higher rfgkahab, Bolanle & Falola, Oluse@04d6).

Sand Mining

Sand mining idirectlyrelated toconstruction activitiesvhich makes it a highalue commodityAs a
resultof increasing and ongoing construction activitlesdemandfor sandis high where itis mostly
consumed for construction materiafor example concret¢Koehnken and Rintou2018) Globally,
sand demand has been incra@agin recent year¢Padmalal & Maya, 2014) is alsoa likely scenario
that India will take charge as the highest sand consudmehhken and Rintoul, 2018iven its pro-
jected population growth and one of the fagibwing economies in the regigbnited Nations, De-
partment of Economic and Social Affairs, Population Division).202017, sand demand for India
was around 700 million and its annual increasde is around 6 7%(GOIMOM, 2018As far as Ram-
gangaRiverBasin is concernedhere is a huge potential of sand mining, as this bigsirin Uttar Pra-
desh and Uttarakhand statddttar Pradeslis one of the highest sand consumption states in |mdih

a quantum of sand consumption of around 101 million tons in year ABkE/combined total sand
consumption for both state§.e., Uttar Pradesh and Uttarakhamstiteg is estimated t0108 million
tons.Moreover, sand mininig and around the RamganBaerBasirdisturbsthe hydremorphological
balanceof river reaches in termsf erosion and sedimentation and causes bed and bank er&son.
miningalsoposesa threat to villageand fieldssituatedclose tothe riverbanksThereforejt is required
to assesshe quantity ofsand mining within the Ramgangasin as well as curtimigyunregulated sand
mining practices within the basin.

4.8.2 Key drivers and related pressures

An increase in the intensity and duration of precipitation in combination with more exposure of settle-
ments to flood prone areas are the drivers for flood problems. The focus is on riverine floods, flash
floods are not considere&loodplains degradeecaise ofencroachmentdisconnection of floodplasn

and wetlands.Engineeredlood protection measurei conjunction withevees, dikes, retention ba-

sins, channel straightening reduihe flood retention capacity of river systerasdimpact onhydro-
morpholagy and ecosystem health of rivers aighrian zone$EEA, 2020T herefore, flood mitigation
measures are a complex topic.
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Pressures on floodplains are closely linked to hyalsgphological pressures, land use and pollution.
Flood protection structures play a key role in this context.

Both flood protection infrastructures and drainage affect floodplains and the connectiriipgrsfto
floodplains, as they cause changes to the land area surrounding vealiess. This cahave major
implications for the integrity of both riparian and aqua@osystemsJunk et al. 1989, Junk and
Wantzen, 2004). In a natursystem, lateral connectivity between rivers and their floodplailasvs

the exchange of watesediment, biota as &l as nutrients. The loss of lateral connectivity leads to the
loss of keyhabitats and as a result the decline of species and biodiversity both on the floodplain itself
and in the aquatic environment. Further, physical processes are disturbed rel#gtedturalwater
retention capacity of floodplains as well as sediment dynawitficial bank protections that serve
flood protection (embankments, levees or dikes) affechtbephology and dynamics of the river chan-
nel by restricting the channel widind the sedimergupply from theaiverbanks Bank reinforcement

and levee construction can lead to bedision because of theossiblehigher flow velocities Bed inci-
sionalsoreduces theconnectivity between the river and its floodplain (lateral catinéy). The reduc-

tion of thislateral connectivity damages the functioning of the riparian zone and reduces productivity,
nutrient exchangeand dispersal of biota more widely across the floodpkssnfar as land drainage is
concerned, natural channdigve been straightened and deepeneddarface drainage ditches with
significant effects on channel morphology, instream habitatadoatic organisms, floodplain and ri-
parian connectivity, sediment dynamics, and nutrient cy¢ifagnn et al, 2009Yhe regular mainte-
nance of drainage ditches and rivers @redging and weed cuttingeems requirethut can alsdead

to physical disturbances and morphological changes in wathes (Vartia et al., 2018).

4.8.3 Vision and management objectives

Based on thatakeholder inputs, theisiorsfor the issue of flood risk due #ncroachmenaindsand-
miningis as below:

Tomitigate flood disasterdy conserving théunctions of the flood retention areasd the preser-
vation/restoration ofecologically intact rivesystem.

The key steps toward vision attainmeme the implementation of the followinghanagemenbbjec-
tives:

9 Interactive flood inundation mape developedand readily available for Ramganga R
and Tributariegsan early warning system atmbe a basis to assesscroachmenrd.

I Urban encroachmends identified through theldod inundation mappings prevented by
implementing statepoliciesas per defind rules and regulations

I The citizens in thbasinare keptwellinformed and sensitized on the implications of urk
encroachment of the floodpia zore andthe importance of floodplains and lateral conn
tivity of rivers

1 Naturebased solutioris prioritized and implementetbr floodmitigation

1 Hood prevention through strengthening reservoiperatiors, implementation of floog
buffer zoning andiorecastingas per defined dynamaperational rulesis achieved
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I The maximum volume of sustainabledanining is assessed by usitgdromorphological
models

9 The monitoring mechanism of sand miniagnprovedandstrengthened to assess the ovg
all extraction and accordinghdministerthe relevant acts, and neededre-structure ap-
proval
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5 PRESSURHMPACT ANALYBMND RISK ASSESSMENERALL AP-
PROACH

APressurelmpactAnalysiss linked to risk assessmdat all Ramganga KWMIs to accesspttodbabil-

ity of surface waters and ground watées critical portionsfailing tomeetthe overallvision and man-
agement objectivesThe overallriskassessment approadbr the Ramganga River Bas#guires an
understanding of th®PSIR approa¢briver, PressureState, Impact and Response)

DPSIR is a causameworkof understandingnteractions and linkges betweersociety and environ-
ment to assst the identification of human pressuresd risk of possible impaaté waters through
technical judgement

5.1 Background of Pressure/Impact Analysis andA®sssment

The pressure/impact analysis angkrassessment as laid down in EldWater FrameworlDirective
includes the following key elemerfEU WFD, 2003)

Identifying driving forcefor the changes in the river basin

Identifying thesignificantpressuresr stresses caused due to thlkanges

Evaluating the current stat the river basin

Assessing the impadtsiologicalgconomic, and social effects of the environmental change)
Evaluating the likelihood of failing meet the objectives.

€ g ege¢ge¢g

The outcome of the risk assessment is critical in terms of provitiogaughoverview of the present
situation in a river basin and possible future damaging impacts on water bodies within that river basin.
It is also important to perform the risk assessment beforehand, so that monitoring measures taken for
the improvement of watequality or quantity becomes cesffective.

Tablel7: The components of the analytical DPSIR approach

Drivers

N

SCEMATIC ‘1&—***
OF DPSIR
APPROACH |

An anthropogenic activity that maguseor may trigger taausea negative effect on
DRIVER water quality and/oquantity (e.g. agriculture, industry, water supply, infrastruct
development). Noteclimate change can be a DRIVER even though not anthropo
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PRESSURE

The pressure owater resources that aréné directresultof the DRIVERwvhich can
be classified into three types: (a) excessive {(Behanges in land cover/use and
emissions (pollution).

The condition of the water quality and/or quantity resulting from both natural

STATE anthropogenic factors/pressures (ighysical, chemical and biological characteris

IMPACT The effect of PRESSURIE water quality and/or quantity (e.g. lower populati
health,crops destroyed, ecosystem modified, aquéfiicdannot thrive flood)
Actions/measures taken to address an undesired, negative IMPACTcamiafiect

RESPONSE anypart of the chain between DRIVERS and IMPACTS (e.g. restricting abstract

iting point source discharges, developing best practice guidance for agriculture

In the Ramganga RBM Plan also, the DPSIR approach is applied. The outcome and findings of a pres-
sure/impactanalysis andiskassessmenare demonstrated in the form of figures, tables, and thematic

maps. The risk assessment is also cross validated against the available information, so that a proper
evaluationof the risk of failing objectives done as highlighted Figurel4.

Annex Il requirements Annelx V requirements
Characterisation — Defining thresholds for
Pressures and impacts E‘\.-'a.luatm.g I"].E‘:k of status classes (e.g. high,
assessment. failing objectives. good, moderate biological

and chemical status)

Figurel4: Iterative evaluatiomf the risk of failing objectivéBU WFD, 2003)

5.2 Pressure/Impact Analysis as parthef Ramganga RBM Plan

In general, thanethodologyfrom Tapi RBM Plan has been folloveett! further improved as pethe
need ofRamganga River Basim risk assessmenKey steps for pressure impact analysis are listed as

follows

1. The first stegocuseson the identification ofdrivers andoossiblepressures that will have neg-
ative impacs on achievinghe overall set objectivef®r good surface and groundwater status
of the Ramganga River Basin

2. The second stefocuses on certain criteria and threshold limits to assess the possible negative
impacts generated by pressures identified in the first s&gp 2is linked and based on the
outcome of the first stepln the case of Ramganga River Basobgective is onsidered atisk
of failing if it exceeds a defined threshold limit.
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Thethree risk categories.¢., Wl G NRA &1 QX WLI2 a § aré defhedigdinstMAich tesults2 NJ Wy 2
are evaluated and displayed wgpecific color codingSeeTablel8).

Tablel8: Three categories to assess possible risk of failure of the overall Ramganga River Basin Vision
and objectives (Source: TRBM Plan)

At risk to fail the aims/objectives Criteria/thresholds are exceeded

9 Possibly at risk to fail the Unclear if criteria/threshold are ex-
im/objectives ceeded or not; insufficient data
Not atrisk to fail the L
3 . . Criteria/threshold are not exceeded
aim/objectives

As part of tis Ramganga RBM Plan, thecomeof the risk assessmerstpresented in the form of
graphs, figuregables,and maps.

5.2.1 Identification of Driverandpotentialpressures

The focus on identification of drivessth each KWMand related potential pressures that maypact

the overall vision and management objectigésurface water and ground wateasidentifiedfor the
Ramganga River Basin based on consultations with stakeholders,jedgenient,and field visitin

the beginning of the RamganBaver Basin Risk assessment the entire basin was delineated into Surface
water Management Units (SWMU) and GrounadwaanagementUnits (GMU)These are practical

units on which théuture surface water and groundwater managemeiit be carried ouandfor this
purpose,the risk assessment results are presersedording tathese delineatedSWMU and GMU
respectivelyExampleThe risk assessmenttbe KWMI related talterations in the groundwater quan-

tity and qualityin the RamgangBasinis based oiisroundwater Management Units (GMUS).

Delineation oBurface Water Management Unit (SWMU)

SWMUsre based on homogenotiser stretches (i.e., complete river systems) representing hydrolog-
ical subcatchments within the Ramgangasin. The delineation of the SWMUs has been established
based on the Hydrological Response Units (HRUs) ®8bilhadWater Assessment TQ@WATmodel.

The following steps were carried out for the delineation of the SWMUs.

1. Initially, more than ®00 HRUs were delineatedingthe SWAT model.hese HRUs asenall-
est spatial unithat is represented by similar physichhracteristicthat respond toprecipita-
tion and weatheevents in a similar way.

2. These HRUs werkirther analysed andombined into 711 hydrological drainageb-catch-
ments.

3. Finally, these 711 sudatchments were aggregatéy different tributaries whileensuring the
continuity of flow within the basifThis delineation approach reseittin atotal of 18 SWMUs
within the RamgangBasin

Tablel9 provides information afut the area and the population of the SWMBsch SWMU has a
proper nameand code referring to thenajor contributingrivers or tributaries In the present SWMU
arrangement, thdeRamgang&veris divided inteseven (7different SWMUsthe riversGarraand Kosi
accountfor three @) and two (2) SWMUSs, respectivelthearea of theSWMLU ranges from 600 to
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more than3,000 knt. SWMUNo0.17,which is also the largest in tesmof populationwith a totalcount
of more than4.0 million peope®. Map 12 shows the SWMUs of Ramganga Basin.

Tablel9: SWMUs names, covered area, and total population

Popula-
Area RamgangBasin Ramgang8asin tion

SWMUs  SWMU code Name [km?] Population2011  Population2022 Per-

centage

1 RG06001 Ramganga06 614.2 357,266 396,565 1.6%
2 KHORD02 Khor 1,017.6 569404 632,038 2.6%
3 KO01003 Kosi0l 1,712.6 351,227 389,862 1.6%
4 RG02-004 Ramganga02 1,685.6 343666 381,469 1.6%
5 RGO01-005 RamgangaO1 2,016.5 353509 392,395 1.6%
6 RG07-006 Ramganga07 925.9 588362 653,082 2.7%
7 GAO03007 Garra03 2,261.1 1,630524 1,809,882 7.5%
8 GANGAMO0S Gangan 1,734.3 1,587,098 1,761,679 7.3%
9 RG03-009 Ramganga03 1,807.9 1,437,498 1,595,623 6.6%
10 KO02010 Kosi02 1,435.3 1,315873 1,460,619 6.1%
11 RG04-011 Ramganga04 1,172.0 2,076,142 2,304,518 9.6%
12 GANBHAOQ12 Ganga Bhakra 2,546.6 1,484,939 1,648,282 6.9%
13 ARIE013 Aril 1,817.1 1,693332 1,879,599 7.8%
14 BAIGUI014 Baigul 2,182.6 1,376,685 1,528,120 6.4%
15 GAO01015 Garra0l 1,533.6 562427 624,294 2.6%
16 KHANAUD16 Khanaut 1,211.3 606,522 673,239 2.8%
17 RG05017 Ramganga05 3,310.6 3,656,046 4,058,211 16.9%
18 GA02018 Garra02 1,854.1 1,672817 1,856,827 7.7%
TOTAL 30,838.9 21,663,337 24,046,304 100%

8 Population count is based on the census of year 2011 and then extrapolated to year 2022 with approx. 1% annual growth
https://data.worldbank.org/country/IN
9 Populatiomn count is based on the census of year 2011 and then extrapolated to year 2022 with approx. 1% annual growth
https://data.worldbank.org/country/IN
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Map 12: Ramganga Basin with Surface Water Management Units (SWMUS)
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