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Abstract

Rivers have been atthe cenbf soci etyds progress. Al | anc
flourished on the banks of one river or another. As cities developed, rivers, which once were

the most important sources of freshwater, became carmfensastewater. Various sources of

pollution suggest how rivers have incurred the cost of hasty economic and technological
progress. Most rivers today are suffering from severe organic, inorgandbor pathogenic

pollution along with the low water volumehe two most revered rivers of Indiahe Ganga

and the Yamuriaare no exceptions, despite being considered goddesses by the Hindus. In both

2007 and 2017, the Ganga was | isted as one o
Sawe 2017).

One ofthe most polluted tributaries of the river Ganga is the river, Yamuna. The pollution of
this river has | ed researchers to declare th
NCR, the national capital region, generates approximately 76 percehedbtal pollution

|l oad in the Yamuna (PTI, 2018) , effectively

1992). Delhi treats about 66 percenttbétotal sewage generated by its urban area and the
untreated sewage mostly finds its way into thersiver other surface water bodies.
Nevertheless, approximately fahe entire Delhj the Yamuna remains pivotal to their
livelihood and socic ul t ur al i fe. 70 % o fienthechukeiod s wa't
Yamuna alone and apart from this on Yamunerri&ll forms of livelihood continue to depend:

farmers still cultivate on the banks, fiskeik fish, washefolk wash, boatmen ply their boats

and devotees take ritual baths.

There is no dearth of work focusitpadissn t he
negative impact both othe biodiversity of the river The report attempts to demonstrate the
interwoven nature of river water quality and ewecreasing issues related to wastewater,
revealing the way each aspect is related to one anothdsdtatempts to show the potential

of Decentralised Wastewater Management along potential of rhaged solutions can be a

feasible approach for improving water quality as well as better community liveability with
greater social benefits.

> Decentralised Wastewater Management, Naa@ased SolutiondVater Quality,
SocieEconomidmpacts
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Glossary of Terms

Agricultural Run -off: Water that flows from agricultural fields. Agricultural roif is a major
source of pesticides in water

Ecosystembased managementAn integratve and holistic approach to management based
on the idea of systems in contrast to the traditional procedure of managing sectoral activities
like fishing, shipping, or oil and gas development. This approach is intended not only to draw
attention to linkage among the various components of complex systems but also to consider
the nonlinear dynamics of sociecological systems

Ecosystem servicesThe processes by whighe environment produces resources that we
often take for granted such as safe water, timber, and habitat for fisheries, and pollination of
native and agricultural plants

Green technology A continuously evolving group of methods and materials, from techniques

for generating energy to ndoxic cleaning products. The goals that inform developments i

this rapidly growing fi-®mtdadhebudessgnt aspnal
innovation, viability, energy, green building, environmentally preferred purchasing, green
chemistry, and green nanotechnology

Sewage Organic waste and wastewater produced by residential and commercial
establishments

Water pollution: Direct or ndirect introduction by humans of substances or energy into the
aguatic environment, resulting in harm to living resources, hazards to human health, hindrances
to marine activities including fishing, impairment of the quality of waaed reduction of
amaities

Wastewater Wastewater is used water. It includes substances such as human foed

scraps, oils, soaps and chemicals. In homes, this includes water from sinks, showers, bathtubs,
toilets, washing machines and dishwashers. Businesses and industries also contribute their
share of used water that must be cleaned

Water Quality : Physical, chemical, biological and organoleptic (tastated) properties of
water

viii
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CHAPTER |
1. Understanding the Context

Rivers have always been at the heart of society's development. All of the world's ancient
civilizations thrived along the banks of one or more rivers. Rivers, which were once the most
important sources of freshwater, bawe carriers of wastewater as cities grew. Rivers have paid
the price for hasty economic and technological progress, according to various sources of
pollution. Today's rivers are plagued by severe organic, inorganic, and/or pathogenic pollution,
as well adow water levels.

According to a UNEP report titled ‘A Snapshot of the World's Water Quality: Towards a Global
Assessment," orhird of all river stretches in Latin America, Africa, and Asia are affected by
severe pathogenic pollution. Furthermore, seweganic pollution affects orseventh of these
river stretches, while salinity pollution affects eteath. Increased wastewater discharge into
rivers has been identified as a primary source of water pollution (UNEP 2016).

Water is necessary for the siwad of all living things, but it is becoming increasingly scarce

as human populations grow and demand more-tyighity water for domestic and commercial
purposes. Freshwater scarcity is one of the most pressing environmental issues that India faces
thiscentury. The main obstacles to better water quality management in India are contamination
and water quality issues caused by treated, partially treated, and untreated wastewater from
urban settlements, industrial operations, and irrigatioroffjras wellas poor municipal solid

waste management.

As it transitions from a developing to a developed economy, India faces two challenges. On
the one hand, there is a lack of infrastructure, and on the other, there is -amcmasing
metropolitan population. Asa result, two selperpetuating problems have emerged: water
scarcity and sewage overflow. By 2050, it is expected that more than half of the country's
population will live in cities and towns, creating a significant demand for infrastructure
amenities ad posing a challenge to urban planners and policymakers. Only 38% of sewage in
India’'s cities is treated (CPCB, 2015).

According to a 2015 report by the Central Pollution Control Board (CPCB), India generates
61,948 million liers of urban sewage per dayhe cities' installed sewage treatment capacity

is only 38 percent of this. The treatment capacity of the country's major STPs is -a66&6d

of the installed capacity (CPCB, 2013). As a result, more than 38,000 milles @t
wastewater are dischargeto major rivers each day, with some even percolating into the
ground. There is also industrial effluent to consider.

Despite being considered goddesses by Hindus, India's two most revered rivers, the Ganga and
the Yamuna are no exceptions. The Ganganaased one of the world's top ten 'rivers at risk’

in both 2007 and 2017 (Wong007, Sawe2017). The river Yamuna is one of the most
polluted tributaries of the Ganga. Researchers have declared that the Yamuna is 'on the verge
of dying due to pollutionMlisra, 2010).

- et
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Muchresearch which mostly deakith the severity of pollution due to wastewater discharge
and the existence of heavy metals in cropsréeealed the bad influence on human health as
well as riverine populations exposed to contaminate@miaidies foran extended duration
(Priyanie Amerasinghe, 2013).

Further, rivers connect numerous parts of socioeconomic life and the richness of this
connectivity is the outcome of complexity in social orgations (Hannerz 1992). That is why
rivers aremolded not only bythe hydrological cycle but are also -dbaped and remade by
sociacultural and political interventions and become a path®lydro-social cycle opposing

the idea othe natureculture dichotomy. Thughe worsening water quality ofvers has not

only presented a threat to the river biota but has also damagediependent people.
However, most of the conformist interpretation of environmensdiest putheburden of river

water pollution mostly on people who are dependent onhigtwhas led to coercive cultural
change along the river (Baviskar, 2011).

The report through comprehensive and exhaustive review ofg@xesting literature including
journal articles, national and international reports, etc. tries to provide a bdsistamding of
thesignificance of the Urban rivdor cities and riverine communities particulariye impact

of pollution on the communities, cause of degradation of urban river and parameters to identify
the pollution status of a river. It further seeio highlight the interconnected nature of river
water quality andhe health & livelihood of the riverine populations, revealing the way each
component is tied to one another.

1.1. Need of the study
The discharge of untreated or partially treated sewage from cities/towns and industrial effluents
into their respective catchments, problems in the operation and maintenance of sewage /

N
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effluent treatment plants, lack of dilution, dumping of solid wastei@r banks, and other
nornpoint sources of pollution are the main causes of pollution in the country's rivers.

The situation has been exacerbated by rapid urbanisation and industrialketiording to a
2015 report by the Central Pollution Control Bsb4CPCB), India generates 61,948 million
gallons of urban sewage each day. However, over 38,000 million gallons of wastaweayer
day isdischarged into major rivers and even percolate into the ddr¢hdisconnect between
sewage generation and treatrheontinues to be a major source of river contamination.

Under the National Water Quality Monitoring Programme, the CPCB has been monitoring the
water quality of rivers and other water bodies across the country through a network of
monitoring stations icollaboration with Pollution Control Boar@®@mmittees in various states

/ Union territories.

CPCB had conducted river pollution assessmbeased orwater quality monitoring findings
regularly According to the CPCB's most recent report, issued in Septe@®il8, 351
contaminated stretches were detected on 323 rivers based on monitoring data in terms of
biochemical oxygen demand, an indicator of organic pollution (Senapati, 2021) as shown below
in the table.

BOD levels beyond a certain threshold are harmafaquatic life. DO is digested by bacteria
when significant biodegradable organics are present in water, as is the case with most
wastewater. When this happens, the DO level falls below a certain threshold, which has a
detrimental influence on life siedhey are unable to maintain regular-bigstaining functions

like growth and reproduction.

Table 1 Urban Sewage Generation and Treatnfei®t at e
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Furthermore, eutrophication is caused by the abundance of nicogéining chemicals in

many wastewater streams. This can cause algae blooms (the growth of plants in the aquatic
ecosystem) and anoxic conditions, resulting in changes in dominant dzjatgtispecies, fish

kills, and the spread of watborne diseases such as cholera and typhoid (Joshua N. Edokpayi,
2017).

Pollutants also reduce the quantity of usable water, raise the cost of purification, pollute aquatic
resources, and have an impactfood supplies. Pollution, in combination with humaater
demand has an impact on biodiversity, ecosystem functioning, and the natural services
provided by aquatic systems, all of which are important to society.

Thus, implementing effective managementrapghes for improved water quality and biota
conservation is critical, as it also affects the health and livelihood of riverine populations that
live closeto dirty river water.

1.2. Research question
a. What proposals have been laid out in Master Plans to Contrd a mu n a 6

b. Where mainly is wastewater generated and what is the status of its management?

c. How poor water quality of rivers is affectitigelivelihood and health of theeoplein the
site area?

d. What are the institutional responses and how effective are they?

e. What are the possible solutions for prevailing wastewater problems?

1.3. Aim
To assss the Pollution Effects of the Wastewater Flow on Wafarality of Yamunaand
suggest various methods to improve it.

1.4. Objectives
UNDERSTANDING (LIT): To critically understand the importance of urban riverstaed
pollution status of Indian rivers.

ANALYSIS: To assess the existing wastewater management system and identify sources of
pollution in the study area

ANALYSIS: To assess the water quality parameters spatially and detect the level of pollution
in the study area.
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ANALYSIS: To study the impact of river watequality on the livelihood ofsite area
communities.

PROPOSAL: To proposefcommend strategies for the water quality improvemeviaofuna.

1.5. Scope
The research can help with wastewater management and its effects on water quality and
riverine populationsn the study area.

i The study can provide insights on wastewater management in relation to its impact on
water quality in the study areathecity level.

i Especially critical focus is on the communities in the site area, who are dependent
and interact with the river on a daily basis.

i It also attempts to make a case for a more integrated spatial governance of the urban
rivers at risk.

1.6. Limitations
i The sty will be based on secondary data and limited primary data dbe poesent
COVID i 19 scenarios.
i Primary Surveys conducted will be limited to a small stretcthefiver only due to
time constraints.

1.7. Methodology
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CHAPTER I

2. Literature Review T Importance of Rivers

Onethird of the world's drinking water comes from surface sources such as rivers, dams, lakes,
and canals, making freshwater supply one of the world's most pressing combesgswater
sources also serve as excellent sinks for the disposal of housatblthdustrial trash
(Corcoran, 2010). The most serious threat to India'sterng water supply is pollution, which
contaminates accessible water resources.

Apart from maintaining flora and fauna, increasing aesthetic and landscape quality, moderating
climate, and providing a supplyf electricity, rivers are significant resources for human
civilizations because they meet water demand for many needs. For their daily supply and
livelihood, many riverine villages in India still rely on untreated or inadequately treated water
from surfaceresources such as rivers and lakes. They may not have or have limited access to
sufficient sanitary facilities, putting them at risk of contracting waterborne infections.

Farmers have used it for irrigation, and fishermen make their living by harvestinigdim a
variety of freshwater sources. It is a swimming pool that also functions as a tourist attraction.
As aresult, pollution should be avoided in surface watez.higher parts of the Yamuna River,

for example, are determined to have good wateritgudle to fewer human impacts, but as it
passes through semrban and metropolitan regions, it begins to receive pollution from
numerous point and ngwoint sources as a result of anthropogenic activity. River flow is
strongly dependent on climatic cotidns and drainage patterns. Because of the prevailing
stream and turbulence, vertical mixing is obtain@d. draw water for diverse needs,
urbanizationand industries are created near rivers, but wastewater is frequently released
without sufficient treatrant, resulting in substantial river contamination. As a result, humans
have used surface water for a variety of reasons (M.P. Sharma, 2008).

Raw and partially processed wastewater are major point sources of freshwater pollution.
Increased freshwater poliloh and loss of clean water resources have resulted from the
discharge of home and industrial wastewater. Wastewater treatment is a serious concern in
India, particularly in quickly increasing metropolitan regions. According to a 2015 report by
the CentraPollution Control Board (CPCB), India generates 61,948 million gallons of urban
sewage each day. Every day, however, over 38,000 million gallons of wastewater are
discharged into major rivers and even percolate into the earth. There is also industrial
wadewater to consider (Down to Earth, 2018).

Wastewater containing microbes, heavy mefatslizers radionuclides, pharmaceuticals, and
personal care items finds its way into surface water resources, causing irreversible damage to
the aquatic ecosystemdhumans by compromising the water's aesthetic and ecological value.

2.1.  Polluting Sources

A major portion of water pollution in India is caused by domestic effluents. Untreated
household effluents contaminate surface and groundwater sources. Cities, municipalities, and
panchayats are responsible for water supply and sanitation, and they harst tadnational
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water pollution legislation or minimum national norms (MINAS). Only about 30% of effluents
are treated and the resesent into the environment untreated.

Water pollutants including biochemical oxygen demand (BOD), chemical oxygen demand
(COD), suspended solids (SSand pH are used by the CPCB to create pollution
recommendations for companies. These industries have effluent treatment facilities (ETPS),
however they were found to be in breach of pollution regulations.

Ground and surfacgater sources are impacted by pesticide and fertiliser residue in agricultural
run-offs. Water resources are negatively impacted by the use of fertilisers. An organism's
ability to reproduce is facilitated by an increase in water channel feeding. Dis&asEs \or

algae could be the source of these organisms. Sedimentation and the growth of organisms could
be facilitated by the development of algae in waterways.

Table 2 Water Regulation Framework in IndiRajaram and Da$2008)

Polluting Effect On Specific
Sources Ecosystem Standards Current Status
Out of 26,500 MLD of sewage
. Organic pollution from Classl towns and cities
Domestic . . .
sewage from of rivers, treatment capacity exists only fg
towns and eutrophication of MINAS about 7,000 MLD (26%). Out of|
cities lakes, waterborne 271 STPs inspected by CPCB o
diseases 150 (55%) were complying with
MINAS
. No comprehensive statistics or
Industrial Organic and compliance exist as it is dealith
inorganic MINAS P

effluents ollution. toxic _ mainly by SPCBs. Widespread
(point pofiution, (industry damageo the ecosystem around
: chemicals irthe specific) : : :
discharges) tood chain Y industrial areas is well
documentedy CPCB
Organic and No comprehensive study as stor
Industrial inorganic hazardous waste, mine spoils, €

No standards/

and mines pollution, toxic legislation contribute large quantum of
run -off chemicals irthe contaminants which pollute
food chain suface and groundwater
Fertilizers leading Nationwide studies have not beg
Agricultural to eutrophication| No standards/| conducted, apart from regular
run-off pesticides in the legislation news articles on pesticides in
food chain water and foodtems

Domestic wastes, agricultural wastes (fertilisers, pesticides, etc.) and inadequately disposed of
industrial wastes are all found in soils and groundwater. Direct sources include effluent outfalls
from factories, refineries, wastewater treatmeants, and other industrial facilities that leak
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directly into urban water supplies; while indirect sources include toxins that enter the river
through soils/groundwater and raiithe contamination potential in the Yamuna catchment
area is determined byvariety of human activities and is divided into two categories:

(a) point sources of pollution, such as home sewage and industrial effluent; and

(b) diffuse sources of pollution, such as agricultural runoff. Agriculture runestream water
uses, batlmg, livestock wading, open faeces, and clothes washing are all examples of non
point sources of pollution (after YAP 2008).

Other forms of river contamination include soil erosion, pollutant fallout in the atmosphere,
unintentional shipments, and river daing effects.

2.2.  Water Quality and the Index

Water quality refers to the chemical, physical, and biological qualities of water that influence
its suitability for severalapplications as well as the health and integrity of whtsties
(Corcoran, 2010). Natural and manmade processes both have am anpaater quality.
Natural water quality varies widely from place to location, based on seasonal and climatic
variations, as well as the types of soils, rocks, and surfaces it passes through. Agricultural
activities, urban and industrial development, mgjiand recreation all have a substantial
impact on the quality of natural streams and their water use potential (M.P. Sharma, 2008).

With regard to the specific issue of drinking water supply, the first recorded Indian water
guality index (WQI) was propesl for zoning and categorization of the river Ganga. In the
Indian setting, an overall index of pollution for surface water based on the average value of all
pollution subindices provides a basic classification method (Saraikistan Deshpande 2003).

When déermining the contamination status of a river, the following water quality parameters
are taken into account:

Physical Parameters

pH, temperature, turbidity, TSS, TDS, colour, taste and odour, and electrical conductivity,
among other physical factors

Chemical Parameters

Inorganic waste: inert suspension, inorganic salts (e.g., Ca, Mg as CaCO3), acids and alkalis,
toxic metals (As, Cd, Pb, Zn, Co, Cu, Cr, Fe, Ni), inorganic salts, oxides, and radioactive waste;

Organic waste: sewage (DO, BOD, COD)sa@hd grease, detergents, pesticides, and nutrients

Biological Parameters- Pathogens (total coliform & faecal coliform), algal toxins, and toxic
compounds due to microbial activity.

Water quality is an important indicator for measuring environmental esatitat have
immediate social and economic implications. Two major difficulties that hamper- socio
economic progress are the paucity of fresh water and the pollution of readily available water.
Wastewater and effluents from industrial processes and conainestablishments, as well as
domestic sources, pollute rivers.
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Understanding the characteristics and methods of surface and groundwater contamination can
help policymakers assess the success of water management strategies and build a climate
conducive tdong-term development.

2.3. Water Quality Requirement for Different Usesi CPCB

Any water body must have a certain level of purity in order to perform properly for the intended
purpose. Drinking water should be as pure as possible. The concept of water quality
management is becoming as important as water quantity management as the volume of water
demand approaches the available supply.

Each water usage has distinct quality requirements. As a result, identifying the uses of water in

a water body is critical to #eng the standard for the desired quality of that water body. The
Central Pollution Control Board (CPCB) in India has created the idea of designated best use.
According to this, among a body's several uses of water, the one that requires the highest quali

is referred to as the designated best use. There are five top uses that have been established. This
classification aids water quality managers and planners in establishing water quality goals and
developing appropriate restoration plans for distincewhodies.

Table 3 Designated Best Use as per CPE®ntral Pollution Control Board, n.d.)

Designated Best Use| Class Criteria

Drinking Water A 1.TotalColiforms Organism MPN/100ml shall be 50

Source without or less

conventional 2. pH between 6.5 and 8.5

treatment but after 3. Dissolved Oxygen 6mg/l or more

disinfection 4. Biochemical Oxygen Demand 5 days°g) 2mg/|
or less

Outdoor bathing B 1.TotalColiforms Organism MPN/100ml shall be 50(

(Organised) or less

2. pH between 6.5 and 8.5
3. Dissolved Oxygen 5mg/l or more
4. Biochemical Oxygen Demand 5 days°#) 3mg/I

or less

Drinking water C 1. TotalColiforms Organism MPN/100ml shall be

source after 5000 or less

conventional 2. pH between 6 and 9

treatment and 3. Dissolved Oxygen 4mg/l or more

disinfection 4. Biochemical Oxygen Demand 5 days°2) 3mg/|
or less

Propagation of Wild D 1. pHbetween 6.5 and 8.5

life and Fisheries 2. Dissolved Oxygen 4mg/lI or more

3. Free Ammonia (as N)
4. Biochemical Oxygen Demand 5 days°#) 2mg/I

or less
Irrigation, Industrial E 1. pH between 6.0 and 8.5
Cooling, Controlled 2. ElectricalConductivity at 25C micro mhos/cm,
Waste disposal maximum 2250

3. Sodium absorption Ratio Max. 26

11
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4. Boron Max. 2mg/I

Below- | Not meeting any of the A, B, C, D & E criteria

Table 4 Colour coding frequently used to depict the quality of water on rf@g@stral Pollution Control Board,

n.d.)

Bluewater Thiswater carbe directly used for drinking, industrial use, etc
Green water Water contained in soil arglants is termed green water
White water Atmospheric moisture is white water

Brovwa?errgrey Various grades of wastewater are shown by brown orapieyr

2.4. Environmental impact

Poorly treated wastewater can have a significant impact omategshed it is discharged into.

The harmful effects can be immediate or build up over time. Large levels of ammonia and
chlorine, high loads of oxygeslemanding compounds, or hazardous quantities of heavy metals
and organic pollutants are the most commaunses of acute consequences from wastewater
effluents. Cumulative effects result from the gradual accumulation of pollutants in receiving
surface water, which only becomes apparent when a particular threshold is crossed (Weber S,
2006).

For optimal operan and survival, all aquatic creatures have a temperature range. Their
reproductive cycle, growth, and life can be harmed or threatened when such parameters are
abruptly altered. Discharged effluents from wastewater treatment plants normally add to the
oxygen demand level of the receiving water due to the organic load of wastewater. In surface
water that absorbs untreated wastewater, dissolved oxygen (DO) levels have decreased.

BOD and COD are commonly used to calculate the amount of organic contaminatiater

and wastewater. They are crucial wastewater quality metrics since they are used to assess the
efficacy of most wastewater treatment plants. To support aquatic life, surface water should
have low BOD/COD concentrations. BOD and COD levels abowtaic threshold can be
harmful to aquatic life, particularly fish. In river systems, low levels of BOD and COD indicate
acceptable water quality, whereas high levels indicate polluted water. The levels of BOD/COD
and DO concentrations have an inverseti@ighip. DO is digested by bacteria when
significant biodegradable organics are present in water, as is the case with most wastewater.
When this happens, the DO level falls below a certain threshold, which has a detrimental
influence on life since they @unable to maintain regular k&istaining functions like growth

and reproduction. Fish and other aquatic species suffer as a result of this decline.

When nutrienrich wastewater effluents are dumped into waterways, eutrophication can occur.
Algae bloons and plant growth in the aquatic habitat may occur as a consequence of this.
Whenever this happens, water turbidity rises, plant and animal biois@sedimentation rate
rises, species diversity declines, and anoxic conditions emerge, potentialhglemadhanges

in dominant aquatic biota species, cholera outbreaks, and fish lkilgeneral, nitrogen
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containing compounds are common in many wastewater streams, and improper treatment
might result in their entry into the receiving watershed, with tbeementioned implications.

Groundwater can be contaminated by the release of chemicals from wastewater. Pollutants that
enter aquifers stay there for years and spread through the water, rendering groundwater unfit
for drinking, irrigation, and other purpes across large areas.

Increased sediment impoundments and the presence of harmful and persistent chemicals pose
a threat to riverbeds and wetlands. Pollution can remain for a long time after its source has
gone. The presence of harmful compounds can lsaveegative impact on the aquatic
ecosystem's health. This is made worse by the high number of pathogens in the water. Human
health and society as a whole are harmed by the use of microbiologically polluted water for
residential and other purposes (JosNu&dokpayi, 2017).
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CHAPTER - lI
3. Case Studyi Yamuna Stretch in Delhi

The Delhi National Capital Territory (NCT) has o
a total area of 1,483 square kilometres and| i DDA
divided into 9 census districts and 27 sut : ﬁ ﬁl’ T
divisions (Tehsils). The urban area, includin p—— S
new settlements in rural habitations, accoun| C e f'ia:
for approximately 525 s@ue kilometres of this | o
total. Delhi is governed by three bodies: thj™i:

Municipal Corporation of Delhi (MCD), the |

New Delhi Municipal Council (NDMC), and
the Delhi Cantonment Board (DCB).

The MCD is one of the world's larges| = 2= [k =~ =
municipal bodies, accounting f84.22 pecent
of the total NCT area. MCD has beer
subdivided into three suthvisions: South
Delhi Municipal Corporation (SDMC), East
Delhi Municipal Corporation (EDMC), and
North Delhi Municipal Corporation (NDMC)
(NDMC).

4] o2 covernment OFFicEs vt swfe

(B o3 sporTs FacimESSTADIM B9 T/
DISTRIBUTIVE SERVICES Reet dare

S fepmoLrumnchs ik enacd
B STATIONIGAS GODOWN 204 Tt

AGRICULTURE & WATER BODY 4t afte it dhure

According to the Delhi Developemt
Authority's (DDA) Master Plan 2021, the
National Capital Territory of Delhi has beer
divided into 15 Planning Zones / Divisions, o
which 8 zones ('A' to 'H") are in the urban are
and 6 zones ('J' to 'P' (Except 'l') are in the urb.
extension / rurda area, and Zone 'O' is
designated for the river Yamuna/Yamuni
Front
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3.1. River Yamuna

The River Yamuna, a major tributary of the
Ganges, flows from the Yamunotri glacier nee
the Banderpoonch peaks in the Mussourie ran
of the Lower Himalayas, at an elewat of
about 6387 metres above mean sea level in 1
district of Uttarkashi (Uttaranchal).
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River Yamuna flows for about 200 kilometres from its source through a series of valleys in
the Lower Himalayas before emerging into the h@kngeticPlains. It draws wateirom

several major streams in its upper 200 km stretch. The combined stream flows through the
Shivalik range of hills in the Indian states of Himachal Pradesh and Uttaranchal before
entering the plains at Dak Pathar in Uttaranchakne the river water is regulated by a weir

and diverted into a canal for power generation. It flows from Dak Pathar through the famous
Sikh religious site of Paonta Sahib. Flowing through Paonta Sahib, it reaches
Hathnikund/Tajewala in Haryana's Yamunagsa district, where it is diverted into the
Western and Eastern Yamuna Canals for irrigation. It arrives in Delhi near Palla village after
a 224kilometre journey from Tajewala.

The river is tapped again at Wazirabad via a barrage to supply drinking tovddethi. In

general, no water is allowed to flow beyond Wazirabad Barrage during the dry season because
the available water is insufficient to meet Delhi's water sugptyjandUntreated or partially

treated domestic and industrial effluent from a nundfedrains flows downstream of the
Wazirabad Barrage.

After 22 kilometres downstream of Wazirabad Barrage, there is another barrage, Okhla
Barrage, which diverts Yamuna water into Agra Canal for irrigation. During the dry season, no
water is allowed to fle through the barrage. Whatever water flows in the river beyond the
Okhla barrage comes from domestic and industrial wastewater generated in East Delhi, Noida,
and Sahibabad, which enters the river via the Shahdara drain. After receiving water from other
important tributaries, the Yamuna joins the Ganga and the underground Saraswati at Prayag
(Allahabad) after a 95Rilometre journey.

Between Wazirabad Barrage and Okhla Barrage, the River Yamun&3hasajor drains.
Originally, these drains were intended to carry stormwater. However, raw sewage is discharged
into the river due to a lack of sewerage system in many unauthorised colonies, rural villages,
and planned colonies, as well as a-fiimctioning ®werage system in planned colonies. Other
stakeholders contribute to the pollution in the river by open defecation by people living along
the river's banks and the banks of drains. Industrial waste and garbage dumping directly into
drains and the Yamuna\Rir

The various human and industrial activities generate a large amount of garbage, which is
directly discharged into the river without adequate treatment, lowering the river's water quality.
The Yamuna flows through the National Capital Territory for @®#ykilometres (or less than

1.6% of its total length). However, the wastes and toxins dumped into that narrow swath
account for roughly 80% of all pollution in the 1,3Kilometre-long river(Sharma, 2017)

This heavy pollubn load in the Yamuna River, which also emits foul gases, may cause serious
problems for the environment and nearby residents. Polluted water also serves as a breeding
ground for mosquitoes, exacerbating the problem during the recent 2011 Commonwealth
Games. Due to Delhi's scarcity of water, polluted groundwater extracted via hand pumps or
shallow tube wells may cause wabmrne diseases, which could become epidemic and result

in a disaster. As a result, river water quality has been reduced to the "g§Orgatgther than

the required "B" category (Bathing Standard).
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3.2. Pollution Sources
The causes of the Yamuna's severe pollution levels are as follows (Sharmd, 2017)

a. Thedischarge ofl8 sewage draingnto the river, the largest of which is the Najafgarh
Drain. This section has been designated as the most polluted, and the United Nations has
declared the river "dead" as a result of its pollution.

Figure 2 Najafgarh Drain and Other Flows tine Yamuna(Tulane University (2016))

Kamal ——J) B f—— Hil Streams

\ 3.4% (48km)

g of the length of the Yamuna River is Tons —— Canal
/ the Delhi N.C.T segment, stretching
y from Palla to Okhla Barrage. Giri ' ' Canal
/ )
STHEVAWNA L1 6% (22km)
i o
— o

\ —— Asen

Western Yamuna Canal ‘—— Eastern Yamuna Canal

Choti Yamuna

Canal and Waste Water from Panipat

Wazirabad Waterworks
100% WATER TAKEN
WAZIRABAD BARRAGE
NAJAFGARH DRAIN NO WATER FLOW
DURING THE
DRY SEASON
Thermal Power Plant

Faridabad Waste Water ——

Mathuras Vrindavan Waste Water
Mathura Waste Water
Mathura Waterworks 4

GOKUL BARRAGE

AgraWaste Water H
Agra Water Works 4 44— AgraWaste Water
Chambai ) Etawah Waste Water
P Allahabad Waterworks
Allhabad Waste Water

Source :

b. Increasing theuantityof water diverted for the western and eastern Yamuna canals at
the Hathnikund barrage. As a result, tiheantity of water flowing downstream in the
Yamuna has decreased, and much of the riverbed is now dry. During the dry season in
Delhi, the Yamuna is primarily fed lgmall streamsf sewage and waste runoff from the
city.

c. Industrial Effluent: The Yamuna is more @n industrial drain because industrial units
dump most of their untreated effluents into the river. According to the CPCB,
approximately 359 industrial units discharge their effluents the®Yamuna, either
directly or indirectly.

d. Agriculture Pollution: A lot of agricultural activities are carried out along the river's
banks in Delhi, which pollutes the river directly or indirectly through ground and surface
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water runoff from agricultural land during monsoon and-nmmsoon rains, as well as
seepage of iigation water containing artificial fertiliser contaminants and farmyard waste
(livestock excreta)

e. Domestic Waste Water: According to a CPCB survey, Delhi generates 23% of all
wastewater produced by Class | cities (cities with more than 100,000 people).

f. Development along the banksThe DDA (west bank) and the U.P. Flood and Irrigation
Department (east bank) had handed over large tracts of land along the river to private
bodies in flagrant violation of the master plan for Delhi, which designated thesedand
an ecological zone. When it came to allowing the construction of cagieaisive projects
on the riverbed, there was no such environmental concern.

3.3. Proposals of thevarious Plansand Programsi n vi ew of Yamunaods P
MPD - 1962

The entire land north and south of the Wazirabad Barrage was demonstrated as prone to floods,
and it was suggested that on the viistk of the Yamuna River asduth of the Wazirabad
Barrage- District Parks, Plggrounds, and Open Spaces be developed.

MPD - 2001

Various efforts were tbe taken to clean up the River Yamuna. On the vast expanses of its
banks, significant recreational areas must be constructed and connected with other urban
development so thdhe river becomes a physical and visual component of the city. It was
suggested that the river be channelled, with the following procedures:

I. Once the results of the model studies for the channelisation of the river Yamuna are
available, the developmentibie river front should be undertaken as a project of exceptional
significance for the city, taking into account all ecological and scientific issues.

. To maintain the river clean, the Water Pollution Act must be strictly enforced.

National Capital Region NCR) - Regional Plan2021

River zones have been designated as natural conservation zones in the Regie2@2Plan

and it is recommended to facilitdteefree flow of water through keepirtge water bodiekee

from encroachment/development . Buildingtigity for human dwelling or any other
supplementary purpose is prohibited. To keep the water body at a minimum flow/water level
appropriate precautions must be implemented. In the natural conservation zone, the following
activities have been suggested:

1. Agriculture and horticulture

2. Pisiculture

3. Social forestry/ plantation including afforestation

4. Regional recreational activity with no construction exceeding 0.5% of the area with
the permission of competent authority.
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MPD - 2021

1. River Yamuna rejuvenatiothrough a variety of techniques, including ensuring adequate
river flow by releasing water from riparian states, upgrading trunk sewers, treating drains,
sewering of unsewered areas, treating industrial effluent, recycling treated effluent, and
removing ctiforms at STPs.

2. Natural elements such as forests, wildlife sanctuaries, the Yamuna River, and other bodies
of water should be protected from unrestrained and unplanned urban expansion.

3. Designation and demarcation of acceptable land usesesttietics for the riverfront,
which should béntegrated with the city and made better physically, functionally, and
visually accessible.

In the above proposals, all plans have focused on providing engineering solutions such as STPs

or either restrictinglevelopment by proposirgppropriate landiseto promote aesthetics of

the river front physically and visuallf{However,on ground various Mega projectsviedeen
approved in the naursee owWwhidrhe cd oeeast n dotn-@sed mfnadr
proposé. The section below explains in detail the change of use along Yamuna over the years.

Other Plans & Programs (km, 2019)i
YAP 1 (1993 to 2003)

1. Construction of 2.2 MGD capacity STP at the mouth of Delhi Gate Drain
2. Construction of 2.2 MGD capacity STP at the mouth of Dr. Sen Nursing Home Drain

YAP 2 (2003 onwards)

1. Construction of 30 MGD capacity STP at Okhla

2. Construction and 12 MGD capacity STP & Renovation of 20 & 40 MGD STPs at
Keshopur

3. Providing Laying peripheral sewer on Wazirabad Road

4. Rehabilitation of Ring Road Trunk Sewer

5. Rehabilitation of Bela Road Trunk Sewer

YAP 3 -2®@18)1

1. Itincludes 9 projectsf which eight are sewerage infrastructure projects under-YAP
lll - creation of 56.4 crore liters per day STP capacity at Okhla, rehabilitation and
upgradation of 38.6 crore liters per day STP capacity; rehabilitation of trunk sewer
and Rising main of 35rk length in Kondli and Rithala zones.

2. The sewerage projects are being taken up in four packages of Kondli (K1, K2, K3,
K4), three packages of Rithala (R1a, R1b, R2) and Okhla zone (O). In addition to
these, foundation was also laid for one project of&dialized STPs ( total 2.25
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Crore litres per day ) and water bodies rejuvenation at Chattarpur at a cost of Rs 65.24
Crores.

3. The project has got integrated as a component of Namami Gésgjen. Delhi Jal
Board is the executing agency for all the projects.

Even after so much money has been invested, the plan's outcome is still unknown in Delhi. The
project's feasibility study has played a minor role in the overall operation. As a tesult,
project fails to fulfil the purpose for which it was created.

The Teri study also stated that while the YAPs may not be 100% effective in enhancing water
quality, the water quality has not deteriorated after their introdution2019)

3.4. Acts and Laws
There are currently no separate regulations or rules in place in the country for the proper
management, transportation, and disposal of wastewater.

Water supply and sanitation are a state subject, according liedibe Constitution (Items 5

and 6 of the 12th Schedule of Article 243 W). The 74th Constitution Amendment Act of 1992
establishes a framework and places responsibility for water supply and sanitation in urban areas
on urbarlocal body. Furthermore, stagevernments/urban local bodies and their agencies are
responsible for the operation and maintenance of sewerage infrastructure, including treatment
plants.

Even though state governments/urban local bodies are responsible for the construction of
sewerage ifmastructure for sewage disposal, central schemes such as the National River
Conservation Plan, National Lake Conservation Plan, Jawaharlal Nehru National Urban
Renewal Mission, and Yamuna Action Plan 1,2,3 supplement their efforts

The Ministry of Enviroment and Forests (MoEF) offers technical and financial assistance to
develop CETP for the treatment of effluents generated by clusters of Small Scale Industries.
Existing policies for wastewater management regulation are based on environmental laws,
policies, and legal provisions suchias

i Water Act, 1974

i Water Prevention and Control of Pollution Rules, 1975
i Environment (Protection) Act, 1986

i National Environment Policy, 2006

i National Sanitation Policy, 2008
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4.1. City-Level Analysis

4.1.1. Land Use/ Land Cover Analysisi Impact of Urbanisation

In the late 1970s, for the Asiad '82, a section of the Yamuna's floodplain was diverted to build
the Players' building, an athlete hostel, anditldeaprastha Stadium, which quickly fell into
disuse. Thousands of construction workers settled along the western embankment (pushta).
During the 1980s and 1990s, the encouragement of Congress politicians resulted in the
expansion of swaths of settlemenmnt lmoth sides of the river's Aand. man's By 2004, nearly
350,000 poor squatters lived along Delhi's Yamuna River. In the year 2000, court orders forced
the closure of thousands of small industrial firms across the city due to water pollution.

Although ndustrial effluents were reduced to 218 million litres per day, the river was still
polluted by the unchecked discharge of domestic sewage, receiving an estimated 1,789 million
litres per day of untreated wastewater (Baviskar, 2011). Further, defecatigrtla¢ Yamuna

by these settlers became the basis for their homes being demolished in 2004. Later on the
construction of luxury highise apartments near the Yamuna in east Delhi as part of a complex
to house athletes and officials during the Commonweadtines 2010 was approved in July
20009.

Even though Yamuna Pushta settlers were squatting on land legally owned by the DDA (west
bank) and the U.P. Flood and Irrigation Department (east bank), far larger tracts of these
agencies' lands along the river hakb handed over to private bodies in flagrant violation of
the master plan for Delhi, which designated these lands as #ogécal zone.

If the high court order of evicting poor squatters appeared to show some concern for the river's
polluted state, nguch environmental concern was evident when it came to permitting €apital
intensive projects on the riverbed. This demonstrates how most conformist versions of
environmentalism have placed the burden of river water pollution primarily on the people who
rely on it, resulting in coercive socioeconomic change along the river (Baviskar, Zablg.

7 below highlights the existing characteristics of Z@nhe

Table 5 Existing Development in Zone'Q'Z o n a | Pl an 0600)
Su-b Descri Existing characteristics/
Zon of Ar
We s t East
1 [NCTD Agricul ture, B Agricul ture
Bounda Jagatpur villa Facility ce
Wa zgaib a Vill age, mo n u m Camp, Del hi

Barrag Unaut ho

rized c Firing rang
Wazirabad
roi

[

dhtae Unaut hori ze
d c 220 EKSVS( EI eg
d r Su$tation),
t

2 Wazir a Unaut ho
Barrag Unaut hor i

| SBT B strucgt WLrNeGs at ponds, gras
Bat hing ghat Mar shes, Gu
Agriculture

3 |I SBT B Ni gam Bodh gha Unaut hori ze
to OId growth of Yamu AgriculR@r e
Yamuna Sali mgarh fort Depot, I' T P
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Rail ¢
Road B
4 |0l d Ya El ectric crema Agriculture
Bridge Shanti wvan, Sh ground.
Il TO Gandhi Dar shan
Barrag compl ex, Power
secretariat, F
5 |I' TO I P power hous Agricul t &i ¢
Barrag power house, S for DMRC De
Ni zamu Station.
Rl'y Br
6 |[Ni zamu FI'y ashkl ypoansdh t Agricul ture
Rl'y Br pl ant and -Bemmiic)
to N H Akshardham
comp,Paxking
CWG Vill age
7 |[NH24 t El ectric crema Agriculture
Ok hl a Gandhi Smri ti
Barrag unaut horized p
unaut horized, e
El ectstatsdhb,
underground a
unaut horised c
8 |Okhl a Unaut hori z,edwactt Agricul ture
barrag body, agricult body
to NCT Khadar resett|
Bounda , LPG bottling

Ignoring the riveiflood-plain interactions that play important roles in river ecology, most of
the floodplain has been reclaimed by building high levels. Developments like the Akshardham
temple and the Commemealth Games which consists of mulstory luxury apartments with

a captive power plant demonstrate how the government has actively encouraged new
development by providing massive subsidies to corporate entities. Other concrete
developments have followed suit, with the Akshardham temple actangaschoring point on

the eastern bank and a network of flyovers and wider roadways being built parallel to the
eastern rivefront to accommodate the increased traffic.
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Figure 3 LULC Delhii 2011 (Author, 2022)
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Within 300 metres of the river, the Delhi Metro Rail Corporation (DMRC) has built a Yamuna
bank station and a large train depot; Parsvnath Builders has built a retail mall near to the Games
Village, and tle remaining property along the river is earmarked for similar projects. The
riverfront is being reimagined at a rapid rate. One can see the patchwork of agitartdir

fast being replaced by elegant skyscrapers as one rides along the overhead metro line from
central to east Delhi, passing the Yamuna on the new metro bridge.

Instead of the ecological zone established in MRD21, these developments provide materia
expression to riverside development that reflects other western cities. This seemingly innocent
initiative of transforming the riverside into a public place, with the potential to build a bond
between the river and Delhi inhabitants, ignores fundamestalioeconomic and
environmental challenges. One, this area will not truly be open to the "public,” because the
direction of its redistribution already favours corporate capital and private and elite public
consumption modes. These new areas exclude tlwitpaf city residents, as well as the land
made available for the new buildings was stolen from farmers and thousands of peor slum
dwellers occupying the land were evicted.
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Planning for Yamuna to mitigate pollution effects of wastewater flow on the river, Delhi

Figure 4 LULC Delhi, 2021(Author, 2022)

Further, LandUse/LandCover Analysis was performed for year 2011 &#0gHown in figure
3 & 4 respectivelyto highlight the pressure of haphazard development on the floodplains

urbanisatoron t he river Yamunads water quality.
Table 6 LULC Change between 2012021 (Author, 2022)
Land Use 2011 2021 % Change (with
Area (m2) Area % Area (m2) Area %  respectto 2011)
- Agriculture 545 36.62 405 27.24 -26
- Built-Up 464 31.20 512 34.39 10
Barren Land 166 11.16 127 8.54 -23
- Vegetation 277 18.65 424 28.51 53
- Water Body 35 2.37 20 1.33 -44
24
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The results showed that
i The effects of rapid population growth arad changing economy have led to
unprecedented rates of urbanization thus, acting as a major drivefl.é change.
i The major negative change can be observed in terrtise@irea of water bodies by
44%.

4.1.2. Wastewater Analysis- STP

As discussed in the previous sectibelhi Jal Board (DJBis constituted under the Delhi Jal
Board Act, 199&nd theresponsibity for the production& distribution of water asvell as
collection, treatmentand disposal of domestic sewage in KT Delhi lies with it DJB is
working in a phased manner to provide sewerage facilities in all the unsewered areas and to
cater the equirement of unprecedented growth of population up to the year 2031, firstly by
extending the sewerage facilities in those command areas where outfall infrastructure exists.

Figure 5 Location of STPs in Delrh{jAuthor, 2022)

) \ " Narela (,
R@‘_" ,\ Coronal Pillar
Rohini ¥ -
§ \f Yamuna Vihar

{

Nilothi G
/“ﬂo_thénm . A
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Najafaurh ' Sen Nursing " Kondli

\
Pagpankelan Chilla

Okhla \\

£ 2 \
/ Vasant kun, \
Kapashecs b Mehrauli \

Capacity (in MGD) . ) Molar Bandh
.08 - 29 Ghitorni

Presently, Delhi generates around 744 million gallons of sewage-a&aper cent of the 930
MGD water supply.The 35 sewage treatment plants operational at 20 locations across Delhi
can treat up to 597.26 MGD séwage.
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Figure 6 Capacity of STPs (in MGD)Author, 2022)
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Table 7 Phase Wise Brealp of STPHDelhi Pollution Control Committee, July 2021
Capacity in MGD

Location of STP

Phase wise break up

Phasdl 12 MGD
Phaselll 37 MGD
Okhla PhasdeV 45 MGD
PhaseVv 16 MGD
PhaseVI 30 MGD
) Phaséd 20 MGD
Rithala
Phasdl 40 MGD
) Phasdl 25 MGD
Kondli
PhasdV 45 MGD
Phasel(New) 12 MGD
Keshopur Phasel 20 MGD
Phasdll 40 MGD
Phasd 10 MGD
Yamuna Vihar Phasdl 10 MGD
Phasdll 25 MGD
, Phasd 2.2 MGD
Vasant Kunj
Phasdl 3 MGD
Coronation Pillar Phasd & Il 20 MGD
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Phasdll 10 MGD
o Phasd 40 MGD

Nilothi
Phasdll 20 MGD
Phasd 20 MGD

Pappankalan
Phasdll 20 MGD
: Phasd 2.2 MGD
Delhi Gate Nallah

Phasdll 15 MGD

STP Effluent Analysis

YNK ™« ~

The environment ministry has strengthened rules for sewage treatment plants (STPs) that
discharge waste water into rivers awttier sites in order to tackle pollutidhiowever from
di scharge

the analysis it was observedtBa8 S TP s

discharged effluents with STP discharge standards in order to find parametere bewhg

violated most.

(70 %)
as shown in figure .8Further, table 10 below compardse water quality parameter

donot

Table 8 STPs Effluent Discharge Qualifipelhi Pollution Control Committee, July, 2021

Oil & Ammonical DlsaliEn
Parameters pH TSS BOD COD : Phosphate
Grease Nitrogen
as P
6.5 10 10 50 10
STP Standards 9.0 (mg/l) (mg/l) (ma/l) (mall) 5(mg/l) 2 (mg/l)
Phasell 73 26 17 80 2 4.1 1.2
Phase I 73 24 16 853 1.2 4 1.9
Okhla PhaselV 7.4 28 20 96 1.6 4.3 1.5
PhaseV 7.2 16 13 693 24 4.2 1.4
PhaseVI 7.3 6 5 373 04 2.6 1.4
Rithala Phasel Under Rehabilitation
Phasell 7.4 10 8 36 0.8 3.2 1.4
Kondii Phasell 7.3 20 14 64 1.2 3.2 1.6
PhaselV 7.2 44 38 117.3 3.2 5.84 3.4
Phaseil (New) 7.2 10 10 37,3 1.6 3.8 1.6
Keshopur Phasell 7 62 46 136 3.6 7.1 8.2
Phaselll 78 58 40 152 2 6.6 4.8
Phasel 73 12 14 58,6 0.6 2.8 2
YamunaVihar Phasell 72 18 15 746 0.8 2.1 2.3
Phaselll 72 30 24 88 1.2 3.2 3
_ Phasel 76 16 12 69.33 24 2.1 4.1
Vasantkunj o) el 68 12 8 64 12 3 2
Mehrauli 6.8 16 10 48 0.8 3.5 1.6
Coronation Phasel & 1l 74 36 21 80 24 6.8 3.1
Pl Phaselll 75 40 27 96 32 82 3.6
27
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Narela 73 20 12 586 1.2 4.6 2
Nilothi Phasel 7.2 40 28 96 2 4.2 1.8
flothi Phasell 713 ol el hEen 2 e 1.2
Najafgurh 76 34 26 96 1.2 4.6 3.9
seprEEl Phasel 74 32 26 853 4 4 1.8
Phasell 7 8 6 32 1.2 3.8 1.4
Sen Nallah 71 8 5 32 0.6 1.6 1.4
Delhi GatePhasel 7.2 8 6 37.3 0.8 1.4 1.8
Nallah Phasell 73 6 5 32 04 1.8 1
Rohini 76 12 14 586 1.2 5.4 3.2
Ghitorni Not Available
Kapashera 7.3 10 8 32 0.8 4.2 1.2
Chilla 7.1 10 6 32 0.8 2.8 1.2
CWG Villages 7.2 4 2 26.6 0.6 0.6 1
Molar Bandh 7.4 32 18 80 1.2 2.9 2.2

YNk « ~

It is found thatthe main parameters not conforming the standards are TSS, BOD & COD.
Higher levels of BOD & COD indicate higher amount of organic waste or sewage in water/

‘} ™ 105w
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Figure 7 Map of STPs Conforming Standar@fsuthor, 2022)
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Figure 8 Percentage of STPs conforming standards
(Primary Analysis)

30%

70%

4.1.3. Wastewater Analysisi CETP
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Table9 Most NonConforming Parameters

@ M2V/ MNE

(PrimaryAnalysis)

pH 0 (0%)
TSS 22 (67%)
BOD 20 (61%)
COD 22 (67%)
Oil & Grease 0 (0%)
Ammonical Nitrogen | 6 (18%)
Dissolved Phosphate | 12 (36%)

YNk « ~

DSIIDC is a Govt. Company has been assigned the function to establish, operate, maintain and
manage Industrial Estates in DelhAt present 33 approved planned Industrial areas in Delhi
exist Out of 33 industrial clusters in Delhi, 17 are connected to 13 CETPs (treatment plants)

which are marked in figure 9 below

Figure 9 Map of CETPs in Delhi
(Author, 2022)
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Figure 10 Utilization Efficiency of CETPs
(Primary Analysis)
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Utilization Efficiency of CETP
The btal Capacity of 13 CETPs in Delhi is around 212.3 MLD. Howetrertotal effluent
flow generateds only52.72 MLD. This shows that the percentuilization of CETPSs only
24.8 %as depicted in figure 10 abavEhis indicates that CETPs are not functioniqgtothe
designed capacity probably because all industries have not taken any connection to the CETPs.
Thus, industrial waste from all the industries is not being treated and is disgatiesctly

into the drams.

CETP Effluent Analysis
Environment Ministry has set standafds both influent and effluent discharfgem CETP.

However, noeof the CETRconfornmsthe standards if consideg both inlet and outlet quality.
Table 12 details the violating parameters in each CETP.

57 @7 @5

QM*
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Table 10 CETPs Influent and Effluent Qualifpelhi Pollution Control Committee, December, 2p21

Par ameter p H TSS BOD COD TDS Sul ph
EPA I nl et ( 69 250
Standégyt|let( 69 100 30 250210 2
TRl mi Inlet6.8- 150 352163 6.4
OQutle 7.4 27 112158 1.6
Badl i Inlet 6.4 40 60 432123 5.6
Qutle 7.4 42 80 980 2
Mayapt I nl et 7. 4 42 456 172
CETP Outle 7.4 40 108152_
Mangol I nl et 7.3 75 432250
CETP Outle 7.7 120 25 104176
Wazirp Inlet 3.9 240 120 325164
CETP Outle 6.8 54 24 84 130_
Nangl oi—nlet 7.5 75 4322096
OQutle 7.6 92 96 138
Inlet 6.8 136 30 75 196
SMA CE™Gutle 7.3 86 26 58. 172_
okhl a Inlet 7.50180 80 112131 14
Outle 7.7 86 27 88 172
Narel a Inlet 7.2/ 560 65 288234 6.2
Outle 7.5 46 16 68 168 1.8
Bawan Inlet 7.0 716 80 304289 8.2
CETP OQutle 7.4 48 16 85 169 1 4
Nar ai I nlet 7.0 220 25 288 764
CETP Outle 7.3 32 22 108 735_
6Tk cpg_lnlet 7.5/ 266 50 106199
Outle 7.8 58 27 80 878 2
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Lawrer I nl et 6.9 224 60 320 172 8. 8
Road C OQutle 7.0 6 4 48N 186 172 4. 8
The main parameters not conformirig the standardsre TSS in influent discharge and
Sulphide & BOD in effluent dischargas shown in tablé3 below. Higher levels of BOD
indicatea higher amount of organic waste sgewage in water/ wastewateétowever, in terms

of effluent standards (outlet), 9 CETPs do not discharge treated waterthe pandards as
shown in figure 11 below.

Table 11 Most NonrConforming Parameters in CETPs Figure 11 Percentage of Neonforming CETPs

Primary Analysis Primary Analysis
Inlet Outlet
TSS (69 %) 0
BOD - 4 (31%) S
coD 0 (0%) 0 (0%) 69%
TDS 0 (0%) 0(0%)
pH 0 {09%) 0 (09%)
Sulphide - 8 (62%])

4.1.4. WastewaterAnalysisi Drains & UACs
A total of 18 drains of Delhi, whose water flows into the Yamuna, create 80 pepfcent

pollution in the river(University of Virginia, 2018)A total of 3017 MLD is drained into the
Yamuna througfi

Main Discharge is by:
1. Najafgarh
2. Shahdara
3. Barapullah
4. Delhi Gate Drain

Furthermore in Delhi, out of 1,799 UAC31 %of Unauthorized Colonies have sewer ine

laid till now that is only 561In other é&her a septic tank is used or waste is drained openly
into the drains.
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Figure 12 Major Drain Outfall in YamungAuthor, 2022)

Minor Drains

I Major Drains
Il Yamuna
—

Agra Canal
= Railway Line
Roads
0 2,950 5900 11,800 17,700 23.600
-—— s

4.1.5. Spatial Pollution Mapping
a. Dissolved OxygenDO)

Figure 13 Spatial Mapping of DO (2012021)

(Author,2022)
™ on ™ onn
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-
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Figure 14 Changedn DO Levels at Diff.Stations

(Primary Analysis)

Water Quality Criteria - ‘C - Class’
DO >=5 mg/l

Okhla Barrage (After Shahadra = o5
drain) °

Agra Canal (Jaitpur)
Agra Canal (Okhla Barrage) %%

Nizamuddin Bridge ', °°

|
|
|
|
|
|
|
|
|
|
|
|
Kudesia Ghat |
|
|
|
|
i
|

ITOBridge
Palton Pool
Surghat (Wazirabad Bridge) A 8
Pl — .
o 5
N 2021 2011 — — — Permissible Limit

32

YNk « ~



Sponsored Thesis Project Competitonon é M7 2" 57 @7 @5 QM* " @ MRV/ MNé& VY NK* «~

DO gives an estimate of organic pollution in
|l evel dropped so bel ow t h dédYepneunnai dcdmvesbad see sl b and t

barrage thatdetttecbabbgme nso2millbarD&cdll @sed st or eédme
shown in figure 14

i As a resul t of the extreme decrease of 0 X

i A river ecology requires DO |l evels of 6 o

b. Biological Oxygen DemandBOD)

Figure 15 Spatial Mapping of BOD (2012021) Figure 16 Change in BOD Levels different
(Author,2022) Sations(Primary Analysis
""" 2011 < 2021 Water Quality Criteria - 'C - Class’
BOD <= 3mg/I
ok!:_laLBa:ragd:.(it:‘f;tr | 33.6 70

Agra Canal (Jaitpur) L

777N Agra Canal (Okhla 138 "
( ) Barrage) 30
MO Bridge — 30
P Kudesia Ghat _l 28
Palton Pool aa
JTo By Surghat (Wazirabad |1.3
Bridge) m22
T P . e i
‘N —ﬂ 10 20 30 40 50 60 70 80
Agra Consl {Dkhia Barrage) JURip—. I 2021 2011 — — — Permissible Limit
- High: 70 . . QAo Comst Uatper)
BOD gives an estimate of organic pollution
BOD | egembhbBder the per mitsheea bi eabasli dbaonibngeftiid
16 it canfhersedre tbblhhatr age values al most i ncr

t hGkhl a barrage in both 2021 & 2011.

i lead to decomposition of organic materi al
P.

i Produce dense al gal bl oom | owering DO
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c. Fecal f GomhC)

Figure 17 Spatial Mapping of FC (2012021) Figure 18 Change in FC Levels different Stations
(Author,2022) (Primary Analysi$
L |
'\‘\_ 2011 N\ 2021
/;» )
E ( . .
\ Fecal Coliform : 500 (Desirable) - 2500 (Max)
‘:!'7
( re Ol
N\ ( ] Fecal Coliform 2020 2010
‘ i e Palla 2000 22260
{ Surghat (Wazirabad Bridge) 27000 3948
....... Palton Pool 3200000 -
Kudesia Ghat 920000 -
fovins ITO Bridge 460000 -
zf Nizamuddin Bridge 170000 4893333
i Agra Canal (Okhla Barrage) 140000 3541091
" \ Agra Canal (Jaitpur) 310000
)‘\“ i ,_‘Q:)ww.” Okl'.lla Barrage after meeting Shahadra 4500000 7628167
| High: 7628167 3 drain
2 i shstsin i B st st St
“Low: 2000 ®
3 0 3 6 Kiometers

FecColl i fOorm gives an estimate of biological g
& 2011 Fecal wdalhi ft dhrem pieg mnetsi bl ea$si mhowexca
figureCdmBtacwhivet 8 can result Iihemixeg @it ridsS t o
associated wit hbyf efceaclalc ommattaenriinaalt ioofn humans o

i The preseoaocki bdorMmebatctteria in rivers indi
materi al from human or ani mal sources has

i Sourcld keul eaking sewage pipes or septic

d pH

Figure 19 Spatial Mapping of pH (2012021) Figure 20 Change in pH Levels &ifferent
(Author,2022) StationgPrimary Analysi$
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Planning for Yamuna to mitigate pollution effects of wastewater flow on the river, Delhi

pH p&yasaical indicator of water quality. Il n L
CPCB guidelines. Thealchwaad nPHROWRE|.ue iisg6r

4.1.6. Wastewater Analysisi Agricultural Effluents

Figure 21 Agricultural along with its pollution mappingUniversity of Virginia, 2018)

Soil Ma Nitrates Conc. in
P Agriculture Area
3

Agriculture Map

Highest o 4 A highly

quality soil ok 4 concentrated

liesalong amount of this

the Yamuna . nitrate

: ( : ' correlates to

the areasin
which
agriculture is
most present.

Chhatarpur Alluial Deposits (Low Yield)
B Crhasrpur Allwisl Dep: ted Yield)

3,300 ha -Under farming on floodplain. A very neglected factor behind presence of whatever left green cover on floodplain till today

While the highest quality soil lies along the Yamymaost agriculturapracticestake place
alongthec i t y 6 s amcethat tgohndomgyality soil because of the limited access to the
river. As a result of industrial effluents and untreated sewage wattdbe | hi 6 s soi |
contaminated with heavy metals and pesticides creatingern for crop production and food
safety. Contrarywise contaminatn of Yamunaalso occurs because soil contamination
through agricultural pesticides, fertilizer residued &armland waste creates unhealthy runoff
(University of Virginia, 2018)
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4.2. Introduction to the Site
Figure 22 Site Area( (Social Design Collaborative, 202Z0uthor, 2022)
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household was surveyed Wnhnthha sawmet éssikeolbp
Aruna Nagar Col ony, farmers aTlkRicoammohiviey o

framers on the floodplains lhas al $o0 1Bbedmutsal
sur v.eyed
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4.3. Site-Level Analysis
4.3.1. Background
a. New Aruna Vihar Colony
196A1 1l ocation of Majnu Ka Tila for the Tib

200Bvi cteaotn darhd t Weedémokthei @010 commonwe al
masteof pDalnhi

208t atus of " New Aruna Nagar" colony with

b. Riverine Communities

Af ter | ngdehpee ndadiirelceord pl ai n waf$agmeens bbb Vaa
t he DDA.

The96-M®st people havreeimglgb@atemlg fofomUuthe &
af ew péer system of giving |l and on | ease st
Pr esiertialrlmefr s of Majnu Ka Tila hathrtmeken |

andlependpioong ahandrei ze thég$skhadeaao. pay Rs 6

4.3.2. Basic Facilities in HHs
| New AMNamgar Col ony, pi ped water supply was p

season water received is dirty and smell s wf
t seewer connection, there i snloti nandyv Bpoyessédemal b
hasseptiic. d.am&k? ®ue to | ack of i rregul ar pun
systems arené6t wor ki satgo pbrwipled)l .y I(ts| awamg ec cwmotna
bodies as well as undergraccund twat er3.% IHH st ehrar
| HHL, 15% uses community asiskekowmwhi hef 2udeda
Figure 23 Latrine Facility in New Aruna Nagar Figure 24 Latrine Facility inRiverine
(Primary Analysis) (Primary Analysis)
NA 2% NA

15%
Community

Toilet 15%

IHHL
20%

IHHL 83% Open Defication
65%

Att he back oNagherw Corlaomage st abang of the river,

far mers wehbea-mée nwiilngwmeaelt. These farmers did no

sanitatian dkhaeawhiiwn Thiegurper az3i ced open def

arreemegnt s installed on narrow drains carryin

However, forpuanrpoktehnegy géimatdern ment tap i nstall

the farmers had a hand pump i nst asl |walt eorn ftohr
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drinking thheecghseooatentrations of fluoride p
morning they fetch water from the government

4.3.3. Awareness and Perception

a. Awareness about wastewater discharge
Il n New Aruna Nadgamwn@Go%adfayt Ibébt r wagondent s ex

wastewater from their homes is @Wiaadollpg %dr a
respondent s believed that wastewat erasgoes |
il lustrated in figure 24

However, farmer communities had a strong st
gener at ed gtoh¥es muansa eschtolwn tion . f iThurse i 35 pb eldowi
to | ack of,amenuwrceo,nosnp&oéecsongr ban poor are u

sanitation.

Figure 25 HH Discharge AwarenesdNew Aruna Nagar Figure 26 HH Discharge Awarenes$sRiverine

(Primary Analysis) (Primary Analysis)
Septic Tanks NA
b 11%
Drains Yamuna Yamuna
26% 55% 89%

b. Perception on Role of Communities in Managing Wastewater

When asked about govt . & community action?
not hing or couPamtitcidpanamsytwearneg .eager t o h
safeguard the Yamuna River, but theyi dadf no
government efforts, "This is all/l tal k, no i nm
government has the ability to do so. We | ack

Figure 27 Perception of communities abtthe possible change ithe situation(Primary Analysis)

Nothing Possible
24%

No Action
76%

Wh a 't role do they envisage themselves perfc
sanitation? " Whdat?"camasweé hpogeinkelr al answer . ]
aut hor"iftiyl icmmmpéa ai nt to the gover nment about
Connection"
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4.3.4. Health, Occupation and Pollution Impacts
a. Occupation and Pollution Impacts

New Aruna NagaexCehsnye human activity |ike
vehicles sapsesadowah|.i oNdrigmp@ct27d metntieiomeBu ;i
such because interaction with Yamuna i s ze

occupation. However, sree 0tha urhaen tbéa kvdaredu doat H eero idn
to fasgebéeoagassmreeldfy & unhygienic environment.

Al so, even though polluted river does not al
extensive human activities | hh¥aentuinbm oad h ec
di scharging wastewater directly into it.
Figure 28 Occupation TypeNew Aruna Nagar Figure 29 Occupation TypeRiverine

(Primary Analysis) (Primary Analysis)

Daily Wage Unemployed 4%

Travel Agency 5% 17%
Others
16%
Textile
16% estaurants

63%

Farmers
79%

Il n f'aromemmunrnedjji @es,occupati owmhiscchumac ® uinsl 78 Pomi
veget abldascepc omduer, bottl e gour d i anldeutnnuecres
in the wintertsheald&kweoverf,r edlne athar c| etalneg @t e n,
ofwastewater dr acha/figpraaeabdiec aus eCroofp st hiirsr i gat e
t he Yamuna r iamedr tshp ahilg ésqouasnecer®S u cfhe rctonldiizteirosn s
al so forced them to change the typk0Oofyeamrp
sienct heir | ast watermel on harvest.

b. Health and Pollution Impacts

Il n New Aruna Naegasast kvemtdtmmya, rwver specificall
their health, al |l 95 % of respondents said t
headstpleadl |y on chimadi ennm ©Ofasebesecorded fron
mosquetated di seases f orldloameedd bdyi ssda apsrmeasc hr easnpds
i n the Dfeil goum. e
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Figure 30 Yamuna's Water Impact on Health & the Types of Diseases RepbigadAruna ColonyPrimary

Analysis)
No
5%
stomach-related disease I ::
skin-related disease  RB
mosquito-related disease _ 65
Yes 0 20 40 60 80
95%
I n farmi ng whemmutsiideusn,a ri ver specifically
heal thespahdents did not answer. Only 34% of

gual ity had an asmpsbowoni hheiguhea80h

This was most | y haijeort iot y hef frespomédent s wer e

pol |l uti otnhecowduwsebeof any di sease aldoweéwer ,bel
those who accepted responded that they suff
foll ow&d nbyand stomach related diseasets. Thi
with the wastewater and Yamunaodos polluted wa

Figure 31 Yamuna's Water Impact on Health & the Types of Diseases RepRitatine (Primary Analysis)

No
37% stomach-related disease I 2
ket s s S 50

ot s I s>

0 10 20 30 40 50 60

Yes
63%

4.3.5. Overall Issues
LandUse/ LandCover

Rapi d urbani zati on has resul tedeamuntahear ead
signi fitdlemgtl y10 nyears only. This type of wurb
of the river because more draimsoatél bwi i nht
river.

STP & CETP Anal ysi s

The existing sewerage tréatment facilities i
A lnadequate sewerage coverage resulting was
pol l ution of Ri wdrACramawmea s(eowdry [3ali%l )

A 20wmivaste water generated by domestic users
A 23 STPsdqm®dt%)di scharge treated water as pet
A 9 CEd@Bsnot discharge treated water as per
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Thgener-at € @anmewit|l lgagpponti nue to increase be
growt h

Community Assessment

A

A
A
A

Due to | ack ,ofd teqawmremi s pacrestraints ur ban
safe sanitation.

People who use rived awad eregortitrhggidi 4da aed:
Sstomachacée¢. nausea

The pollutionaiferctie tiheercrwaptserwyi el d and f
rethink the types of crops for cultivation
Il n themawvy use of fertilitzivemmuna hksaubeinf

of wastewater to irrigate the crops
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CHAPTER -V
5. Collective Approach

A combination of decentralized & -situ treatment systems can be planttedugh nature
based solutions to achieve overall city sanitation.

What is Nature Based Solutions (NbS)?

Naturebased Solutions (NBSare interventions designed around the management,
conservation and enhancement of natural resources that yield multiple environmental, social
and economic benefits and-benefits. It is an umbrella term that encompasses various
approaches that put naguat the centre of designing solutions that build climate resilience and
create sustainable economies. Based on global practices that aim to simultaneously tackle
environmental, social and economic issues, NbS are classified under the following three
categries(IUCN):

1. Nature Based Solutions based on nature that use the power of functioning ecosystems as
infrastructure to provide natural services to benefit society and the environment.

2. Nature Derived: Wind, wave and solar erggrd solutions to help fulfil our low carbon
energy needs through production methods deriving from natural sources.

3. Nature Inspired: Solutions that involve innovative design and production of materials,
structures, and systems that are modelled on bidbgrocesses.

Figure 32 Advantages of N8 (IUCN)

“osYs'

“"ﬁ‘d\‘em‘bcsed qp:::::;'"""
v N

Naturebased solutions are emerging as powerful allies in addressing the global interconnected
challenges of water pollution, biodiversity loss, amtban ecosystem degradation. Several
cities have begun to change their approach to urban planning by harnessing the power of nature
to provide environmental and societal benefits. The potential of incorporating natitresn

is now universally acknowlegtd; however, these must be seamlessly integrated with overall
city development plans through a more linked and collaborative approach between
severaltakeholders.
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Delhi recently unveiled its draft Master Plan 2041, a document that will guide the city's
development over the next twenty years. The @iafhaims to make Delhi more
environmentally sustainable, habitable, and economically and socially strong, with stronger
attention to environmental protection. While attempting to address issues of waigompol

and overall discordance with the natural environment as a result of rapid and unplanned
urbanisation, the new Master Plan aims at the revitalization of the city's green and blue assets,
which includes increasing forest and green cover as well &scpirgg and conserving water
bodies.

Several cities are beginning to embrace nature's power and shifting urban planning approaches
to place a greater emphasis on blue (such as raet$akes) and green (such as trees, parks,

and forests) spaces. Nattbased solutions caupplement efforts to reduce water pollution.

Such solutions provide numeroustoenefits such as improved water quality, increased green
cover and biodiversity, and the creation of headthgl balanced living spaces.

5.1. Interventions at Different Levels

1At Site Level to overcome the issue of conn
DWWT-1 f6i t u Tr @ At massei:touf tirneat ment to I mprove
and proposing DWWT as per the gapl owm igrentelrea
rivers I f such treatments work at their ful

2AtFl ood Pl abnoveeeveme the iIissueUsd changing

Greenways
A Are protected open space routes that are
A They connect habitats and provide open sp

Created Habitats

Alnterventions that i nvol ve tchal prectosgytsit a
(agricultwural, fishery, and |ivestock far
A Cover cr opssmaarntd awgartiecrul ture are exampl es
riverine communities)

Ri parian Restoration

A Restoring natur al habitat along the bank:
interface between | and and water.

A Riparian buffers onsagmidulctamt al ol and nc &m
fields

To overcomethe issue of connecting areas to centralised STPs SOFT to overcome the issue of changing floodplain Land-Use

APPROACH SOFT

ZoneOll . Nature Based Agriculture __, Riparian Green
as Created Habitat Restoration Pathways

A combination of hard & soft ) . Filtering Agricultural Run-off Open space routes that are
Ecol | Restoration of 99 .

measures can be planned Treat wastewater at a local level Flccfoggllca?n tre]foilshlclilr;?ural Restoring natural habitat along madnaged for both conservation

) i and enjoyment.
thmu.gh nature bass:c{ Reuse of Treated water in Farming (Promote Green Jobs) the river bank et
solutions to tackle rising )
Agriculture

concerns on wastewater Forms river-people connect

. Farmers trained to become
pollution.

Recovery of O & M Costs guardians of parks along Yamuna.
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5.2. Site Level Proposals

Decentralized Wastewater Management Systent®rough natureinspired technologies)

Decentralized wastewater management (DWVéblper MoUD Guidelines e def i ned as
collection, treatment, and disposal/reuse of wastewater from individual homes, ahisters

homes, isolated communities, industries, or institutional facilities, as well as from portions of

exi sting communities at or(Gudeliaes fortDecentrgised nt o f
Wastewater Management , 2012)

AdvantaQGS(Guidelines for Decentralised Wastewater Management , 2012)

Flowswould remain smalin the systenat any point

Less environmental disturbances as smaller pipes would be instatied the constructiol
process of the system

Without routing more flows to existing centerew treatment centers can be added; mi
theexpansion of the system easier

For layingdown sewer pipelineses$s investment is required

More efficientquality of treatment if compared tbetraditional system
Efficient reuse ofreated sewage for toilet flushing, irrigatjatc.
Easiersewerage systemaintenance

Planning Considerations
Detailed investigations carried out respediGaidelines for Decentralised Wastewater
Management , 2012)
1. Population
Reuse potential
Topography
Wastewater quantity and quality
Details of existingon-site treatment systems
Presence of any drainage channel

N e

Technologies Available

Several treatment options are available selected on the basis of wastewater characteristics. The
treatment systems inclugéuidelines for Decentlised Wastewater Management , 2012)

6. Waste stabilization ponds

7. Constructed wetlands

8. Moving bed biefilm reactor

9. Activated sludge process

10. Extended aeration process
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Figure 33 Process of DWWTGuidelines for Decentralised Wastewater Management , 2012)

GRIT
CHAMBER BIOLOGICAL
WASTE —_— — — .

PST SST
SCREENS l

N-TO RIVERS

REUSE DISINFECTION

5.3Selection of Technology

Various efficient technologies are present in India in order to treat wastewatecai level.
However, factors considered while selegtiTechnologies for DWWNWMNare land required,

capital cost and operation & maintenance egst is to be proposed in an unauthorized colony

with available land being the biggest constraint to propose any kind of wastewater treatment
system. On the basis of these factors CAMBES was selectetbr the site specificallyas

shown in table33 below. Further,this DWWT technology is the most suitaldeototypefor
theselected area which cannot be replicated as it is in other areas. In different areas on the basis
of varied factors other suitable systems can be proposed.

Figure 34 Factors for selecting a Technolo(Brimary Analysis)

FACTORS CAMuS-SBT (600 KLD)

Land required 420 sqg.m.
Capital Cost Rs. 62.1 Lakhs
Operation & Rs. 6 Lakhs

Maintenance costs

CAMuS-SBT

Continuous Advanced Multistage SystéRoil Biotechnology (CAMUSSBT) is an advanced

SBT thatuses only local supplies and is an oxygen supplying biological engine (can treat all
wastewater domestic, municipal & industrialMedia used in the biceactors creates a natural
ecosystem (ensures a min. life spa2b yearfor desired hydraulic & @yanic loading)Center

for Sceince and Environment)

Features(center for Sceince and Environment)

i It's a green/clean technology

i No Noise & Odour

i Optimal space usage

i No external aeration

i No bio-sludge formation

i One time media installation

i Low power consumptionl(3 of conventional STRPs
i Efficient removal of pollution

i Long life and creates green habitats
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Figure 35 CAMUS-SBT ProcesgCenter fo Sceince and Environment)
CAMuS-SBT PROCESS
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VCB
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PFS: Parabolic Fine Screen

TS: Tube Settler

Components(shankar)

EQT: Equalization Tank

BM: Bio Mound

CPCB B/C

CT2

L 1

VCB: Vermi Composting Bed
CT: Collection Tank
TWT: Treated Water Tank
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i Media : Partially weathered sellke primary minerals of suitable particle size ,
composition, liquid hold up, hydraulics

i Additives : Formulated from natural materials for suited particle size and composition
to provide sites for respiration, CO2 capture.

i Culture : Geophagus worm such as Pheretima Elongata and bacterial culture.
Appropriate culture for special situations.

i Plantations: Selected Green plants particularly with tap root system

Figure 36 Sectional PlangShankar)
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5.4 Site Selection for Technology
Figure 37 System Area of Technology in New Aruna Nag&rthor, 2022
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Design Considerations

Total Vacant Space 9,300 sg.m. (0.93 Ha)
Area Requirement/ KLD 0.7 sg.m.

Area Required for (600KLD)450 sq.m.
Flooding mark 205.33 m

System Level 213.47 m

Outcome Shown

BOD and COD are less than 5 with the removal efficiency of BOD and COD greater than 99%.
Effluent can be used for Construction, Flushing, Plantatod,rrigation as the discharged

water i s equivalent to CPCB designated Use C

COSTING

1,360Rs/ persorireatment cost

120 Litre/ persontreated water generated
1,26,000RS/monttotal revenue generated

@ RS. 7.00per kl fromSTPs(Delhi Jal Board, 2018)

SCOPE OF REUSE IN AGRICULTURE

Water Requiremerfor 1ha :67,885 Gallon/ week = 256.97 KL/ week

Water Requirement for 5hd ;283 KL/ week (3.5 times treated wastewater generated)
Cost to Farmers8,500/ week (@7 Rs)
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5.5DWWM Recommendation atPolicy Level

Table 12 Area-wise Interventions for DW\WM (Author, 2022)

Areas of

. Possible Measures
Intervention

1. Specify role and scope of DWWM in nationmlicies,

Recoghition of City sanitation plans, master plans and zonal plans.
DWWM by the . 2. Create a unified database of DWWM, georeferenced d
government agencies

responsible for urban| 3 - pray statistics on the contribution of DWWM to urban

sanitation planning sanitation coverage, and introduction of DWWM categ

in the census

Develop effluent standards that are specific to DWWM and re
purposes

Effluent Standads

1. Specify role and scope of DWWM in water reuse polici
Water reuse planning
2. Draw statistics on contribution of DWWM to water reus

i These measures at policy level will not only help in establistiggnised framework
for DWWT but will also help in monitoring of such systems by the state boards.

i It can further ensurdhe participation of local bodiesin effective wastewater
managemernin the State.

i Institutional framework can also be strengthenethat will actually support or
facilitate the implementation of all the declared rules.

5.6 Floodplain Level Proposal:Delhi Master Plan 2041

The proposed Master Plan 2041 of the Delhi DevelaprAathority places a strong emphasis

on green belt development and improving people's engagement with the city's "green and blue
resources"The '"GreenBlue strategywhich focuses on water bodies and the land around it,
offers to give the city a uniquéape(Rajput, 2020)

What is GreefBlue infrastructure?

Rivers, canals, ponds, wetlands, floodplains, and water treatment facilities are examples of

‘Blue’ infrastructure, while trees, lawns, hedgerows, parks, fields, and woods are examples of
infrastructureThe term relates to urban planningwhich water bodies and land are

linked and flourish together, providing environmental and social benefits.

Through blue green infrastructure under MPDA41, the draught plarstablishes certain
guidelines for cleaning the river and recovering dying wadelies, which is one of the most

important components of the pléRajput, 2020as shown below in the tabile
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Table 13 Proposals Laid out in MPR2041(Compiled by Author from Draft MPD 2041)

Draft Proposal s

clear buimfieér o on é enweiatrh
rections on how to dev

A
di
for recreation only

So, a strong
Creatgmomemfmobi lfiory user m|jgreen belt de
wal kways and cycle track|/i mproving peo

: : engagement Wi
Useiwsftu treatmpnove wat|{"green and bl

i mpl ement ed

However, cCrea
'InteraCtiW\iéIzd)reesjesignaaglr't_cu:tu[)e c
at hs These Iocatioancstiwmut Lp elle:l_e
uch as active/passive r|/vater po uti
| asses, and so on

ecoghaemidng as a pier mi s
| oodpl ai ns

Floodplain proposals based on MPB11 Proposals

Vision : Integrating farming with existing/proposed parks, wetlands and public spaces to
improve floodplain health in terms of Biodiversity, water quality and soil health.

Agriculture notified as a dedicated land use

i Reimagining riverine ecology along with riverine agriculture.

i Regularizing farming as a communityiven, sustainable urban livelihoedrecognize
long-standing ground realities

Farmers of Zone O be given access to welfare schemes

i Perturban farmers inhe NCT of Delhi are eligible for various benefits, subsidies, and
insurance as per relevant policies of Gol and GNCTD, such as SBM Gramin, Paramparagat
Krishi Vikas Yojana, Mukhyamantri Kisan Mitra Yojana, etc. (Kumar, 2017)

Farmers are reskilled in organic and sustainable practices
i Reskilling of farmers into organic and sustainable practices

Table 14 Universal Principles Of Natural Farmiigndhra Pradesh Communityanaged Natural Farming,

n.d.)
Universal Principles Of Natural Soil To Be Covered With Crops 365
Farming Days (Living Root)
Minimal Disturbance Of Soil 'S”girlease Organic Residues On The
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Bio-stimulants ANecessary No Synthetlc Fertilizers, Pesticides,
Herbicides

Catalysts Pest Management Through Botanicg

Use Indigenous Seed Extracts

Figure 38 Multiple Level of Capacity DevelopmefAuthor, 2022)

m Awareness on Catchmentwide Participatory Participatory
Natural Farming planning and Action Action
with communites demonstrations Research Research
DISTRICT

i Localized, contextual interventions by agricultural scientists, environmentalists, and
planners
Table 15 Nature Based Agriculture enhancing ecosystem ser(igislles-Wilhelm, 2021)

NbS

Biodiversity Water Soll

Reduces soil erosion an
Reduced agricultural redistribution
water demands maintaining soil depth
and water retention

Agroforestry provides
habitat for species &
supports connectivity

Agriculture

Benefits associated wit
improves surface wate

= | Increased fish specie . Better nutrient
ol quality. Increaseq o
e richness and . ; management maintain
@ | abundance opportunity or soil fertility
=X recreation & Health
S benefits
=
Can create wildlife A
. Improved availability of
corridors and buffel _ ; . :
water; avoided| Measured increase in sq
areas that enhand ) . . }
biological sedimentation and watg fauna in reforested siteg
gical regulation
conservation

Riparian Buffer | Cropland Nutrient | Conservation

Integration of riverfront development with farming

i Along with forests/marshes, farms are also ecologically beneficial uses of floodplains.
i Farmersreto be trained to become effective guardians of parks and biodiversity spheres.
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Planning for Yamuna to mitigate pollution effects of wastewater flow on the river, Delhi
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CHAPTER VI

6. Funding and Stakeholders

6.1. Funding Pattern
For Zonal Level Nature Based Interventions

The public sector is critical to the succesdNbS in India, both as a key enabler of pohcy
driven transformation and as a source of lesgale funding. This section provides an overview
of public funding for NbS activities in Indiaseenario.

National missions and programs- Under National Action Plan on Climate Change
(NAPCC), two missions are most aligned with NbS activities conducted on land. These are,
GIM and NMSA which are discussed below with their respective budget allocations and types
of activities supported.

A. GreenIndia Mission (GIM)

GIM aims to protect, restore, and improve India's forest cover by addressing climate
change with a combination of adaptation and mitigation measures. It takes a holistic
approach to greening and focuses on improving the provision tiplauecosystem
services, particularly biodiversity, water, and biomass, as well as the preservation of
mangroves, wetlands, and critical habitats.

Table 16 Fund allocation under Green India Missigtresdnformation Bureau, 2022)

Year 2022 (AsO0OBRR
in CrorelMore than 90% o
Budget budget has been
Al |l ocat ¢ 220.00 2020 ane€22021
Expendi t 200. 13

B. National Mission for SustainableAgriculture (NMSA)
NMSA's mission is to promote sustainable agriculture practises that make agriculture
more productive, sustainable and profitable. By supporting three key areas that is
agroforestry, rainfed agriculture, and bamboo cultivation promotian rhission
focuses on farmland development and restoration.

Table 17 Fund allocation undeghe National Mission on Sustainable Agricultuidinistry of Agriculture &
Farmers Welfare, 2021)

NMSA Financial Activities aligned with land-based NbS
Components | Status (in Cr)
SubMission | 39 (20212022)| Improved crop seeds, improved farm practic
on Agro agricultural insurance, access to mark
Forestry livelihood diversification
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For Site Level Decentralised Wastewater Treatment Intervention
The Delhi Jal Board (DJB) constituted under the Delhi Jal Board Act, 1998, is responsible for

propercollection,efficienttreatment andafedisposal of domestic sewage in the Capital.

Table 18 Fund allocation under DJB Schem@3elhi Jal Board)

Name of the Scheme 20202021 (in Lakhs) 20212022 (in Lakhs)

Sewerage facilities in 45.000
Unauthorised Colonies 60.000
Rejuvenation of Yamung -
and Water bodies
Environmentall Greenery 200 200
and Landscaping

6.2. Stakeholder Identification
Any planning vision for the Yamuna and its floodplains in Delhi must consider and reconcile

the concerns and interests of all stakeholders.

Figure 40 Identified StakeholdefAuthor, 2022)

Farmers
Research
Institutions DPCC NGOs
NGT
Delhi Jal Unauthorised
Board CPCB Colony
DDA Residents
Delhi Forest Dept. of Flood
Dept. Control
Residents

For the successful implementation of projesttskeholder engagement is a main compooent
community based project#t involves stakeholders in planning implementationstagesto
achieve consensuandtake into account their needsd interestThis allows allstakeholders
to understand the potential impacts of a proposed activity on the comrandithe potential
they have to contribute for better implementation of the project
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Figure 41 Stakeholders and their potential to contribute to the pr@fadhor, 2022)
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CHAPTER VII

7. Conclusion

Al t hough the river Yamuna's water quality is
cledemgnstrates that it is an i mportant part
in the city is more |likely to create grey ir
river. However, the constanti wWerschas gyeetoft aval

addressed.

Del hi must address its unplanned urban gr owt
flow to all ow waste water to be diluted bet
mu st decentr al izeemewas titashwdadaueghr mart ane nt wi th
infrastructure and | ocal reuse, and mainstr

emerge by the time gregreasrbbBaruaterensewer

This gamepownthhaob until we ackmowiwadgéd rtohme
sewage and centralized systems and toward sa
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PART 1
To be filled up by the applicant

1. Proposed project title

Planning for Nature-Based Solutions to Mitigate Pollution Effects of the Wastewater Flow on Water-
Quality & Riverine Communities

Maximum length: 300 characters, including spaces

2. Selected Theme
Select any theme from the options below

Theme 1: Reducing river pollution

3. Abstract

Rivers have always been at the heart of societal development. All of the world's ancient civilizations
thrived on the banks of one or more rivers. Rivers, which were formerly the most important supply of
fresh water, became conveyors of effluent as cities grew. Various sources of contamination demonstrate
how rivers have paid the price for fast economic and technical advancement. Despite being regarded as
a goddess by Hindus, the Yamuna is no exception. The river Yamuna is one of the most polluted tributaries
of the Ganga. Researchers have said that the Yamuna is "about to die" due to pollution (Misra 2010).

Furthermore, the Delhi NCR contributes almost 76% of the overall pollution load in the Yamuna (PTI
2018), effectively turning the river into a 'sewage drain' (Datta 1992). Delhi processes around 66 per cent
of all sewage generated by its metropolitan area, with the remainder entering rivers or other surface
water bodies. Nonetheless, the Yamuna continues to be vital to many communities' livelihoods and socio-
cultural lives. All types of livelihoods continue to rely on this 'about to die' (Misra 2010) river: farmers still
cultivate on the banks, fisher-folk fish, and washer-folk wash.

This study aims to contribute to a better understanding of the diversity of riverine communities along the
Yamuna stretch in Delhi (such as farmers and fishermen) and the challenges they face as a result of river
pollution by correlating water quality with socioeconomic factors that affect these riverine communities.
To achieve greater water security and resilience in the future, as well as to reverse biodiversity loss and
lay the groundwork for more sustainable societies (community liveability with greater social benefits), the
thesis seeks to demonstrate how Indian cities can turn to nature-based solutions (NbS) to protect the
urban rivers on which they rely, thereby contributing to improving environmental quality and the
livelihood of riverine communities.

Sources

Datta, Chandan. 1992. “Yamuna River Turned Sewer.” Economic and Political Weekly, 27, 2633-2636.

Misra, Anil Kumar. 2010. “A River about to Die: Yamuna.” J. Water Resource and Protection 489-500.

PTI. 2013. Phase three of Yamuna Action Plan approved for Delhi. 10 December. Accessed November 2019. https://www.ndtv.com/delhi-news/phase-three-
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Maximum length: 300 words

4. Case study area
Provide a brief description of the study area and why it has been selected. Feel free to use
figures/tables/maps/diagrams/sketches

Delhi: Yamuna River

The Yamuna River is the Ganga River's longest and second-largest tributary. The main starting stream of
the river originates from the Yamunotri glacier near Bandar Punch. The different human and industrial
activities generate a large amount of garbage, which is directly discharged into the river without adequate
treatment, lowering the quality of the river's water. However, only 22 kilometres (or less than 1.6 per
cent) of the Yamuna pass through the National Capital Territory. However, the wastes and toxins dumped
into that limited stretch contribute to about 80% of all pollution in the 1,376-kilometre-long river.

Rapid population increase has rendered Delhi unable to properly handle the volume of sewage produced,
while ageing infrastructure is unable to treat water at full capacity. The pristine Himalayan waters of the
Yamuna River are nearly entirely diverted for use as drinking water just north of Delhi, at the Wazirabad
Barrage. That flow is effectively replaced by the Najafgarh Drain's discharge, which is heavily
contaminated by agricultural and industrial runoff, solid waste, and untreated home sewage. The
diversion of clean water for drinking and agriculture has lowered the natural flow of the Yamuna and its
tributary drains dramatically. The limited flow is unable to dilute the volume of solid waste and effluents
dumped into the Yamuna, thereby transforming it into an open sewage drain.

As a result of the extreme decrease of oxygen levels in the water, large numbers of fish die, severely
affecting fishing communities. A river ecology requires dissolved oxygen (the amount of oxygen in water)
levels of 6 or higher to survive. A DO level of at least 4-5 is required for fish. The DO in the Delhi section
of the Yamuna ranges from 0 to 0.4. Furthermore, the allowed Biochemical Oxygen Demand (BOD)
threshold for river water is 2 mg/l, whereas the BOD level of the Yamuna exceeds 55mg/I, which is
extremely high, and at this level, contamination becomes irreversible, rendering river water dangerous
and unusable (Shalini Singh, 2020).

The Central Water Commission (CWC) declared that the water in the Yamuna River is unsafe for
household, irrigation, fishing, and industrial usage. Similarly, agriculture communities along the river in
Delhi have numerous challenges, primarily in terms of water quality and quantity, yield, and land
availability.

AGRICULTURE IN DELHI

Source : (Tulane University, 2016) Land used for Agriculture in Municipal Delhi Soil Map of Municipal Delhi

National Institute of Urban Affairs

Page 2 of 8

mod
$ "0
S %,

Al

G
WS

i
kY

>Z

454

>

oz

QM* " @ M2V/ MNE

60

YNk « ~



Sponsored Thesis Project Competitonon é M7 ? " 57 @7 @5

Planning for Yamuna to mitigate pollution effects of wastewater flow on the river, Delhi

N

National Institute of Urban Affairs

-
National Mission for Clean Ganga (NMCG)
(A e e AiUA

National Institute of Urban Affairs (NIUA)

UI'!!’!’BL National Institute of Urban Affairs

QM* " @ MR2NV/ MNE

The greatest quality soil is found along the Yamuna, limited access to the river means that most

agricultural output takes place on the city's outskirts, in poor quality soil. However, water contamination

caused by agricultural pesticides, fertiliser residue, and agriculture waste, generate hazardous runoff and

nutrient pollution, contaminating the Yamuna and Delhi's groundwater. This has not only impacted

agricultural communities along the Yamuna river but others as well. As illustrated in the map below,

agricultural runoff pollutes Delhi's groundwater in several regions, causing nitrate levels to rise.
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Source : (Tulane University, 2016)

A high concentration of this nitrate corresponds to the places where agriculture is most prevalent. In

Delhi, the groundwater table dropped by 2 to 20 metres (Tulane University, 2016). A heavy layer of sludge

has accumulated at the Yamuna's bottom, preventing the water bodies from replenishing groundwater.

This is extremely problematic for farmers' livelihoods, as groundwater is a vital source of crop irrigation.
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Source : (Tulane University, 2016)
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