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MESSAGE

Heald S4d

Tt gives me immense pleasure to present the "Ground Water Contamination Studies around
Bhalaswa Landfill Site." This report is a significant step towards the sustainable management
of groundwater resources in the region, reflecting our ongoing commitment to safeguarding

this vital resource.

The NAQUIM 2.0 initiative has been developed with the goal of providing detailed, issue-
specific groundwater management solutions tailored to the needs of the Bhalaswa Landfill Site.
Through meticulous aquifer mapping, data collection, and chemical analysis, this report offers
valuable insights into the groundwater dynamics of the area and proposes scientifically backed
management strategies for its sustainable use. This report will also helpful for identification of

flow direction of contaminants.

I extend my sincere gratitude to the dedicated team of hydrogeologists, geophysist and other
experts whose tireless efforts have made this report possible. Their collaborative work

exemplifies our commiiment to addressing groundwater challenges with precision and care.

I am confident that this report will serve as a crucial resource for policymakers, planners, and
stakeholders involved in groundwater management, ensuring the long-term availability and

quality of groundwater in Bhalaswa Landfill Site. Together, let us continue to work towards a

water-secure future. l [ —

Dr. Sunil Kumar Ambast
Chairman
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Heaid H4q

I am pleased to present the "Ground Water Contamination Studies around Bhalaswa Landfill
Site." This report is a testament to our dedication to advancing groundwater management
practices in landfill areas and ensuring the sustainable use of this precious resource in the

region.

The NAQUIM 2.0 project represents a significant leap forward in our understanding of the
complex groundwater systems in Bhalaswa Landfill Site. By integrating cutting-edge
technology with traditional hydrogeological methods, this report provides a comprehensive
analysis of the area's aquifers, offering actionable insights for effective management and

conservation.

] commend the entire team of experts, including hydrogeologists, geophysicst and support staff,
for their unwavering commitment and collaborative efforts in bringing this report to fruition.
Their expertise and diligence are reflected in the detailed findings and recommendations
presented here, which will undoubtedly serve as a valuable guide for sustainable groundwater

management.

This report is not just a document but a call to action for all stakeholders involved in
groundwater management, It is my hope that the strategies outlined within will be implemented

effectively, contributing to the long-term water security and resilience of Bhalaswa Landfill

Site.

i ol ’2«07’{
T B N Singh
Member (CGWA)
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FOREWORD

"Ground Water Contamination Studies around Bhalaswa Landfill Site" study addresses the
significant challenges faced by Bhalaswa Landfill Site, including severe groundwater
contamination, over-extraction for urban, industrial, and agricultural needs, and deteriorating
water quality. These issues, compounded by rapid urbanization and inadequate recharge,

highlight the urgent need for effective and sustainable groundwater management strategies.

The NAQUIM 2.0 study for Bhalaswa Landfill Site offers an in-depth understanding of the
region's aquifer systems. By conducting detailed hydrogeological mapping, geophysical
surveys, and water quality assessments, the study proposes scientifically robust and practically

implementable management strategies.

This report is the result of the dedicated efforts of an exceptional team. I extend my heartfelt
gratitude to Sh. Vandlabu Praveen Kumar, Assistant Hydrogeologist (AHG), Smt. Mamta,
Geophysicist (STA) whose specialized knowledge and collaborative efforts have enriched the
quality of this report.

This report is intended to serve as a vital resource for policymakers, planners, and stakeholders,
providing them with the tools to make informed decisions for Ground Water Contamination
Studies around Bhalaswa Landfill Site. I am confident that the strategies outlined here will

significantly contribute to addressing the groundwater challenges and ensuring the block's water

e Q-

S. K. Mohiddin
Regional Director

security and overall economic growth.
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EXECUTIVE SUMMARY

The normal annual rainfall of NCT Delhi is 611.8 mm. The rainfall increases from the southwest
to the northwest. About 81% of the annual rainfall is received during the monsoon months of
July, August, and September. The rest of the annual rainfall is received as winter rain and as
thunderstorm rain in the pre and post-monsoon months. NCT Delhi is occupied by quartzite
inter-bedded with mica schist belonging to Delhi Super Group (Delhi ridge) overlain by
unconsolidated sediments of Quaternary to Recent age. The thickness of overlying alluvium is
highly variable on the eastern and western sides of the ridge. It is generally thicker (>300m) on
the west of the ridge. The study area falls under alluvial deposits.

The sanitary landfill (SFL) site at Bhalaswa is one of the three major landfill sites in Delhi and
it is situated in the Model town tehsil of the North District. The total area of the SFL, Bhalaswa
is 52 acres (21.06 Hectors). About 2500 MT/day of solid waste is being dumped at this site and
the filling of this site was commissioned in 1994. The solid waste received at the site is levelled,
restructured, and compacted by hydraulic bulldozers. The height of the dump is about 60-65
meters from the surrounding ground level. The elevation in the area is from 206-221 m above
MSL.

The area is underlain by quaternary alluvium of about 200 m thick, below which weathered and
fractured quartzite is present. Based on the lithology and geophysical logs, a generalized sub-
surface geological cross-section shows that the area is underlain by fine to medium sand
(Yamuna sand) mixed with coarse gravel up to a depth of about 40 mbgl below which older
alluvium consisting of predominantly clay with silt and kankar is present. The groundwater
development in the areas is mainly through shallow hand pumps and shallow tube wells of 30
to 40 m depth. The yield of tube wells varies from 400 to 600 LPM. The Hydraulic Conductivity
is 9 m/day in the area.

For the purpose of demarcation of groundwater contamination in the area, three buffer zones
have been drawn i.e., | Km Buffer Zone, 2 Km Buffer Zone & 5 Km Buffer Zone. The density
of sampling and groundwater level monitoring is high at 1 Km buffer zone and gradually
reducing the sample locations. Depth to water level in June 2023 varies from 3.56 to 12.88
mbgl and in Nov-2023 varies from 3.17 to 14.90 mbgl. Water levels are shallow i.e., about 3.56
(June) mbgl and 3.17(Nov) mbgl at near Bhalaswa Lake, and deep water levels at i.e., 12.88
(June) and 14.90 (Nov) Haiderpur. Analysis of water table contours of June 2023 & Nov-2023
indicates that regional groundwater flows are towards the East i.e., towards Yamuna River.
Water table contour in the area varies from 212 to 196 m amsl but local ground water flow
pattern is different. It flows towards JJ Clusters located north of the SLF, Near Transport Nagar.
The groundwater flows in the southern part i.e., the Jahangirpuri area towards South Eastern
direction.

The general groundwater quality in Bhalaswa area is brackish. Groundwater is not used for
drinking purposes. The ground water is mostly used for washing and cleaning purposes. Based
on pre-monsoon water quality results, pH of most of the groundwater samples is more than 7



i.e., slightly alkaline. The pH of leachate samples is about 8. The electrical conductivity of
leachate samples is 39000 puS/cm and 38845 uS/cm. Out of 10 groundwater samples, 7 samples
are showing EC more than the permissible limit (>3000 uS/cm). Fluoride and Nitrate is more
than the permissible limit in leachate samples. Heavy metals Iron, Arsenic, Chromium and
Nickel have been found more than the permissible limit in 2 leachate samples. Only 1 leachate
sample showed Uranium, lead, and Manganese more than the permissible limit. Out of 10
groundwater samples 5 samples showed manganese more than the permissible limit (0.3mg/l).

A total 10 samples were collected for bacteriological analysis and got them analyzed from
CWC laboratory. In leachate samples, faecal coliform bacteria count is 130000 and 390000
MPN/100 ml. In ground water samples it varies from 18 MPN/100 ml to 390000 MPN/100 ml.
Out of 10 samples 9 samples are showing faecal coliform bacteria count more than permissible
limiti.e., 1000 MPN/100 ml. The range of total coliform bacteria varies from 36 to 160,00, 000
MPN/100ml. Thus, the groundwater in and around SLF sites is highly bacteriologically
contaminated. A total of 7 Stakeholder feedback forms were collected from stakeholders during
the field. Most of the Tube wells are at shallow depth as they mentioned in the stakeholder
forms. Most of the tube wells/Hand Pumps are used for washing & Cleaning, Construction
purposes only. For drinking purposes they are depending on DJB to supply water. Some
Stakeholders informed us that the water colour gets transformed to yellow colour after 2-3
hours. As discussed in the field with the locals, it has been learned that the locals do not
consume the groundwater for drinking purposes. Hence the health issues related to the
groundwater could not be ascertained.

For precise demarcation of groundwater contamination, a total of 41 samples were collected.
The samples were earlier submitted to Chemical Lab, NWR Chandigarh, and later on shifted
to WR, Jaipur for Major elements analysis, and for trace metals, samples were submitted to
NR, Lucknow. VES data indicates that freshwater sediments are followed by the saline water
sediments. The thickness of freshwater sediments is thin in major study areas. The depth to
fresh—saline water interface varies from 22mbgl to 65mbgl. Groundwater quality below the
fresh saline water interface is saline all through up to the bedrock.

The Depth to water level recorded in the Study area during June 2023 varied from 3.56 to 12.88
meters below ground level (mbgl). Groundwater level data from a total of 14 observation wells
have been analyzed. The Depth to water level recorded in the study area during November 2023
varied from 2.86 to 14.90 mbgl. Groundwater level data from a total of 18 observation wells
have been analyzed. Based on the water table elevation follows the topography of the area and
overall ground water flow direction is towards Yamuna River. Internal groundwater flow
direction is different. In the western part of the study area flow direction is towards a trough
near the landfill area and southern part groundwater flow direction is towards the north.
Bhalaswa Lake acts as a divider regarding groundwater flow.

The electrical conductivity value of pre-monsoon ground water samples in the Bhalaswa study
area has been found to vary from 330 to 8755 uS/cm at 25°C and in post-monsoon, it varies
from 680-10890 puS/cm at 25°C. EC in excess of 3000 uS/cm value has been observed in more



than 50% of the study area. Nitrate in excess of the maximum permissible limit has been
reported from 24% of post-monsoon samples. In heavy metal analysis, two leachate samples
have shown more than the permissible limit for Fe, Cr, As and Ni. Only one leachate sample
has shown more than the permissible limit for U, Mn, Pb and Cd. In Basic analysis, Leachate
samples have been shown to exceed the permissible limit for EC, CI, Fluoride and Nitrate. And
for Bacteriological analysis both the leachate samples have shown total and fecal coliform. In
Basic analysis 37.5% of wells showing Chloride and 6.25% of wells are showing Fluoride
beyond the permissible limit in pre-monsoon. And 18.42%, 13.15% and 26.31% of wells are
showing beyond permissible of CL, F and Noz respectively. Excess Fluoride has been reported
from isolated pockets in the study area. Concentration of Iron (Fe) has been found to range
from BDL to 6.7 mg/land exceeded the maximum permissible limit of 1 mg/l in 12.5% of the
total analysed pre-monsoon groundwater samples. For post-monsoon, concentration of Iron
(Fe) has been found to range from 0.075mg/l to 9.75mg/land exceeded the maximum
permissible limit of 1 mg/l in 21%.

In pre-monsoon, the concentration of Arsenic (As) in groundwater has been found to vary from
BDL to 0.038 mg/l. In post-monsoon, the concentration of As varies from Below the Detectable
Limit to 0.129mg/l. 6.2% of pre-monsoon samples and 13% of post-monsoon samples exceed
the maximum permissible limit of 0.01 mg/l prescribed by BIS in drinking water (IS-
10500:2012). Lead (Pb) concentration has been reported to vary from BDL to 0.0016 mg/l in
pre-monsoon and it varies from 0.001-0.011 mg/l in post-monsoon. Sporadic occurrence of Pb
in excess of the maximum permissible limit of 0.01 mg/l (I1S-10500:2012) has been reported in
2.6% of post-monsoon samples. Excess Pb in groundwater may be due to pollution from
industries and landfill sites. The concentration of Uranium (U) has been found to vary from
BDL to 0.01769 mg/l in pre-monsoon and it varies from 0.003 to 0.035 mg/l in post-monsoon.
The concentration of Uranium 2.6% of post-monsoon samples exceeds the maximum
permissible limit of 0.03 mg/I prescribed by BIS in drinking water (1S-10500:2012).

The bacteriological test carried out in eight groundwater samples and 2 leachate samples of the
Bhalaswa study area- shows the presence of total coliform and faecal coliform in all eight
groundwater samples and 2 leachate samples. All the available data as well as data generated
during the course of the present study were integrated and aquifer disposition maps were
prepared. Bhalaswa Study area covers five assessments i.e., Model Town, Alipur, Civil Lines,
Saraswati Vihar, and Rohini. The annual extractable groundwater resource is 6374 ha. m. The
total annual groundwater recharge has been estimated as 6957.85 ham. The total annual
groundwater draft (as of 2023) has been estimated to be 4808.83 ha. M.

Out of 5 tehsils in the study area, 2 are ‘Safe’, 2 are ‘Semi-Critical’, and the remaining 1 tehsil
is ‘Critical’. In addition, most of the study areas are shallow water levels where ground water
withdrawal is limited due to the presence of poor-quality water. Groundwater withdrawal is
recommended for its use after blending. This will create void space in the aquifer, which would
be recharged during subsequent monsoon and help in improving groundwater quality. In areas,
where fresh groundwater is underlain by saline water, it is recommended that saline water
occurring at deeper levels may be withdrawn and used after blending or may be used for uses



other than drinking and domestic Rainwater harvesting and artificial recharge measures are
recommended in areas having water levels deeper than 8 mbgl.

Najafgarh Supplementary drain flowing through the study area, to avoid groundwater pollution
along the drains, it is suggested that only treated waste water must be allowed to flow in the
drains. Lining of drains is also recommended. Instances of pollution have also been reported
around landfill sites. Necessary measures to protect ground water quality should be taken by
the concerned State agencies by locating and designing landfill sites in a proper scientific
manner.
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1 Introduction

1.1 General Remarks

The National Aquifer Mapping and Management programme (NAQUIM) was carried out by CGWB
from 2012 to 2023 in which detailed mapping of aquifers of India were carried out in the entire
country, covering a mappable area of ~25 Lakh km?. The findings of NAQUIM studies are being
utilized by many agencies, especially the State government agencies involved in ground water
management and water supply. Major areas where NAQUIM outputs have been used include

¢ Drinking water source finding and source sustainability

o Sites for Artificial Recharge

o Safe Drinking water sources in Arsenic affected areas

e Assured irrigation through ground water in areas that have adequate ground water potential.
¢ Implementation of water conservation and AR schemes

e Ground Water Regulation based on NAQUIM recommendation

¢ Rejuvenation of Hot springs

e Atal Bhujal Yojana — Participatory Ground Water Management

Under NAQUIM programme, aquifer management plan for NCT, Delhi was prepared during 2016-
17, which was circulated all the stakeholders for implementation. Though the NAQUIM outputs have
been useful for sustainable ground water management in numerous ways as enumerated above, large-
scale implementation of its recommendations at ground level by the user agencies has been lacking.
As per the feedback received from the agencies using the NAQUIM outputs, major limitations of the
NAQUIM studies include i) non availability of printed maps at usable scales and ii) lack of site-
specific recommendations for implementation at Panchayat or village level. Keeping the above
limitations in mind and considering the future requirements, broad objectives of NAQUIM 2.0 studies
will be i) providing information in higher granularity with a focus on increasing density of dynamic
data like ground water level, ground water quality etc. ii) providing issue based scientific inputs for
ground water management up to Panchayat level, iii) providing printed maps to the users and iv)
putting in place a strategy to ensure implementation of the recommended strategies. Involving state
agencies in the studies for a sense of ownership. The present study “Groundwater contamination
studies around Bhalaswa Landfill site, NCT, Delhi was carried out under NAQUIM 2.0 during AAP
2023-24.

1.2 Sanitary Landfill Sites

The rate of urbanization is very high in developing countries like India. The level of urbanization of
the country is expected to rise to 38% by the year 2026. Provision for civic services like water supply
and sanitation has become an uphill task as the state is unable to provide and augment the required
resources, both natural and human resources, for the maintenance of the cities. In the past municipal
garbage dumps (sanitary landfills are only a recent technology) were unlined and sited with little
regard to local hydrogeology. The disposal of such huge volumes of solid waste by open dumping has
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many environmental impacts. When solid waste is dumped in low-lying areas, it comes in contact
with groundwater or rainwater along with run-off resulting the generation of leachate, a mineralized
liquid with high dissolved organic matter, inorganic substances, and heavy metals. Open dumping of
Municipal solid waste (MSW) leads to degradation of groundwater by generating leachate and its
seepage into the ground. Management of domestic and industrial waste, which includes collection and
scientific disposal of these waste materials, needs to be given top priority. Lack of proper collection
and disposal of the waste is resulting into secondary problems like pollution of ground water, surface
water, soil and air pollution. Ground water contamination is one of the major problems associated
with improper waste disposal. Moreover, presence of dumping grounds in highly urbanized
environments is directly resulting in health hazards for the people residing in the surrounding areas.
Leaching of hazardous elements in the ground water in surrounding areas of landfill sites is reported
from different sanitary landfill sites of all over the world. But areal depth demarcation and movement
of pollutant plume is highly unpredictable and comprehensive studies of both hydrogeology and
hydrogeochemistry is required to demonstrate and predict plume movement.

1.3 Solid Waste Generation in NCT, Delhi

The Municipal Corporation of Delhi (MCD), New Delhi Municipal Council (NDMC) and Delhi
Cantonment Board (DCB) manage waste collection and disposal in different parts of Delhi. Before
the year 1994, the solid waste disposal in Delhi was not thoroughly systematic and the solid wastes
were dumped into nearby low-lying areas. A few of the low-lying areas have been developed into
major landfill, which cover almost entire municipal and industrial dumps. Though, these sites were
not scientifically designed with proper linings precautions is being taken to properly maintain these
sites through clay cover and the construction of drains to drain off the leachates generated in the
landfills. These sites may be major point sources of pollution due to the absence of proper lining. At
present, in Delhi, the estimated quantity of waste generated was 11352 TPD and disposal of solid
waste was 3000 TPD. Year-wise daily solid waste generation is given in Table No.1.

The continuous generation of solid waste has developed several landfill areas and the land is retrieved
for various purposes. There are four major categories of landfills in Delhi.

1. Landfills depleted and retrieved land is used for various purposes. The various landfill sites under
this category with their areal extension and year of completion is given in Annexure-I.

2. Active landfills where the present filling is taking place. At present filling is being taking place
in four sites (Fig.1). The sites are:
Gazipur Near dairy farm. The total area of the site is 70 acres. About 2500 MT/day of solid waste
iIs received here. Filling in this landfill site commenced in 1993 and the service zones for this
landfill site is East Delhi, New Delhi, Central Delhi
Bhalaswa -1 & Bhalaswa-11. The total area of the site is about 50 acres and about 2500 MT/day
of solid waste is also dumped here. The dumping of solid waste started in 1984 and the service
zone is Rohini, West Delhi, Najafgarh, Narela
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iii.  OKkhla Phase-111. The total area of the site is 32 acres. About 1000 MT per day solid waste is
being dumped here. The filling of this site commenced in 1994 and the service zone for this site
is South Delhi and parts of Central Delhi.

Iv. Narela-Bawana-The first engineered landfill site in Delhi and is spread over 150 acres. In 2011,
the Municipal Corporation of Delhi (MCD) has begun operations at this site. This Site will take
handle from Rohini and Civil Lines zones and has an initial capacity to handle 1000 tonnes per
day, with plans to expand that to 4000 tonnes per day.

Table 1:Year-wise Daily Solid Waste Generation

Year Solid waste generation (TPD)
2018-19 10614
2019-20 10470.57
2020-21 10990
2021-22 11108
2022-23 11352
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Figure 1: Active Landfill sites location map, NCT Delhi
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1.3.1 Physico-chemical characters of Solid Waste in NCT, Delhi

The solid waste Fig 2 disposal sites in Delhi receive both domestic and industrial solid waste, as there
are no separate waste disposal sites for industries. The physical and chemical characters of solid
wastes generated in Delhi are given in Table 2 and Table 3 respectively.

From the physical characters of the solid waste, it is observed the waste is being generated from
domestic as well as other sectors like industries and constructional activities. The organic material is
just 44.17% and the inorganic material is 55.83%. Chemically solid waste consists of high percentage
of inorganic material, the calorific value is very low as compared to the global solid waste.

~
SWM
Solid Waste: Definition Rules
Solid or semi-solid domestic
waste \'\\
Sanitary Treated bio-medical
waste A A N waste excluding
\\”\ / N\ / industrial waste
\ \ :
\/ . W4
\\ SO]ld \ A . .
\ 4///4» Bio-medical
Institutional / Waste N waste
waste /I 7 \
// , ; ’ \\\\\
Cateringandmarket ¥ // . v A %
i N .~ X N
waste i, \ \\
Nonresidential * / * Agriculture and dairy
wastes / \ Waste
/ "\\
Stl'eetswcepings,Drailf * Horticulture
silt waste

Figure 2: Solid Waste
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Table 2: Physical Characters of solid waste

Parameters Nature of Material Average percentage
Bio-degradable Organic material 38.6%

Paper 5.57%

Plastic 6.03%

Metal 0.23%

Glass & Crockery Inorganic material 0.99%

Bio resistant (Leather, Rubber & 13.89%

Synthetic)

Inert (stone, brick, ashes) 34.7%

Table 3: Chemical Characters of Solid Waste

Parameters Average Share in Percentage
Moisture 43.65%

Organic Carbon 20.47%

Nitrogen as N 0.85%

Phosphorous as P205 0.34%

Potassium as K20 0.69%

C/N Ratio 24.08%

Calorific Value 712.50 K Cal/kg
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Figure 5: Field photos while collecting Leachate

1.4 Leachate

Solid waste undergoes many physical chemical and biological changes on a landfill site, this
process degrades the organic fraction of the waste along with the moisture content and suitable
temperature. The percolating rainwater leads to the generation of a highly contaminated liquid
called leachate, which contains large amounts of organic matter like Ammonia nitrogen, heavy
metal, and chlorinated organic compounds with inorganic salt. The composition and characteristics
of landfill leachate vary with age, precipitation, waste type and composition and weather variation.
That can be classified into three types based on the landfill leachate: old, intermediate and young.
The classification and characteristic of landfill leachate is given in the table-4. BOD and COD of
young leachate is generally found high (4000-13000 mg/l) and (30000-60000 mg/I) respectively.
BOD/ COD ratio ranging from 0.4 to 0.7, ammonium nitrogen varies 500 to 2,000 mg/l and the
pH found to be very low up to 4. As the landfill age increases and the fatty acid decomposition by
anaerobic bacteria is about a period of 10 years it changes the characteristics of the leachate with
alow COD, less than 4000 mg per liter and pH range is 7.5 - 8.5 with low biodegradability.
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Table 4: Classification of leachate

S.No | Type of Leachate Young Intermediate Old

1. Age (Year) <5 5-10 >10

2. pH <6.5 6.5-7.5 >7.5

3. COD (mg/l) >10000 4000-10000 <4000

4, Organic Compound 80% VFA | 5% to 30% VFA +|Humic &
Humic & Fluvic Acid | Fluvic Acid

5. Ammonia Nitrogen (mg/l) | <400 NA >400

6. TOC/COD <0.3 0.3-0.5 >0.5

7. Heavy Metals (mg/l) Low to Med | Low Low

8. Biodegradability Important Medium Low

If the leachate is not properly handled, the landfill from which it originates can become a highly
serious source of groundwater pollution, due to the possibility of leachate penetration into the soil,
surface water and groundwater.

1.5 Previous Work

Municipal as well as industrial waste dumped in low lying areas may be the potential source of
ground water pollution. Central Ground Water Board (CGWB) carried out systematic
hydrogeological surveys during 1976-77 & 1982-83. Groundwater samples were also collected
from these sites during the survey and analyzed for major elements with a view to compare them
against drinking water standards. CGWB published the status of groundwater quality around
landfill sites based on these studies [6]. CGWB & CPCB collaborative study, 1999 has also showed
poor groundwater quality near different landfill sites. CGWB has constructed shallow piezometers
of 15 m depth on landfill sites during Field Season Programme during 1999-2000 and carried out
the depth wise analysis for the chemical quality of groundwater. At the same time, detailed
sampling of adjacent area has also been done to study the vertical and horizontal movement of
ground water pollution plume. This study established unambiguously that ground water is being
contaminated near landfill sites. Sunil Kumar & A.L. Ramanathan [7] carried out hydro-chemical
analysis of ground water from the Bhalaswa SLF site from May, 2003 to June, 2005. BARC and
CGWB joint collaborative study on Application of Isotope Techniques in Groundwater
Contamination Studies in selected Sanitary Landfill Sites in Delhi during 2003-2005. Their
findings of their study suggest that very high concentration of heavy metals and anions are present
in the ground water of Bhalaswa Area. Bharat Jnamnani and SK Singh has carried out the
simulation studies for the migration of Chloride from landfill sites which shows that the simulation
results are in consonance with the observed concentration of Chloride in the vicinity of landfill
facility. It is observed that leachates from Bhalaswa landfill was found to be having a high
concentration of chloride as well as DOC and COD.
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1.6 Objectives of the study

A sizable number of populations in NCT, Delhi depends on ground water for their domestic and in
some areas for drinking purposes. The objective of this study is:

e Ground water conditions in the proposed study area including detailed quality analysis

o Ground water flow pattern mapping

o Decipher the Aquifer Geometry and Aquifer properties

o Identification of areal extent of ground water pollution due to pollution plume movement

o Conservation of aquifers from Landfill pollutions

o Identification of recharge sources and recharge zones near landfill sites.

e Preparation of suitable recharge plans for the proposed area to arrest the pollution plume
movement and preparation of alternate water supply plan for the people living in the vicinity
of SLF site.

1.7 Methodology

This study has been done to analyse the groundwater contamination in and around the Bhalaswa
landfill site. The total area considered for the study around the Bhalaswa Land Fill site is about
20 Sg. Km. The total area of the Bhalaswa land fill (dumping area) is =52acre=0.21SqKm. The
dumping yard is 60-65 m height from surrounding areas. Three buffer zones have been drawn for
assessment of the contamination of ground water i.e., 1 Km Buffer Zone, 2 Km Buffer Zone and
5 Km Buffer Zone. The density of sampling and water level monitoring is high at 1 Km buffer
zone and gradually reducing the sample locations. The available data was analysed for the
demarcation of aquifer system and establishment of groundwater flows for collection of ground
water samples as per the flow pattern in the area. 10 no. of VES have been done around landfill
site to delineate 2D aquifer disposition of the study area in a larger scale. Pre-monsoon and post-
monsoon Ground water sampling were done from hand pumps, shallow tube wells at around
landfill site for chemical and bacteriological analysis. Pre-monsoon and post-monsoon
Groundwater monitoring has done to know the ground water flow direction. Contamination flow
movements were established based on the hydrochemistry and ground water flow pattern.
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2  Geology and Hydrogeology

2.1 Study area and Geology

Bhalaswa is the second largest active landfill where filling of garbage is still going on. The sanitary
landfill in this area is spread east and west of Grand Trunk (GT) Road and is located about 10 km
west of river Yamuna. This landfill falls in topographical depression and filling has started taking
in early 80's. The landfill, which is present at the crossing of G.T. Karnal Road and Outer Ring
Road, has been abandoned and G.T. Road has been developed on that. Landfill operation at the
present site has been started from 1992 to the eastern side of G.T. road and still continuing.
Meanwhile, in 2000, the dumping was also started on western side of G.T. Karnal Road just south
of Sanjay Gandhi Transport Nagar. The dumping of the garbage is limited to about 50 acres of
land and the total area of landfill site is around 70 Acres.

The study area is underlain by newer alluvium which in turn is underlain by older alluvial
formation followed by weathered and fractured quartzite of the Delhi super group. The generalized
stratigraphy is presented in Table 5.

Table 5: Generalized Stratigraphic Units of NCT Delhi (compiled after GSI Study)

Unconsolidated, inter-bedded lenses of sand, silt
Newer Alluvium | gravel and clay confined to narrow flood plains of
Yamuna River and
: Aeolian deposit of South Delhi.
Alluvium . _ -
Unconsolidated thickness varies up to 300m. Inter-
Older Alluvium | bedded, inter-fingering deposits of sand, clay and
Kankar, poor to
Moderately sorted.
Delhi Super Well stratified, thick bedded, brown to buff color,
G Alwar Quartzite | hard and compact, intruded locally by pegmatite and
roup . o .
quartz veins inter-bedded with mica schist.

The landfill is not scientifically lined as the pit is only used as a dump site. It has only got a layer
of malba topped with soil, instead of having a layer of plastic or a special type of clay layer requi
red for asecure landfill. About 2500 MT/day solid waste is being dumped at this site and the filling
of this site commissioned in 1994.This landfill site is not designed as per the schedule 3 of MSWs
rules which came into effect in year 2000. The solid waste received at the site is levelled,
restructuring and compacted by the hydraulic bulldozers. The height of the dump is about 62
meters in 2019 from surrounding ground level. The elevation in the area is from 207-216 m above
MSL. The landfill is owned by the Municipal Corporation of Delhi and as per MCD, the total
legacy waste will be cleared by 2025. Status of bio-mining legacy waste at Bhalaswa is given
Table 6.
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Figure 6: Geology Map of NCT Delhi

Table 6: Status of Bio-mining Legacy Waste at Bhalaswa (As on 29-02-2024)

Dump site | Quantity of | Total Legacy Waste | Quantity | Total Balance | Revised
Legacy Quantity  of | (Volumetric | of Fresh | Quantity of | Quantity | time line
Waste Legacy Waste | assessment MSW Legacy of waste | for 100%
Dumped Bio-mined through dumped | Waste Bio- | at Dump | Remediati
(July, 2019) | (SinceOct,201 | Drone from mined Site on (Earlier
(Lakh ton) | 9-29-02- Survey, June- | July,2022 | From (Lakh Timeline-
2024) 2022) Above | to 29-02- | July,2022 to | Ton) May,2024
(Lakh Ton) Ground 2024 29-02-2024 )
(Lakh Ton) (Lakh (Lakh Ton)
Ton)
Bhalaswa | 80 59.88 73 15.40 34.91 53.49 2025
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Three buffer zones have been drawn for assessment of the contamination of ground water
1.e., 1 Km Buffer Zone, 2 Km Buffer Zone & 5 Km Buffer Zone. The 5 Km buffer covers parts of
3 districts i.e., North, North West and Central Fig. 7.
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2.2 Climate and Rainfall

The climate of NCT, Delhi is mainly influenced by its inland position and the prevalence of air of
the continental type during the major part of the year. Delhi has a humid sub-tropical climate with
long and hot summers and cold winters. Only during the three-monsoon months July, August and
September the air of oceanic origin penetrates to this region and causes increased humidity,
cloudiness and precipitation. The year can broadly be divided into four seasons. The cold season
starts in late November and extends to about the beginning of March. This is followed by the hot
season, which lasts till about the end of June, the onset of monsoon. The monsoon continues till
the last week of September. The end of monsoon marks the arrival of a transition season. The two
post monsoon months October and November constitute a transition period, called autumn, from
the monsoon to winter condition.

2.2.1 Temperature

The cold season starts towards the latter half of November when both day and night temperatures
drop rapidly with the advance of the season. January is the coldest month with the mean daily
maximum temperature at 21.3°C and the mean daily minimum at 7.3°C. In the winter months
during cold waves which affect the State in the wake of western disturbances passing across north
India, minimum temperatures may sometimes go down to the freezing point of water. From about
the middle of March, the temperature begins to rise fairly rapidly. May and June are the hottest
months. While the day temperature is higher in May, the nights are warmer in June. From April
the hot wind known locally as ‘loo’ blows and the weather is unpleasant. In May and June,
maximum temperature may sometimes reach 46 or 47 °C. With the advance of the monsoon into
the area towards the end of June or the beginning of July, day temperatures drop appreciably while
the night temperatures remain high. In October the day temperatures are as in the monsoon months
but the nights are cooler.

2.2.2 Rainfall Pattern

The normal annual rainfall in the State is 611.8 mm. About 81% of the annual rainfall is received
during the monsoon months July, August and September. The rest of the annual rainfall is received
as winter rain and as thunderstorm rain in the pre and post monsoon months. There is large
variation of rainfall from year to year. During the 113-year period 1901-2013, 1933 was the year
with the highest annual rainfall, which amounted to 251% of the normal. In 1951, the year with
the lowest rainfall only 44% of the normal annual rainfall was received.
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Figure 9: Study Isohyetal Map of NCT Delhi

On an average, rainfall intensity of 2.5 mm or more falls on 27 rainy days in a year. Of these, 19
days are during the monsoon months. Two to three days in June are rainy. In other months, except
in November and in the first half of December when it is practically rainless, rain falls on a day or
two only in each month. The heaviest rainfall in 24 hours recorded at any station in the State was
495.3 mm at Delhi (Safdarjung) on September 9, 1875. The rainfall in NCT Delhi increases from
the Southwest to the Northwest Fig 9. However, a slight increase in rainfall is observed towards
the Yamuna River. Rainfall in last ten years in NCT, Delhi is given in Table 7.

Table 7: Year-wise rainfall from 2014 to 2023

Year Rainfall (mm)
2014 440.4
2015 5475
2016 656.1
2017 512.49
2018 543.97
2019 499.44
2020 485.4
2021 972.34
2022 668.58
2023 746.58
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2.3 Physiography & Drainage

The study area is around 6.5 km away from Yamuna River. Yamuna River flows across Delhi in
a south-southeasterly direction with vast flood plain, marked by a bluff of 3 to 4 m on either bank.
Surface elevation varies from 221 m above mean sea level at western side of Bhalaswa LFS to 206
m above mean sea level at eastern side of Bhalaswa LFS. The slope direction is south west to
North East direction, towards Yamuna River. The river Yamuna passes through the eastern part of
Delhi area. The river Yamuna is the only perennial river flowing in a southerly direction.

2.4 Geomorphology

The ground water availability in NCT, Delhi is controlled by the hydrogeological situation
characterized by the occurrence of different landforms developed on different geological
formations. Entire area of NCT, Delhi can be grouped into three broad geomorphic units:

e Rocky surface

e Older Alluvial Plain

¢ Flood Plain of Yamuna River

Study area covers part of the older alluvial Plain and Flood Plain of Yamuna Fig.6 & Fig.10.

Older Alluvial Plain: Depending upon the morphological expressions/ features, the gently
undulatory terrain is described as Older Alluvial Plain. Older Alluvial Plain occupying western
and southwestern part of the of the study area.

Flood Plain of river Yamuna: The low-lying flat surface representing the Flood Plain of river
Yamuna occupying northern, northeastern and eastern parts of the study area is an important
geomorphic unit. This belt has good potential for ground water development. It forms the erosional
terrace. The Yamuna Active Flood Plain represents the wide belt bounded on both the sides by
Eastern and Western bunds and is naturally prone to annual/periodic floods being in the flood way
and flood fringe zone of river Yamuna. It forms depositional terrace and is characterized by
abandoned channels, cut-off meanders, meander scrolls, point bars and channel bars. Presence of
number of cut- off meanders in the Yamuna Flood Plain suggests oscillatory shifting of river. The
lake near Bhalaswa Landfill is one of the remnants of large meander channel.

2.5 Hydrogeological Framework

NAQUIM 1.0 studies reveal that this area is characterized by unconsolidated Quaternary alluvial
deposits. No basement has been encountered till the explored depth of 300m. Thick pile of
alluvium over the basement rock is composed of sediment strata of varied nature in an alternate
fashion of geological setting. Along the Yamuna flood plain alternations of sand and silt with
kankar with thin lenses of clay are available down to the drilled depth of 250 m. In the western
side of the study area, fine to medium sand and silt are occurred frequently down to depth of 50 —
65 m along with buff coloured clay admixed with coarse kankars. Below this depth thickness of
clay formation increases. In the eastern part falling in Yamuna flood plain, sand is dominant
aquifer, while clay is dominant in the western part giving rise to salinity due to improper flushing
and long residence time of water in the formation. The semi-plastic and plastic clay beds are also
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common at deeper depth i.e. 80 to 250 mbgl. The granular zones (fine sand and silt with kankar)
at deeper depth are not as frequent as in the shallower depth. Thickness of sand lenses decreases
away from the Yamuna flood plain towards the west. The fresh-saline water interface varies greatly
in the study area.

All along the western Yamuna Canal and along Yamuna Flood Plain it is deeper (40 to 70 m),
whereas in rest of the area it varies from 22 to 40 m in depth. It was also observed from the
exploratory wells that salinity of water increases with depth and there is no fresh water aquifer at

deeper levels.
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Figure 10: Geological map of the study area.

2.6 Ground Water Exploration

Central Ground Water Board has constructed a number of piezometers and exploratory tube wells
around the Bhalaswa SLF to study the nature of aquifer material and its characters. Moreover,
during 2000, CGWB has constructed three shallow piezometers of 15 m depth near landfill site.
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Table 8: Details of piezometers

S.No. Location Granular Zones Depth to Lithology
encountered water levels
(mbgl) From - (mbgl) in
to May, 2000
1. About 50m south east of SLF in | 9.5-12.5 3.2 Fine sand silt
the land of Flood Control 12.5-15 with minor
Department Kankars
2. About 15m north-eastern 2-10.5 0.8 Fine Sand
boundary of SLF, near 10.2-15 Silty Clay
transformer
3. Southeast of SG transport 2-10 4.15 Sand with silt
Nagar and west of GT Karnal 12-15 Silty Clay
Road near SLF boundary

The details of these piezometers have been given in Table 8 Clay horizon is present. A deep tube
well in the vicinity of landfill site had been drilled with a purpose of getting lithological log Table
9 and geophysical log Table 10. Table 8 suggests that the SLF site is underlain by fine sand up to
12 m depth below which the silty.

Based on the lithologs and geo-physical logs, a generalized sub-surface geological cross section
(Fig.9) shows that the area is underlain by fine to medium sand (Yamuna sand) mixed with coarse
gravel up to a depth of about 40 mbgl below which older alluvium consisting of predominantly
clay with silt and kankar is present. A well inventory of hand pumps, shallow tube wells and deep
tube wells in and around SLF site has been carried out. The hydrogeological information is given

in Annexure-I1.

Table 9: Lithological Log

Depth range in mbgl

Thickness(m)

Lithology

0.00-14.45 14.85 Light yellow clay with minor coarse to gravel size

kankar

14.45-21.35 6.9 Sand with clay silt admixed with fine sand and
kankars

21.35-24.13 2.78 Gravel and kankars with minor silt and fine sand

24.13-34.10 9.97 Silty clay with traces of kankar

34.10-41.89 7.79 Gravel with minor silt and fine sand

41.89-51.46 9.57 Sand fine grained along with tracers of gravel

51.46-65.10 13.64 Clay with Silt

65.10-131.55 66.45 Sticky clay

131.55-134.55 3.00 Gravel with fie sand
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Table 10: Geophysical Log of Piezometer at Bhalaswa SLF, Delhi

Depth ranges in Thickness of Granular Zone Remarks
mbgl deciphered
6-10.00 4,00 m
25.00-30.00 5.00 The quality of ground
water is fresh up to the
31.00-35.00 4.00 depth of 45m
40.50-43.50 2.00
87.00-89.00 2.00 Below 45m quality of
water is marginally
92.5- 96.00 3.50 :
saline.
110.00 — 114.00 3.00

MAP SHOWING THE SUB-SURFACE CROSS SECTION THROUGH BHALASWA-JAGATPUR-YAMUNA RIVER-KARAWAL NAGAR
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2.7 Geophysical investigations

Surface geophysical methods provide a relatively quick and inexpensive means to characterize the
sub-surface. Surface geophysical methods measure the physical properties of the sub-surface such
as electrical conductivity or resistivity, magnetic permeability, density, or acoustic velocity etc.
Electrical surface geophysical methods are used to detect changes in the electrical properties of
the sub-surface. The electrical properties of soils and rocks are determined by water content,
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mineralogical clay content, salt content, porosity and the presence of metallic minerals. However,
typically the resistivity of the water has a larger effect on the bulk resistivity than the soil or rock
type. Variations in these electrical properties of soils and rocks, either vertically or horizontally,
produce variations in the electrical signature measured by surface geophysical instrument.
Changes in the received signal can be related to changes in the composition, extent, and physical
properties of the soils and rocks within the sub-surface. However, to effectively detect these
differences there must be a contrast in their properties to be measured. The target to be detected or
geologic feature to be defined must have properties significantly different from “background”
conditions like that of ground water in sand, boulder background.

Surface geophysical resistivity surveys are usually designed to measure the electrical resistivity of
sub-surface materials by making measurements at the earth surface. In Vertical Electrical
Sounding (VES), the vertical (depth wise) variations in the resistivity of the sub-surface are
measured. This is done by imposing an electrical field in the ground by a pair of electrodes at
varying spacing expanding symmetrically from a central point, while measuring the surface
expression of the resulting potential field with additional pair of electrodes at the appropriate
spacing (Figure 2). For an array of current electrodes (C1 & C2) or A & B, and potential electrodes
(P1 & P2) or M & N, the ‘apparent resistivity’, ‘pa’ is expressed by the equation:

pa= TR * [ {(AB/2) + (MN/2)} * {(AB/2) — (MN/2)} ]

MN

Where R =resistance {R= AV /I},

| is the current introduced in the earth,

AV s the potential difference between the potential electrodes,
AB = distance between the current electrodes A & B and
MN= distance between the potential electrodes M & N.

(b)

SIS

(@) Electrodes position for shallow measurements.

(b) Electrodes position for deeper measurements, keeping observation points same.

The values of apparent resistivity (pa:- product of resistance and geometric factor) in ohm-m are
plotted against the related half-current electrode separation on double logarithmic scale paper of
moduli 62.5 mm, for interpretation by curve matching technique and Resistivity Sounding
Interpretation software. The interpreted result gives the resistivity of different layers and the depth
of various interfaces underneath.
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2.8 Data Acquisition

Attempts were made to gather maximum information about the sub-surface features using an
appropriate mix of different techniques viz. hydrogeological reconnaissance, toposheet study,
geophysical surveys etc. The integration of information, so collected, helped progressively to focus
on the targeted zones.

A total of 10 Vertical Electrical Soundings (VES) with Schlumberger electrode configuration were
carried out at Bhalaswa Landfill surrounding areas Table 11 & Fig.12. The prime objective of the
survey was to find out the effect of landfill sites to the groundwater of those areas. . To achieve
the above objectives the VES were conducted using the SSR MP ATS resistivity meter,
manufactured by Integrated Geo Instruments & Services Private Limited , Hyderabad. Most of
VES were conducted with the current electrode separation (AB) ranging from 80 to 500 m. Current
electrode separation was expanded in in accordance with the availability of area and with
appropriate MN separation.

Table 11: Details of VES locations

VES Location Latitude Longitude | Elevation
No. (mamsl)
1 Near Majlis Park Metro station, Jahangirpuri | 28.7290794 | 77.18154568 207
2 Mukundpur 1 near Bhalaswa 28.7405429 | 77.1738813 212
3 Mukundpur 2 Along Bhalaswa lake 28.7419403 | 77.172471 208
4 Near Bhalaswa Golf Course 28.7366835 | 77.1737749 211
5 DDA Park, Bhalaswa 28.734531 | 77.161061 203
6 Near nala, Jahangirpuri 28.733575 | 77.151769 214
7 Sector-19, DDA Park, Rohini 28.732805 | 77.14719 215
8 Plain Land opposite Vasant Dada Nagar 28.744552 | 77.151669 213
9 Swaroop Nagar Park, Bhalaswa 28.7512805 | 77.152479 212
10 Shradhanad Park, Near Bhalaswa Diary 28.749048 | 77.163617 207
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Figure 12: VES Location map
2.9 Aquifer Disposition Based on VES Data

The panel diagram Fig.13 was prepared to know the distribution of fresh and saline aquifers. Four
geological layers have been delineated on the basis of resistivity values. Top soil with silt occurs
very thin and is distributed throughout the area investigated. Fine sand and Kankar is also very
limited thickness. The thickness of fresh water zone is more in the south-western and southern
sides of the area and is limited in the south-eastern, north-western and eastern parts. The thickness
of fresh water zone varies from 22 to 65 m. No fresh water occurs below 65 m. No bedrock has
been observed up to the depth of 250 m Fig.14.
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2.10 Ground Water Levels

Water levels have been monitored through a network of 25 monitoring wells distributed throughout
the study area. Water levels were monitored during Pre-monsoon (June) and Post-monsoon
(November). Locations of monitoring wells are shown in Fig 20.
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Figure 20: Water level monitoring stations

2.11 Depth to water level during Pre-monsoon (June, 2023)

The Depth to water level recorded in the study area during June, 2023 ranges from 3.56 (Bhalaswa
lake Tw besides Lake) to 12.88meters below ground level (mbgl) at Haiderpur Pz. Ground water
level data of a total of 14 monitoring wells have been analyzed. It is observed that 35% wells have
shown water level less than 5mbgl and 35% wells had water level in the range of 5 to 10 mbgl.
30% wells have shown water level more than 10 mbgl Fig.21. Shallow water levels are observed
in Bhalaswa Lake TW, Kewal Park Pz, Coronation Piller Pz, Burari DJB Ex. Engg Office Pz,
Sandesh Vihar Pz, Rohini Sec-11 Pz and MCD Dispensary. Deeper water levels are observed in
Toilets, CTC no. 154, SGTN TW, Khera Kalan Pz, JJ Cluster Toilets TW and Haiderpur Pz.
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Figure 21: Depth to water level map, June 2023

2.12 Depth to water level during Post-monsoon (November, 2023)

The Depth to water level recorded in the study area during November, 2023 ranges from 2.86 to
14.90 meters below ground level (mbgl). Ground water level data of a total of 18 monitoring wells
have been analyzed. It is observed that 28% wells have shown water level less than 5 mbgl and
50% wells had water level in the range of 5 to 10 mbgl. 22% wells have shown water level more
than 10 mbgl Fig.22.
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Figure 22: Depth to water level map, November 2023

2.13 Seasonal water level fluctuation (June, 2023-Nov, 2023)

The fluctuation of water levels between Pre-monsoon (June, 2023) and Post Monsoon (November,
2023) shows 0.02 to 2.02 m fall in 30% of the wells. Most parts of the study area have registered
rise in water levels, which varies from 0.2 to 0.77 m Fig.23.
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Figure 23: Water level fluctuation map, June-Nov, 2023

2.14 Long Term Water Level Fluctuation

Long term pre-monsoon data of two piezometers is available. The Haiderpur Piezometer Fig.24
which is present about 3 Km from Landfill site is showing declining trend with 0.27 m/annum and
the Bhalaswa Lake Piezometer Fig.25 which is about 500 mt from landfill site is showing raising
trend of 0.053 m/annum. Based on some existing piezometers within the study area, few
hydrographs are given below.
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Haiderpur Pz Hydrograph (Pre-monsoon)
Year
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Figure 25: Hydrograph of Bhalaswa Lake Pz
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Samaypur Badli Pz Hydrograph (Pre-monsoon)
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Figure 26: Hydrograph of Samaypur Badli Pz

2.15 Ground water flow

Water table contour map of June, 2023and November, 2023 is presented in Fig. 27 & Fig.28. The
perusal of the map shows that the water table elevation follows the topography of the area and
overall ground water flow direction is towards Yamuna River. Internal ground water flow direction
Is different. In the western part of the study area flow direction is towards a trough north of landfill
area (JJ Cluster Toilets, Opp. Vashudev Transport) and in southern part the ground water flow
direction is towards north i.e., from Sandesh Vihar area to Haiderpur area. Bhalaswa Lake acting
as divider regarding ground water flow. Minor variations in flow pattern is observed during pre &
POSt Monsoon seasons.
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Figure 27: Water table fluctuation map, June-2023
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2.16 Aquifer Parameters and Yield Characteristics

Detailed hydrogeological survey of the area has revealed that most of the tube wells present within
the vicinity of SLF are tapping the aquifer in the depth range of 12 to 20 m except few tube wells,
which are of 30 m depth tapping 20 to 30 m depth aquifer system. Thus both the shallow hand
pumps and tube wells are tapping the same aquifer system. As per the exploratory drilling, the
marginal water and saline water interface is about 40 m in Bhalaswa landfill area. The ground
water in Bhalaswa and surrounding areas is brackish from the surface itself. This is mainly due to
a discharge area where ground water stagnation is being taking place and no flushing is happening,
to make the ground water fresh through recharge of fresh rain water. Long duration pumping test
was conducted in this exploratory tube well (Singhu Village, near Bhalaswa) for calculation of
aquifer parameters. It is calculated from the pumping test data, the transmissivity is 176 m?/day
and hydraulic conductivity is 9 m/day.

2.17 Leachate Generation from Bhalaswa Landfill

Leachate is highly polluted and complex wastewater containing high amounts of dissolved and
suspended matter generated from percolated water through the waste in landfills. In Bhalaswa
landfill site there is no leachate treatment plant.. Leachate treatment is very important as it could
threaten the surrounding ecosystem when discharged and mixed with groundwater. The leachate
generation mainly depends on the precipitation and the moisture contained by the waste. Various
methods are implemented for quantifying the amount of leachate generated by a landfill such as
the standard method, rational method, and many other conventional methods.

Here standard method has been used for calculation of leachate. A standard method is a simple
mathematical model to estimate the amount of leachate generated from municipal solid waste
(MSW). 1t is one of the most used methods or models to estimate the leachate generated in
municipal landfills even these days. Many countries in the world adopted this method as it is simple
and also has been used for a long time. The equation of standard method is given below

V=0.15xRx A
Where;
V is the volume of leachate discharge in a year (m3/year).

R is annual rainfall (m).
A is the surface area of the landfill (m2).
0.15 is the coefficient

The leachate generated in the Bhalaswa landfill site using standard methodis 31356.36 m3/Year
from the dumped waste area of 280000 m? with rainfall of 746.58 mm in the year 2023. Month
wise Leachate generation was calculated using rainfall data for the year 2023.

The following are the main source for the production of leachate generation:

o Higher precipitation leads to higher leachate generation as we can see in Fig.29
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When the moisture content of the waste is high it causes higher leachate production.
Larger the landfill area higher the leachate generation.

Directly proportional to waste generation and type of waste.

The field capacity of the waste.

Leachate generation over time increases as the waste generation increases.

Leachate Generation in 2023 by Statndard method

Volume of leachate (Cum/year)

Figure 29: Leachate generation in 2023 by standard method
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3 Ground Water Quality

The ground water quality samples were collected under NAQUIM 2.0 Programme from shallow
depth tubewells, handpumps and leachate from landfill site. In the pre-monsoon, a total 16 ground
water samples and 2 leachate samples were collected and in the post monsoon 38 ground water
samples and 3 leachate samples were collected. Summarized data of basic parameters is furnished
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Figure 30: Ground water sample location map
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3.1 Basic Parameters
Table 12: Summarized data of basic parameters

S.No | Parameters Range Pre-Monsoon samples | Post-Monsoon
Samples
No. % | leachate | No. | % Leachate
1 Electrical Fresh <750 2 12,5 1 2.64
Conductivity Moderate 750- 2250 1 6.5 8| 21.05
usicm at 25°C | Slightly 2251- 3000 5 31.25 8 21.05
mineralized
Highly > 3000 8 50 2 21 | 55.27 3
mineralized
2 Chloride Desirable <250 3 18.75 6 15.79
mg/L limit
Permissible | 251-1000 7 43.75 25 65.79
limit
Beyond > 1000 6 375 2 7 18.42 NA
permissible
limit
3 Fluoride mg/L | Desirable <10 9 56.25 29 | 76.31 1
limit
Permissible | 1.0-15 6 37.5 4 10.53 2
limit
Beyond >1.5 1 6.25 2 5 13.15
permissible
limit
4 Nitrate Permissible | <45 16 100 28 73.69 3
mg/L limit
Beyond > 45 2 10 | 26.31
permissible
limit
311 pH

The pH of the analyzed samples varies from 7.19-8.95 in pre monsoon & 6.85 — 8.20 in post
monsoon indicating mildly acidic to alkaline nature of the ground water. Only one ground water
sample in the pre-monsoon has shown pH more than 8.5 (Khera Kalan). Leachate samples in pre-
monsoon have shown pH values 8.11 & 8.53 and in the post-monsoon varies from 7.68-8.06. The
pH values are of remaining wells within the safe limit of 6.5 - 8.5, prescribed by BIS for drinking
water (IS 10500:2012).

3.1.2 Electrical Conductivity (EC)

Electrical conductivity is a measure of total mineral contents of dissolved solids in water. It
depends upon the ionic strength of the solution. An increase in dissolved solids causes a
proportional increase in electrical conductivity. The electrical conductivity value of ground water
in study area in pre-monsoon has been found to vary from 330-8755 uS/cm at 25°C and in the post
monsoon vary from 680 -10890 pS/cm at 25°C. In Pre-monsoon maximum concentration of 8755
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uS/ cm has been reported from Mahashiv Car Washing Centre & in post-monsoon maximum
concentration of 10890 uS/ cm has been reported from MCD School, Jahangirpur. Leachate
samples in pre-monsoon have shown 38845 & 39000uS/cm at 25°C and in post-monsoon EC
varies from 28170-31400 pS/cm at 25°C. The spatial variation of EC shows relatively higher value
at some sites. EC in excess of 3000 uS/cm value has been observed in 50% of the study area
Fig.31. Because of finer sediments in the aquifer, flushing of ground water is not proper and
longer residence time of water in the aquifer results in dissolution of salts from the aquifer material,
which leads to higher TDS content and in turn higher EC.

ELECTRICAL CONDUCTIVITY AT BHALASWA STUDY AREA
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Figure 31: Electrical conductivity at Bhalaswa Study area for post-monsoon
3.1.3 Total Hardness (TH)

Classification of ground water samples based on Total Hardness is given in Table 13. In pre-
monsoon, TH has been found to vary from 130 mg/l (Khera Kalan) to 1790 mg/l (Mahashiv Car
Washing Centre) and in post monsoon vary from 90 mg/l (Rohini Sec-11) to 1980 mg/I (MCD
School, Jahangirpur), indicating hard to very hard types of ground water. High hardness may cause
precipitation of calcium carbonate and encrustation on water supply distribution systems. Long
term consumption of extremely hard water might lead to an increased incidence of urolithiasis,
anencephaly, parental mortality and cardio-vascular disorders. In Study area, Total Hardness
exceeds the recommended maximum permissible limit of 600 mg/l (1S-10500: 2012) in 50% of
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total analyzed ground water samples both in pre & post monsoon. Leachate samples have shown
TH in pre-monsoon is 4500 mg/l & 5000 mg/l and in the post monsoon samples cannot be analyzed

due to instrumental limitations.

Table 13: Hardness Classification of water

Hardness Water Class Pre-monsoon Sample Post-monsoon
(mg/l) (%) Sample (%)
0-75 Soft 0 0
75-150 Moderately Hard 6..25 5.27
150-300 Hard 12.5 2.63
>300 Very Hard 81.25 92.10

3.1.4 Major Anions (F, ClI", HCO3™, SO4# and NO3")

The anion chemistry of the analyzed samples shows that HCO3 and CI  are the dominant anions
in shallow aquifer and follow the abundance order of CI">HCO3 >S04% >NOs >F  in majority
of the groundwater samples.

In pre-monsoon, Chloride (CI') concentration varies from 28 mg/l (Haiderpur) to 2840 mg/I
(Mahashiv Car Washing Centre) and in post-monsoon varies from 21 mg/l (Khera Kalan) to 2623
mg/l (Sandesh Vihar). The large lateral variation in the chloride concentration and observed high
concentration in some samples indicate local recharge and may be attributed to contamination by
landfill site. Higher concentration of CI  in drinking water gives a salty taste and has a laxative
effect in people not accustomed to it. In Pre-monsoon, concentration of CI exceeds the desirable
limit of 250 mg/I (1S-10500: 2012) in 43.8% of analysed samples and maximum permissible limit
of 1000 mg/l in 37.5% of analysed samples. In Post-monsoon, concentration of CI exceeds the
desirable limit of 250 mg/l (1S-10500: 2012) in 65.8%of analysed samples and maximum
permissible limit of 1000 mg/I in 18.4% of analysed samples Fig.32. Both the leachate samples
have shown 5680 mg/l and 7810 mg/I in pre-monsoon. Leachate samples could not be monitored
due to the limitations of instrument in post-monsoon.
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DISTRIBUTION OF CHLORIDE CONCENTRATION AT BHALASWA STUDY AREA
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Figure 32: Distribution of Chloride concentration at Bhalaswa study area for post-
monsoon

Bicarbonate (HCOs ) is the most dominant anion. In pre-monsoon, Concentration of bicarbonate
varies from 73 mg/l (Haiderpur) to 1318 mg/l (TW LFS Entry gate)) and in post-monsoon 85 mg/I
(Cremation Ground) to 1013 mg/l (Field HP, Mukundpur Road). Bicarbonate concentrations of
leachate samples are 7320 mg/l and 8845 mg/I in pre-monsoon. Bicarbonates are derived mainly
from the soil zone CO; and at the time of weathering of parent minerals or from dissolution of
carbonates and/or silicate minerals by the carbonic acid. Concentration of sulphate varies from 24
mg/l to 432 mg/l in pre-monsoon and 13 mg/l to 3118 mg/l in post-monsoon. Sulphate
concentration exceeded the desirable and maximum permissible drinking water limits of 200 mg/I
and 400 mg/l values respectively (per 1S-10500:2012) in 37.5% and 6.25% (pre-monsoon), in
31.6% and 52.6% (post-monsoon) of total analyzed samples. Both the leachate samples have
shown Sulphate concentration are within the desirable limit. The observed high concentration in
some samples may be the effect of landfill site. High sulphate concentration may have a laxative
effect with excess of Mg in water. Waters with 200 - 400 mg/l of sulphate have bitter taste and
those with 1000 mg/lor more of sulphate may cause intestinal disorder and respiratory problems.
Sulphate may also cause corrosion of metals in the distribution system, particularly in water having
low alkalinity.
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Concentration of nitrate has been found to vary from 2 mg/l to 28 mg/l (pre-monsoon) and 1 to
260 mg/l (post-monsoon). Nitrate concentration exceeds the maximum permissible limit of 45
mg/l in drinking water prescribed by BIS (1S-10500:2012) in around 24% (post-monsoon) of the
total ground water samples. Nitrate concentration is within permissible limit in pre-monsoon water
samples. Leachate samples have shown 156 mg/l & 204 mg/l in pre-monsoon. Nitrate in excess of
maximum permissible limit has been reported from western side of the landfill site Fig.33.Higher
nitrate concentration in ground water may be contamination from landfill site. Excess nitrate in
drinking water can cause methaemoglobinaemia in infants, gastric cancer, goiter, birth
malformations and hypertensions.

MAP SHOWING THE LOCATIONS OF FLOURIDE AND NITRATE MORE THAN PERMISSIBLE LIMIT
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Figure 33: Fluoride and Nitrate map

Fluoride is an essential element for maintaining normal development of healthy teeth and
bones. However, higher F~ concentration causes dental and skeletal fluorosis such as mottling of
teeth, deformation of ligaments and bending of spinal cord. Concentration of fluoride in ground
water samples has been found to vary from 0.32t0o2.5 mg/I (pre-monsoon) and 0.05 to 5.2 mg/I
(post-monsoon). Concentration of F exceeds the maximum permissible limit of 1.5 mg/l (IS-
10500: 2012) in 6.25% (pre-monsoon) and in 13.2% (post-monsoon) of the total analyzed samples.
Excess Fluoride has been reported from isolated pockets of study area, those are Rohini Sec-11,
PWD Electrical office, Khera Kalan, Field HP & Sulabh Comp Opp. Sewage Pump Stn). The
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fluoride contamination in ground water may be either due to landfill or due to excessive use of
phosphatic fertilizers and fluoride containing insecticides and herbicides in agricultural fields.

3.1.5 Major Cations (Ca, Mg, Na, K)

The major cations include Ca, Mg, Na and K. The water chemistry of the study area is
marginally dominated by alkali (Na + K) metals over the alkaline earths (Ca +Mg). The cation
chemistry indicates that in general ground water belongs to Na>Ca>Mg>K water type. The
weathering and cation exchange processes normally control the levels of these cations in the
ground water.

Sodium (Na*) is the most dominant cation in ground water in study area. Concentration of
sodium has been found to vary from 5 to 1297 mg/l (pre-monsoon) and 42 to 1760 mg/l (post-
monsoon). Leachate samples have shown 4200mg/l and 4670 mg/I in pre-monsoon. Sodium is the
most important ion for human health. A higher sodium intake may cause hypertension, congenial
heart diseases, and nervous disorder and kidney problems. Contamination of ground water by Na
and CI is common in growing urban areas. Sources of these ions are related to mainly leachate
from Bhalaswa landfill.

Concentration of potassium ranges from 2.1 mg/l to 196 mg/l (pre-monsoon) and 3.6 mg/I
to 270 mg/l (post-monsoon). Leachate samples have shown potassium concentration is 3250 mg/I
and 3872 mg/l in pre-monsoon. Potassium is accounting for very less percentage of the total
cationic mass balance.

Calcium (Ca) is an essential element for bone, nervous system and cell development. Ca?*
and Mg?* are the main contributors towards hardness. Possible adverse effect from ingesting high
concentration of Ca for long periods may be an increased risk of kidney stones. Concentrations of
Ca?* and Mg?* are exceeding the drinking water desirable levels (1S-10500:2012) of 75 mg/l and
30 mg/I respectively in about 37.5 % and 18.8% of the analyzed pre-monsoon samples and for
post-monsoon samples in about 58% and 55%. However, concentrations of both these ions are
exceeding the maximum permissible levels of 200 and 100 mg/I respectively in 12.5% and 50%
of the pre-monsoon samples and for post-monsoon 13.2% & 31.6%. Concentration of Ca in
ground water varied from 20 mg/l to 352 mg/I in pre-monsoon and in post-monsoon it varies from
16 mg/l to 392 mg/l. Leachate samples have shown 800 mg/l. Concentration of Mg varies from 19
mg/l to 270 mg/l in pre-monsoon and in post-monsoon varies from 7 mg/l to 258 mg/I. Leachate
samples of Mg is 730mg/I and 608 mg/I.

3.2 Water Type and Hydrochemical Facies

The Hill and Piper plot is very useful in determining relationships of different dissolved
constituents and classification of water on the basis of its chemical characters. The triangular
cationic field of Piper diagram reveals that the groundwater samples fall into no dominant and Na
+ K class, whereas in anionic triangle majority of the samples fall into bicarbonate, chloride and
no dominant fields Fig. 34. The plot of chemical data on diamond shaped central field, which
relates the cation and anion triangles revealed that the major water types in Bhalaswa study area
were Na-K-Cl, Ca-Mg-HCO3, and of mixed chemical character i.e. Ca-Mg-CI-SO4, Na-K-HCOs-
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Cl. In majority of the ground water samples, alkali metal cations (Na*+K™) are slightly exceeding
the alkaline earth metals (Ca**+Mg?*). In general, the groundwater exhibits the dominance of SO4*
+CI" (strong acid) over weak (HCOz’) acid. The facies mapping approach applied to the present
study shows that Ca-Mg-HCOs, Na-K-Cl, Ca-Mg-CI-SO4 and Na-K-HCOs3-Cl are the dominant
hydrogeochemical facies in the groundwater.

PIPERPLOT

o

‘s S
HCO3+CO03

HONa+K
Figure 34: Hill and Piper plot showing water type and hydro chemical facies
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3.3 Heavy/Trace Metal Distribution
Summarized data of chemical analysis results in respect of heavy metals is furnished in Table 14.

Table 14: Summary of Heavy Metal analysis data

(Units Range Maximum Samples having heavy
in Permissible Limit as metals in excess of
mg/l) prescribed by BIS Maximum Permissible

(15-10500:2012) Limit (%)
Pre-monsoon Post- (Mg/l) Pre-monsoon Post-
monsoon monsoon
Fe *BDL-6.714 0.075- 1.0 12.5 21
9.753
Mn BDL-0.904 BDL- 0.3 31 45
2.324
Zn BDL-2.835 0.054-2.74 15 Nil Nil
Cu BDL-0.008 BDL 15 Nil Nil
Cr BDL-0.003 0.001- 0.05 Nil Nil
0.005
Ni 0.000-0.012 -- 0.02 Nil --
Cd | 0.000073-0.0006 0.003 Nil
As BDL-0.055 BDL- 0.01 6.2 13
0.129
Se 0.0000028- 0.01 Nil
0.000063
Pb BDL-0.0016 0.001- 0.01 Nil 2.6
0.011
U BDL-0.03 0.003- 0.03 Nil 2.6
0.035
Two leachate samples have shown more than permissible limit for Fe, Cr, As and Ni. Only one
leachate sample has shown more than permissible limit for U, Mn, Pb and Cd. Leachate samples
analyzed only in pre-monsoon.
*BDL=Below Detective Level

Concentration of Iron (Fe) has been found to range from BDL to 6.7mg/land exceeded the
maximum permissible limit of 1 mg/l in 12.5% of the total analysed pre-monsoon groundwater
samples. For post-monsoon, concentration of Iron (Fe) has been found to range from 0.075mg/I to
9.75mg/l and exceeded the maximum permissible limit of 1 mg/l in 21%. The concentration of
iron in natural water is controlled by both physico chemical and microbiological factors.

For pre-monsoon, Manganese (Mn) concentration in groundwater was found to vary from
BDL to 0.904 mg/l and concentration of Mn exceeds the prescribed maximum permissible limit
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of 0.3 mg/I(1S-10500:2012) in 31% groundwater samples. For post-monsoon, Manganese (Mn)
concentration in groundwater was found to vary from BDL to 2.324 mg/l and cconcentration of
Mn exceeds the prescribed maximum permissible limit of 0.3 mg/l (1S-10500:2012) in 45%
groundwater samples. Most common sources of iron and manganese in groundwater are naturally
occurring, for example from weathering of iron and manganese bearing minerals and rocks.
Industrial effluent, sewage and landfill leachate may also contribute iron and manganese to local
groundwater.

Zinc (Zn) concentration in ground water varies from BDL to 2.835 mg/I in pre-monsoon
and in post monsoon it varies from 0.054 mg/l to 2.74mg/l, which is well within the maximum
permissible limit of 15 mg/l as prescribed by BIS Drinking Water Standards (1S-10500:2012).

In pre-monsoon, concentrations of Copper (Cu) and Chromium (Cr) varied from BDL to
0.008 mg/land BDL to 0.003 mg/I respectively in the analyzed groundwater samples. In post-
monsoon, concentrations of Copper (Cu) is below detectable limit and concentration of Chromium
(Cr) varied from BDL to 0.005mg/I in the analyzed groundwater samples. Concentration of both
Cu and Cr have been found to be well within the maximum permissible limit of 1.5 mg/l and 0.05
mg/l (1S-10500:2012) respectively.

In Pre-monsoon, concentrations of Nickel (Ni) varied from 0.000 mg/I to 0.012 mg/l in the
analyzed groundwater samples. Concentration of Ni has been found to be well within the
maximum permissible limit 0.02 mg/l (1S-10500:2012). In post-monsoon samples could not be
analysed for this element.

Concentration of Cadmium (Cd) in the analysed samples in pre-monsoon has been found
to vary from 0.000073 to 0.0006 mg/l. Cd concentration has been found to be well within the
maximum permissible limit of 0.003 mg/l. In post-monsoon samples could not be analysed for this
element.

In pre-monsoon, concentration of Arsenic (As) in ground water has been found to vary
from BDL to 0.038 mg/I. In post-monsoon, concentration of As varies from Below Detection Limit
to 0.129mg/l. 6.2% of pre-monsoon samples and 13% of post-monsoon samples exceeds the
maximum permissible limit of 0.01 mg/l prescribed by BIS in drinking water (1S-10500:2012).

Concentration of Selenium (Se) has been found to range between 0.0000028 to 0.000063

mg/l in pre-monsoon ground water samples. Se concentration has been found to be well within
maximum permissible limit of 0.01 mg/l (1S-10500:2012).
Lead (Pb) concentration has been reported to vary from BDL to 0.0016 mg/l in pre-monsoon and
it varies from 0.001-0.011 mg/I in post-monsoon. Sporadic occurrence of Pb in excess of the
maximum permissible limit of 0.01 mg/l (IS-10500:2012) has been reported in 2.6% of post-
monsoon samples. Excess Lead in ground water may be due pollution from industries and landfill
sites.

Concentration of Uranium (U) has been found to varies from BDL to 0.01769 mg/l in pre-
monsoon and it varies from 0.003 to 0.035 mg/l in post-monsoon. Concentration of Uranium 2.6%
of post-monsoon samples exceeds the maximum permissible limit of 0.03 mg/l prescribed by BIS
in drinking water (1S-10500:2012).
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3.4 Bacteriological Contamination

The bacteriological test carried out in eight groundwater samples and 2 leachate samples of
Bhalaswa study area- shows presence of total coliform and fecal coliform in all eight ground water
samples and 2 leachate samples Table 15. As per BIS (1S-10500:2012), coliforms should not be
detectable in any 100 ml sample. Groundwater contamination from fecal-coliform bacteria is
generally caused by water percolation into the aquifer from a contamination source like domestic
sewage, drains, waste from Dairy farms and septic tanks. The poor sanitation around the source
water also causes bacteriological contamination. Shallow wells are particularly susceptible to such
contamination. In Bhalaswa landfill site, the bacteriological contamination is due to leakage of
leachate into groundwater and contamination due to Bhalaswa Dairy which is present adjacent to
SLF site.

Table 15: Bacteriological Test in groundwater samples of NCT- Delhi

S. Site Name | Latitude | Longitude | Source 1st time sampling Repeated sampling
No. (TWID
W)
Total Fecal Total Fecal
Coliform | Coliform | Coliform | Coliform
Bacteria | Bacteria | Bacteria | Bacteria
MPN/ MPN/100 | MPN/100 | MPN/100
100ml ml ml ml
1 | LFSEntry 28.73931 | 77.155504 TW 36 18 40 20
Gate
2 | Leachate 01 | 28.74034 | 77.155314 330000 130000 1700000 | 1300000
(Khata)
3 | Leachate 02 | 28.74349 | 77.155231 16000000 390000 2300000 | 1300000
4 | R.S.Poultries | 28.74456 | 77.15506 TW 200000 78000 11000 4500
5 | Ambuja 28.74158 | 77.15768 TW 3500000 390000 2200000 170000
Cement
6 | Bhagat 28.74516 | 77.15915 HP 2800000 170000 1100000 780000
Properties
7 | NBM Toilets | 28.742 77.16042 TW 460000 170000 40000 20000
8 | Balaji 28.74147 | 77.16379 HP 94000 200000 220000 110000
Coaching
Centre
9 | Prachin Shiv | 28.74054 | 77.163569 HP 68000 4000 49000 22000
Mandir
10 | Cremation 28.73929 77.17 HP 45000 20000 17000 6800
Ground

TW=Tubewell, HP=Handpump

3.5 Suitability of Groundwater for Irrigation Purpose

The chemical quality of water is an important factor to be considered in evaluating its usefulness
for irrigation purposes. Plants grown by irrigation absorb and transpire water but leave nearly all
the salts behind in the soil, where they accumulate and eventually prevent plant growth. Excessive
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concentrations of solute interfere with the osmotic process by which plant root membranes are able
to assimilate water and nutrients. In areas where natural drainage is inadequate, the irrigation water
infiltrating the root zone will cause water table to rise excessively. In addition to problems caused
by excessive concentration of dissolved solids, certain constituents in irrigation water are
especially undesirable and some may be damaging even when present in small concentrations.
Irrigation indices viz. Sodium Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC)
have been evaluated to assess the suitability of ground water for irrigation purposes.

3.5.1 Alkali Hazard

In the irrigation water, it is characterized by absolute and relative concentrations of cations.
If the sodium concentrations are high, the alkali hazard is high and if the calcium & magnesium
levels are high, this hazard is low. The alkali soils are formed by the accumulation of exchangeable
sodium and are characterized by poor tilt and low permeability. The U.S. Salinity laboratory has
recommended the use of sodium adsorption ratio (SAR) as it is closely related to adsorption of
sodium by the soil.

SAR is derived by the following equation:
Na*t
\/.Ca2+M92+
2
The water with regard to SAR is classified into four categories
» S1-Low Sodium Water (SAR <10)
Such waters can be used on practically all kinds of soils without any risk or increase in
exchangeable sodium.
» S2 - Medium Sodium Water (SAR 10-18)
Such waters may produce an appreciable sodium hazard in fine textured soil having high cation
exchange capacity under low leaching.
» S3—High Sodium Water (SAR >18-26)
Such waters indicate harmful concentrations of exchangeable sodium in most of the soil and would
require special management, good drainage, high leaching and addition of organic matter to the
soil. If such waters are used on gypsiferrous soils the exchangeable sodium could not produce
harmful effects.
» Ss—Very High Sodium Waters (SAR >26)
Generally, such waters are unsatisfactory for irrigation purposes except at low or perhaps at
medium salinity where the solution of calcium from the soil or addition of gypsum or other
amendments makes the use of such waters feasible.

The computed SAR values range from 0.17 to 17.12 in pre-monsoon and 0.79 to 19.85 in
post-monsoon. The maximum SAR value has been found at HP Balaji Coaching Centre in pre-
monsoon and Toilets, CTCNo0.154, S.G.T.N. 68.8% samples in pre-monsoon and 57.9% in post-
monsoon belong to excellent category (S1) and none of the water samples are associated with very
high sodium category (S4). Leachate samples have shown SAR >25.

SAR =
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It was found that total 31.25% (pre-monsoon) & 39.5% (post-monsoon) sample fall in S2
category, while 2.6% samples in post-monsoon fall in S3 category.

3.5.2 Residual Sodium Carbonate (RSC)

If the enriched carbonate (residual) concentration becomes relatively high, carbonates get
together with calcium and magnesium to form precipitates. The relative abundance of sodium in
comparison to alkaline earths and the quantity of bicarbonate and carbonate in excess of alkaline
earths also influences the suitability of water for irrigation. This excess is represented in terms of
“Residual Sodium Carbonate” (RSC). The highly soluble sodium carbonate known as residual
Sodium carbonate (RSC) is defined as;

RSC = (HCO; + €03 ) — (Ca*" + Mg*")
Waters with high RSC produces harmful effects on plant development and is not suitable for
irrigation. Waters associated with RSC < 1.25 are of excellent irrigation quality and can be safely
applied for irrigation for almost all crops without the risks associated with residual sodium
carbonate (Wilcox et al., 1954). If the RSC values lie between 1.25 and 2.5, the water is of an
acceptable quality for irrigation. Waters associated with RSC values higher than 2.5 are not
acceptable for irrigation. 81.3% (pre-monsoon) & 81.6% (post-monsoon) collected water samples
are associated with RSC values less than 1.25 and are safe for use in irrigation practices. Only
18.7% (pre-monsoon) & 13.2% (post-monsoon) water samples are associated with RSC values
more than 2.5 and are unsuitable for irrigation. The water with high RSC values if applied for
irrigation causes soil to become infertile owing to deposition of sodium.

3.5.3 Wilcox diagram

EC and sodium concentration are very important in classifying irrigation water. The
Wilcox diagram (Wilcox 1948) relating EC and SAR shows Fig. 35 that most of the samples are
plotted in C4S2, C4S3 and C3S2 showing high to very high salinity and medium to high alkali
hazard and not suitable for irrigation.
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3.5.4 Sodium Percentage (Na %)

Figure 35: USSL Salinity Diagram

The sodium percentage (Na%=Na+K/ (Ca+Mg+Na+K) x100) in the pre-monsoon groundwater of
Bhalaswa study area varies from 7.47% to 80.23% and in post-monsoon it varies from 15.43% to
85.41%. Classification of ground water samples based on Na % is given in below Tablel6.

Table 16: Water Classification based on Sodium Percent (Na %)

Na % Water Class % Pre-monsoon samples | % Post-monsoon samples
<20 % Excellent 12.5 2.63

20-40 % Good 0 2.63

40 — 60% Medium 37.5 26.3

60 - 80% Bad 43.75 60.5
>80% Very Bad 6.25 7.9

3.5.5 Magnesium Hazard (MH)

The magnesium hazard (MH=Mg/ (Ca + Mg) x100) in the pre-monsoon ground water of
Bhalaswa study area varies from 21.96% to 88.10% and in post-monsoon 10% to 87.5%. Water is
not used for irrigation if MH values exceeded the 50%. The long term application of high MH
value water may reduce the crop yields and affect the agricultural productivity in the area.
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4 Implementable Management Plan

4.1 Ground water pollution remedial measures at Bhalaswa SLF Site

1.

It is observed that the ground water in surrounding areas of Bhalaswa SLF site is highly
contaminated, it is recommended to take proper precautions to arrest further deterioration of
ground water quality in the area. Total 7 Stakeholder feedback forms were collected from
stakeholders during the field. Most of the Tubewells are at shallow depth as they mentioned in
the stakeholder forms. Most of the tubewells/Hand Pumps are used for washing & Cleaning,
Construction purposes only. For drinking purpose, they are depending on DJB supply water.
Some Stake holders informed that the water colour gets transformed to yellow colour after 2-
3 hours. As discussed in the field with the locals, it has been learnt that the locals does not
consume the ground water for drinking purpose. Hence the health issues related due to the
ground water could not be ascertained.

To prevent mixing of the leachate at bottom of the SLF site, number of borewells should be
drilled vertically over the entire dumping yard and at the boundary of dumping yard to pump
out the contaminated ground water as wells as leachate from the dumping yard. This pumped
water and leachate mix shall be treated properly by putting up the ETP adjacent to the dumping
yard and after proper treatment may be released to the surface water drains flowing adjacent
to the dumping yard.

Horizontal collector wells/pipes with slotted pipes may be installed within the dumping yard
and the leachate may be collected properly in the pipes and be treated in ETPs.

One deep trench of depth about 2 m may be constructed around the dumping yard so that the
leachate is collected in the drain and transported to the ETP plant. To prevent the accumulation
of storm water and rainwater over the landfill, connecting drains may be constructed criss
crossing the dumping yard and connected to peripheral drain.

Sub-surface vertical cut-off walls may be constructed to prevent the movement of
contaminated water to fresh water areas.

It is recommended to operate landfills appropriately at low level with restricting the height of
the landfill dumping.

Waste Water from Bhalaswa dairy may also be collected properly and treated before releasing
into the surface water drains.

Awareness may be created regarding contamination of ground water by putting the boarders
at different locations highlighting the health risk of using contaminated ground water.

4.2 Recommendations for Future development of SLF sites

A conventional landfill is a man-made system for storing trash in specially constructed and

protected cells on the ground’s surface or in underground excavations. Despite the fact that more
rubbish is being reused, repurposed, or energetically valorised, landfills remain an important aspect
of waste management. During the degradation of waste in landfills, leachate and gases are created.
These emissions have the potential to threaten human health as well as the quality of the
environment. The most common greenhouse gases found in landfill gas are methane and CO2
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(carbon dioxide). Landfills account approximately 20% of all anthropogenic methane emissions
worldwide.

The migration of gas and leachate from the landfill body into the environment is a serious
environmental concern, posing a threat to groundwater, air quality, and climate change via
methane emissions, as well as significant health risks.

Scientific Landfills

A Scientific Landfill is so titled because it was built using a scientific design and approach. The
seepage of solid waste leachate into the underlying soil and water, contaminating both, is one of
the most critical problems with traditional landfills. Because the base layer of clay in scientific
landfills successfully eliminates any seepage or leaking within the landfill, there is no possibility
of garbage seeping underground. A soil drainage layer and a vegetative layer are placed on top of
the base layer to avoid soil erosion. Leachate is collected before it seeps underground due to the
presence of these layers Fig 36.

Scientific landfills act as degassing systems by reducing methane production. Methane is produced

at a slower rate than in typical landfills because the layers soak up the majority of the contaminants

in the rubbish. In scientific landfills, vertical wells aid in the regular extraction of methane, which
can then be used to generate energy and heat.

Components of Scientific Landfill

The following are the seven fundamental components of an MSW landfill:

1. A liner system that prevents leachate or gas from seeping into the surrounding soil at the
landfill’s base and sidewalls.

2. A leachate collection and control facility that collects and removes leachate from the inside
and outside of the landfill before treating it.

3. A gas collection and control facility (optional for small landfills) that collects and eliminates
gas from within and on top of waste before treating or recycling it.

4. A final cover system that improves surface drainage, prevents infiltration, and maintains
surface vegetation at the top of the landfill.

5. A drainage system for surface water that collects and transfers all surface runoff away from
the landfill.

6. An environmental monitoring system based on a landfill that collects and analyses air, surface
water, soil gas, and groundwater samples on a regular basis.

7. A closure and post-closure plan that includes the methods for closing and securing a landfill
once it has been filled, as well as the activities for long-term monitoring, management, and
maintenance of the closed landfill.

Site selection criteria
o Responsibility of Development authorities to identify landfill sites and handover to

concerned ULBs
o Nearby waste processing facility.
¢ Soil conditions and topography.
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Table 17: Distance parameters for construction of landfill

Place Distance Parameters
Lake or Pond e Maximum distance 200 m
e A water monitoring system should be installed if the landfill site is
less than 200 m from the lake/ pond
o Sites falling within wetlands are avoided
River e Maximum distance 100 m
e The distance may be reduced in some instances for non-meandering
rivers but a minimum of 30m should be maintained
Flood Plains e No landfill should be constructed within a 100 m year- flood plain
Highway e Maximum distance 200 m
Habilitation e Maximum distance 200 m of noticed habituated area
¢ Site falling within forest area and national parks are avoided
o A distance of 100 m must be maintained from the residential areas
Public Parks e Maximum distance 200 m
Ground  Water e No landfill should be constructed in the area where water table is
Table less than 2 m below ground surface
Airport o A distance of 20 km the nearby airport must be maintained

e Can be set up between 10-20 km by obtaining NOC from the civil
aviation authority / Air Force

e Large enough to last for 20-25 years
¢ No development zone around landfill area
e Temporary storage facility for solid waste shall be established in each landfill
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Figure 36: Schematic diagram of scientific landfill site




5.1

5 Summary and Recommendations

Summary
The study area covering an area is about 20 Sg. km is occupied by unconsolidated sediments
of Quaternary to Recent age.
The landfill is not scientifically lined as the pit is only used as a dump site. It has only got a
layer of malba topped with soil, instead of having a layer of plastic or a special type of clay
layer required for a secure landfill. About 2500 MT/day solid waste is being dumped at this
site and the filling of this site is commissioned in 1994. This landfill site is not designed as per
the schedule 3 of MSWs rules which came into effect in year 2000. The solid waste received
at the site is levelled, restructuring and compacted by the hydraulic bulldozers. The height of
the dump is about 62 metres in 2019 from surrounding ground level. The landfill is owned by
the Municipal Corporation of Delhi.
The ground water in the area around the Bhalaswa landfill is being contaminated due to
leachate from the landfill and there is no leachate treatment in this site. Most of the people in
the area are depends on Delhi Jal Board supply water for drinking purpose. Ground water is
being used for domestic use such as bathing, washing utensils and clothes which has led to
skin diseases of the people.
VES data indicates that fresh water sediments are followed by the saline water sediments. The
thickness of fresh water sediments is bare minimal in Bhalaswa Study area. The depth to fresh
— saline water interface varies from 22 mbgl to 65mbgl. Ground water quality below fresh
saline water interface is saline all through up to the bedrock.
As per hydrographs of Haiderpur Piezometer Pre-monsoon water level during (1998 — 2015)
indicates declining trend of ground water level, near to landfill site and Bhalaswa lake water
level is rising.
Electrical conductivity value of pre-monsoon ground water samples in Bhalaswa study area
has been found to vary from 330 to 8755 uS/cm at 25°C and in post-monsoon it varies from
680-10890 uS/cm at 25°C. Electrical Conductivity in excess of 3000 uS/cm value has been
observed more than 50% of study area. Nitrate in excess of maximum permissible limit has
been reported from 24% of post-monsoon samples.
All the available data as well as data generated during the course of present study were
integrated and aquifer disposition maps were prepared. Fine to medium sand layer is present
below the landfill site and Clay with silt also abundant in study area. In alluvium, sand and
silt with kankar form the potential aquifer zones.
Southern and South Eastern parts of the study area shows shallow water level and western,
north western parts of study area shows deep water levels.
In heavy metal analysis, two leachate samples have shown more than permissible limit for Fe,
Cr, As and Ni. Only one leachate sample has shown more than permissible limit for Uranium,
Manganese, Lead and Cadmium. In Basic analysis, Leachate samples have shown exceed the
permissible limit for EC, Cl, Fluoride and Nitrate. For Bacteriological analysis both the
leachate samples have shown total and fecal coliform.
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10. In Basic analysis 37.5% of wells showing Chloride and 6.25% of wells are showing Fluoride

beyond the permissible limit in pre-monsoon. And 18.42%, 13.15% and 26.31% of wells are
showing Cl, F & Nos beyond permissible limits. Excess Fluoride has been reported from
isolated pockets in the study area.

11. Water table elevation follows the topography of the area and overall ground water flow

direction is towards Yamuna River. Internal ground water flow direction is different. In the
western part of the study area flow direction is towards a trough near landfill area and southern
part ground water flow direction is towards north. Bhalaswa Lake acting as divider regarding
ground water flow.

5.2 Recommendations

1.

The study revealed that the landfill site is close to water bodies, highway. The development of
new landfills should be sited not too close to natural features, residential areas and institutions
in order to have minimal negative impact on them.

Encourage households, businesses, and industries to segregate waste at the source into
recyclables, organic waste, and non-recyclables. Provide separate bins or containers for
different types of waste.

The waste should be minimized at the source. Proper segregation would lead to better options
and opportunities for scientific disposal of waste. The recyclable materials should be
recovered from the wastes. Invest in research and development of innovative technologies
and practices for waste management, such as waste-to-energy technologies, sustainable
materials recovery, and improved recycling processes.

Use appropriate treatment methods for different types of waste, such as landfilling for non-
recyclable and non-compostable waste, composting for organic waste, and advanced
treatment technologies for hazardous waste.

The Bhalaswa landfill is nearing its closure date, develop a closure and aftercare plan to
rehabilitate the landfill site once it reaches capacity. This includes covering the site,
landscaping, and ongoing monitoring to ensure environmental protection.

CPCB and DPCC should take responsibility to implement the rules and policies given by
Ministry of Environment, Forests and Climate Change (MoEFCC). Implement and enforce
solid waste management policies and regulations at local levels. Establish incentives and
penalties to encourage compliance with waste management guidelines and promote
responsible waste handling practices.

Foster collaboration among government agencies, private sector stakeholders, NGOs, and the
community to address solid waste management challenges collectively. The involvement of
people and private sector through NGOs could improve the efficiency of SWM.

Public awareness should be created among masses to inculcate the health hazards of the
wastes. Conduct public awareness campaigns to educate communities about the importance
of proper waste management practices, including recycling, composting, and waste
segregation. Provide clear guidelines and information on how residents can participate in
waste reduction efforts.
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9.

10.

Bhalswa landfill site influenced the groundwater quality of the shallow aquifers close to the
site. To control/or minimize the impact of leachate on groundwater resources around the
landfill sites, construction of lined engineered dumping site and leachate collection ponds are
the best way to protect the movement of the leachate into the shallow groundwater of the
study area. A new site for dumping should be selected as an alternative away from any
residential settlement, river and agricultural field to minimize the environmental impact.
Ground water is highly polluted and is not fit for drinking and irrigation purposes around
landfill site. It is recommended that ground water should be used only after proper treatment.
Site selection and design of landfill sites should be based on sound scientific considerations.
There should be strict monitoring of waste disposal in industrial belts.

11.Construct a scientific/Engineered landfill for future newly constructed landfills for better solid

12.

13.

waste management as well as leachate management.

A thick column of fresh water aquifer system exists down to depth of 50 m in the vicinity of
Western Yamuna Canal and its thickness decreases away from the canal. The existence of
thick column of fresh ground water aquifers beneath Western Yamuna Canal is due to
infiltration of fresh water from the canal and flushing of entrapped saline water from theses
aquifers. These aquifers can be used by constructing tubewells of depth 40 to 50 m all along
the canal. The contaminated plume may be restricted and not allowed to pollute the fresh
water present under western Yamuna Canal. Pumping of fresh water present along the western
Yamuna Canal may be regularized to avoid ground water contamination due to SLF site.

In Study area, fresh ground water is underlain by saline/ brackish water and clay is dominant
in the western part giving rise to salinity due to improper flushing and long residence time of
water in the formation. Over-exploitation of ground water has not only resulted in depletion
of fresh ground water resources but has also led to gradual upconing of saline water. This
saline water can be used after blending for uses other than drinking.
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Annexure
Annexure-I: Existing Landfill sites for Waste Management in NCT Delhi

S.No. | Location Area (in ha.) Remarks
1 Kailash Nagar, East Delhi 1.8 Filled up
2 Tilak Nagar, West Delhi 16 Filled up
3 Subroto Park . Filled up
4 PuranaQila/Bharion Road 2.7 Filled up
5 | Timarpur 16 Filled up
6 Sarai Kale Khan 24 Filled up
7 Gopal Pur 4 Filled up
8 Chhaterpur 1.7 Filled up
9 S.G.T Nagar 144 Filled up
10 | I.P. Depot 1.8 Filled up
11 | Sunder Nagar 2.8 Filled up
12 | Tuglakabad Extn. 2.4 Filled up
13 | HaiderPur 1.6 Filled up
14 | MandawaliFazilpur 2.8 Filled up
15 | RohiniPh-111 4.8 Filled up
16 | Near Hastal Village in West Delhi 9.6 Filled up
17 | Site Near Ghazipur Dairy Farm 28 In Operation
18 | Site Near Jhangirpur/ Bhalaswa 16 In Operation
19 | Okhla Phase-I 12.8 In Operation
20 | Crossing on G.T. Karnal Road 3.2 In Operation
21 | Jaitpur/Tajpur 9.84 New
22 | Near Puthkhurd 55 New
23 | Bawana to Narela Road 28 New
24 | Sultanpur Dabas (Bawana) 16 New
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Annexure-XI: Previous Studies Heavy metal Analysis Data

Heavy metal concentrations of Bhalsawa landfill site samples
(December 2003)
Sample No. | Concentrations in micrograms per
litre
Cd Cr Cu Fe Mn Ni Zn

BH-1 11 7850 340 | 55568 308 671 832
BH-2 ND ND ND 233 322 ND 19
BH-3 ND ND 6 515 397 ND 171
BH-4 ND ND ND 78 294 ND 282
BH-5 ND ND ND 40 ND ND 49
BH-6 17 4660 | 1065 | 30969 289 678 1066
BH-7 ND ND ND 86 227 ND 10
BH-8 ND ND ND 31 5 ND 5
BH-9 ND ND ND 243 4000 ND 47
BH-10 ND ND 57 504 6 ND 267
BH-11 ND ND ND 1403 791 ND 222
BH-12 ND ND ND 13155 498 ND 302
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Annexure-XII: Previous Studies Isotopic Analysis Data

Isotopic analysis of Samples from Bhalsawa SLF site (December,
2003)
S.No | Sample 380 (%o) 8°H (%o) °H[TU + 813C (%o)
No. 16 (0.5)]

1 BH-1 -1.31 -3.06 174.48 15.6
2 BH-2 -6.46 -46 8.75 -12
3 BH-3 -6.8 -47.9 1.35 -7.03
4 BH-4 -7.39 -49.7 1.26 -14.3
5 BH-5 -6.65 -47.2 0.78 -11.4
6 BH-6 -1.49 -8.75 133.72 2.64
7 BH-7 -6.78 -45.6 0.46 -13.3
8 BH-8 -7.01 -50.5 10.18 -8.58
9 BH-9 -6.17 -45.5 4.75 -8.75
10 BH-10 -6.73 -48.4 1.6 -4.92
11 BH-11 -3.88 -35.68 10.72
12 BH-12 1.6 -8
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Isotopic analysis of samples from Bhalsawa SLF site (June 2004)

S.No Sample | 80 (%o) 8°H (%0) | H[TU % 813C (%o)
No. 16 (0.5)]

1 BH-2A -5.94 -43.3 9.9 -11.35
2 BH-3A -6.7 -45.7 6.7 -13.15
3 BH-4A -7.12 -48.9 19 -11.25
4 BH-5A -6.2 -45.7 4.84 -10.65
5 BH-7A -6.49 -44 3.62 -12.79
6 BH-8A -6.9 -46.9 9.9 -7.62
7 BH-9A -6.11 -42.9 6.77 -7.82
8 BH-10A -6.84 -46.7 4.68 -3.56
9 BH-11A -3.78 -32.6 10.71

10 BH-13A -5.34 -34.9 14.41 -7.62
11 BH-14A -6.84 -45.6 3.92 -12.61
12 BH-15A -7.59 -48.7 11.34 -9.61
13 BH-16A -5.99 -41.4 -11.08
14 BH-17A 11.3
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