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Message

National Aquifer Mapping and Management Programme (NAQUIM) was initiated by
Central Ground Water Board (CGWB) in 2012 with the goal of mapping and managing
aquifers across India to promote sustainable groundwater use. So far the entire
mappable area of 25 lakh km? has been covered under the NAQUIM programme.
While these initial efforts have been highly impactful, they faced certain limitations
especially in terms of spatial resolution.

Taking it forward, CGWB has now initiated NAQUIM 2.0, the next phase of aquifer
mapping designed to provide a deeper, more detalled understanding of India's
groundwater systems. During 2023-24, CGWB had completed NAQUIM 2.0 studies in
68 study areas. The study areas were selected In consultation with the State/UT
government agencles.

1 am confident that this report of NAQUIM 2.0 study will serve as a critical resource for
government agencies, research institutions, NGOs, and the general public. By fostering
a collaborative approach to groundwater management, this report will play a key role
in safeguarding and sustaining India’s precious ground water resources.
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(Or. Sunil Kumar Ambast)
Chairman, CGWS

Bhujal Bhawan, NH-IV, Faridabad-121001 (Haryana) Tel : 0129-2477101, 0129-2477104
E-mail : chmn-cgwb@nic.in | Fax 0129-2477200
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MESSAGE

The continuous increase in population, industrialization, and growing water demands
have placed significant stress on water resources. This has resulted in an increased
demand for water while simultaneously reducing groundwater recharge.

The NAQUIM 2.0 study was undertaken in the water-stressed areas of Baghpat
District, Uttar Pradesh, with the objective of understanding aquifer disposition,
geometry, characteristics, potential, and yield sustainability. The study also focuses
on monitoring aguifer-wise groundwater levels, delineating recharge areas, assessing
aquifer-wise groundwater resources, and managing groundwater quality.
Additionally, it involves identifying safer aquifers and strategies for ensuring the
sustainability of drinking water sources.

| congratulate the Regional Director, NR, Lucknow, and the team of officers involved
in this study for bringing out this report. The recommendations provided in the report

can be effectively utilized by water supply agencies to ensure the provision of safe
and sustainable drinking water and to address groundwater management issues

prevalent in the area.
e (ﬂﬂﬁ"
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Member

Gi@

Bhupal Bhawan, CE0 Comples, NH-Y, Fandabad — 121 001 Ph, 0129-24 77307



Government of India
Ministry of Jal Shakti f W
Northern Region, Bhujal Bhawan £ g~
Sector-B, Sitapur Road Yojana 3 Ak
Aliganj, Lucknow-226021
Phone: (0522)-2363812
e-mail: rdnr-cgwb@nic.in

Foreword

Ground water plays a vital role in sustaining the livelihood of the populace residing in the
present NAQUIM 2.0 area covering the whole district of Baghpat, Uttar Pradesh. The population of
the district, being a part of National Capital Region, is increasing comparatively at a higher rate. As
the whole district is covered by a very fertile soil, the agricultural activities are intensifying
enormously through growing multiple crops throughout the year including the sugarcane which is
the major cash crop presently being grown in more than 70% of the cultivated land of the district.
Moreover, sugar mills, textile, paper pulp, dyeing and chemical industries have been established in
Baghpat district since a long time ago, which are constantly increasing in numbers. Due to all
these activities related to ever-increasing population, cultivation and industrialisation, the demand
of water, more specifically ground water is rising immensely, as the surface water resource in the
district is limited. So, during last few years the withdrawal of ground water has been escalated
manyfold in order to cater to the demand of drinking & domestic sector, industrial sector and
most importantly the agriculture sector. The volume of ground water extraction from the shallow
unconfined aquifers is always exceeding the volume of natural and artificial recharge into those
aquifers from the inadequate rainfall and this imbalancing phenomena has become perennial.

in NAQUIM 2.0 area the ground water level is constantly declining and the shallow
unconfined aquifer is being dewatered, which is manifested by depleting of dynamic resource and
coming of all the administrative blocks under OCS (over-exploited, critical and semi-critical)
category in terms of ground water extraction. Thus, it has become essential to thoroughly
decipher the geometry and hydrogeological charateristics of the aquifers and then to formulate a
pragmatic and sustainable plan for judicious development and management of different aquifers
and their ground water resources with the aim of alleviating the water stressed condition of
Baghpat district.

Consistent with this objective, Central Ground Water Board, Norhern Region had taken up the
National Aquifer Mapping and Management work (NAQUIM 2.0) under AAP 2023-24 in all six
blocks of Baghpat district, belonging to the ‘OCS’ catergory, which covers an area of 1350 sg. km.

The efforts of S/Shri S. M. Hossain, Scientist-D, Rahul Kumar, AHG, Vidya Bhooshan, AHG,
Karam Singh, Scientist-C (Chemist) and Aniruddh Singh, AGP in carrying out rigorous field work
and bringing out this report are really appreciable. The report is compiled in a comprehensive
manner incorporating a huge volume of technical data and an efficacious management plan
involving the supply side and demand side interventions and thus expected to be of immense help
for the administrators, planners, water resource managers, researchers, academicians and other
ground water stake holders as a reference material for development and management of ground
water. ; 2

(S. G. Bhartariya)
Regional Director
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EXECUTIVE SUMMARY

The National Aquifer Mapping and Management 2.0 (NAQUIM 2.0) work has been carried
out by CGWB, NR, Lucknow during the Annual Action Plan 2023-24 in an area of 1350 sg. km.
covering the entire Baghpat district located in the National Capital Region (NCR) of Uttar Pradesh
including all the 6 blocks of the district coming under OCS category.

Broad objectives were to decipher the geometry and disposition of aquifer systems in
horizontal and vertical directions, characterize the individual aquifers and the bunch of similar
aquifers for grouping, delineate the recharge and discharge areas, prepare the aquifer maps, 2D and

3D models of aquifers and finally to devise the aquifer management plans.

The NAQUIM 2.0 area falls in Survey of India Degree Sheets 53G and 53H and in toposheets
53 G/3, 53 G/7, 53 G/4, 53 G/8, 53 H/1 and 53 H/5, which is confined between latitudes 28.7833°
and 29.2976° North and longitudes 77.1376° and 77.5055° East. As per 2011 census, total population
is 13,03,048 with density 965 person/km?. Average population growth from 2001 to 2011 is 11.94%.

Climate of NAQUIM 2.0 area is sub-humid to sub-tropical and characterised by dryness of
air with an intensely hot summer and an extremely cold winter. In summer, the mean daily maximum
and minimum temperature are recorded as 40°C and 24.80°C, whereas in winter those are recorded
as 20.60°C and 7.90°C. The average annual rainfall for the period from 2013 to 2022 is 540.46 mm,
whereas the normal annual rainfall is 674.76 mm. Mean monthly morning relative humidity is 67%.

Major part of the area is covered by minor loam, sandy loam and sandy soils, which are well
draining and generally very fertile. During 2020-21, total cultivable area was 111573 Ha (82.66%
of total NAQUIM area), whereas the net cultivated/shown area was 107553 Ha (96.40% of
cultivable area). Only 1.84 % of NAQUIM 2.0 area was covered by cultivable waste land, 14.11 %

area under non-agricultural use, 1.13% under current fallow and 1.20 % area was under forest land.

Geomorphologically, the area can be divided into 3 broad morpho-stratigraphic units - Older
Alluvial Plain, Older Flood Plain of Yamuna and Hindon rivers and their Active Flood Plains. Older
Alluvial Plain is the oldest geomorphic unit, covering 80% of NAQUIM 2.0 area with a number of
‘tals’, lakes. As a part of Yamuna-Hindon ‘doab’ area, it shows an even, homogeneous topography
with elevation from 218 to 233 m amsl and an average gradient of 0.15 m/km with the central part

exhibiting slightly higher elevation, which acts as water divide between Yamuna and Hindon.



Yamuna, Hindon and Krishni are the major drainages. The whole area is covered by thick
alluvial formations composed of fluvial sediments deposited during Quaternary period locally as
the flood plain deposits by Yamuna and Hindon rivers, the right bank tributaries of River Ganga,

and regionally as the deposits of Central Ganga Alluvial Plains.

In the NAQUIM 2.0 area, more than 50% of population is directly engaged in cultivation and
70% of population is directly or indirectly dependent upon agriculture and allied activities for their
livelihood. Principal crops are Sugarcane, Wheat, Paddy, Mustard, Potato, Vegetables etc.
Agricultural land devoid of sugarcane cultivation is normally used for growing 3 crops in a year
with the cropping pattern (Kharif Paddy/Pulses/Fodder Crops) — (Wheat/Mustard/Rabi Vegetables/
Potato/ Pulses) — (Pulses/Vegetables/Fodder crops). Average cropping intensity is 160.43%.

Ground water based irrigation is done mainly by Deep Tube Wells (DTW), Medium Depth
Tube Wells (MDTW) and Shallow Tube Wells (STW) with an irrigated area of 105794 Ha (98.55%
of net irrigated area). The surface water based irrigation is solely done by East Yamuna Canal with
a network length of 486 km and coverage of 1556 Ha. The net area irrigated by ground water and

surface water is 107350 Ha, which is 96.21% of total cultivable area and 99.81% of net sown area.

Geologically, the area is underlain by a huge thickness (up to the explored depth of 473 m) of
unconsolidated sediments of Quaternary age deposited over the Precambrian basement (Quartzite
of Delhi Supergroup) comprising silt, clay, sand of various grades (very fine to coarse), gravels and
kankar in varying proportions, whose thickness generally increases from west to east (from Yamuna
to Hindon) according to the basin configuration. Broadly, two distinct geological units are identified:
(1) Older Alluvium or Varanasi Alluvium or Upland area and inter fluvial area between Yamuna and
Hindon (i1) Younger Alluvium, occurring over a small area in Older Flood Plains along with narrow

depositional terraces of rivers and in present-day Active Flood Plains along Yamuna and Hindon.

Ground water in the NAQUIM 2.0 area occurs under unconfined to semi-confined and
confined conditions. The aquifers at the top sometimes overlain or dissected by silty or silty clay
layers, which makes them semi-confined. Cumulative thickness of sand layers up to the 100 m depth
increases towards northeast and southeast whereas thickness of clay beds towards northwest and
southwest and thickness of individual aquifers increases towards river Hindon i.e. from west to east.
In depth range 100-200 m, sand is less than 40% in western part and maximum (60%) in northeastern

part, whereas in depth range of 300-400 m the collective granular zone has sand below 40%.



In NAQUIM 2.0 area, 4 groups of aquifers have been identified within the explored depth of
473 m, which are separated by three distinct clay horizons. Aquifer Group-1: from 0.0 to 59 m bgl
(min.) and to 166 m bgl (max.); Aquifer Group—Il: from 84 m bgl min.) to 301 m bgl (max.); Aquifer
Group—II1: from 215 m bgl (min.) to 404 m bgl (max.) and Aquifer Group—IV: from 316 m (min)
to 473 m bgl. Granular zones in Aquifer Group—I are normally thick-bedded, regionally extensive
and having comparatively coarser materials than deeper Aquifer Groups—II, III and IV, where the
aquifers are relatively thin bedded sometimes lensoid in nature consisting of finer sediments
dominated by silty and clayey materials. Aquifer Group-I is again divided into two parts- I(A) (from
0.00 to 80 m bgl max.) and I(B) (from 55 m bgl min. to 166 m max.). Clay beds separating Aquifer
Groups-11, 11 and 1V are relatively thicker than clay beds in between Aquifer Group-I(A), I(B) and
I1. Aquifer Group-I shows the highest resistivity from 35 to 40 ohm.m, whereas Aquifer Group-11
shows resistivity from 15 to 25 ohm. and Aquifer Groups-I11 and 1V have resistivity from 15 to 20
ohm.m. Resistivity of the aquifer groups generally decreases with depth, which indicates a general
decrease in granularity with depth due to mixing of silts and clays. It is interpreted that the lateral

resistivity/granularity variations of Aquifer Group-I are higher than that of deeper aquifer groups.

Average initial and final infiltration rate is 169.7 mm/hr and 13.3 mm/hr respectively, whereas
average infiltration rate for all phases is estimated as 91.5 mm/hr. Higher infiltration rates are found

at Asara, Kashampur Kheri, Makara, Osika and Pura sites indicating sandy nature of local soils.

Northern, north-western and western fringes of the NAQUIM 2.0 area may be considered as
natural recharge areas especially along Yamuna River, where very thick and prolific Group—I(A)
aquifers with coarser granular materials are existing. Yamuna river bordering NAQUIM 2.0 area is
showing its influent nature for its major length and thus the area adjacent to its left bank is suitable
for induced recharge of shallow ground water through tube wells. Rest of the area may be considered
as ground water discharge area for shallow aquifers. Highly polluted Hindon river marking the
eastern boundary generally shows an effluent nature. However, a large elongated ground water
trough covering major parts of Pilana and Khekra and southern part of Binauli block has been
created and consequently adjacent section of Hindon river course in the south has become influent.
So, further construction of wells tapping shallow unconfined aquifers near the west bank of Hindon
and induced recharge should be restricted as this may trigger the contamination of shallow aquifers.
The recharge area for Aquifers-I(B), II, III & IV is situated far away, towards north and north-west

and outside NAQUIM area. Whole area is suitable for artificial recharge into Group—I(A) aquifers.



Group-1 aquifers are yielding from 1557 to 3458 Ipm with drawdown from 4.53 to 7.15 m.
Hydraulic Conductivity (K) of Aquifer-1(A) measured at a site is 49 m/day and that of Aquifer
Group-1(B) at another site is 19.5 m/day. Transmissivity (T) of Aquifer Group-I(A) varies from
1712 to 2458 m?/day and that of Group-1(B) ranges from 474 to 1500 m?/day. Storativity (S) of
Aquifer-1(B) ranges from 2.438x10° to 2.5x107, which indicates that these aquifers are fully
confined in nature. Yield of Group-II aquifers is from 1987 to 2300 Ipm with drawdown varying
from 6.30 to 14.44 m and Transmissivity ranges from 270 to 837 m?/day, hydraulic conductivity
from 4.38 to 12.50 m/day and Storativity varies from 7.75x10 to1.26x107. Limited data available
for Aquifer Group-III show a yield ranging from 1360 to 2200 lpm with drawdown from 9.22 to
25.55 m, Transmissivity value varies from 345 to 2285 m?*/day, hydraulic conductivity from 3.5 to
23 m/day and Storativity spans from 7.70 x 10" to 5.63 x 1073, Further less data available for Aquifer
Group-1V confirm that the yield varies from 2100 to 2200 Ipm against drawdown ranging from
12.52 to 22.62 m with a lower Transmissivity value varying from 301 to 763 m?*/day, Hydraulic
Conductivity from 3.0 to 7.60 m/day and Storativity value ranging from 2.1x10*to 5.1x10™.

Water table contour map of NAQUIM 2.0 area shows that ground water flow direction is from
north-west (NW) and west north-west (WNW) to south-east (SE) and east south-east (ESE). Depth
to water level in respect of Group-I(A) aquifer during pre-monsoon 2023 ranged from 8.75 to 42.51
m bgl (Average: 23.47 m bgl) and the block wise average water level varied from 16.55 m bgl to
28.98 m bgl, whereas during post-monsoon water it varied from 5.87 to 34.25 m bgl and block wise
average water level is from 16.24 m bgl to 26.53 m bgl. Seasonal fluctuation varied from (-3.40 m)
to (+15.54 m) and for major area except Pilana block, it is from 0 to (+)2 m. Long term (2014-2023)
trend of water level in Aquifer-1(A), as reported from only two stations available, shows the decline
@0.75 m/year at Khekra and @0.80 m/year at Pilana. For Aquifer Group-I(B), water level ranged
from 21.12 to 28.80 m bgl during pre-monsoon and from 20.20 to 27.25 m bgl during post-monsoon

with block wise average seasonal fluctuation of piezometric surface is from 0.80 to 1.83 m.

The Group-I(A) aquifers are extremely stressed and the topmost aquifer of Group-I(A) is
experiencing a continuous decline in ground water level over the years due to heavy indiscriminate
withdrawal of ground water by huge numbers of shallow irrigation tube wells tapping this aquifer
group for cultivation of sugarcane, the chief cash crop usually occupying more than 71% of sown
land in NAQUIM 2.0 area for 10 to 12 months with crop water requirement (CWR) around 2.40 m.

Consequently, the shallow unconfined aquifers are constantly and alarmingly being de-watered.
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As per the Dynamic Ground Water Resource Estimation for unconfined aquifer of Group-
I(A) as on March 2023 by GEC 2015 methodology, the Annual Extractable Ground Water Resource
in NAQUIM 2.0 area is 335.5058 MCM and the Current Annual Ground Water Extraction for all
uses is 325.8521 MCM. Administrative block wise Stage of Ground Water Extraction (SoE) ranges
from 74.41% (Chhaprauli block) and 130.59% (Pilana block) and Stage of Ground Water Extraction
for whole NAQUIM 2.0 area is 98.02%. Chhaprauli, Baraut and Baghpat are categorized as ‘semi-
critical” whereas Khekra, Pilana and Binauli are categorized as ‘over-exploited’. Bagpat block has
been elevated from previous ‘Critical’ category as per GWRE 2022 to present ‘Semi-Critical’
category as per GWRE 2023 due to the improvemnt of SoE from 93.30% to 88.34%. Ground water
resources available for future irrigation and industrial uses in Chhaprauli, Baraut and Baghpat blocks
are 16.05, 17.13 and 5.63 MCM respectively.

The static ground water resource of shallow unconfined Group—I(A) aquifers in NAQUIM 2.0
area is calculated as 294.13 MCM taking the annually saturated thickness of this aquifer in
consideration. On the basis of Storativity or Storage Co-efficient and the height of pre-monsoon
piezometric head measured from the bottom of the confining layer overlying the concerned confined
aquifer, the in-storage/static ground water resource of the confined Group- I(B) aquifer has also
been estimated to be 44.525 MCM with a seasonal fluctuation of only 0.588 MCM as a result of

very small seasonal change in piezometric head of this aquifer.

In the NAQUIM 2.0 area of Baghpat district ground water of Aquifer Group-I is of mixed
type and mostly of Magnesium Bi-Carbonate type (Mg — HCO3) and slightly alkaline in nature with
the average pH value 7.83. Ground water in both the Aquifers of Group-1(A) and 1(B) is generally
fresh and potable except a very sporadic occurrence of Fluoride, Iron and Uranium with
concentration slightly above the maximum permissible limit. No significant seasonal variation in
chemical quality of ground water in any of the group of aquifers is observed. Ground water qualities
of Group-I(A) and Group-1(B) aquifers do not differ significantly, except sporadic iron
contamination in Group-1(A) aquifers. Uranium content ranging from 0.004 to 0.057 mg/It in pre-
monsoon and from 0.003 to 0.08 mg/It in post-monsoon period has been detected in ground water
from some Indian Mark-II hand pumped tube wells with 30 to 65 m depth at some isolated locations.
Ground water is free from any sodium hazard as it has very low SAR (< 10) and is also having very
low salinity hazard as the water mostly falls in S1-C2 and S1-C3 category. So, ground water in

shallow aquifer groups 1(A) and I(B) all over NAQUIM 2.0 area is generally suitable for irrigation.
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As the measures of proper management of ground water in drinking water sector, it is
estimated that in order to cater a population of 912196 (63.64 % of projected population as in 2021),
remained uncovered before implementation of Jal Jeevan Mission (JJM), through piped water
supply scheme @40 Ipcd, 13.318 MCM water is required (40% i.e. 5.3272 MCM from Aquifer Gr-
I(A) with available static resource of 294.13 MCM and 60% i.e. 7.9907 MCM from Aquifer Gr-I
(B) with the available in-storage resource of 44.525 MCM). For this work, 41 nos. of shallow tube
wells tapping Group-1(A) aquifers up to 80 m bgl and 49 nos. deep tube wells tapping Group-I(B)
aquifers up to 150 m bgl are to be constructed, which may cause a decline of water level in Group-
I(A) aquifers ranging from 0.032 to 0.135 m and that of piezometric surface in Group-1(B) aquifers
from 5.006 to 21.235 m. However, if it is planned to cover the projected human population @70
Ipcd in 2031, the additional requirement of drinking water would be 0.073887176 MCM per day,
which can be extracted through 165 deep tube wells of maximum 200 m depth in Aquifer Group-
I(B) with a total estimated cost of Rs. 16.50 Crore.

For ground water management in irrigation sector, ‘Supply-Side Intervention’ such as Re-
Excavation of Existing Tanks (REET) with Recharge Shafts, Injection Well and Conservation
Tanks/Ponds in rural areas and Roof-Top Rain Water Harvesting structures along with Injection

Wells in urban as well as rural areas are the feasible structures.

Total 102.53993 MCM of Non-Committed Surface Run-Off, as estimated by the
Dhruvanarayana’93 methods, is available for recharging the ground water bodies present in shallow
aquifer groups. For fully filling up the storage space amounting 481.0802 MCM, available in
between 15 m bgl and post-monsoon water level in Group-I(A) aquifer, an amount of 641.4402
MCM water is required, which is to be collected through 11882748 nos. of Roof Top (each of 100
sg. mt. area) Rain Water Harvesting (RTRWH) structures and injected through equal numbers of
injection wells with 75% recharge efficiency. On the other hand, the storage space amounting
6.1394 MCM, available in between 15 m bgl and post-monsoon piezometric surface in confined
aquifer Group-1(B), can be fully filled up by 8.1858 MCM of source water, which is to be collected
through 151644 nos. of Roof Top Rain Water Harvesting system fitted with similar number of
injection wells. If it is possible to fill up the respective target storage spaces fully, then the water
level in unconfined Group-1(A) aquifer may rise in the range from 1.24 m to 11.53 m, whereas in

confined Group-1(B) aquifer, the rise in piezometric surface may range from 5.20 to 12.25 m.
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As per the proposed Model-I of ‘Supply Side Intervention’ if the net non-committed surface
runoff as source water amounting 102.53993 MCM is to be allocated to Re-excavated EXisting
Tanks (REET), injection Wells and Surface Storage cum Irrigation Tanks i.e. Farm Ponds in the
percentage of 35%, 30% and 35% respectively then 271 REETS, 79 Injection Wells (IW) and 360
Farm Ponds (FP) have to be constructed all over the NAQUIM 2.0 area with a total expenditure of
Rs. 54.43 Crore @ Rs. 5.31/- per 1 CuM of source water to be recharged. On the other hand, as per
Model-I1 of intervention, out of 102.53993 MCM of net Non-Committed Surface Run-Off, 70.900
MCM and 13.508 MCM water may be allocated in an appropriate ratio to the injection wells for
partly recharging Group-1(A) and Group-1(B) aquifers respectively and the residual amount of
18.13193 MCM may be stored in surface conservation cum irrigation tanks/ponds. In this scheme
under Model-11, a total 285 nos. of injection wells {Group- 1(A) —239, Group-I(B) —46} have to be
constructed with a total expenditure of Rs. 16.55 Crore and 184 nos. of irrigation tanks/farm ponds
have to be constructed with an expenditure of Rs. 14.72 Crore and thus a total amount of Rs. 31.27
Crore has to be spent @ Rs. 3.05/- per 1 CuM of source water. Moreover, with 13.59895 MCM
water remaining in 184 nos. of surface conservation cum irrigation tanks/farm ponds after
undergoing a 25% evaporation loss, an additional 4532.986 Ha (taking CWR/Delta Factor as 30 cm

per crop) agricultural land can be brought under assured irrigation.

Under ‘Demand Side Intervention” activities a two-fold effort may be made for improving the
ground water scenario in shallow aquifers of NAQUIM 2.0 area and increasing the area of irrigation
as well as making additional agricultural income viz. (i) change in cropping pattern by partial
reduction of highest water requiring (CWR) local crop and (ii) gradual shrinkage of traditional
irrigation practices like flooded/spread irrigation and adopting modern micro-irrigation techniques
like drip and sprinkler irrigations. Cropping pattern change may be accomplished by two alternative
methods: Method — 1 : ground water saved through 10% reduction of sugarcane cultivation may be
fully utilized for growing lower CWR crops like wheat, ‘boro’ rice, mustard and vegetables by
which 35749.76 Ha of alternative irrigation area may be created with an effective increase of
irrigation area by 28340.66 Ha and a considerable increase of sown/cropped area during the dry
season/lean period (winter, spring and summer), eventually which may result in an effective gain in
agricultural income by Rs. 580.3849 Crore after compensating the loss by 10% reduction of
Sugarcane cultivation. Method-2 : distribution of the agricultural land released from reduction of

10% sugarcane cultivation area, two times in a year, to the lower water requiring crops, first in
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Kharif season absolutely for rice cultivation and then in Rabi season for mustard, wheat and
vegetables in equal proportion can effectively save 101.2577 MCM of ground water in shallow Gr.-
I(A) aquifers resulting in improvement of district wise Stage of Extraction (SoE) from 97.12%
(2023) to 74.61% i.e. from °‘critical’ to ‘semi-critical’ category with a considerable rise of water

level (1.25 m) in Gr-I1(A) aquifer and at the same time a profit of Rs. 48.9608 Crore.

Artificial Recharge of shallow Group-I (A) aquifers over the whole NAQUIM 2.0 area by
injection tube wells utilising non-committed surface run-off amounting 70.90 MCM, as a ‘Supply
Side Intervention’ singly may increase the ground water reserve by 53.1750 MCM and reduce the
district wise Stage of Ground Water (Dynamic Resource) Extraction (SoE) from 97.12% to 83.84%.
Change in Cropping Pattern by releasing 10% sugarcane area and using that area first in Kharif
season absolutely for Rice and then distributing that area equally among three low CWR crops
mustard, wheat and vegetables in Rabi season as a ‘Demand Side Intervention’ alone may save
101.2577 MCM of ground water and reduce the district wise SoE from 97.12% to 74.61%.
Ultimately a significant cumulative increase of dynamic Ground Water resource by 154.4327 MCM
and an improvement of district wise SOoE from 97.12% to 66.51% may take place as a combined
effect of ‘supply side intervention’ through artificial recharge by injection wells and ‘demand side

intervention’ through cropping pattern change for saving the ground water resource.

As a collective outcome of both the ‘supply side intervention’ through irrigation from
conservation cum irrigation tanks/ponds and ‘demand side intervention’ through allocation of
ground water saved by 10% curbing of sugarcane cultivation to other low CWR crops a total
32873.6457 Ha agricultural land can be irrigated additionally.

In Part-11 of this report, block wise aquifer management plans of Baghpat district including
supply side and demand side interventions have been presented separately by incorporating the
salient technical data and information regarding the existence of aquifers, their thickness,

disposition, individual characteristics, aquifer-wise ground water resources and chemical quality.
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FRIGRT TR
HAT HfA TT NS (CGWB), 3R &1, d@3 W ave HRIAAT 2023-24
TS TSTETAT &5 (NCR) 3R 3R 9¢2T T & 37d9d o9 foler & 1,350 T fonat
&F H TUSE A ARAUT Ud Jaerel 2.0 (NAQUIM 2.0) &1 & foham aram &, forast
fSer & @l o facfed 3R g-gwheqot (OCs) Aol & fawra @s arfaAe gl

3¢aed

o SToldd Yool & SATATT 3R FT=aT &1 aifdsl AR dead faum # Tase |
o 3TET-3elET 3R FHE & STorefdl 1 faeewor 3R fARIVA ggarea|

o GAROT 3R fAdgeT a1t 1 WAThA FT|

o STOl AT dAR HAT, SIS TaU=T ASTA3it ST qur [Awrier w=|

st 3t Sawifeahr Faor

. T ARG a8T07 30 oficd 53G&H; STy 53G/3, 53G/7, 53G/4, 53G/8, 53H/1,53 H/5

o fardera: 28.7833° 3 29.2976° 3T 37&Trer, AR 77.1376° 3R 77.5055° & GITEIATLT |

o STAHEAT: STANUEAT-2011 & AR Fel HTECET 13,03,048 § 3R SIAEEIT Teled 965 e iekel/
e ol &, STefeh 2001 & 2011 b 3T STEEAT i T TdTd ¢ 11.94%

STa

o UHR: 3U-YSh ¥ 3U-ISUTHTETE, goeh g, 3caftieh a1#di 3R 3cgfees aféat & |yl
o IdSHBTANT AT JfARIH 40°C, 7gTdH 24.8°C

o ffaerelleT QTIATT: 3f¥RTH 20.6°C, =geIdH 7.9°C

o 3itaa aif¥® aut (2013-2022): 540.46 A+, AT arf¥s aut: 674.76 A+

. Al Jtaa gag A wmdET AT 67%

faedr it ofr 3w
o AEh F1 9FR: AT T @ gl A, Wl AHE IR el A, fSaA e
STelfienrdT 3R 3YSZar giar &l
« $ AT & (2020-21): 1,11,573 §FeA (NAQUIM 2.0 & Fel &Tthel I 82.66%)
o YEY Well THAT AT 81 1,07,553 §FCI (ol IV AT &3F FT 96.40%)
o F¥ AT T A NAQUIM 2.0 &1 T 1.84%

o I-FT ITAMNAQUIM 2.0 877 T 14.11%; FeTATT el $TfA: NAQUIM 2.0 &1 &1 1.13%
o o7 A NAQUIM 2.0 &1 &l 1.20%




ST

EATATET GISEhIOT F, STelefd AT Ud Jatel & i &I el ifAgoEnaes
ghrsdl # fAIaId T ST Hehal & Wl STelle FATS, IHAT 3R fesa afeatr &
A ST FHATS IAT 31 AT & TlhT STe FATS | Rl Sellg FATT FIH I
3T S & S NAQUIM 2.0 8IFhel &1 FTTT 80%  Hall g3 §, el &5 arel
3R sher or$ Sl &1 I7 & Tege 3R RSl 78 v QI o F REAr g F
hRUT, FAT FHSNT TR fe@rar &, fSad offd adg 1 Fa1g 218 & 233 M
amsl de 3R TUROT 3Ad Tl 0.15 AR g1 Fer & #7ET #97 # ORT SI1eT
1S 9IS St §, S I AR @S Afeat & o Sief [qermsied & &9 & & iTah g

S et

I, fiseT 3R Foolt 57 &t B yogE Sier e Afear §1 @ &7 Selle fawardt
dr Th AT TR A el g, FGH Fare (Quaternary) T & SR H TN &7 &
39T SAEY I T ATl IHAT AR fEseT T e FAA & T & T A 3R ey
T A FET IEM STollc TATT & 8T & T & AT géd«acmﬁrrﬁlﬁ gl

NAQUIM 2.0 &7 &, 50% ¥ 318 e AT AR & T 3R 70% 3METEr
YcheT I 3cTe] ¥ F F¥ IR FGfAT FRideT | AR & T, A, urel, T,
317e], Wieordl 3cU1fe vHE Wl 81 HN A S oot f A @ Haa §, 397 AT A
3 ®EC 3 S €, OEH Gad g% (@A% dIael/ETel/aRT ®HEe) - (Ig/aREIE
afesta/3Mme]/aTel)- (GTel/ATSSIAT/IART ®Hel)' AMAST &1 BH I AT ITgAT 160.43% B

otel MR HaS AET §T § TG dAelpd (DTW), HEGH IS dolehd (MDTW)
3R 3Yel AelRT (STW) & FT STl 8, fSad ot AT 817 105794 gFeX & (Yo AR
8T FT 98.55%)| TAET STol MR f&AS dhael 1556 gaFeX &1F H 486 Thell dAcas
odlS dtell 99 IHAT AeX & gl g1 $oiel R Fadr S @ RfRa $e &7 107350
gFCI &, ST el P AT &1F HT 96.21% 3R Fel ST a1 &7F &1 99.81% &

A GfSehIVT /, Tg &F FACTET o1 & AT deoel H Teh g AT
TR (473 #MeY B TS Th) F H EIT 8 S N-HF5eT el (basement) (feelr
AT & FalCage) & IR AT g3 & AR oA [fdea 3R & a1e] (957 TS
& A, SoNT, Fhs IR Rerell A Beet Iequrd & WA gla § Ta T Alers
aroft (basin) fawamd & 3TAR IRTHA & qF & AR (BRTd ToEm & e &1 3R) 76
Sl 81 93 YA 9T &Y 3TeET-3eT 3dTAiolh Shsdl I Ggared &l IS g (i) YN
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STAIG/ARIUTET STelig/ 3T 3T (Upland) &1F - IHAT 3N sl & o/ &7 R4
&; (ii) 7S STeile - WIel §1¢ HAS & Teh O &9 Ud IHT 3R Esel & varg A
R 3IRYT TdAT & TfhT 16 TATA o ATT ATT 1T & ThI0T HEIIul/STHT Sl

SEOd T T 38 ST AT 3R yeUe &7 A 3eTel It & -
gfasfad 3R yfaefad Rufdat & i war 81 MY o« ud Sorsyd wafi-slt ame
(Free) ar meged fAcd 1 wdl g J-yiaeftd g S &1 100 Hiex & ae3s as
STe] T el & FRIT Al 3RYA R STEgg &1 &em # §¢ Sl &, Siafh e
A dr faeert dr Alers 3aalRad AR SEIREA 1 3 dod &1 T STereyd H
HIerS #AdT fgse 1 fger # Il aftad § g9 &1 X §¢ v g1 100 - 200 HeX
MES I, AR REd 7 916 40% 8 FH §, Safh Ig 3R-IaT G 7 rfhras (60%)
g, 31 300 - 400 #HreX Fr MENS A TAGR ST FAA H Te] 40% & FA g

STEad foTel # 37aceh & Hhad HedTUHoTh Bt TS 473 HIeX Teh 4 STorsc
G T TgHT IS g, [Siee T 9HE@ AE (clay) & EREFRT 37097 foham I g

. AT FHE - 1:0.0F 59HX TF (Fgeia) 3R 166 Fiex (3rfRismas)

o ST FHAE - 11: 84 HIX (FYeAdH) & 301 Hex (3ifAhct#)

o SIS FHAE - 111 215 A (vGeAaH) & 404 HX (3ifhc#)

. ST WAHE - 1V:316 3 (FgeAaH) F 473 X (34T e Y 3fFaH TES)

ST THE - | A R Wal AHAR R A arel gid 8, 8T §9 @ faedme
Bl & 3 96X STerefcd Hepgl T Jorem # 31f&er A gletarel g1 ¢ | STors[d Fefg - 11, 111
3R IVH geeR Wl HIeThd Telel arel gl g, HeN-hsll Saiss 3R & gid 8, oo
dose HEle, 3N AT &9 § MegFd 3R AE e qerd gid &1 STelefcd Heg-1 & ar
HET 7 fasniara foham arm § - 1(A) (0.00 @ 80 Hiex 31f¥ea#) 3R I(B) (wgeTc# 55 HIeX
O 3T 166 HIeX) | STefdd FH - 11, 111 3R IV o &1 A T R STeldfd T
- 1(A), I(B) 3iR 11 & orer st fACE & 9l T Jorell 7 39&TTeha HIET gl &1 STois[d
THE - | A G99 3=9 faegdig IfoRigehdar gidr &, St oemeTer 358 40 3gA.A. gIah &,
Safeh STISd THg - |1 1 FfAAYRAT 15 25 3gA.A. gl § IR o1y ag - I
AR IV gfaRIshdr 158 20 AEAAY. Bl &1 STefdd Fgl I TlaRItehdl AHI:
IES & AT "edr At g, 5 e (Ree) 3R B & BM0r & SRor 9es & ara
SEERAl # AT & & HHAT S GATAT &1 Ig Tvseny Toleprerm amm § o Sefeyd @egg-
| &1 a1ed FfeRIEeRdT/EeRdr aRade Y STefdfd Hefgl S Jolall A AR gld ¢l
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RfRe F@ea (infiltration) 1fa 169.7 AeEer 3k 3ifas Tmee aifa 13.3 He/ger
ar$ 915 8, Sidich @l TON & AU 3raa |ive a1 91.5 [AEEer AT $r a1
3T HIYd I AT, HRAAR W, AR, 3T 3R @ S [ aig & aig a9
g, Sl T fACE & Ydiel TaHTd 1 Sfara &y B

NAQUIM 2.0 &7 & 3y, 3eR-9RusT AR qiRe# fhaART 1 Hrepfcieh qAeRoT &7
AT ST FHhT &, AT §F § THAT 7 & T alel 819, 6T 9gd AT AR FH-1(A)
T STerefcd T A SeeR A & @y A €1 NAQUIM 2.0 &1 &t Hier-adt g
STGr 39 TR HI9T H FTUART (influent) § 3R 30 FRUT & 3@Hr I=fi d¢ &
AT & & 3YA e HSR & IR (induced) FAROT & U 3uged g1 NAQUIM
2.0% 3afse & 3 Imiaaftd STereydl & Hee # sTel foerelel dTell (discharge)
817 AT S Fhell ¢l fEst ), 3t 3rcafRe ugfda & 3K NAQUIM 2.0 813 &t qdf &
# RfEaa & &, 3Falk X aiadr Tawra @rdr &1 grerfes, Remar 3R @ e
s & 9@ Al AR Sleh e @s & gl ser # v ol fawdRa oo 1
oI §37 § AR g IROTATIRT el 3¢y T afayof amr Hd:garey & g1 gafav
HiasT A fgseT & giReer de & AT 3 IWAETT STl Y alfged Fel dlel el
&1 fodor qer 9Rd qeeRor @ gfafey fear s =gy, +=6ifs 5@ &7 @ 3y
STOTSIcll T HGNUT &1 Fehell &1 STeTefell - 1(B), I, HI 3 IV & GoTaiRor &7 3o’ 3R 3o-
afEd &l 3R 3 NAQUIM 2.0 81T & dT8Y ahithl gy T&ud 81 gTefifeh, STerad fotel ahr
S8 W NAQUIM 2.0 817 &1 |eg - I(A) & STisal I HFFA oARoT & T 39 &

NAQUIM 2.0 &5 & el FHg - | &1 Treil T 30T (yield) AT 1557 & 3458
forex gfa fAste (Ipm) @< &, Stefeh STaeay fRTac 4.53 8 7.15 HleX ek gidr gl

. 3RF FATEFar (K): Th T T SFAA]d - I(A) F 3 Harerehdr (K) H aR#AmoT 49
AMey/feet 3R T3 Fog - 1(B) F AT T 317 AT I qRAT 19.5 HeUfeeT &1
o FIwOiiIaTaeT-Hagerelierdr (T): STefdd Heg - I(A) S Wel-Hagallelar 17128 2458
g9 MU & gl § 3 wHE-I(B) & faw 474 @ 1500 @9 e e T g &

o HAGUTAAAT/HSROT &THAT HSROT IVNF (S): STAHcI-I(B) h HIGUIRMIAT 2.438 x 10° &
25x10% deh gl &, o gefar § & & STorspa ot g @ st g1

S FHE- |1 Tl HT 3ue/AERT (yield) 1987 § 2300 foey/fAere (Ipm) 9% 8T &,
TR FRTae 6.30 9 14.44 HeX 3R qTar-Hagaiierdr 270 § 837 a7 Hlex /iR e gt
g, 37 TaTelehar 4.38 & 12.50 Hiet/feeT va Fagureleldr 7.75 x 1048 1.26 x 103 de &1
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FAHd WHE - 111 & AT ARG T F 30y g2 G2 § o sHehT arelt hr 39T 1360
& 2200 forex gfa AT gt g, Stafer STaeak BR1ae 9.22 & 25.55 HieX & &g giar gl
RAT-HagAeldl 345 & 2285 ga1 #HieX /feT d& gidr § 3R 3fee Taraear 353 23
Hrex/feaT d giar § STafh Fagoreierar 7.70x10* & 5.63x10° de gidr gl

Sl WHE - IV H WA T27 qfSe I & foF gaehr Aerir eX 2100 2200 forex
gfd fA-IC 8T &, STafeh STk PRIaT 12,52 22.62 FIeX & &1 gIdT ¢ | WRell-HagaTeiierdr
T AT 3018 763 F91 HIeX /e s St 7o 319eTiehd & gl g, 3faeh Felefehar 3.0F
7.60 Hey/fea & grdr § 3R Fagonefierdar 2.1x10* & 5.1x10™ d& giar gl

NAQUIM 2.0 85 & 9Tt &T AT (Water Table) &7 T#ATTd 3@T AT giidr & &
otel varg T faem 3av-afasr (Nw) 3R afRas 3a-afas (WNw) & afaor-qd (SE)
3R 4T FRT-gF (ESE) 1 AR &l TAE - I(A) THd & H&o H 2023 F AGT 9 &
R ST TR ST @ AT 8.75 & 42,51 Fex (3R 23.47 M) d 3R sl ar
3N STeFal FTHEl T A 16.55 Hiey i & 28.98 WeX ol g T, 3R AT &
g1 I 5.87 ¥ 34.25 HIeX TG TR & A 3R T @8 T W 3Ad JoreaR
FHET TR T 16.24 e T 26.53 AeX A deh ATl AGHT IAR-Tderd (-)3.40 Hex &
(+)15.54 HeX & 3R Neer R[AEa s & SIsH 3eTTT &7 &7 ST soler &
g 0¥ (+) 2 #HICY I 91T IAT AT| TS - I(A) 7 STelee &l drehifoies (2014-23) 9gfar
hael a1 T H 3Ty g3, oA AN @hw # 0.75 HX Ifd a¥ AR e #
0.80 HreX ufd af & a¥ & FareeR A FRIae gof forar aram| Srereyd - 1(B) 7 ${aTer
TN Ja-HATTHT & GRTe STl AT @ & 21.12 9 28.80 HIeY 3R AWTHT & &G 20.20
g 27.25 AY d& o7, To@d 9 @3 ar feAfesd adg i 3iaa Algsr 3ar-dea
0.80 & 1.83 HIeX deh UTT IIAT AT

THE - (A) & STed]dl Icafteh TAGIAEd ¢ 3 SHDT HIH FT STel3]cl T SToEe
#H Tad fRIae &) WwE, FifF et A AN & v quiaar o sorer & & @ §
S @Y 92 T H 3l Rdrg AdRd TR A0 YA W IR ey Sk A fAshraeT
foram ST T@T &1 AT BEA ool WHTIT S5 AT A H71% B 10F 12 A dh
Feoll b (Wl & 3R et T Tdh BHA I AA-TAThT JITHIT 2.40 HeX T §
o g IRUTATIET 3¥el IHTAERT STersfd i1 STeree # 3 gge dA W FRmEe
3R 3 FTAHT T FIX AT RATlTd §T F 38 327q Aoifad & Wl
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STeTe] HATTRIOT Ud Jatlel &5 o I - |(A) T I9fde T STeféyd & T GWRE 2015
ggfd g0 Y IS AT 2023 dF @ U & aTfcrefier 37sTel HATEET 3T & TR, ATeTa]
forsehraet 9T #1aTel HHETH 3355058 MCM & 3R @8l 3uient & folv aciaAT arflier s{etel
forsetaet 325.8521 MCM & | FRITHToleh Taehie TS dR YTl (el SehT¥iet ol TROT 74.41% (SR1eN)
¥ 130.59% (FeTTaT) e & 3 9T NAQUIM 2.0 &1 & fIT foisenraret =0T 98.02% & | SR,
'Hiderfge Aol & 3mar g1 oW, s8id 3R srEvd [dem s 7 sfasy & @S 3R
e fareh IuANa & TIT Il 8sTel HHTET HARM: 16.05, 17.13 3 5.63 MCM &

W ¥ & AT Hod @l arel maéa#tmﬁwﬁgtr ITUTHAT <Y 3T HAG-1(A) & Ul
YA STersyal T AT T ${eTer HATHT 294.13 MCM B T - I(B) & Ffae e
STors] @ FATARN/TEUR [aTel HATUH 44,525 MCM & S HIAGUTRNTc/#SROT 307 (S) 3R
g e STefdyd & FI ¥ IRE#H W (confining layer) & del @ a-HATHeA ToliA T
€5 ST 3TS & TR W 3eTATII fohar 3T 8, ToIe# shael 0.588 MCM &7 HIF#HT 3dR-2erd
9T 1, S dsiaAfee 82 (piezometric head) # sgd oI Aiwel aRade 1 R &1

ool T o

SR foiel T HAG - | STerRydl 1 el AT TR @ § AR i
HAIARITH FTg-Flefeic (Mg-HCOs) TR T & 3N UIST &I Yhid & § Fhifer pH &r
AT AT 7.8381 FHg - I(A) 3R FHE - |(B) &l o STl T aTel AHGAS: HIST 3N
d A9 g &, ey weikigs, o 3R g, S AEr Beqe &7 @ Fefl-helr
AleTeh Td JANCA/FdIehd HAT & SN 3Rk IS AT g1 SToregcll H 3foTer hT AR
IOTEAT H HIg Agcaqul AaeT aRader gl 9ram 1T FHE - 1(A) 3R FHg -1(B) F SToreqar
T ${oTer AU 7 ¥ IS TARIY I LT &, hael TH-I(A) & STelefdl # FHef-apsll dg
T HENOUT URIT STl &1 $& Beot-eeT TGN 0 30 F 65 HIY gs arel 33 ATh-
|| gETaTfeld el & AT T faTel FAHGAT H AGTYA Jd FAT JIHIA I AT 0.004
¥ 0.057 /. AR AGEA & 6 F 0.003F 0.08 FIAT/N. IS TG T AfSIH
& TR @ HFD § Fifh FHR WZTA AT I (SAR) g Hd (< 10) & 3R
SHA FAAUIT FT Hehe 3 S FA ¢ Fif% T§ FEId: S1-C2 3 S1-C3 Aol & 37w &
TIOT NAQUIM 2.0 817 & 3Uel STolefcll 1 $oTel WreAreda: s & forw off 3ugea gl
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ool e
YIS 8T A I TaHT

SeTad ool T $H STefe]d ATIA0T Td Jated 8T H §{olel & 3fad Jeee & fav
g 3TIATTA ThaT 31T foh STel Siiael AT (S1.91.0H) & SRilcadsl & ggel @l TEr
SITHET 912,196 (A 2021 & [T HTATIAT SITHEAT T 63.64%) I IASTT AT hcTT
I UIST ATSeT STel Y[l ATl FRT 40 ofiex i i/t i e & qU e & o
13.318 MCM ITeit &t ST 8, Tordenl eI |l 38 TR &

« 40% (5.3272 MCM) HHg-I(A) & STors[cll &, Tora# 3ueistr [Fu/Edfae Hame= 294.13 MCM &
« 60% (7.9907 MCM) F&g-I(B) & STefeydt &, foiad 3ucrstr fERR/edfdes game 44.525 MCM g1

g0 & & v 80 HICT TGS T 3Ty FHE - (A) & STl HIaIgel et drol
413¥ Fd F9 AR 150 AT TGS Teh 3UAY HAG - I(B) & STold{cl Pl algel e
arel 49 Y Al % N FATIT fohar S 8, fTHd Hefg - 1(A) Tl A STl T A
0.032# 0.135 e T AR THg-I(B) STefdfcil H WeilAesh Hag # 5.006 & 21.235 fAT
e @1 TRrae g1 el B grefiteh, IS a¥ 2031 & HeeY #H AT ATd AT
1576688 eI UoTel AT &l 70 ofieY Ui afed/fesT Sl e & G st & Alatell
g, ar JfaRed JasTer T 3mavzshdr 9fd f&eT 0.0738872 MCM g1fT| Jg 165 916X w7el FI
(3TTehdd 200 #Y. IENTS) & ATLTH @ HHE - I(B) STord]cll § TAehrell ST b &, foraehr
AT Fol ST 16.50 HUS TIA gIaM |

fard & 7 sora vaue

mqfd-wafaa gvasa

3YGFA/AGETT HIAATT:

o AAIOT &7 H Yo 3c@ieid His[aT STl (Re-excavated Existing Tanks: REET) Raret
AMFCH & AT STET Tg THA ¢, e :&I0T el 9 (Injection Well: IW) 3R gl F&T0T
STeNTerd/drenal 31ar g & fow @d arems (Farm Pond: FP)|

o AEY IR AEAT & FA I AU FolpT & WY T aN T HIIA AT

orel GersoT & fAT Sueretr arell: SeTad e T QU STerdyd AT Ud geye & A

3cUea 3T 10253993 MCM IR-5fdeis. Tl 9e1d (YaaiRraore3 fafdrat gwr srefafar)|
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THE - I(A) F STerefd # ToTaiRon:

SHT @ Fdg ¥ 15 X TS 3R AlTgT F d6 f I TR F 9 Rud
481.0802 MCM $7SRUT U1l T G RE § 1T & [T 641.4402 MCM TTeAT T 3T el
g, O 11882748 & auT Siol TAIA (Veh O I &HFHe 100 FIT HIEX) TIATAT 3R
HHEETS 75% YeT8I0T G&TT aTel 3ec:81q0T selhd & HATEIH & FILT A Fohdl ¢

THE - I(B) F Fers[d H YereRon:

STHT #T FdE ¥ 15 A s AR Alge & 9 T DSAcE dd8 & ag
#lo[g 6.1394 MCM $SRUT U &l [T § & falT 8.1858 MCM TTeil &I i 3HTaRTehcll
¢, ToT 151644 & IuT STel TOTeT YUTTGll (Teh B I &TTHhe 100 F9T HeX) AR THaETs
75% Y30 G&TAT alel 3ol 81907 ol %9 & ATETH § HIAGIA T Hehel ¢ |

IR IfaTd $SRUT UG &l G AT HHG g ST &, ol FHg - I(A) STors[d &

Sl TR 1.24 X § 1153 AKX b IW 3T Hevell &, STafeh HHAg - I(B) STefeyd H
fratAfee Tdg 5.20 e & 12.25 HeX df FW 3T ThdT &l

arqfd-wefta graai: Atsa-|

» 102.53993 MCM Y& IR-3fdeg HAE d61d 1 W el & §T A Yol 3c@fald Aol
STelRIA (REET), 3fecl:8190T ol 9 (IW) 3R Hg! HW@I0/fEAs STelRiEa/darae (Wd
dTele) # shaaar: 35%, 30% 3R 35% & gfaerd & 3mafed fhar ST Fhdr gl

o« 38 F F AU 271 YA 3cEfad AlGEr SR> (REET), 79 3iecl:a190T el %9 (IW) AR
360 Wl dTeiTslt (FP) & fAATOT A 19T, [Seel el @l 54.43 5 &9 3R i 1
gl HIe (CuM) A STl sl Io1#iRoT & oI @ g 5.31 dod/-

Fmqfet-wafta geaaa: Ats-ll

+ 102.53993 MCM ¥R-gfdecyr ddel 8@ # & 70.90 MCM 3R 13,508 MCM dTaiT &l
SHAA: HHAE - I(A) 3R FHg-I(B) Tl &l A% YT & AT 31ect:8190T Ferepul
&l 3mafea 3R AT 18.13193 MCM TAGT TRET0T/AATS STemRi/dTeal H Tagd eTT|

« 3H A THE - I(A) & AT 239, THE-I(B) & AT 46, Fel 285 3ecl:8190T AT FHOT I
fAToT FEar g fSaes AT 16.55 F05 TUX @I geMM| 184 TRETOT/FATS STelmera/ad
drerTalt &l F#ATOT e gl [Seehr T gl 14.72 %08 9| 3cd: $ef @Y 31.27
IS TU 3N i 18T AKX AT ST T GsRoT & T @ grem 3.05/- T |
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« 25% GTSHRCT Tl & dTe 184 EETOT T fHATS STemRry/d drerst # A9 1359895
MCM el & 4532.986 gFeTX JTARTd $¥ ff& I gAad f&wms & glaer et
(F) HA-HEOT gEIAT

ST 1 Feufd gure ik ffws &7 7 gfg & v Sreawer gare-

(i) I8 318 g1t T AT arell (High CWR) 3R TUT &9 & @99 SA1ET 397 dTell
wET HT AT F 3RAF For =& FAT-IST (Cropping Pattern) & Sgetd aeT|
BOA- UGl & agarg: @Afd-1
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Technical Report on NAQUIM 2.0 in OCS Blocks
Baghpat district, Uttar Pradesh

(Chhaprauli, Baraut, Baghpat, Khekra, Pilana and Binauli blocks: 1350 sqg. km.)
{Whole/Parts of Toposheets: Toposheet nos. 53 G/3, 53 G/7, 53 G/4, 53 G/8, 53 H/1 and 53 H/5}
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PART - |
1. INTRODUCTION

Under Annual Action Plan 2023-24 Central Ground Water Board, Northern Region, Lucknow
has taken up the NAQUIM 2.0 study for Aquifer Mapping and Ground Water Management work in
a water-stressed area of 1350 sg. km. covering all six blocks of Baghpat district, Uttar Pradesh. This
NAQUIM 2.0 area is lying between latitudes 28.7833° and 29.2976° North and longitudes 77.1376°
and 77.5055° East and comes under National Capital Region (NCR). The NAQUIM 2.0 area in
Baghpat district is bordered by the Yamuna River as well as Sonipat district of Haryana in the west,
Muzaffarnagar and Shamli districts in the north, Meerut district as well as Hindon River in the east
and by Ghaziabad district in the south. Baghpat district is administratively divided into three tehsils
namely Baghpat, Baraut and Khekra, which is further divided into six development blocks namely
Baghpat, Binauli, Chhaprauli, Baraut, Pilana and Khekra. Total population is 13,03,048 (Census
2011). Economy of the NAQUIM 2.0 area is mainly agrarian and sugar mill is the main industry.

The whole NAQUIM 2.0 area is covered by thick alluvial formation composed of fluvial
sediments deposited during Quaternary period as flood plain deposits by Yamuna and Hindon rivers,
the right bank tributaries of mighty River Ganga. 80% of the area is covered by Older Alluvium
Plains, the oldest geomorphic unit, and the remaining area is covered by Newer Alluvium. The
unconsolidated sediments occurring in the alluvial plains are admixtures of clay and sand of
different grades. Principal crops are sugarcane, wheat, paddy, pulses, potato and maize. Cropping
intensity is 167%, which indicates that a huge volume of ground water is constantly being extracted
for irrigation through a very large number of shallow irrigation tube wells. Major water bearing
granular formation is fine to medium sand. Sporadic pollution of ground water due to Iron, Uranium

and brackishness is observed though it is not alarming.

The findings of previous National Aquifer Mapping and Management (NAQUIM) by CGWB
and other several studies by the academic institutions and State Govt. departments have revealed
that the ground water level in the NAQUIM 2.0 area is constantly declining at an alarming rate. All
6 administartive blocks are under OCS (Over-Exploited/Critical/Semi-Critical) category in terms
of ground water extraction as per the Dynamic Ground Water Resource Estimation-2023 by GWRE
Methodology 2015, out of which, Binauli, Pilana and Khekra blocks are Over-Exploited (OE) and
Baghpat, Baraut and Chhaprauli blocks are Semi-Critical (SC).
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1.1 Objectives of NAQUIM 2.0

Broad objective of this work is to decipher the geometry of underlying aquifer systems in
horizontal and vertical directions, to find out its resource potential relating to quality and quantity,
aquifer characterization and scope for further development, to delineate the recharge and discharge
areas, to prepare block-wise aquifer maps and finally to formulate aquifer-wise and block wise
ground water management plans. Specific objectives are to do/find out:

(1) Aquifer Disposition; (2) Aquifer wise water level; (3) Recharge areas; (4) Assesment of
ground water resources; (5) Ground water quality, management intervention and demarcation of
safer aquifers; (6) Artificial recharge plans; (7) Identification of potential aquifers for drinking

water; (8) Plan for source sustainability.

1.2 Approach and Methodology

(i) Compilation of Existing Data

(a) Exploratory Drilling and Pumping Test Data of CGWB (lithology, granular zones/aquifers, T, S)
(b) Geophysical Data-VES/TEM/ERI, Electrical Logging along with Gamma Log of Bore Holes.
(c) Water Level and Temperature Data from NHNS Wells and Key Wells of NAQUIM 1.0.
(

d) Ground Water Quality Data from NHNS Wells/Quality Monitoring Wells/ Exploratory
and Observation Wells/Wells established for Special Study/Key Wells of NAQUIM 1.0.

(e) Ground water draft data and parameters of GW Estimation and Available GW Resource
(i) Identification of Data Gaps related to all kinds of technical data vital for NAQUIM 2.0
(iif) Data Generation based on Data Gaps

(a) Establishment of new Key Wells distinctly tapping different groups of aquifers existing at
different depths for measurement of water levels/piezometric heads, for ascertaining ground
water quality/pollution and for estimation of water resource related to various aquifers in
unification with existing data of CGWB and related State Govt. Departments.

(b) Ground Water and Surface Water Sampling from various types of sources for Basic and Heavy
Metals Analysis in CGWB Laboratory and then reporting water pollution, if any.

(c) Carrying out Geophysical Survey (VES, TeM, ERI) for deciphering the depth, geometry and
disposition of sub-surface granular zones/aquifers and the quality of ground water.

(iv) Preparation of thematic maps of the NAQUIM 2.0 area on GIS platform and 2D/3D
aquifer disposition and geometry maps and isopach maps of aquifers.

(v) Preparation of aquifer wise & administrative block wise ground water management plans.



1.3 Location, Extent and Accessibility of NAQUIM 2.0 Area

Present NAQUIM 2.0 area has an extent of 1350 sg. km. covering sixnos. of administrative

blocks named Chhaprauli, Baraut, Baghpat, Khekra, Binauli and Pilana of Baghpat district and is

located in the north-western part of the country and western part of Uttar Pradesh. The areais
confined between 28.7833° N and 29.2976° N and 77.1376° E and 77.5055° E, falls in the Survey
of India Toposheet nos. 53 G/3, 53 G/7,53 G/4, 53 G/8, 53 H/1 and 53 H/5 and is well connected

with state capital Lucknow by road and rail.
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Fig. - 1.1 : Base Map of NAQUIM 2.0 Area in Baghpat district

1.4 Demography

According to Census 2011, the total population is 1303048 out of which 1028023 (~ 78.89%)
persons reside in rural and 275025 (~ 21.11%) persons reside in urban areas. Male population is
700070 (~53.72%) and Female population is 602978 (~46.29%). The district has an average
population density of 965 persons per sg. km. (Rural - 807, Urban - 3647)



Table - 1.1 : Block wise Population (Census 2011) of NAQUIM 2.0 Area in Baghpat district

Block Area Population Population Density
(sg. km.) (Person per sqg. km.)
Chhaprauli 205.32 172120 839
Baraut 276.86 279430 1010
Baghpat 210.63 228208 1084
Khekra 160.37 223619 1395
Pilana 207.14 167776 810
Binauli 290.00 231895 800
NAQUIM 2.0 1350.32 | Total:1303048 |Male: 700070 | Female: 602978 965
Area Total
Total Rural | 1274.43 | Total:1028023 |Male: 553807 | Female: 474216 807
Total Urban 75.89 | Total:275025 |Male: 146263 | Female: 128762 3624

1.5 Climate and Temperature

Climate of NAQUIM 2.0 area in Baghpat district is sub-humid to sub-tropical and it is
characterised by dryness of the air with an intensely hot summer and an extremely cold winter. May
is the hottest month with mean daily maximum temperature at 40°C and mean daily minimum
temperature at 24.80°C. The maximum temperature may be as high as 46°C. With the onset of
monsoon an appreciable drop in day temperature is noticed. January is the coldest month with mean
daily maximum temperature at 20.60°C and mean daily minimum temperature at 7.90°C. The air
remains dry during the greater part of the year except the monsoon period and April and May are
usually the driest months. Mean monthly morning relative humidity is 67%. Winds are generally

gentle in post-monsoon and winter months, whereas stronger in the summer and monsoon months.

(Source: https://mausam.imd.gov.in/)

1.6 Rainfall

Normal annual rainfall is about 674.76 mm where 86% of the rainfall takes place during the
period from June to September due to South-West monsoon. The annual rainfall in the year 2022 is

405.6 mm (monsoon-235.0mm and non-monsoon-170.6 mm).

Rainfall data are mainly used for artificial ground water recharge study as well as design and

construction of water conservation projects. (Source: https://mausam.imd.gov.in/)
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Table - 1.2 : Decadal Annual Rainfall of NAQUIM 2.0 Area in Baghpat district

Year [Annual| Monsoon |Non-Monsoon| Year |Annual| Monsoon |Non-Monsoon
(June to Sept) | (Oct to May) (June to Sept)| (Oct to May)
2013 | 681.70 624.20 57.50 2018 | 707.80 691.50 16.30
2014 | 272.90 211.80 61.10 2019 | 527.00 466.40 60.60
2015 | 522.00 373.90 148.10 2020 | 545.20 436.30 108.90
2016 | 517.80 493.40 24.40 2021 | 828.9 688.4 140.5
2017 | 395.70 367.70 28.00 2022 | 405.6 235 170.6
2390.1 3014.5
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Fig. - 1.2 : Decadal (2013 - 22) Annual Rainfall of NAQUIM 2.0 Area in Baghpat district
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Decadal (2013-2022) Monsoon Vs Non-Monsoon Rainfall in
NAQUIM 2.0 Area (Baghpat District)
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Fig. - 1.4 : Monsoon & Non-Monsoon Rainfall over Last Decade (2013-22) in NAQUIM 2.0 Area

1.7 Geomorphology

Geomorphologically, the area can be divided into three broad morpho-stratigraphic units - Older
Alluvial Plain; Older Flood Plain and Active Flood Plain of Yamuna and Hindon rivers.
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Fig. - 1.5 : Geomorphology Map of NAQUIM 2.0 Area in Baghpat District



Older Alluvial Plain is the oldest geomorphic unit, which covers about 80% of the NAQUIM
2.0 area, where a number of Tals, Lakes occur. Bad land and ravines are developed along the banks
of Yamuna, Hindon and Krishi rivers. The Older Flood Plains of Yamuna and Hindon rivers are
limited to their higher zones and occur as narrow curvilinear, lenticular patches along the course of
these rivers and represented by either one or two terraces. The Active Flood Plain is restricted to

the present-day active channel regimes of Yamuna, Hindon and Krishni.

1.8 Land Use and Land Cover

In 2020-2021, out of the total NAQUIM 2.0 area, about 82.66% area is cultivable whereas
79.67% of study area is actually cultivated, about 1.84% area is occupied by cultivable waste land,
about 14.11% area under non-agricultural use and almost 1.20% area is under forest land. The
average cropping intensity is 160.43%. About 96.21 % of total cultivable area and 99.81% of
cultivated or sown area (in 2020-21) has been irrigated by different sources of water. Block-wise

land use and land cover is given in Table -1.3. (Source:https://bhukosh.gsi.gov.in/Bhukosh/Public)
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Fig. - 1.6 : Land Use & Land Cover Map of NAQUIM 2.0 Area in Baghpat district
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Table - 1.3 : Block wise Land Use (2020 — 21) of NAQUIM 2.0 Area in Baghpat district

Nameof |Geogr-|Forest| Area | Barr | Pas- | Land |Cultu-|Other |Curr| Culti- | Net |Gross|Crop-| Net | Gross

Block aphical| Area [under| -en& |ture| of |rable| Fall- | -ent | vable | Culti- | Sown | ping | Irri- | lrri-
Area | (Ha) | Non- |Uncu-|Land| Misc. |Waste| ow |Fall-| area |vated/| Area | Inten | gated | gated
(Ha) Agri- | Itur- |(Ha)| Tree |Land|Land | ow | (Ha) | Net | (Ha) | -sity | Area | Area
cul- | able Gard-| (Ha) | (Ha) | (Ha) Sown (%) | (Ha) | (Ha)
tural | Land en& Area
Use | (Ha) Bush (Ha)

Chhaprauli | 20030 | 132 | 2143 | 234 | 17 | 23 | 556 | 101 | 162 | 17380 |16662 |27425|164.60|16626| 27365
Baraut 24457 | 186 | 3180 | 305 | 15 | 15 | 353 | 92 | 189 | 20664 20122 |28384 |141.06|20098 | 28314
Baghpat 20875 | 203 | 3257 | 286 | 10 | 16 | 338 | 101 | 216 | 17002 |16448 [25148 [152.89|16215| 25133
Khekra 16878 | 188 | 2444 | 219 | 10 | 16 | 421 | 125 | 210 | 13876 |13245 |22141 (167.16/13214| 22131
Pilana 20349 | 358 2273 | 308 | 18 | 15 | 286 | 103 | 223 | 17274 | 16765 | 25945 (154.76|16753 | 25936
Binauli 24854 | 442 | 3473 | 248 | 17 | 15 | 337 | 165 | 365 | 20494 {19792 |35769 (180.72|19724 | 35733
Total Rural |127443| 1509 {16770 1600 | 87 | 100 | 2291 | 687 |1365|106690103034(164812/159.96|102630| 164612
Total Urban| 7540 | 120 | 2271 | 215 | 12 | 24 | 199 | 15 | 165 | 4883 | 4519 | 7741 |171.30| 4720 | 7738
Total 134983| 1629 (19041| 1815 | 99 | 124 | 2490 | 702 |1530 (111573 |107553|172553|160.43 {107350| 172350

Source: https://updes.up.nic.in (SPIDER: Sankhyikiya Patrika)

1.9 Soil

The NAQUIM 2.0 area occupies more or less a levelled upland tract lying between Yamuna
and Hindon rivers, which is covered mainly by older alluvium soils consisting broadly of
‘Bhur’/sandy soil occupying high mounds/undulating surface, ‘Matiar'/clay rich soil in depressions

and ‘Domat’/loam in plains.
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Fig. - 1.7 : Soil Map of NAQUIM 2.0 Area in Baghpat district

8



Major parts of the area are covered by minor loam, sandy loam and sandy soils, which are
well draining and very fertile. The area is also marked by development of ravines and bad land at
places along banks of Yamuna, Hindon and Krishni rivers. Soils occurring in ravine and bad land

area are normally rich in iron (Fe) and alluvium (Al).  (Source:https://bhukosh.gsi.gov.in/Bhukosh/Public)

Soils are sandy, silty and clayey in varying proportions depending upon the local drainage
characteristics. Two broad units are (i) Sandy ridges and Sand Dunes: occur close to drainage way
sand correspond to ‘Bhur’. Isolated sandy ridges and sand dunes are indicative of changing drainage
pattern. (ii) Central upland/interfluvial area (Older Alluvial Plain): Major unit of the area isdissected
by drainage ways. Top sediments being clayey with minor sand and silt. Occurrence of alkaline soils

is restricted to this unit only.

1.10 Drainage

The drainage is controlled by Yamuna River, its tributary Hindon River and sub-tributary
Krishni River, all perennial in nature. Rivers Yamuna and Hindon form the western and eastern
boundaries of NAQUIM 2.0 area respectively. River Krishni enters into the area form northern side
near village Asara in Chhaprauli block and after flowing for a short distance towards southeast, joins
the Hindon river near village Laksha Mandap in Binauli block. The drains/streams Daula, Budher,

Tera, Kandhal and at places, some small nalas are developed near the rivers.
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Fig. - 1.8 : Drainage System of NAQUIM 2.0 Area in Baghpat district
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1.11 Cropping Pattern and Cropping Intensity

The principal kharif crops are Rice, Arhar, Urad, Bajra etc. whereas the principal Rabi crops
are Wheat, Vegetables, Mustard, and Potato etc. The fodder crops are grown in all seasons i.e. Rabi,
Kharif and Zaid. Sugarcane is chief cash crop in the area, which occupies around 71 % of the
agricultural land almost over the whole agricultural year (10 months) across all the three seasons.
Excluding Sugarcane cultivation, the usual cropping pattern is Kharif Rice/Pulses/ Fodder Crops—
Wheat/Mustard/Rabi Vegetables/Potato/Pulses — Pulses/VVegetables/Fodder crops. Cropping
Intensity for whole area is 160.43% and it varies from 141.06% (Baraut block) to 180.72% (Binauli

block). Mostly cultivated main crops are Sugarcane and Wheat. Paddy, Vegetables and Mustard are

also grown but in smaller scale. (Source: https://updes.up.nic.in/spideradmin/Hpagel.jsp)

Table - 1.4 : Season wise Area occupied by Crops and Irrigation Status (in Ha.) (2021-22)

Block Name| Net | Area Gross Sown Area Land Net | Gross| Area | Area | Area
sown | sown ; : ; prep- | irrig- | irrig- | under | under | under
area | more Total | Kharif| Rabi | Zaid ared for| ated | ated |Kharif| Rabi | Zaid

than Sugar-| area | area | Crop | Crop | Crop
once cane (%) (%) (%)

Chhaprauli | 16662 10763 | 27425 | 18863 | 7655 | 832 60 16626 | 27365 | 68.78 | 27.91 | 3.03

Baraut 20122 | 8262 |28384 | 16737 | 10654 | 907 70 20098 | 28314 | 58.97 | 3754 | 3.20

Baghpat 16448 | 8700 | 25148 | 14953 | 9384 | 846 15 16215 | 25133 | 59.46 | 37.32 | 3.36
Khekra 13245 | 8896 | 22141 | 12274 | 9104 | 742 10 13214 | 22131 | 55.44 | 41.12 | 3.35
Pilana 16765 | 9180 |25945 | 14013 | 11108 | 867 9 16753 | 25936 | 54.01 | 42.81 | 3.34
Binauli 19792 | 15977 | 35769 | 24257 | 10776 | 735 36 19724 | 35733 | 67.82 | 30.13 | 2.05
Total Rural 103034 | 61778 |164812| 101097 | 58681 | 4929 200 | 102630{164612| 61.34 | 35.60 | 2.99
Total Urban | 4519 | 3222 | 7741 | 5797 | 1442 | 404 3 4720 | 7738 | 74.89 | 18.63 | 522
Total 107553 | 65000 {172553| 106894 | 60123 | 5333 203 | 107350(172350| 61.95 | 34.84 | 3.09

Table - 1.5 : Block wise Sown Area of Major Crops in NAQUIM 2.0 Area (in Ha)

Block Name | Sugar | Whe |Rice | Vege- | Mus- |Ara- |Urad | Pot- | Baj | Oni | Moo | Bar | Mas- | Mat | Cot- [Jow | Mai |Gram
-cane | -at tables | tard | har ato [-ra|-on | -ng |-ley | soor | -ar | ton | -ar | -ze

Total rural |74091 1693814741|2936 |1795 [494 | 350 [195|588 |60 | 45 |35 | 32 |30 | 26

Total Urban| 2296 |3824 |727 | 498 | 168 |42 |30 |7 |67 |9 | 0 |2 |1 |2 |3

Chhaprauli 12416 {1414 |736 | 434 |175 |87 |44 |10|62 |5 | 4 |4 | 4 |6 |2 |1 ] 0 0
Baraut 15492 |3690 | 745|533 | 242 |65 |62 |29 11218 | 5 |7 | 3 |4 |5 |11 1
Baghpat 10958 |1493 [672 | 553 | 375 |98 | 62 |27 |77 |12 |5 |7 | 8 |5 |5 |11 1
Khekra 11463 | 370 [791 | 463 |397 |63 |70 |[45114| 9 | 6 |4 |1 |2 |6 |11 0
Pilana 7834 |3362 |1089| 437 228 |97 |48 |31 12212 |14 |8 | 7 |4 |4 |1 ]0 0
Binauli 15928 |6609 708 | 516 | 378 |84 | 64 |53 10114 |11 |5 | 9 |9 |4 |1 |1 0
6 | 4 2

110 0

2

Total 76387 [20762|5468| 3434 | 1963 | 536 | 380 202|655 69 | 45 | 37 | 33 |32 |29 | 7 | 4

(Source: https://updes.up.nic.in/spideradmin/Hpagel.jsp)
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1.12 Irrigation
Irrigation in this NAQUIM 2.0 area is carried out by the ground water structures such as tube
wells and surface water irrigation system like canals. East Yamuna Canal and its branches irrigate
a very small part of the cultivated land in the NAQUIM 2.0 area measuring only 1556 Ha, which
constitute only 1.45% of the net irrigated area (107350 Ha) whereas 105794 Ha i.e. 98.55% area of
net irrigated area is irrigated by ground water.
Fig. - 1.9 : Percentage of Net Area Irrigated by different sources in NAQUIM 2.0 Area

% of Net Area Irrigated by 120.00 [% of Net Area Irrigated by Diifferent Sources ]
different sources

98.58 98.86 98.53 98.63 98.57 98.66

100.00

1.45

80.00

60.00

40.00

20.00

1.42 1.14 1.47 1.37 1.43 1.34
= % Are 2d by Ground Wate .00 - . - - . .
¢ Areairrigated by Ground Water Chhaprauli Baraut Baghpat Pilana  Khekra  Binauli

% Area irrigated by Surfcae Water m % area irrigated by surface water ™% area irrigated by ground water

Table - 1.6 : Block wise Area (in Ha) irrigated by different sources in NAQUIM 2.0 Area

Block Net Irrigated Area (Ha) Gr_oss Irfiga- I_rriga- I_rriga- %pf Net %c_)f Net

Garel] S T prva TougTrons] Toul | | o |Son | on |t |

Govt.TW| Tube Well |Well Area |sity (%)| Water | Water |G. Water | S.Water
Chhaprauli | 236 57 16333 0 0 | 16626 | 27365 |164.59 | 236 16390 | 98.56 1.42
Baraut 230 87 19781 0 0 | 20098 | 28314 |140.88 | 230 19868 | 98.86 1.14
Baghpat 238 83 15894 0 0 | 16215 | 25133 |155.00 | 238 15977 | 98.53 147
Khekra 189 85 12940 0 0 | 13214 | 22131 |167.48 | 189 13025 | 98.57 1.43
Pilana 229 52 16472 0 0 | 16753 | 25936 |154.81 | 229 16524 | 98.63 1.37
Binauli 265 70 19389 0 0 | 19724 | 35733 |181.17 | 265 19459 | 98.66 1.34
Total Rural| 1387 | 434 100809 | O 0 [102630 164612 | 160.39 | 1387 |101243 | 98.65 1.35
Total Urban| 169 73 4478 0 0 4720 7738 |163.94 | 169 4551 96.42 3.58
Total 1556 | 507 105287 | O 0 |107350 |172350 | 160.55 | 1556 |105794 | 98.55 145

Source: https://updes.up.nic.in/spideradmin/Hpagel.jsp

Table - 1.7 : Numbers of Surface Water and Ground Water Structures for Irrigation

Block Length of State Govt. | Shallow Tube Well (STW) Medium Depth Deep Tube
Canal Network | Tube Well ["Ejectric | Diesel Total | Tube Well (MDTW) Wells
(Km) Powered | Powered (DTW)
Chhaprauli 81 20 2855 1238 4093 135 6
Baraut 163 44 3578 1738 5316 140 10
Baghpat 68 27 2850 1581 4431 142 11
Khekra 62 38 2419 819 3238 140 4
Pilana 48 57 2860 827 3687 137 38
Binauli 64 94 4029 210 4239 156 140
Total 486 280 18591 6413 | 25004 850 209
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2. DATA COLLECTION AND DATA GENERATION

Table - 2.1 : Existing Data of Baghpat district before NAQUIM 2.0 Work

Nos. of Pump| T | S |VES |TEM ERI Bore Hole | Nos. of WL | GW Quality | Soil
EW/OW/PZ/SH | -ing (line-km) Electrical | Monitoring | Monitoring | Infil-
Test Logging Wells Wells tration
EW-16,0W-07| 11 | 11 | 11 | 43 0 31.2 9 13 6 54
PZ —-04, SH-03 Ag-1(A) Ag-1(A)
Table - 2.2 : New Data Generation under NAQUIM 2.0 Work (2023-24)

EW/ |Pum-|VES|TEM Water Quality Water Samples| Number of New GW Level
OWI/PZ | ping Samples Collected Analysed User Feedback | Monitoring Wells
drilled |Tests Collected established
EW-04 | 1 | 13| 93 Pre-Monsoon: Pre-Monsoon:

OW- 04 BASIC- 82, HM- 82 | BASIC- 82, HM- 82 04 109

PZ-1 GW-61, SW-21 GW-61, SW-21

Post-Monsoon: Post-Monsoon:
BASIC-128, HM-128 | BASIC-128, HM-128
GW-108, SW-20 GW-108, SW-20

2.1 Hydrogeological Data Collection and Data Generation

2.1.1 Geology

The NAQUIM 2.0 area regionally lies in Ganga-Yamuna doab, a part of Central Ganga Plain.
Precisely the area is located on the left bank of river Yamuna occupying a part of Yamuna-Hindon
Doab. The area is underlain by a thick pile of alluvial formation consisting unconsolidated sediments
(thickness > 450 m) of Quaternary age deposited over Precambrian basement, which comprises silt,
clay, sand of various grades, gravels and kankar in varying proportions. Thickness of alluvium
increases from west to east (from Yamuna to Hindon).

Table - 2.3 : Geological Sequence of NAQUIM 2.0 in Baghpat district

Group Age Formation Lithology
Recent to upper Younger Alluvium Sand, silt and clay mainly along
Quaternar Pleistocene Recent:0.01m.a. Neogene the flood plains
Y Middie to Upper Older Alluvium Sediments| Mainly clay and kankar in uplands
Pleistocene Holocene: 0.01-1.0 m.a. and sand of different grades

------- Disconformity --------

Pleistocene(1m.a.) Upper Siwalik Conglomerate, Sandstone, Shale

Tertiary Plloceng to Miadle Middle and Lower Siwalik Shale and Sandstone
Miocene
-------- Unconformity ------
Pre-Cambrian Basement
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Fig. - 2.1 : Geological Map of NAQUIM 2.0 Area in Baghpat district

Broadly, two distinct geological units : (i) Older Alluvium or Varanasi Alluvium or Upland area;

(i) Younger Alluvium in Older Flood Plain areas and Active Flood Plains of Yamuna and Hindon.

Older Alluvium occupies entire upland and inter fluvial area occurring between drainages Yamuna
and Hindon, which covers about 80% ofarea and is represented by a polycyclic sequence of
oxidised, reddish, brownish silt, clay with interbeds of grey to brown sand. Dissemination of
‘kankar’ (mainly calcareous) is frequent and at places ferruginous granules are associated. Sequence

broadly exhibits two litho-facies viz. silt-clay facies and sandy facies.

Younger Alluvium is confined to narrow depositional terraces of rivers and active flood plains,
comprising cyclic sequences of grey silt-clay and grey micaceous sand. Sediments of are normally
loose, unconsolidated, non-oxidised and free from kankar dissemination. Occurring close to
drainage and corresponding to ‘Bhur’ soil, the area is marked with presence of isolated sandy ridges
and sand dunes, indicating a change in drainage pattern. Younger alluvium exists along Yamuna
and Hindon flood plains. Abandoned channels, sand dunes can also be seen in these flood plains.
Flood plains can be further divided into two units: (a) Older flood plain and (b) Active flood plain
13



Active Flood Plain: River channel and adjacent terraces subjected to periodic flooding consisting

of sand, silt and silty clay and with clay pockets constitutes the active flood plain.

Older Flood Plain: Flood plains of Yamuna also locally knownas ‘Khadar’, which constitutes older
floods plains, characterized by presence of fluvial land forms-mender scars, cuts and meanders and
palaeo-channels. Sediments are fine to medium sand, silt with thin clay horizons. The zone is
separated from uplands/older alluvium by occurrence of sharp break at places, discontinuous natural

levees, occurrence of sand dunes and abrupt change in slope.

2.1.2 Hydrogeology

Hydrogeology is mainly controlled by the geology, geomorphology and rainfall. Rainfall is
the main source of the ground water, which is utilized for irrigation, domestic and industrial
purposes. Rate of rainfall infiltration and ground water storage potential mainly depends on
geomorphic set-up as well as geological formations. As per the information from the boreholes
drilled, the area between Yamuna and Hindon rivers is occupied by thick alluvial sediments
composed of different grades of sand (very fine to coarse), sandy clay, silt, clay and kankar (mainly
calcareous concretion). Sand horizons form the potential aquifers, which are sometimes dissected

by clay inter- beds. Water table is generally 20 to 30 m deep.
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From the exploratory drilling programme of Central Ground Water Board, generally a 3-tier
aquifer system exists in the NAQUIM 2.0 area where Aquifer-1V was encountered at some places
(2013-14). Granular zones in Aquifer Group—I are generally thick-bedded, very extensive and are
consisting of comparatively coarser material than deeper Aquifer Group—Il & 111, where the aquifers
are relatively thin-bedded, sometimes lensoid in nature and consisting of finer sediments with the

domination of silty and clayey material.

As per available exploration data and its interpretation, Quaternary alluvium attains
significant thickness ranging up to 473 mbgl and more. Bedrock composed of Quartzite belonging
to Delhi Supergroup was encountered at different depths, progressively shallower towards Yamuna-—

Firozpur (399 m bgl). Sediments are more argillaceous below 50 m to 60 m.

Water Table elevation map for the phreatic aquifer has been prepared keeping the contour
interval 5 meter. Perusal of the map shows that the water table follows the topography and major

flow direction is from NW to SE. Water table slope becomes gradually steeper towards south-east.

2.1.3 Recharge of Ground Water
2.1.3.1 Soil Infiltration Test:

Soil infiltration is the process by which water on the ground surface enters in to the soil.
Infiltration rate in soil science is a measure of the rate at which soil is able to absorb rainfall or
irrigation water. Infiltration rate defined the volume flux of water flowing into the soil profile per
unit of soil surface area and measured in inches per hour or millimeters per hour. It is usually
measured by the depth (in mm) of the water layer that can enter the soil in one hour. The infiltration
rate decreases as the soil becomes saturated. Infiltration rates decline to a steady or quasi-
steady state as soil becomes increasingly moist over the period of a storm or experimental wetting.
Infiltration rate usually shows a sharp decline with time from the start of the application of water.
The constant rate approached after a sufficiently large time is referred as the steady-infiltration rate.
In dry soil, water infiltrates rapidly in initial phases and called as the initial infiltration rate. As more
water replaces the air in pores, water from the soil surface infiltrates more slowly and eventually
reaches at steady state rate. This is called basic infiltration rate or steady state infiltration rate.
Determination of infiltration rates is essential for prediction of surface runoff amount, saturated
hydraulic conductivity of the surface layer, ground water recharge potential and in developing or
selecting the most efficient and suitable irrigation methods.
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Soils with low and reduced infiltration have potential to increase the overall amount of runoff
water and flooding and become saturated at the surface during rain events, which, in turn, decreases
soil strength, increases detachment of particles thus erosion probability, generate anaerobic
conditions and can also cause nutrient deficiencies in plants. However, soils that transmit water
freely throughout the entire profile or into tile lines need proper chemical management to ensure the

protection of ground water and surface water resources.

Class Rate of Infiltration (mm/hr) Remarks
Very Slow <25 Soil in this group has very high percentage of clay
Low 25-125 Most of these soils are shallow, high in clay and low
in organic matter contents
Medium 125-25.0 Soils in this group are loams and silts
High >25 These soils are deep sands, deep well aggregated silt
loams and some tropical soils with porosity.

Soil infiltration tests (54 Nos. under NAQUIM 1.0 study) in the Baghpat district shows
variation in the infiltration rate over the entire district. The initial infiltration rate varies between 30
mm/hr to 450 mm/hr and the final infiltration rate varies between 3 mm/hr to 90 mm/hr. The average
initial and final infiltration rate for the district is found to be 169.7 mm/hr and 13.3 mm/hr
respectively. The average infiltration rate for the Baghpat district is estimated as 91.5 mm/hr. The
higher infiltration rates are observed at sites Asara, Kashampur Kheri, Makara, Osika and Pura
indicating sandy nature of local soils. Sandy loam soil is known to have high infiltration rates while
clay loam and sandy clay soils are known to have very low infiltration rates.

2.1.3.2 Recharge and Discharge Zones:

Shallow aquifers adjacent to river Yamuna and Hindon are very thick and prolific due to
existence of courser granular materials. Northern, north-western and western fringe areas may be
considered as natural recharge areas and especially the stretch along Yamuna i.e. western boundary
is a very good recharge zone where water level in Group - 1(A) aquifer ranges from 12 to 15 m bgl,

whereas rest of the area may be treated as natural discharge area.

Yamuna River, flowing along western boundary of NAQUIM 2.0 area, shows influent nature
for major portion of its length. It is feasible to construct a series of shallow tube wells on the left
bank of Yamuna to facilitate the induced recharge process for balancing between storage and

extraction of ground water from shallowest unconfined Group - I1(A) aquifer.
16
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Fig. - 2.3 : Map showing Artificial Recharge Plan of NAQUIM 2.0 Area in Baghpat district
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Hindon, flowing along the eastern boundary, is a highly polluted river owing to continuous
discharge of massive industrial wastes into it, which shows its effluent nature for major section of
its length in the north. A large ground water trough area covering major parts of Pilana and Khekra
blocks and southern part of Binauli block has been created due to excessive indiscriminate
withdrawal of ground water locally for irrigation and so the adjacent section of Hindon river course
situated in the south has become influent. Therefore, this ground water trough area elongated
roughly south-southwest to north-northeast direction has become vulnerable in terms of pollution
of ground water in phreatic aquifers as the river may contribute contaminated water to these
neighbouring aquifers, which are sometimes extending even up to the ground surface. Thus, the
construction of any kind of tube wells for induced recharge purpose or further construction of large
numbers of shallow tube wells for irrigation purpose in this locality near the right bank of Hindon,
especially in the southern section, should be prohibited as the induced recharge due to shallow tube
wells proposed, if any, may pollute the ground water presently being extracted by drinking water

tube wells and other shallow tube wells as apprehended/reported by the villagers.

The major part of the recharge area for the Aquifers-1 (B), I, 11l & 1V i.e. the lower litho-
system is situated far away from the NAQUIM 2.0 area towards north and north-west and outside
the NAQUIM area. The rate of spot recharge of ground water in aquifers underneath is moderately
high due to existence of well drained soil and the silty and sandy upper formation below the soil
cover occurring all over the NAQUIM area. For the Aquifer—I (A) housed in the upper litho-system

in Older Alluvium the recharge area lies in the western, north-western and northern part.

2.1.4 Aquifer Disposition and Geometry

The aquifers in the study area were mapped through lithology (exploratory drilling) geophysical
investigations (VES, ERT and Borehole logging) and aquifer characteristics. The methods and
techniques adopted for aquifer mapping areas under:

1. ExploratoryDrilling - (i) Litholog and (ii) Pumping Test
2. Geo-Physical Study — (i) Surface Geophysical Method — (a) Vertical Electrical Sounding (VES)
(b) 2D Electrical Resistivity Imaging (ERI)
(i) Sub-Surface Geophysical Study (Borehole Logging)— (a) Self-Potential (SP)
(b) Electrical Resistivity (N16” and N64”) (c) Natural Gamma Radioactivity

18



Exploration including Drilling, TW construction and Geophysical Survey under NAQUIM-I

EW |OW | SH | Total | Aquifer | Aquifer | Aquifer | Aquifer |VES [Electrical Logging|Resistivity Imaging
Group-I |Group-11| Group-111 |Group-1VV of bore holes (line-km)
6|5 3| 14| 1EW | 2EW 1EW 2EW | 43 9 7.2

The aquifer disposition maps have been prepared on the basis of lithological and geophysical
log information obtained from existing exploratory drilling and geophysical data of CGWB, data of
Jal Jeevan Mission, UP Jal Nigam with the data of exploratory drilling and constructed tube wells
and also of current geophysical survey for further hydrogeological and geophysical data generation
under NAQUIM-2.0.Aquifers with varied resistivities were picked up from the interpretations of

electrical resistivity and gamm alogs of boreholes.

Existing before Data Generation Data Generation
NAQUIM 1.0 during NAQUIM 1.0 during NAQUIM 2.0
EW Pz SH EW ow SH EW ow Pz
7 1 - 6 5 3 4 4 1

Disposition of various Aquifers deciphered in previous studies is furnished in Table-2.4. To
obtain a three-dimensional generalized view of the aquifer dispositions 3-D multi-logs and fence
diagrams (aquifer group and stratigraphical) have been prepared in different orientations on the basis

of integrated lithologs and geophysical logs (Electrical Log and Gamma Log).

These logs and the fence/panel diagrams prepared thereby reveal the presence of a thick pile
of alluvial sediments with alternation of various grades of sand, clay and silt. Principal aquifers in
the area have been delineated by grouping the fine to medium sand, coarse sand and gravelly sand
as aquifers. Litho-Stratigraphic fence diagram prepared joining different exploratory wells
shows four groups of aquifers along with three distinct clay horizons. There is variation in thickness
of aquifer groups but in regional scale they are making different groups on the basis of aquifer
characteristics like grade of sand and clay. The area is characterized by occurrence of fairly thick
sands of various grades forming prolific aquifers. Thickness of the sand layer is more towards
northeast and southeast, whereas the thickness of clay layer is more towards northwest and
southwest. Thickening of the aquifers is towards river Hindon i.e. from west to east. Location map
of the tube wells, 2D lithological and stratigraphical cross-section, fence diagram and 3-D
stratigraphic models are presented in Fig.- 2.4, 2.5 and 2.6.
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Table - 2.4 : Disposition of the Aquifer Groups of NAQUIM 2.0 area in Baghpat district

Location Bottom| Top | Bottom | Top |Bottom| Top Bottom Ag-1V
Ag-l | Ag-ll | Ag-ll | Ag-lll | Ag-ll | Ag-IV
Koordi 91 109 252 306 358 401 | 450 and Continued
Tabelagarhi 166 184 260 282 383 316 450
Sanjarpur Kaidwa 95 120 189 215 278 325 | 425 and Continued
Firojpur 88 100 192 230 230 316 399
Sherpur 84 94 206 226 314 422
Baraka 102 136 204 232 312 352 | 442 and Continued
Guripur 115 132 213 232 282 338 Continued
Kakripur 92 142 309 326 394 407 Continued
Pilana 101 116 239 288 404 421 Continued
Tikri 119 133 207 237 252 370
Aminagar Sarai 126 195 250 - - -
Kekhra 130 215 250 265 350
Mitili 70 80 168 230 265 281
Baraut 74 88 183 266 364 393
Beleni 59 68 142 279 380 391
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Fig. - 2.4 : Stratigraphical 2D Cross-Section of NAQUIM 2.0 Area in Baghpat district
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Fig. - 2.5 : Lithological Fence Diagram of NAQUIM 2.0 Area in Baghpat district

Ty
22050 o DG
¥

J BAGPAT DISTRICT : BAGPAT DISTRICT

240000

2
TS

LEGEND

[C]Aquifer - 1A
[TIsilty Clay
["]Aquifer - 18
["]clayey Horizon-l
[T] Aquifer Group -l
[“IClayey Horizaon -l

W Aquifer Group Il
[ clayey Horizon-ill
B Aquifer Group AV
[l Bedrock

n
TIN W

Noing

T

® Exploratory well .
— o Tt e
tactng

3D-MODEL BAGPAT DISTRICT

Fig. - 2.6 : Pannel Diagram, Strip Log & 3D Model of Aquifer Groups in NAQUIM 2.0 Area
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The aquifer diagrams reveal that sand percentage decreases west wards from river Hindon to
Yamuna. Granular zone thickness down to 100 m depth shows alesser cumulative thickness in the
western part and a general increase towards east. In western part, in the depth range 100-200 m,
sand percentage is less than 40%, whereas it is maximum (60%) in northeastern part of the
NAQUIM 2.0 area. Actually, the sand percentage decreases towards west and south. The granular
zone thickness in depth range of 300-400 m indicates less than 40% sand percentage. As per

previous study, aquifer material thickness varies from 40 to 60% in both Aquifer Group-1 & II.

2.1.5 Demarcation of Aquifer Groups

Demarcation of different aquifer groups area has been done on the basis of lithological
character, geophysical characteristics, hydraulic properties and chemical quality ascertained by
exploratory drilling, vertical electrical soundings, geophysical logging and pumping tests.

Under NAQUIM 2.0, geophysical data were generated though 13 VES, 93 TEM and 4
borehole loggings. Depthwise down to 450 m bgl, the aquifers have been grouped as Aquifer Group-
I, AquiferGroup-11, Aquifer Group-I11 and Aquifer Group-1V, which are separated by confining clay
layers of thickness more than 10 m and also consist of several thin aquifers separated by clays and
silts. The resistivity of these aquifer groups in generally decreases with depth. Aquifer Group-1 is
characterized by the highest resistivity around 35 to 40 ohm. m with a local lowering (16 to 22
ohm.m) in the central part, whereas the underlying aquifers have resistivities as low as 15 ohm.m.
It indicates a general decrease in granularity with depth as well as mixing of silts and clays. The
Aquifer Group-11 is characterized by a resistivity range of 15 to 25 ohm.m, while Aquifer Groups-
Il and IV are characterized by a resistivity range of 15-20 ohm.m. The lateral resistivity variations
or granularity of Aquifer Group-I is much higher as compared to deeper aquifers. Variations in
aquifer thicknesses and trend in their occurrences are the indicatives of variations in depositional

palaeo-environment and the influences of structural controls at different geological times.

Under NAQUIM 2.0 (AAP 2023-24) in Baghpat district, exploratory drilling was carried out
for further data generation in data-gap areas to decipher the occurrence, depth, geometry and
hydrogeological characteristics of aquifers and then to demarcate the aquifer groups. Exploratory
drilling was carried out 4 sites located in 3 blocks Pilana, Binauli & Chhaprauli by 2 in-house
drilling rigs (150 m and 300 m capacity) and 4 EWSs, 4 OWs and 1 PZ were constructed. Various

aquifer parameters were determined by preliminary yield test and pumping test (Table - 15).
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Under NAQUIM 2.0 in Baghpat district, 4 groups of aquifers have been identified within the

explored depth of 473 m. Aquifer Group-I : from 0.0 down to 59 m (min.) and to 166 m bgl (max.);

Aquifer Group-II : starts from 84 m (min.),extends up to 301 m bgl (max.); Aquifer Group-III :

starts from 215 m (min.),extends up to 404 m bgl (max.) and Aquifer Group—IV : starts from 316 m

(min), extends up to 473 m bgl (maximum explored depth). Aquifer Group-1 is again divided into

two parts- 1(A) (occurrence from 0.00 to 80 m bgl max.) and I(B) (occur from 55 m bgl min. to 166

m max.). The aquifers are generally separated from each other by prominent and regionally

extensive thick clay beds. The Aquifer Group-1(A) is mostly under unconfined condition.

Sometimes it becomes semi-confined at the bottom portion due to presence of thin intervening silty

clay layer in the middle. However, all other underlying aquifers are purely confined in nature.

Table - 2.4 : Ground Water Exploration Data Availability before NAQUIM 2.0 (Ag. Gr. - 1)

SI.| Village | Block |[Well| Lati- | Longi- |Drilling| Well Granular Zones Encountered Zones Tapped
No. Type|tude (N)|tude (E)| Depth |Depth (m bgl — m bgl) (m bgl —m bgl)
1. [Malakpur| Baraut | EW | 29.1193 | 77.2252 202 190 15 - 27,35 - 40, 44 - 54
70-72,74 -82,121-126
158 - 166, 179 - 185
2. \Johari Baraut | EW | 29.1083 | 77.3417 | 451 256 39-57, 67-80, 91.4-95.4
103-106, 123-135, 145-
152, 157-165, 171-177
188-194, 237-250
3. Jafarpur | Baraut [STW| 29.1433 | 77.1803 | 84.4 82.6 30.50-64, 73.15-80.50 32.6-625,73.7-79.7
4. |Baghpat | Baghpat| PZ | 28.9427 | 77.2276 | 55 51 43,50 - 49.50
5. |Gauripur | Baghpat| SH | 77.2216 | 28.9913 460 14 -22,35-40.6,43 - 53,55 -61.3
(WAPCOS) 166 - 172.7, 254 - 258
6. |Budhera |Baghpat |[STW| 29.0275 | 77.3130 | 88.3 78 12.20-33.53, 42.67-76.20 29.1-326,439-74.7
7. [Ferozpur | Khekra [EW&| 28.8338 | 77.3104 | 404 76 | 22-32,32-47,545-70.5, 78- 84, 101-105 |32 - 38, 42 - 48, 54 - 58
ow 107.5-111, 125.5-134, 137-140.5, 148.5- 60 - 70
(WAPCOS) 157.5, 162.5-167, 172-173.5,178-182,185
-191, 259-273, 358-363, 389-392, 394-397
8. |[Khekra Khekra | EW | 28.8645 | 77.2806 | 442 69 42 - 48,54 - 66
9. [Bandpur | Khekra [STW| 28.9063 | 77.2664 | 79.2 76.2 40 - 43,50 - 57, 61-75
10.|Gauma Khekra |STW| 28.8431 | 77.3870 | 108.2 | 103.1 33.80 - 60.60
11.]Singoli Khekra |STW| 28.8286 | 77.3794 75 73.1 33.8-52.7,54.2 - 69.7
12.]JAminagar| Pilana | EW | 28.9800 | 77.3833 | 130 130 64-76,112-118,121-127
13.|Pilana Pilana | PZ | 28.9400 | 77.3692 64 60.8 52.15 - 58.20
14.|Hariya Pilana |STW/| 28.9691 | 77.4552 100 99 7.62-16.80, 45.10-57.90, 68.30-80.20 46.6 - 57.00, 68.30-
Khera 85.30-98.70 76.20, 86.20 - 98.10
15.|Dolcha Pilana [STW| 28.9401 | 77.4444 | 86.9 | 74.7 [18.3-24.1,32.3-66.1,68.3-71.9, 75.3-77.7 30.50-71.60
16.|Baghpat Pilana [STW| 28.8704 | 77.3716 | 914 75.3 24.3-31.7,42.7-59.4, 63.7-74.4 26.5-31.6, 37-49, 63-75
17.|Gangauli | Binauli [STW| 29.2042 | 77.3274 | 83.8 82.3 |9.18 -18.30, 27.43 - 64, 73.10 - 79.80|31.1 - 35, 39.30 - 63.40
72.80 - 78.60
18.|Kanhar Binauli |STW| 29.1870 | 77.3927 83.2 75 6.10 - 9.15, 27.50 - 35, 44.20 - 74.10 | 28.0 - 34.0, 46.0 - 70.0
19.[Tikri Binauli | EW | 29.2208 | 77.3467 | 455 | 159 63- 69, 75 - 87, 99-111
135 - 141, 147 - 153
20.|Bamnauli | Binauli |STW| 29.1452 | 77.3496 | 91.5 83.8 24.40 - 30.50, 41.15 - 45.70 39.6-46.3, 52.42-55.50
48.16 - 80.16, 81.69 - 86.26 61.6-64.3, 70.10-79.80
21.|Barnawa | Binauli |STW| 29.1146 | 77.4287 | 109.7 | 108.5 | 13.70-18.30, 27.40-36.60, 42.70-57.90 | 52.3-57.7, 64.0 - 83.2
64.00 - 83.20, 86.90 - 109.70 88.9-91.2, 100.6 -107.3
22.|Galetha Binauli |STW| 29.0725 | 77.4348 | 102.8 | 102.8 | 46.30-56.40, 67.7-84.1, 92.6-101.80 | 45.7-55.8,70.1 - 84.1
92.6-97.2,99.4 - 102.1
23.|Bijwara Binauli |STW| 29.0736 | 77.3567 | 85.3 84.1 27.40 - 80.80 39.8-60.8,67.4-79.5
24.|Gaidbara | Binauli [STW| 29.2060 | 77.4349 | 975 91.4 |37.5-67.90, 75.30 - 91.40, 94.20-96.90 |51.80 -64, 74.70 - 91.40
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Table - 2.5 : Ground Water Exploration Data Availability before NAQUIM 2.0 (Aq. Gr.-11)

Sl. | Village | Block | Well | Latit- | Longi- | Drilling Well Granular Zones Encountered Zones Tapped
No. Type [ude (N)|tude (E) | Depth(m) | Depth(m) (m bgl — m bgl) (m bgl-m bgl)
1. [Koordi |Chhap- | EW |29.2477|77.1556 473 214 23-31.3, 33-37.5, 39.5-47, 52.5-72 110-122
rauli & 74.5-77, 80.5-82, 87-90.5, 108.5-122 141-144
(WAPCOS) ow 140.5- 43.5, 146-151, 156.8-159,181-186| 147-159
192-197.2, 205-207.2, 250-252, 332-335| 181-187
342-345, 350-357, 374.5-377,390- 392.5| 191.197
401.5-404.5 410-416, 422-423.5 205-208
438-441, 444- 448.5
2. |Sherpur |Chhap- EW &|29.1721| 77.2253 462 228 23.5-31, 37-62, 63.7-67, 73-77,79-86 | 156 - 159
rauli ow 110.8-115, 156-159, 161.6-178, 207- 162-178
(WAPCOS) 222,295-311, 319 - 324, 332.5 - 339 207 - 219
3. |Daha EW [29.1958| 77.4194 456 251 187-196,
Binauli 215-218,
233-245

Table-2.6: Ground Water Exploration Data Availability before NAQUIM 2.0 (Ag. Gr.-111)

Sl.| Village | Block [Well| Latitude | Longi- | Drilling Well Granular Zones Encoun- Zones Tapped
No. Typel (N) tude (E)| Depth (m) |Depth (m)|  tered (m bgl — m bgl) (m bgl —m bgl)
1. |Tabela- |Binauli |EW | 29.1958 |77.4625 473 389 30-40, 54-91.5, 91.5-103 | 290-299, 301-310
garhi 111-134,139-166,195-206.5 | 322-328, 345-357
213.5-229, 235-243 365-371, 374-383
(WAPCOS) 245- 250, 289-310, 322-327
345.5-356.5, 365-383
416.5-429.5, 433-446
2. |Barnawa |Binauli | PZ | 29.1117 |77.4250 452 416 360-372, 383-395
398-410
3. |[Meetli  |Baghpat | EW | 28.9597 |77.3042 451 375 289-300, 304-310
325-328, 332-335
345-358, 362-370

Table - 2.7 : Ground Water Exploration Data Availability before NAQUIM 2.0 (Ag. Gr.-1V)

SI.|  Village Block | Well |Latitude| Longi- | Drilling | Well Granular Zones Encountered Zones Tapped
No. Type| (N) |tude (E)|Depth(m)|Depth(m) (m bgl —m bgl) (m bgl- m bgl)
Badaka Baraut EW [29.0711 | 77.2992 451 448 23-34, 40.5-45, 51.5-54, 56-61.5 389-395
(WAPCOS) & 67-79.5, 89-93, 139-143, 152-160 401-407
1 ow 173-181, 187-193.5, 199-203 418-421
' 233-236.5, 267-278, 305.5-310.5 434-440
352.5-358, 369-370.5, 387-396
399.5-406.5, 416.5-421, 433-441
Sanjarpur |Binauli EW [29.0221 | 77.4058 456 426 30-35, 40-52, 60-74, 122-130 339-348, 354-362,
2. |[Kaidwa & 156-161, 226-231, 255-264, 339- | 367-379, 414-420
(WAPCOS) ow 348 354-362, 368-379, 416-422
Kakripur |Chhaprauli| SH |29.2559 |77.2769 473 434  |25-33, 36-41, 43-47.5, 55-70, 83-93 336-348
(WAPCOS) 124.5-128.5, 134.8-137.8, 159.5- 384-393
3. 165, 176.7-182, 195-199.5, 219-225 413-422
230.2-235, 264-269, 290-294, 336- | SWL:16 m bgl
348, 384 - 394, 413 - 423
Pilana Pilana SH [28.9328 | 77.3769 473 27.5-33, 36.8-57.5,65.5- 74.5 SWL: 18 m bgl
4. |(WAPCOS) 118-132.7, 135.5-138.5, 148-154
’ 170.4-174, 218.8-223.8, 289-304
369-378, 388-98, 431-441.5
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Table - 2.8 : Ground Water Exploration Data Generated under NAQUIM 2.0 in 2023 - 2024

Sl Village Block [Well| Latitude | Longi- |Drilling| Well | Granular Zones | Zones Tapped | T S
No. Type tude Depth |Depth| Encountered |(m bgl—mbgl)| (m?
(m) | (m) | (mbgl-m bgl) day)
1. [Titroda Binauli | EW | 29.04106 | 77.37598 | 300 279 26-39, 45-59 213-216
65-75, 86-102 224-242
111-121, 125-131 265-274
137-145, 151-158
165-169, 175-179 | (Aquifer - 1)
213-217, 221-244
251-257, 266-275
2. |Titroda Binauli | OW | 29.04106 | 77.37598 | 298 279 26-39, 45-59 213-216
65-75, 86-102 224-242
111-121, 125-131 265-274
137-145, 151-158
165-169, 175-179 | (Aquifer - 1)
213-217, 221-244
251-257, 266-275
3. |Titroda Binauli | PZ | 29.04106 | 77.37598 | 150 79 26-39,45-59 | 46-58, 65-74
65-75 (Aquifer - 1A)
4. |Shobhapur [Pilana | EW | 28.9897 | 77.36345 | 157.50 | 154 30-50, 59-75 113-125 473.91| 2.438
83-88, 110-126 132-138 x 10
132-137, 146-150 147-150
(Aquifer - IB)
5. |Shobhapur |Pilana | OW | 28.9897 | 77.36345 | 157.50 | 154 30-50, 59-75 113-125,132- |473.91| 2.438
83-88,110-126 | 138, 147-150 x 10°
132-137,146-150 |  (Aq - IB)
6. |Shahpur Binauli | EW | 29.13854 | 77.44756 | 150.75 | 138 | 16-20, 22-25, 36- 92-104
Banganga 56, 60-78, 92-104 122 -134
122-134, 144-150 | (Aquifer - 1B)
7. |Shahpur Binauli | OW | 29.13854 | 77.44756 16-20, 22-25, 36- 92-104
Banganga 56, 60-78, 92-104 122 -134
122-134, 144-150 | (Aquifer - 1B)
8. |Chhaprauli |Chhap- | EW | 29.20540 | 77.16555 | 301.50 | 244 38-46, 483-69 163-169
rauli 82-88, 102-114 175-178
128-134, 141-146 184-190
162-170, 174-180 200-206
180-192, 200-206 236-239
236-242 (Ag- 11)
9. [Chhaprauli [Chhap- | OW | 29.20540 | 77.16555 | 250.00 | 244 38-46, 48-69 163-169 270.51
rauli 82-88, 102-114 175-178
128-134, 141-146 184-190
162-170, 174-180 200-206
180-192, 200-206 236-239
236-242 (Ag- 11)
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Table - 2.9 : GW Exploration Data generated by CGWB for Aquifer Group-1(A) & 1(B)

Sl Location Block (Type| Lati- |Longi- |Year | Dril- | Well| ~Granular Zones Zones |SWLDisch|Draw-
No of | tude | tude |of Dr-| ling [Depth Deciphered Tapped |mbglf-arge| down
Well illing |Depth (mbgl) (mbgl) (Ipm) (M)
30.1-45.7, 48.95-57.90, | 49-58, 61-64
1. | Baghpat Baghpat | EW |28.9365 | 77.2178 | 2006 |137.15 (115.83 13064 30 95.10.110.40, 95110 | 137|2082| 53
- 3-9.1, 12-18.3, 24-335,
2. | Jiwana Baraut | EW [29.1648 | 77.2886 | 2006 | 97.6 |88.34 36.6-64, 70.1-82.8 70-83 111 809 | 4.85
- 9.2-21.3, 24.4-335, 39.6-64, | 56-64, 71-77
3. | Mukkarpur  |Chhaprauli| EW |29.2394 | 781871 | 2006 | 98 |90.65| ~“;0 129 o5 g5 38535 82-65 11.1| 809 | 5.10
4. | Makhar Pilana | EW |28.9090 | 77.4238 | 2006 | 98 [89.53 |21.35-25.9, 28.95-35, 39.6-86|  65-84 228|850 | 4585
5. | Achraj kheda Baraut | EW |29.1402 | 77.3237 | 2006 | 97 | 89.9 |7.1-27.9,30.7-433,53.2-846|  65-84 21 | 850 | 4.95
6. | Baraut Baraut | EW [29.1221 | 77.1659 | 2006 | 99 |87.86| 45.73-77.74,81.7-8597 | 47-74,81-85 | 105 | 2952 | 5.90
7. | Kakaur Chhaprauli| EW |29.1912 | 77.1565 | 2006 | 91.46 |82.25 |39.63-54.88, 61-64, 67-82.32 | 40-53, 67-80 |13.71| 2309 | 4.50
o 15.25-19.8,29-35.1, 44.2- | 51-54, 53-62
8. | Daha Binauli | EW |29.1944 | 77.4173 | 2008 | 1185 |97.57 | 170 51 6%61 9 78.6.02 26.92 28 |3458| 6.25
9. [Khekada, Fakrpur| Baghpat | EW |28.9492 | 77.2285 | 2009 | 78.35 |72.72| 33.53-30.63, 52.43-67.07 54-67 215 | 424 | 670
Baraut, 3.04-15.24, 30.48-39.63, 42.68
10. Chhaprauli Rd Baraut | EW [29.0999 | 77.2606 | 2009 | 82.31 |78.41 _45.73, 48.78-60.93, 64.76.21 53-60,66-76 | 13.7 | 636 | 7.90
11. | Khekada, Tehsil| Baghpat | EW |28.9492 | 77.2285 | 2009 | 84.45 |62.39|  457-9.14,27.43-56.8 44-57 155| 795 | 9.10
9.14-15.24, 33.53-36.58,
12.| Baraut, Kotana| Baraut | EW |29.1221|77.1659 | 2009 | 80.79 | 72.9 30.63-51.82, 64.02.73.17 39-52,63-70 | 95 | 675 | 7.50
13. Eggshpat, BYe | Baghpat | EW | 289492 | 77.2085 | 2009 |138.07| 721 | 24427.43.30486707 | ases  |1585|2950| 650
Baghpat, Bye 32.62-36.58, 41.15-56.4, | 48-55, 62-65
14. Pass Baghpat | EW |28.9492 | 77.2285 | 2009 | 125 [117.06 60.97-71.64, 92.98-114.32 101-114 185 (2955| 6.35
Khatta . 18.3-30.5, 33.5-79.3, 63-70, 82-95
15. Prahaladpur Pilana | EW [28.9177 | 77.3296 | 2010 |140.15 [120.37 70.3-115.85 96115 | 2755|2953 | 650
Koordi, Near ; 30.48-42.68, 60.97-82.31, | 63-82, 86-97
16. Banquet Chhaprauli| EW |29.2454 | 77.1741 | 2010 |141.76 132.81) "o 25 o756 125.130.62 10413 | 189 (2953 | 6.25
12.7-213,24.15-30.1, | 53-58, 61-77
17. | Rataul-1 Khekra | EW |28.8297 | 77.3424 | 2010 | 137 [128.08| 39.6-57.9, 60.9-78.35, 95-107, | 185 (2954 | 6.10
94.5-106.7, 115.85-121.95 115-122
PHC, Pawala 33-36, 44-54,
18.| Beghumbad Baghpat | EW |28.9333 | 77.3082 | 2010 |125.91|88.64 18.29-70.12, b0, 790 | 1782954 680
12.19-15.24, 24.39-30.48, | 49-58, 64-74
19. | Rataul-2 Khekra | EW |28.8316 | 77.3425 | 2010 |140.24 {127.34 39.63-57.92,60.97-73.17, 98-110 18.5|2954 | 6.05
97.56-109.75, 118.9-121.95 | 119-122
Aminagar 10.67-16.76, 38-61, 65.54- | 52-56, 67-78
20. Sarai g Pilana | EW |28.9809 | 77.3927 | 2010 |153.96 [136.03|  77.74,103.65-112.8, 104-113  |28.15(2954| 6.90
aral 119.81-130.8 121-131
Agrawal Mandi [7.62-16.76,29-38, 41.15-71.64, 50-56, 62-72
21 | aghpat Baghpat | EW | 28.9526 | 77.2718 | 2010 | 160.06 1501|111 5611430 134.14.14481| 135145 | 218 | 2954| 6.95
53-66,79-90,
22.| Tikri Binauli | EW |29.2255 | 77.3559 | 2010 |153.96 (134.49 47'251%%51%’ 1;;;789'93’ 108-111,116-| 31 |2594| 7.15
oTed 120, 126-129
29-54.87,59.45-85.36, | 51-55,66-
23. | Binauli Binauli | EW |29.0949 | 77.4028 | 2010 |157.01 |148.97| 100.6-105.8,108.73-111.3, | 85101-106, | 29 |2954| 6.55
131.1-1433 134-144
- - - 25.91-32.01, 50.36-59.45, | 52-59, 70-77,
24.| Dhikauli Pilana | EW | 289109 | 77.3678 | 2010 |144.81 13991 10", 7 74 150613014 | 125134  |21:85]2954| 6.25
25.| Sunhera Baghpat | EW | 289114 | 77.2881 | 2010 |147.86| 42 | 09707841195 1 ua53 6067 | 247 | 2073| 660
26.| Baghpat (RB) | Baghpat | EW |28.9522 | 77.2465 | 2010 |146.34| 39 | 24.38-45.73,48.78-64.02 | 39-46,51-64 |13.85|2954| 6.90
39.6-64, 67-76.21, 57-61, 67-76,
21.| Baraut (RB) Baraut | EW |29.1000 | 77.2667 | 2010 |155.48| 48 91.45-100.6 o099 | 16.1[2954| 6.85
28. | Daula Pilana | EW |77.3310| 77.3310 | 2011 |155.48 | 435 |18.3-24.4,39.63-56.4, 61-74.7| 43-56,61-74 |16.25| 2954 | 6.95
24.39-39.63, 42.68-82.31, |43-48, 60-72,
29. | Baghpat Baghpat | EW |28.9500 | 77.2167 | 2011 |152.43[121.13| 85.26-88.41,91.46-9451, |79-82,85-88, | 19.2 | 2954| 6.85
112.8-115.85 91-94,113-116
- 9.14-3353,36.58-82.31, | 51-75,79-82,
30.| Aasra Chhaprauli| EW |29.2382 | 77.3073 | 2011 |158.53 |96.72 85 36.91 46 85.91 19.3 [ 2954 | 6.65
o 30.48-51.82,54.87-60.92, | 40-47,64-75,
31.| Baranawa Binauli | EW |29.1143 | 77.4375 | 2011 | 125 [115.74 64.02-76.21, 91.46-111.28 92-111 18.3 (2303 | 6.20
32.| Baghpat Baghpat | EW | 28.9365 | 77.2178 | 2011 |103.65|64.73| 21.34-426845.73-59.45 | 35-42,46-58 | 12.5| 795 | 2.90
30.00-32.00, 36.00-56.20, | 39.85-55.29,
33.| Khekra Khekra | EW |28.8814 | 77.2884 | 2005 93 |77.56 60.50-72.25,83.00-85.00 61.34-71.46 20 | 3500
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2.1.6 Aquifer wise Ground Water Levels

Ground water level in respect of Aquifer Group—I(A) is very deep. During pre-monsoon
period (2023) water level ranges from 8.75 to 42.51 m bgl (Average - 23.47 m bgl; WL <20 m in
48%, 20 to 30 m in 24% and > 30 m in 28% of key wells monitored) whereas during post-monsoon
period it ranges from 5.87 to 34.25 m bgl. Long term (10 years — 2014 to 2023) trend of ground
water level in respect of Group-I(A) aquifer shows a continuous decline in all 6 blocks of NAQUIM
2.0 area (Baghpat district) at an alarming rate (such as at Khekra, Khekra block @ 0.75 m/year and
at Pilana, Pilana block @ 0.80 m/year) and this Aquifer Group—I(A) is also being permanently and
irrecoverably de-watered. As per water level trend of period (2004-2013) shows declining trend in
most of the area. In Baghpat district Pilana Pizometer shows pre-monsoon decline of 1.4 m/year

whereas inpost monsoon period is 0.57 m/year.

Table - 2.10 : Pre-monsoon Ground Water Level Monitoring Data (CGWB : 2023)

" Block Total | Type of Structure Aquifer Depth to Water Level (DTWL)
Moni- Group (Pre-Monsoon - 2023)
toring
|Station | |
DW  PZ HPTW DTW Gr.| Gr. Il Min Max Average No. of No. of No. of
station station station
showing showing showing
WL<20m WL 20-30 WL>30m
(%) m (%) (%)
Chhaprauli 6 0 6 0 0 6 0 /10.73| 22.02 | 15.29 5(83%) 1(17%) 0
|Baraut 9 0 9 0 0 9 0 |10.59| 28.37 | 19.21 6(67 %) 3(33%) (0]
i 4 1 4 4 4 $ 4 4 't 4 4
|Baghpat 23 1|22 o 0 | 23 | 0 | 8.75|41.51| 1855 |16(70%) | 4(17%) @ 3(13%)
iBinauli 6 0 6 o] 0 6 1 9.02 | 34.64 | 28.38 1(17%) | 3(50%) 2 (33 %)
jPiIana 28 1|27 (o] 0 28 1 9.71 | 42.51| 30.15 6(21%) | 5(18%) | 17 (61 %)
|Khekra 6 (¢] 6 o] 0 6 0 12.1 | 27.7 20.75 | 3(50% ) | 3(50%) 0
l TOTAL l 78 ’ 2 76 0 0o | 78 2 | 8.75 42.51 23.47 37 (48 %) 19(24 %) 22 (28 %)

Ground water abstraction structures tapping Aquifer Group—I(B) are very rare in NAQUIM
2.0 area. Only two tube wells tapping this aquifer were found and monitored at Pilana, block—Pilana
(27.53 m bgl) and Tikri, block—Chhaprauli (33.24 m bgl) during pre-monsoon period. However, no
structure has been located/identified in this NAQUIM 2.0 area as tapping Aquifer Group-II, 111 or
IV except the tube wells constructed by CGWB under exploration and NAQUIM activities and thus
could not be monitored for appropriately knowing the magnitude and fluctuation of water levels
(piezometric surfaces) i.e. water level behaviour related to the deeper aquifers. The pre- monsoon
and post-monsoon water level data were recorded in the year 2023 from the NHNS wells (Pz), key
wells established for NAQUIM 2.0 and UPGWD Wells (Pz) to study the water level behaviour.
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Depth to Water Level in Pre-Monsoon 2023 {Aquifer Group—-I1(A)}

During pre-monsoon period in 2023, the depth to water level ranged from 8.75 to 42.51 m
bgl. The eastern half of the NAQUIM 2.0 area i.e. major parts of Khekra, Pilana and Binauli blocks,
exhibited a deeper water level ranging from 20 to 42 m bgl. Conversely, the western part i.e. major
parts of Baghpat, Baraut and Chhaprauli blocks showed a shallower water level ranging from 8 to
20 m bgl. Two patches elongated in N-S direction, one in central part and another near eastern
fringe part of the NAQUIM 2.0 area, showed a moderately deeper water level ranging from 20 to25
m bgl, whereas in two isolated and localised patches falling separately in Khekra and Pilana blocks

on the eastern border of the area a shallow water level ranging from 10 to 20 m bgl was recorded.
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Fig. - 2.7 : Depth to Water Level Map of Pre-Monsoon & Post-Monsoon Period (2023)
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Depth to Water Level in Post-Monsoon 2023 {Aquifer Group—I(A)}

During post-monsoon period in 2023, depth to water level ranged from 5.87 to 34.25 m bgl.
Eastern half of the NAQUIM 2.0 area i.e. major parts of Khekra, Pilana and Binauli blocks had a
deeper water level ranging from 20 to 35 m bgl, whereas the western and north-western parts i.e.
vast areas of Baghpat, Baraut and Chhaprauli blocks and relatively smaller areas falling in Pilana
blocks near eastern fringe and also in western and eastern ends of Khekra block showed a shallower
water level majorly ranging from 10 to 20 m bgl.
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Seasonal Water Level Fluctuation (Pre-Monsoon to Post-Monsoon 2023){Aquifer Gr.—I1(A)}
Water level rises during rainy season and stabilizes after monsoon season and generally

becomes deepest during pre-monsoon season. In most of the water level monitoring wells, water

level has risen in post-monsoon season with respect to pre-monsoon but at some places it has

significantly gone down even up to around 4 m below the pre-monsoon water level in some areas

of Chhaprauli, Baraut and Baghpat blocks. This lowering of water level during post-monsoon period

is due to heavier withdrawal of ground water specifically for irrigation of the chief crop sugarcane.
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However, in major part of the NAQUIM 2.0 area lying in the north and north-west, and falling
in Chhaprauli, Baraut, Baghpat, Khekra and Binauli blocks, the water level has risen with a
magnitude from 0 to 2 m, whereas in western half of Khekra block, almost whole area of Pilana
block and southern part of Binauli block the seasonal fluctuation is measured in the tune of 2 to 10
m. A seasonal water level fluctuation map of NAQUIM 2.0 area in Baghpat district depicting annual

fluctuation between pre-monsoon and post-monsoon water levels has been presented in Fig. - 2.8.

2.1.7 Aquifer Characteristics

From the old exploratory drilling data of CGWB and drilling data of UP Jal Nigam (JJM and
other schemes), four major aquifer groups could be delineated within 473mbgl and named as
Aquifer Group-I, II, Il and IV. Aquifer Group-I may be further subdivided in to Aquifer Group—
I(A) and aquifer Group—I(B). Only the Aquifer Group—I(A) is under un-confined at the top and
becomes semi- confined condition with the increase of depth of occurrence. All the other three
groups of aquifers are fully confined. All the aquifer groups are being recharged in north-western
and northern foothill areas of the mighty Himalaya. The Bhabar zone plays a vital role in recharging
the deeper aquifers of this area. All the groups of aquifers are fairly potential, although the Aquifer
Group-I, specially I(A) is the most potential in terms of ground water yield owing to its
considerable thickness, homogeneity and larger grain size of the aquifer materials. Tube wells in
Aquifer Group-1(A) are mostly private ones and are used for individual drinking water purpose and
indiscriminately for irrigation of crops specially sugarcane. However, govt. tube wells of shallow
and intermediate depths tapping either or both Aquifers—I(A) and 1(B) are also available for drinking
water (spot source -Indian Mark-11 and community supply- large diameter Deep TW) and irrigation
purpose, which are generally constructed within 150 m. The drinking water tube wells for
community supply under Jal Jeevan Mission (JJM) are being constructed by UP Jal Nigam in both
urban and rural areas through tapping mostly the aquifers of Group 1(B) and sometimes tapping both
the Group-1(A) & (B) depending upon the potential of the individual aquifers.

As per the data collected under NAQUIM 2.0, it is observed that the discharge of tube wells
tapping Group-I aquifers does not vary much throughout the NAQUIM area and generally restricted
within 3000 Ipm with an average value of 1500 Ipm for a drawdown of 6 m., whereas the discharges

of the tube wells tapping Group-11& 111 aquifers vary a lot.
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As per the earlier studies, in north-western part of NAQUIM 2.0 area (Koordi, Sherpur and
Gauripur) fresh ground water zone occurs down to 350 mbgl and water is brackish below 350 mbgl
(Aquifer-1V). Though Aquifer Group-1 is fresh, in southern area at Firozpur, ground water is
brackish below 140 mbgl. In middle part at Baraka, brackish zone occurs from 139 to 198 mbgl
(Aquifer Gr.-11), where the other aquifers are fresh. In northern and eastern part (Kakripur,
Tabelagarhi, Sanjarpur Kaidwa and Pilana) water is fresh in all aquifers and sometimes with very
slight brackishness. As per the outcome of current exploratory drilling up to 300 m, both the Aquifer
Gr.-1(A) & 1(B) are fresh water bearing except moderately high Iron (Fe) content in a few cases.

2.1.8 Aquifer Yield and Aquifer Parameters

Corroborating with the data and findings of the previouslarge scale NAQUIM 1.0 work in
whole NCR area, the Transmissivity (T), Storativity (S) and Hydraulic Conductivity (K) values of
the four groups of aquifers in NAQUIM 2.0 area of Baghpat district have been recorded under the
present study. In case of deeper aquifers, a relatively higher hydraulic conductivity (K) values were
obtained at sites Tyodhi (8.18 m/day), DhanuraTikri (8.72 m/day), Rasulpur, Shankarputhi (6.64
m/day) and lowhydraulic conductivity(K) value at Kirthal (0.73 m/day), and Tikri (1.11 m/day).
From ground water exploration through exploratory drilling and construction of tube wells till date

the following yield, drawdown and aquifer parameters data of all the aquifer groups were collected.

Group-1 aquifers exist within a depth span of 0.00 to 166 mbgl over the whole NAQUIM
2.0 area with an average yield potential ranging from 1557 to 3458 Ipm with the average drawdown
ranging from 4.53 to 7.15 m. Hydraulic Conductivity (K) in Aquifer Group-1(A) measured at a
location is 49 m/day, whereas in Aquifer Group-I(B) at another site it is 19.5 m/day. Transmissivity
(T) of Group-I(A) aquifer system varies from 1712 to 2458 m?/day and that of Group-1(B) ranges
from 474 to 1500 m?/day. Storativity(S) of Aquifer—I(B) ranges from 2.438x107°to 2.5x107,
which indicates that Group-1(B) aquifers in this area is confined in nature. Both Group-I(A) and
I(B) aquifers are extensive and prolific in terms of yield, but the yielding capacity of Group-I(A) is

better than that of Group-1(B) aquifers owing to highter hydraulic conductivity and thickness.

The tube wells constructed by tapping Group-11 aquifers occurring from 84 m to 301 mbgl,
have yields ranging from 1987 to 2300 Ipm withdrawdown widely varying from 6.30 to 14.44 m.
Transmissivity (T) ranges from 270 to 837 m?/day with a Hydraulic Conductivity (K) value ranging
from 4.38 to 12.50 m/day and Storativity (S) \ﬁlue varying from 7.75x10* to 1.26x107.



Very less numbers of tube wells are constructed in NAQUIM 2.0 area by tapping Group-III

aquifers due to its high expenditure with depth span 215 to 404 m and availability of sufficient water

in shallower Group I(B) and Il aquifers. Thus, from a meagre available data it is noticed that yield

of the tube wells tapping Group-111 aquifers having a yield range 1360 to 2200 Ipm with a drawdown

from 9.22 to 25.55 m. Transmissivity here varies widely from 345 to 2285 m?/day, hydraulic
conductivity varies from 3.5 to 23m/day & Storativity from 7.70x10 to 5.63x107.

Further lesser numbers of tube wells are available in the NAQUIM 2.0 area which are tapping

deepest Aquifer Group-1V occurring from 316 m to 473 m and beynd, the maximum explored depth

although it is considerably potential in terms of yield, which varies from 2100 to 2200 lpm with an

associated drawdown ranging from 12.52 to 22.62 m. This Group of aquifers has a comparatively

lower Transmissivity (T) value extending from only 301 to 763 m?/day with Hydraulic Conductivity
(K) from 3.0 to 7.60 m/day and the Storativity value ranging 2.1x10* from 5.1x10.

Table - 2.11 : Characteristics, Potential and Parameters of Aquifer Group - I, II, 111 & IV

Site/ Block |Latitude| Longi- |Type| Depth | Zones Tapped | Aqui-| SWL |Disch-| Drawd- | Hydr- |Trans-|Stora-
Village tude | of | (Mof| (mbgltombgl) | fer | (m- | arge |own(m)| aulic | miss- | tivity
Name well /Dcrc']'rll'sr;g Group| bgl) |(Ilpm)/| /PYT/ | Condu- | ivity
Uetion PYT/ | Pump- | ctivity | (m%
P. Test| ing Test | (m/day) | day)
Koordi  |Chhap- [29.24772|77.15558 |[EW &| 473/ | 110-122,141-144 | Gr-1l | 156 | 2300 | 10.73 4.38/ 627 | 1.26x
rauli OW | 214 | 147-159,181-187 17.40 10-3
191-197, 205-208
Badaka |Baraut [29.07106|77.29919|EW &| 454/ | 389-395,6401-407 |Gr.-IV| 12.87 | 2200 | 22.62 |3.3/847| 301 | 2.1x
OW | 448 | 418-421,434-440 10-4
Ferozpur |Khekda |28.83384(77.31035EW &| 406/ | 32-38,42-48,54-58 | Gr.-1 | 21.16 | 2200 6.54 49/60 | 2458 | 1.68 x
OW | 76 60-70 105
Sanjarpur [Binauli |29.02214|77.40583 [EW &| 456/ | 339-348,354-362 |Gr.-1V| 12,08 | 2100 | 1252 7.6/ 763 | 5.1x
Kaidwa OW | 426 | 367-379,414-420 20.70 10-4
Sherpur [Chhap- |29.17208|77.22525\EW &| 462/ | 156-159,162-178 | Gr.-1l | 21.31 | 2000 8.68 12.5/24 | 837 |1.25x
rauli OW 228 207-219 10-4
Tabela- |Binaoli [29.19582|77.46251| EW | 472/ | 290-299,301-310 |Gr.- 11| 2250 | 2200 | 9.22 | 23/42 | 2285
garhi 389 | 322-328,345-357
365-371, 374-383
Daha Binauli |29.19583|77.41944| EW | 456/ 187-196, 215-218 | Gr.-11 | 17.88 | 2210 6.30 350 |1.26x
251 233-245 10-4
Malakpur|Baraut [29.11928|77.22523| EW | 202/ |43-45,74-82,121-126| Gr.-1 31 3220 6.15 19.5 1500 | 2.05x
190 | 158.5-166, 179-185 103
Johari  [Baghpat |29.10833[77.20555| EW | 451/ [39-57, 67-80,157-165 Gr-| | 12.26 | 1987 | 14.44 | 685 | 705 |7.75x
256 | 171-177,237-250 | &I 10-4
Meetli  |Baghpat |28.95972|77.30417| EW | 451/ | 289-300,304-310 |Gr.-1l| 398 | 1360 | 255 35 | 345 |7.70x
375 325-328, 332-335 10-4
345-358, 362-370
Aminagar Pilana 28.98 |77.38333| EW | 130/ 64-76,112-118 Gr.-1 | 14.25 | 1557 484 1712 | 417 x
Sarai 130 121-127 10-4
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2.2 Hydro-Chemical Data Collection and Data Generation

For hydro-chemical data generation water samples have been collected from 6 OCS blocks of
Baghpat district during pre-monsoon as well as post-monsoon hydrogeological studies under the
NAQUIM 2.0 work in 2023-24. The results of theyearly regular chemical monitoring of National
Hydrograph Network Stations by CGWB and the results of chemical analysis of water samples
collected under some special hydrogeological and hydro-chemical studies have also been collected.
Pre-monsoon (2023) ground water samples were collected from the NHNS wells falling in Baghpat
district as well as the pre-monsoon and post-monsoon ground/surface water samples from the key
wells and other sources established for present NAQUIM 2.0 work were collected and had been
analysed in the NABL accredited chemical laboratory of CGWB, NRfor evaluating the physico-
chemical parameters and basicelementsas well as heavy metals content. Considering disposition of
aquifers, the representative ground water samples were collected from Aquifer Gr.-1 & Il. Some

surface water samples were also collected for assessing the pollution status of whole water resource.

Under NAQUIM 2.0 study a total number of 82 nos. of water samples (61 ground water
samples from different hydrogeological units and 21 nos. surface water samples from river, canals
and ponds) during pre-monsoon period (2023) and 128 nos. of water samples (108 nos. ground water
samples from different hydrogeological units and 20 nos. surface water samples from river, canals
and ponds) were collected during post-monsoon from different parts of 6 blocks of Baghpat district
for Basic Chemical analysis and for Heavy Metals analysis after treating with Supra-pure HNO3. A
lot of 82 nos. of samples collected during post-monsoon were from the same stations covered during
pre-monsoon for observing the seasonal variation in water quality, whereas an additional 46 nos. of
water samples were collected during post-monsoon as a part of further dense sampling in areas where

some kind of water pollution was reported from analysis of samples collected during pre- monsoon.

Table - 2.12 : Pre-monsoon (2023) Water Samples collected from NAQUIM 2.0 Area

Block Ground Water Surface Water
HPTW(Aq.Gr.-1)| DTW (Aq.Gr.- 1) | Total River Canal | Pond | Total
Chhaprauli 06 01 07 00 00 03 03
Baraut 09 02 11 00 01 01 02
Baghpat 07 01 08 | 01(Yamuna) 00 03 04
Binauli 11 02 13 | 03 (Hindon) 00 01 04
Pilana 11 01 12 | 02 (Hindon) 00 03 05
Khekra 08 03 11 | 01 (Hindon) 00 02 03
Total 51 10 61 07 01 13 21
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Table - 2.13 : Post-monsoon (2023) Water Samples collected from NAQUIM 2.0 Area

Block Ground Water Surface Water
HPTW (Aq.Gr.-1)|DTW (Ag.Gr.- 11)| Total River Canal | Pond | Total
Chhaprauli 13 01 14 00 00 03 03
Baraut 21 02 23 00 00 01 01
Baghpat 15 00 15 | 01 (Yamuna) 00 03 04
Binauli 16 03 19 03 (Hindon) 00 01 04
Pilana 22 03 20 02 (Hindon) 00 03 05
Khekra 06 06 12 01 (Hindon) 00 02 03
Total 93 15 108 07 00 13 20

2.3 Geophysical Data Collection and Data Generation

Field geophysical studies involving (i) surface geophysical survey or resistivity survey (VES
and Profiling); (ii) borehole geophysical logging were carried out to delineate the subsurface
geological and hydrogeological features and to analyze the hydrogeological setup and issues of
NAQUIM 2.0 area with the following objectives:

1. Integration of existing geophysical data with lithology data of bore hole and preparation of
inferred litho-logs

2. Locating and determining depths, thickness and lateral extent of porous and permeable
formations: identifying of fresh water aquifers, regional geometry and grouping of aquifers.

3. Resolve of aquifer disposition across the basin in NAQUIM area and depth of bed rocks
4. Mapping of potential aquifers in deep buriedpaleo stream channels, if any.

5. Suggesting potential sites for the construction of water wells and demarcation of areas suitable
for artificial recharge and also the areas prone to water logging

6. Estimation of hydrogeological parameters through resistivity surveys.

7. Assessment of quality of water in various aquifers, specially those being used for drinking

The geo-physical study comprising both on-surface and borehole methods focused on complete
sub-surface exploration of lithology and hydrogeology of NAQUIM 2.0 area including six
administrative blocks of Baghpat district, namely Baghpat, Baraut, Chhaprauli, Binauli, Pilana and
Khekra. The surface geophysical methods included Vertical Electrical Sounding (VES) for depth
wise resistivity profiling, Time Domain Electromagnetic Method (TeM) for assessing subsurface
electrical conductivity variations and 2D Electrical Resistivity Imaging (ERI) for creating detailed

resistivity distribution images in respect of different layers of subsurface formations.
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On the other hand, sub-surface geophysical method of bore hole logging was carried out, which
included the utilization of Self-Potential (SP) and Electrical Resistivity measurements, along with
Natural Gamma Radioactivity calculation. The previous geophysical data were related to 43 Vertical
Electrical Soundings, 7.2 line-km of 2D Electrical Resistivity Imaging and 9 borehole geophysical
logging operations. Under the NAQUIM 2.0 work an additional 13 Vertical Electrical Soundings, 93
TEMs (at 18 sites) TeM and 4 borehole geophysical logging operations were carried out in 2023-24.
So, with the help of total 56 (43+13) VES, 7.2 line-km ERI, 13 borehole loggings and 93 TeMs at
18 sites, it was attempted to unravel the geometry, disposition and spatial distribution of prevailing

aquifer systems and to understand the intricate geological and hydrogeological properties of aquifers.

2.3.1 Geophysical Data Generation Plan

Methods were applied at 3 sequential stages, initiated with spot VES measurements at pre-
defined 7 km x 7 km grid points yielding depth-wise, i.e., 1- dimensional information on aquifers.
Efforts were made to conduct VES at the grid points. Similarly, data gap was filled by using TEM
GP technique. For the grid points, where open space was not available, VES was conducted at the

nearest place and near drilled boreholes. It helped standardization and validation of VES results.

It was followed by geophysical logging of the drilled boreholes to precisely identify the aquifer
disposition and also standardize and refine the interpretations of surface measurements. Finally,
resistivity imaging measurements were made in specific areas along profiles connecting the spot
measurements and the boreholes to yield vertical as well as lateral, i.e., 2-dimensional variations in

aquifer continuity. Principal aquifers have been quite successfully delineated by this approach.

2.3.2 Geophysical Methods Applied
2.3.2.1 Surface Geophysical Methods

(a) Vertical Electrical Sounding (VES): This method helps assess the thickness of subsurface
layers and electrical resistivity at different depths.

(b) Transient Electromagnetic Method/Time Domain Electromagnetic Method (TEM):

Used to investigate electrical conductivity variations in subsurface by using a few basic
electromagnetic (EM) principles and gives information of hydrogeological properties. TEM
methods induce electric current flow in the subsurface and after the transmitted signal is shut off, it
measures a voltage signal that is returned from the earth’s materials. The returning signal is

measured as a function of time, and data are inverted to recover a layered earth model of resistivity.
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Transient electromagnetic methods are noninvasive and do not require direct electrical contact
(i.e. galvanic coupling) with the ground. Thus, it is ideal for moving or aerial surveys and for use
with very resistive surface layers. Depths of investigation is tens to hundreds of meters depending

on parameters like geoelectric subsurface properties, transmit/measurement time, wire loop size etc.

(c) 2D Electrical Resistivity Tomography (ERT): creates a detailed image of the subsurface
resistivity distribution, aiding in identification of geological structures and aquifer boundaries. It
helps to map the vertical and lateral variations in lithofacies and thus define continuity of aquifers,
which is not possible by VES as the subsurface is a two-dimensional model where resistivity changes
in vertical as well as horizontal directions along survey line.

2.3.2.2 Sub-Surface Geophysical (Borehole Logging) Methods:

(a) Self-Potential (SP) & Electrical Resistivity: to know electrical properties of materials and
characterization of aquifers.

(b) Natural Gamma Radioactivity (NGR): to identify the composition of subsurface materials.
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General Resistivity Ranges for different lithological layers and water quality

Lithology

Resistivity Range (obtained from log in ohm.m)

Dry | with fresh water saturation | with brackish/ saline water saturation
Sand > 100
Coarse Sand > 60 2-9
Coarse to Medium Sand 30-60
Fine to Medium Sand 20 - 50
Very Fine to Fine Sand 10 -40
Clay, Silt 10- 20

Table - 2.14 : Locations of 13 VES and 93 TEM (at 18 Sites) carried out in 2023-24

VERTICAL ELECTRICAL SOUNDING TEM
Sl. Location/ Block | Latitude | Longi-| AB |Sl. Village Latitude | Longi-
No.|  Village tude | (m) |No. tude
1. | Hariya-Kheda| Pilana |28.961284 |77.46889| 600 | 1. |Pali (Dudba) 28.93978 | 77.25451
Pura Pilana | 28.98976 |77.45993| 600 | 2. |Behind(Police line) | 28.97702 | 77.20545
3. | Kambal Pilana | 29.01002 |77.43745| 500 | 3. |Baleni (Krishna 28.96059 | 77.45602
School)
4. | Barsia Pilana | 28.99977 |77.40959| 600 | 4. |Habibpur (School) | 28.95355 |77.29239
5. | Kedwa Binauli | 29.0298 |77.42651| 600 | 5. |Chaproli 29.20509 | 77.16552
6. | Dolcha Binauli | 28.92926 | 77.7497 | 600 | 6. |Dola 28.96245 | 77.34634
7. | Mukri Pilana | 28.92396 |77.42393| 800 | 7. |Titroda 29.04474 | 77.38252
8. | AFS-Chandi Khekra |28.876016 |77.37355| 600 | 8. |Bagpat (Katha) 28.91069 | 77.24089
9. gﬁgi; Pilana [28.949353| 77.3634 | 400 | 9. |Mandola 28.82124 | 77.27747
10. | Basor Pilana | 28.97793 | 77.3245 | 500 |10.|Bamla 28.79566 | 77.26431
11. | Dojha Baghpat | 29.03579 |77.31647| 400 |11.|Delhi Border 28.79562 | 77.26431
(Yamuna)

12. | Chaaprauli  |Chhaprauli| 29.25372 |77.22416| 600 |12.|Banaura (Hindon) | 29.11351 | 77.43591
13. | Tugana Chhaprauli| 29.26391 |77.18313| 600 |13.|Shahpur BanGanga | 29.16137 |77.41524
14.|Badhol 29.21726 | 77.42621
15.| Mahawar 29.09812 | 77.35259
16.| Mandoli 29.1386 |77.38281
17.|Kuralsi 29.21694 | 77.36553
18.| Kishanpur 29.20226 | 77.30063
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3. DATAINTERPRETATION & INTEGRATION FOR AQUIFER MAPPING

3.1 Hydrogeological Data Interpretation and Integration for Aquifer Mapping
3.1.1 Aquifer Materials and Aquifer Geometry

The alluvium formation comprises sand, gravel, clay, silt, and kankar. Sands vary in grain size
from very fine to coarse, which form the aquifers. Clays are mostly mixed with fine to very fine
sand and silt. In general, the top 60 to 100 m column holds sand and forms the near-surface
unconfined aquifer and then the semi-confined aquifer also. At deeper horizons the occurrence of
sand layer diminishes towards the west, when nearing river Yamuna, whereas towards the east near
river Krishni and Hindon, at places particularly in the northeastern fringe areas of NAQUIM 2.0
area, the sand horizons prevail throughout the drilled depth (473 m). The paleochannels of Yamuna,

Hindon and Krishni (tributary of Hindon), also form the near-surface prolific aquifers.

The models and schematic diagrams of the aquifer groups including individual aquifers are
prepared on the basis of analysis carried out and inferences drawn on technical data
(hydrogeological and geophysical) collected from earlier reports and the data generated during the
present field work, which have been presented below for better visual understanding of the aquifers’
thickness, extent and relative disposition. The isopach (aquifer thickness) maps of Aquifer Groups-
I(A), 1(B) and Il are presented in Fig.-3.1 &3.2.

To obtain a three-dimensional generalized view of the aquifer dispositions, 3-D Stratigraphic
Model and fence diagrams have been prepared on the basis of integrated litholog and geophysical
log (Electrical Log and Gamma Log) and presented in Fig.-3.3. The 3-D multi-logs depicting
stratigraphical variation at individual locations has been prepared and furnished in Fig.-3.4.
Principal aquifers in the NAQUIM 2.0 area are prolific due tohaving a fairly thick sands of various
grades, which have been delineated by grouping the fine to medium sand, coarse sand and gravelly
sand. Lithostratigraphic fence diagram prepared joining different wells shows four groups of
aquifers along with three distinct clay horizons. There is a variation in thickness of aquifer groups
but in regional scale they are making different groups on the basis of aquifer characteristics and
grade of sand and clay. Fence and panels diagrams reveal the presence of a thick pile of alluvial
sediments with alternation of various grades of sand with clay and silt. Due to unavailability of
requisite data in respect of lithology and stratigraphy of Aquifer Group-I1l and IVfor the area,

aquifer geometry, disposition and characteristics of those aquifers could not be resolved.
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The NNW-SSE trending linear moderately thick sand zone parallel tothe course of river
Hindon in Binauli block is indicative of a mythological palaeo-channel named Ban-Ganga.There
was an exploratory drilling site at the village Sharpur BanGanga under the NAQUIM 2.0 work in
2023-24. For far deeper zones the cumulative thickness of the aquifers increases towards north
eastern part of NAQUIM area near river Hindon. There is variation in thickness of aquifer groups
but in regional scale they are indifferent groups on the basis of aquifer characteristics and grade of
sand and clay. Isopach maps of individual Aquifers - I(A) & 1(B) have been prepared to know the
actual aquifer group thickness for the entire area.

3.1.2 Results of Hydrogeological Data Interpretation

(i) The general and regional ground water flow is from NW to SE and W-NW to E-SE. However,
due to variation of development magnitude in a local scale, the localised flow direction has been
modified by the formation of some ground water troughs.

(ii) In corroboration with the findings of NAQUIM — 1.0 study, in NAQUIM 2.0 study also 4 groups
of aquifers have been identified from hydrogeological, geophysical and chemical characteristics
of aquifer materials, quality of ground water and the depositional environment as wellin Baghpat
district within the maximum explored depth of 473 m— Aquifer Group-I : from 0.0 down to 59
m (min.) and to 166 m bgl (max.); Aquifer Group- Il : starts from 84 m (min.), extends up to
301 m bgl (max.); Aquifer Group-Ill : starts from 215 m (min.), extends up to 404 m bgl (max.)
and Aquifer Group—1V : starts from 316 m (min), extends up to 473 m bgl (maximum explored
depth). Aquifer Group-I is again divided into two parts- 1(A) (unconfined to semi-confined;
occur from 0.00 to 80 m bgl max.) and I(B) (confined; occur from 55 m bgl min. to 166 m max.).

Aquifers are separated by prominent and regionally extensive thick claybeds (> 10 m).

(iii) For drinking water Aquifer-1(A) is used through government/private hand pumps, while Group-
I(B) aquifer is used by construction of heavy-duty deep tube wells for community water supply
by the State Govt. Agency. Group-1(A) aquifer is extremely stressed and being constantly
depleted due to heavy indiscriminate use for cultivation of sugarcane (over 80% of cropped area)

and other high water requiring crops like paddy.

(iv) Ground Water Abstraction structures tapping Aquifer Group-Il are very rare in NAQUIM 2.0
area. Only two tube wells tapping this aquifer were found and monitored at Pilana, block—Pilana
(27.53 m bgl) and Tikri, block—Chhaprauli (33.24 m bgl) during pre-monsoon period.
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Fig. - 3.4 : 3D Multi-Log (Strip Log) showing Stratigraphical Disposition of Aquifer Groups

(v) Ground water level of Aquifer Group—I(A) is very deep. During pre-monsoon period water
level ranges from 8.75 to 42.51 mbgl (Average-23.47 mbgl; WL <20 m in 48%, 20 to 30 m
in 24% and > 30 m in 28% Wells) whereas during post-monsoon period it ranges from 5.87
to 34.25 m bgl. Long term (10 years:2014-23) trend of ground water level in respect of Group-
I(A) aquifer shows a continuous decline in all 6 blocks of Baghpat district at an alarming rate
(at Khekra, Khekra block @ 0.75 m/yr and at Pilana, Pilana block @0.80 m/yr) and the aquifer

is also being permanently de-watered.

(vi) The Dyanmic Resource (Annual Extractable GW Resource as on March 2023) of Aquifer Gr.-
I(A) is 335.5058 MCM, whereas the Static Resource of this Aquifer is 294.13 MCM.

(vii) The shallow aquifers adjacent to the river Yamuna and Hindon are very thick and prolific due

to existence of course granular materials.

(viii) Colossal and indiscriminate withdrawal of ground water from shallow unconfined aquifers for
crop irrigation and continuous declining of water level along with permanent de-watering of
this aquifer may have triggered the release of uranium by enhancement of its solubility and
enrichment in the ground water at shallow depths under the induced oxidising condition
occurring within the alluvium formation. Presence of bicarbonates chemicals in higher

concentration further enhance the solubility and enrichment of uranium in ground water.
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(ix)

()

(xi)

(xii)

The northern, north-western and western fringe areas of Baghpat district may be considered
as natural recharge area and especially the area along river Yamuna forming western
boundary is locally a very good recharge zone where water table in Aquifer—I(A) ranges from
12 to 15 m bgl, whereas the rest part may be treated as natural discharge area.

Yamuna River, flowing along the western boundary of NAQUIM 2.0 area, shows its influent
nature in the south for the major portion of its length. Therefore, it is feasible to construct a
series of shallow tube wells on the left bank of Yamuna along its course in order to facilitate
the induced recharge and balancing of ground water storage with the extraction from the

shallowest unconfined Group-1(A) aquifer.

Hindon, a highly polluted river due to discharge of huge industrial wastes, is flowing along
the eastern boundary of the NAQUIM 2.0 area and in general it is showing its effluent nature
for major portion of its length in the north.

The Aquifer Group-I(A) shows no uniform regional ground water flow direction over the
whole NAQUIM 2.0 area, rather the flow path is seen to be influenced by local ground water
withdrawal and a large ground water trough area has been detected in the eastern half of the
mapping area during both pre and post-monsoon period. However, in general the flow lines

are directed towards east and south-east.

(xiii) A large ground water trough area covering major parts of Pilana and Khekra blocks and

southern part of Binauli block has been created due to excessive withdrawal of ground water
locally for irrigation, due to which the adjacent portion of Hindon River course situated in the
south section of eastern boundary of NAQUIM area has become influent. Consequently, this
elongated stretch has become vulnerable in terms of pollution of ground water in shallow
aquifers as the river may contribute contaminated water to the neighboring shallowest
aquifers, which are sometimes extending even up to the ground surface. So, construction of
any kind of tube well for induced recharge or further construction of shallow irrigation tube
wells in huge numbers on the right bank of Hindon, especially in the southern section, should
be prohibited as the induced recharge by tube wells may pollute the ground water presently
available in existing drinking water tube wells and other shallow tube wells, which is

occasionally being reported by the villagers.
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(xiv) The whole NAQUIM 2.0 area of Baghpat district especially along a large expanse trending
NNE to SSW falling in Binauli, Pilana and Khekra blocks is extremely feasible for artificial
recharge in the Aquifer-1(A) as the respective ground water level in this locality invariably
remains above 20 m bgl throughout the year.

(xv) Foraquifer wise management of ground water in NAQUIM 2.0 area of Baghpat district the
following plan may be suitable: the total requirement of irrigation water should not be fulfilled
solely from Aquifer Gr-1(A) as being done currently, only 60 % of irrigation demand should
be fulfilled from Group—I(A) and the rest 40 % from Group—I(B) aquifer. All large diameter
and deep heavy duty govt. tube wells for irrigation as well as for community drinking water
supply should be constructed preferably by tapping the Aquifer Group—I(B) and if funds

allow, then by tapping Group—II aquifers also.

(xvi) Ground water withdrawal from highly stressed Gr—I(A) aquifers should also be lessened by

demand side interventions such as:

(A) changing of cropping pattern by reducing the cultivation of sugarcane and growing low
CWR crops like wheat, paddy, mustard, pulses on crop land released by curtailing sugarcane
(B) practicing micro-irrigation like sprinkler and drip irrigation techniques in large scale and
also by supply side interventions for enhancement of water storage on ground surface through
conservation structures and below the ground surface through artificial recharge structures or

through storage cum recharge structures like:

(a) construction of farm ponds in large numbers with recharge shaft wherever feasible

(b) desilting/ re-excavation/ deepening and protection of existing ponds

(¢) construction of new Check Dam, ‘Nala Bund’, ‘Merh Bundi’, desilting of old Check Dam
(d) construction of recharge shaft/tube wells or induced recharge tube wells

(e) recharge shaft/tube wells attached with Roof Top Rain Water Harvesting (RTRWH)
Structures on all large Govt. Buildings or Houses with roof area more than100 m?.
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3.2 Hydro-Chemical Data Interpretation and Integration for Aquifer Mapping

Quality of ground water is controlled by geogenic factors as well as anthropogenic activities,
for example over-exploitation of groundwater and excessive use of fertilizers and pesticides in
agriculture and improper disposal of urban/industrial waste can cause contamination of groundwater
resources. It is also influenced by the contribution from the atmosphere and surface water bodies.
Groundwater contains a wide variety of dissolved inorganic chemical constituents in various
concentrations, resulting from chemical and bio-chemical interactions between water, soil and sub-
surface geological materials through which it passes. Inorganic pollutants like salinity, chloride,

fluoride, nitrate, iron, arsenic and uranium are important to check the suitability for drinking.

Ground water quality of NAQUIM area is influenced by local geology, contamination by
industrial effluent and heavy withdrawal of ground water for irrigation. In major area, it is
commonly withdrawn from Aquifer-1(A) through handpumps and shallow TWs. Heavy metals
normally occurring in nature, not harmful to environment as they are present only in very small
amounts, it becomes harmful to human when its concentrationin drinking water is more than

permissible limit (BIS:2012) and is consumed for long time.

Parameters/constituents like pH, EC, TDS, TH, COs, HCOs, Cl, NOs, SO4, F, Ca, Mg, Na, K, PO,
and SiO, were evaluated by Basic analysis with the help of the instruments such as pH meter, EC
meter, flame photometer, UV/Visible Spectrophotometer and titrimetric methods. For
evaluatingHeavy Metals like Iron (Fe), Manganese (Mn), Chromium (Cr), Lead (Pb), Copper (Cu),
Zinc (Zn), Arsenic (As) and Uranium (U), Inductively Coupled Plasma-Mass Spectrometry (ICP-
MS: ThermoiCAP-Q) was used at NABL Chemical Lab of CGWB, NR.

Table - 3.1 : Methods used for Chemical Analysis of Water Samples

Constituent Method Used Constituent Method Used

pH pH Meter Phosphate - do -

EC EC Meter Silica - do -

Carbonate | Titrimetric method Total Hardness Titrimetric method
Bi-carbonate | - do - Calcium - do -

Chloride Mohr’s method Magnesium Evaluation from TH and Ca
Fluoride Spectrophotometric method | Sodium Flame emission photometric
Nitrate -do - Potassium -do -

Sulphate -do- Fe, Cr, Mn, Pb, As, U, Cu, Zn | ICP-MS
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Table - 3.2 : Results of Chemical Analysis for Heavy Metals (Pre/Post-Monsoon:2023)

Pre-Monsoon Post-Monsoon Maximum
Parameters/| Mini- | Maxi- | Ave- | SI. | Parameters/ | Mini-| Maxi- | Ave- | Desirable| Permissible
.| Constituent | mum | mum | rage |No.| Constituent | mum| mum | rage (BIS : 2012)
Cu(mg/lty | 00 | 00 | 00 |1 |Cu(mglt) | 00 | 0049 | 00 | 005 15
Cr (mg/lt) |0.002| 0.005 |0.003 Cr (mg/lt) 0.0 | 0.003 | 0.0 0.05 No Relaxation
Mn (mg/lt) | 0.034| 0.897 |0.143] 3. |Mn (mg/lt) | 00 | 0.498 | 00 01 03
Zn (mg/lty [ 0.069| 3.904 [1.036] 4. [zn (mg/lty | 00 | 3.746 | 0562 | 5 15

Fe (mg/lty |0.013 | 10.125 |1.150
Pb (mg/lt) |0.001| 0.032 |0.003
As (mg/lt) | 0.001 | 0.0108 |0.008
U (mg/lt) |0.003| 0.057 [0.019

Fe (mg/lt) 0.0 | 6.803 | 0.364 0.3 No Relaxation
Pb (mg/lt) 0.0 | 0.003 | 0.0 0.01 No Relaxation
As (mg/lt) 0.0 | 0.032 | 0.001 0.01 0.05

U (mg/It) 0.0 | 0.080 | 0.017 0.03 No Relaxation

o Nlo|o| M w|nEREe
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Table - 3.3 : Results of Chemical Analysis for Basic Elements & Physico-Chemical Parameters
(Pre/Post-Monsoon:2023)

Pre-Monsoon Post-Monsoon Maximum
SI. [ Parameters/ [Mini-|Maxi-| Ave- | SI. | Parameters/ |Mini-[Maxi-|Ave- | Desirable Permissible
No. | Constituents | mum | mum | rage | No. | Constituents | mum | mum | rage (BIS : 2012)
1 |pH 695|827 783]| 1. | pH 6.75 | 8.27 |7.80| 6.5-85 No relaxation
2. |EC (uS/cm) | 269 | 2391|1061 | 2. | EC (uS/cm) | 330 | 2300 [1132] 750 3000 (TDS — 2000)
3. |TH 90 | 610 [ 260 | 3. | TH 60 | 770 | 316 200 600
4. | CO3(mg/lt) 0.0 | 00 0 4, | CO3(mg/lt) 00| 00| O
5. |HCO3(mg/lt) | 110 | 1159 | 414 | 5. | HCO3(mg/It)| 146 | 1086 | 497
6. | CI (mg/l) 7 | 425 | 576 | 6. | Cl(mg/l) 7 | 340 | 52| 250 1000
7. [ F (mg/l) 011 ] 35 | 064 | 7. | F (mg/l) 01|50 10| 10 15
8. | NO3(mg/lt) 00| 36 |7.33| 8 | NO3(mg/lt) | 0.0 | 140 | 14 45 No Relaxation
9. | SO4(mg/lt) 6 380 | 66 | 9. | SO4(mg/lt) 0.0 | 400 | 63 200 400
10. | PO4(mg/It) 0.0 17 | 1.28 | 10. | PO4(mg/lt) 0.0 | 18.6 |0.84
11. [ Ca (mg/lY) 16 | 120 | 51 |11.|Ca(mg/ly | 12 | 232 | 62 75 200
12. [ Mg (mg/t) 2 | 110 [3L7 [12.[Mg(mg/ity | 2 | 39 [10.7] 30 100
13. [ Na (mg/lY) 9 | 480 [122.5] 13.| Na (mg/lY) 5 | 360 | 115

14. [K (mg/lt) 24 | 90 |13.45]14.| K (mg/h) 24 | 140 143

3.2.1 Hydro-Chemical Facies of Ground Water

In 1994, Arthur M. Piper, proposed an effective graphic procedure to segregate relevant
analytical data to understand the sources of dissolved constituents in water. Most natural waters
contain cations and anions in chemical equilibrium. It is assumed that the most abundant cations
are two ‘alkaline earths’Calcium (Ca) and Magnesium (Mg) and one ‘Alkali’ sodium (Na). The
most common anions are one ‘weak acid ’Bi- carbonate (HCO3) and two ‘strong acids’ Sulphate
(SO4) and Chloride (CI). To create a graph with the major constituent ions of water, Piper (1994)
suggested drawing two triangles corresponding with the cations and anions respectively and one
diamond that summarize both triangles. According to the location of the sample in that diamond,
the hydro-chemical facies can be identified, which are the diagnostic chemical aspects of water

solutions occurring in hydrologic systems.
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In NAQUIM 2.0 area, the ground water samples of shallow as well as deeper aquifers as shown
in piper diagram, follows the order of Mg-HCO3 type >> Mixed type >> Na-HCOs type of hydro-

chemical characteristics. As per the results it is found that ground water is mostly of mixed type Ca-

Mg-CI-SO4 & Ca-Na-HCOs both in preand post-monsoon time.

US Salinity of Water Samples High Potassium (K) & Phosphate (Po.) in Surface Water
USSL |Pre-Monsoon| Post-Monsoon| - - -
Class Period Period g
C2s1 28.75% 25.55% 7 e
C3s1 48.75% 55.46% ®e
C3S2 18.75% 18.74% o
C3S3 - 0.15% . 6
c4s2 | 1.25% - *MMe . =8 4
C4S3 1.25% - > °

& PP TR S O gy
Cas4 | 1.25% - .
® K e POS
SAR Vs EC Diagram Bagpath District-Pre Monsoon SAR Vs Ec Plot of Bagpath District Post Monsoon
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Fig. - 3.7 : SAR Vs EC Diagram for Ground Water Samples (Pre & Post Monsoon)
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Table - 3.4 : Residual Sodium Carbonate (RSC) Ratio of Ground Water in NAQUIM 2.0 area

Residual Sodium | Water Type for Pre-Monsoon Post-Monsoon
Carbonate (RSC) irrigation No. of % No. of %
Samples Ratio Samples Ratio
> 2.50 Not suitable 33 40% 43 34%
1.25-2.50 Marginally suitable 21 26% 27 21%
<1.25 Good for irrigation 28 34% 58 45%

Table - 3.5 : Sodium Adsorption Ratio of Ground Water in NAQUIM 2.0 area

Sodium Adsorption | WaterType for Pre-Monsoon Post-Monsoon
Ratio (SAR) Irrigation Nos. of % Nos. of %
Samples Ratio Samples Ratio
>10 Not Suitable 1 1% 2 2%
<10 Suitable 81 99% 126 98%

3.2.2 Ground Water Quality Scenario

From chemical analysis results it has been observed that majority of water samples collected
from Indian Mark—I1 drinking water hand pumped tube wells and shallow irrigation tube wells in
the NAQUIM 2.0 area of Baghpat district constructed by tapping Aquifer Group-1(A) within 80 m
depth are suitable for drinking purposes and crop irrigation purpose respectively, as all the chemical
constituents in the ground water are generally found to be under desirable limit or well within the
maximum permissible limit as per the respective standards. However, a few ground water samples
collected from some isolated and randomly scattered places are found to have some elements like

Fluoride, Iron and Uranium slightly beyond the maximum permissible limits as per BIS standards.

Sporadic Uranium (U) contamination (above max. permissible limit 0.03 mg/It) has been

noticed in ground water available from Indian Mark-11 hand pumps (30 to 65 m depth).

Based on the chemical analysis results in respect of basic parameters, it is found that ground
water is mostly of mixed type and Magnesium Bi-Carbonate (Mg-HCO3) type and the water is
slightly alkaline in nature as the pH of ground water of NAQUIM 2.0 area in Baghpat district
ranges in between 6.95 to 8.27 in pre-monsoon and 6.75 to 8.25 in post-monsoon period with an
average value of 7.83 and 7.80 for pre-monsoon and post-monsoon respectively. No significant

seasonal (pre- to post-monsoon) variation in chemical quality of ground water has been noticed.
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Table - 3.6 : Contaminating Chemical Elements in Water Samples (Pre-Monsoon : 2023)

SI. | Block |Location Details| Latitude Longitude Source F NO3 Fe Mn Pb U Remarks
No. mg/l | mg/l | mg/l | mg/l mg/|

1. | Pilana Dhaula  |29.956395 77.339374| HPTW (M-II) 2.135 NAQUIM 2.0
2. | Pilana | Pura Mahadeb | 28.998075 | 77.750272| HPTW (M-II) 0.050 | Premonsoon
3. | Pilana | Pura Mahadeb  20.001042 | 77.460856| Hindon River 0.542 Sy
4. | Pilana | Shobhapur |28.989942 77.363176 | HPTW (M-I) 0.207 0.035

5. | Pilana Shobhapur 128.989942  77.363176| SW (Pond) |1.60

6. | Pilana | Sughawali Ahir |28.957022 |77.402726 | HPTW (M-I) 2.080 | 0.104

7. | Pilana Baleni | 28.958782 77.471114 | Hindon River 0.032

8. | Pilana Baleni  |28.958782 77.471114| HPTW (M-II) 0.470

9. | Binauli | Tabelgarhi |29.196984 77.459370| HPTW (M-II) 0.044

10. | Binauli Tikri 29.229819 77.361980| HPTW (M-II) 3.242

11.| Binauli | Barnawa Bridge 29.114344 |77.439828 | Hindon River 0.897

12. | Binauli Nirpura }29.232846 77.393232| SW(Pond) 0.085

13.| Binauli | Khaprana | 29.190616 77.470663 | HPTW (M-lI) 1.051

14.| Binauli | Mangroli  129.190616 | 77.470663 | HPTW (M-lI) 7.857 | 0.062

15.| Binauli | Edrishpur | 29.17277577.357218| HPTW (M-II) 5.519 | 0.105

16. | Binauli | Bamnauli |29.145132 77.355066 | Hindon River 0.110

17.| Binauli | Barawad  29.068521 77.322560| HPTW (M-Il) 0.052

18. | Khekra lalyana | 28.861182|77.409807 | Hindon River 0.314

19. | Khekra Fakharpur |28.843364|77.297498| HPTW (M-I) 2.195

SI. | Block Location Details | Latitude | Longitude | Source F | NO: | Fe Mn Pb U Remarks
No. mg/l | mg/l | mg/l | mg/! mg/|

20. |Khekra  [Bhagout 28.80559477.359877| TW 0.125 NAQUIM 2.0
21, |Khekra  |Bhagout 28.805523 | 77.360073 HPTW (M-1) 0.063 Premonsoon
22. [Khekra  |Firojpur 28.840933|77.307320 SW(Pond) 0.137 e
23. [Khekra  |Badagaon 28.869482|77.321890% TW 0.011

24. (Chhaprauli |Asara 29.24877 | 77.30312 HPTW (M-II) 5.753

25. (Chhaprauli [Soop 29.20138 | 77.26443 |HPTW (M-I1) 0.052

26. (Chhaprauli {Chhaprauli 29.206700|77.168520 SW(Pond) 0.060

27. (Chhaprauli [Boddha 29.280058 | 77.164057  SW(Pond) 0.203

28. Baraut Shadatpur Janmana |29.091470 |77.217450 | SW (Pond) 0.037

29. ]Baraut Kotana 29.10270 | 77.16688 [HPTW (M-II) 0.060 0.038

30. ]Baraut Luhari 29.08064 | 77.19142 |HPTW (M-1l) 10.125

3L ]Baraut Malakpur 29.105897 | 77.252327 HPTW (M-11) 3.369

32, ]Baraut Luhari 29.08064 | 77.19142 ™w 0.063

33. ]Baraut Biharipur 29.037327|77.206627 HPTW (M-Il) 1.8 0.043

34. [Baghpat  [PawlaBegmabad | 28.93084 | 77.29461 HPTW (M-I 0.065 0.041

35. Baghpat  [Tatri 28.950169 | 77.266586 HPTW (M-1) 1.513
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Table - 3.7 : Contaminating Chemical Elements in Water Samples (Post-Monsoon : 2023)

Sl Block Location Details Latitude Longitude Source Fe As u Remarks
No. mg/l | mg/l | mg/l
1 [Chhaprauli |Asara 29.24877 | 77.30312 | HPIM-lIl |6.803 NAQUIM 2.0
2 |Chhaprauli  [Soop 29.20138 | 77.26443 | HP IM-I 0.046 Pm;'::;“ym“
3 |Chhaprauli |Soop 29.19456 | 77.26134 | HPIM-II 0.031
4 |Baraut Kotana 29.09374 | 77.15918 | HPIM-Il |4.434
5 [Baraut Luhari 29.08064 | 77.19142 | HPIM-Il |4.211
6 |Baghpat Pawla Begmabad | 28.93084 | 77.29461 | HP IM-II 0.030
7 |Baghpat Pawla Begmabad | 28.93824 | 77.28749 | HP IM-II 0.036
8 |Baghpat Kheriki 29.03881 | 77.23745 STW 0.037
9 [Binauli Tikri 29.22982 | 77.36198 | HPIM-l | 1.763
10 |Binauli Tabelgarhi 29.19698 | 77.45937 | HP IM-II 0.036
11 [Pilana Daula 2895639 | 77.33937 | HPIM-Il |1.734
12 |Pilana Doula 28.95242 | 77.33185 | HPIM-II 0.033
13 |Pilana Pura Mahadev 28.99220 | 77.45515 | HPIM-Il |2.743
14 |Pilana Khindora 29.00596 | 77.36891 | HPIM-Il |3.843
15 |Khekra Nagla Badi 28.82171 | 77.32272 | TW/BW |6.301
16 |Khekra Firojpur 28.84093 | 77.30732 SW 0.021
17 |Pilana Sidhauli 2895702 | 77.40273 | HPIM-l |1.725
18 |Pilana Shobhapur 28.98966 | 77.36373 BW 0.037
19 |Pilana Shobhapur 28.98966 | 77.36373 | HPIM-II 0.034
20 |Pilana Baleni 28.95878 | 77.47111 |HP (Shallow) 0.032
Sl Block Location Details Latitude Longitude Source Fe As U Remarks
No.
mg/l | mg/l | mg/l
21 |Pilana Gouspur 28.98008 | 77.34446 | HP IM-II 0.031 | NAQUIM2.0
22 (Chhaprauli (Chandan Hedi 29.16914 | 77.19548 | HP IM-Il 0.061 "°5';'t“‘:’"5°°“
23 |Chhaprauli |Bachhor 2916926 | 77.17793 | HP IM-I 0.038 o
24 |Baraut Baoli 29.14196 | 77.27001 | HPIM-Il | 1.626
25 |Binauli Mangroli 29.19062 | 77.47066 | HPIM-lI |3.972
26 |Binauli Edrishpur School 29.17278 | 7735722 | HPIM-Il |1.108
27 |Binauli Barawad 29.07245 | 77.32426 SBTW 0.039
28 |Binauli Barawad 29.06852 | 77.32256 | HP IM-Il 0.033
29 |Binauli Nirpura 29.23330 | 77.39426 | HP IM-II 0.041
30 |Binauli Bari Nagla 29.06469 | 77.33110 | HP IM-Il 0.045
31 [Baraut Biharipur 29.04406 | 77.20853 | HPIM-Il | 1914
32 [Baraut Faizpur Ninana 29.02890 | 77.20442 | HP IM-Il 0.080
33 |Baraut Barwala 29.15977 | 77.25249 | HP IM-II 0.051
34 [Baraut Shadatpur Jounmana | 29.09147 | 77.21745 SW 0.045
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Fig. - 3.8 : Contour Map of EC in Ground Water and Surface Water (Pre & Post-Monsoon)
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Fig. - 3.10 : Iron Content in Ground Water and Surface Water (Pre and Post-Monsoon)

3.2.3 Results of Chemical Analysis of Water Samples collected under NAQUIM 2.0
(i) Results of BASIC Parameter Analysis

Electrical Conductivity (EC in uS/cm):

EC ranges in between 269 to 2391 and 330 to 2300 puS/cm at 25°C for pre-monsoon and post-

monsoon period respectively. 85% samples having EC values between 269 to 1500 uS/cm and 15%
samples EC value falls between 1569 to 2391.

Carbonate and Bicarbonate (COsz and HCO3):

Carbonate concentration has been observed to be nil in all samples and Bicarbonate

concentration has been observed in the range of 110 to 1159 mg/It and 146 to 1086 mg/It during
pre-monsoon and post-monsoon period respectively.

Chloride (CI):

Chloride concentration varies from 7 to 425 mg/It and 7 to 340 mg/It during pre-monsoon and
post- monsoon period respectively.
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Nitrate (NOs):
Nitrate concentration ranges from 0 to 36 mg/ltduring pre-monsoon period and from 0 to
140mg/It during post-monsoon period. Out of 128 post-monsoon samples only in 6 nos. samples

nitrate content was above maximum permissible limit (45 mg/It).

Fluoride (F):

Most of the fluorides are sparingly soluble and are present in groundwater in small amounts.
The type of rocks, climatic conditions, nature of hydro geological strata and time of contact between
rock and the circulating groundwater affect the occurrence of fluoride in natural water. The presence
of other ions particularly bicarbonate and calcium ions also affect the concentration of fluoride in
groundwater. Out of total 82 samples collected during pre- monsoon, only in 4 samples fluoride
content found to be more than maximum permissible limit and the concentration of fluoride varied
from 0.11 to 3.5 mg/It. Out of 128 samples collected during post-monsoon period 13 samples had
fluoride concentration beyond the maximum permissible limit as per BIS 2012 standard and it
ranged from 0.1 to 5.0 mg/It and.

(ii) Results of Heavy Metals Analysis
Copper (Cu) :

As per BIS 10500:2012 drinking water standard, the acceptable (desirable) limit of copper
concentrations in water is 0.05 mg/It and the maximum permissible limit is 1.5 mg/It in case of
unavailability of alternative source. Copper concentration is well under acceptable limit in 100%
samples from the NAQUIM 2.0 area.

Zinc (Zn):

Zinc is essential and beneficial element in human metabolism. Acceptable and permissible
limit for zinc is 5mg/It and 15 mg/It and it produces astringent taste to water, when concentration
goes above 5mg/It. The concentration of zinc in water of this NAQUIM 2.0 area ranges from 0.069

to 3.904 and 0 to 3.746 mg/ltduring pre and post monsoon respectively.

Iron (Fe):

The permissible limit of Iron in ground water is 0.3mg/It as per the BIS Standard for drinking
water. In the ground water sample collected from NAQUIM 2.0 area Iron concentration ranges from
0.013 to 10.125 in pre-monsoon and 0 to 6.803 mg/It in post monsoon time. It is observed that after

monsoon there happened a bit dilution in terms of Iron content.
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Lead (Pb):

Lead concentration ranges from 0.001 to 0.32 mg/It in pre-monsoon water samples and from
0.0 to 0.003 mg/It in post-monsoon samples. Most of the samples collected during both the season
show Lead content under the acceptable limit (0.01 mg/It) except a very few ones.

Chromium (Cr):

Concentration of Chromium (Cr) ranges between 0.002 to 0.004 mg/It and 0 to 0.003 mg/It
during pre-monsoon and post-monsoon respectively. In NAQUIM area 100% water samples have a
chromium concentration within the acceptable (desirable) limit i.e. 0.05 mg/It.

Arsenic (As):

Arsenic has been recognized as a toxic element and hazaradous for human health if water with
concentration above permissible limit is consumed for a considerably long time. As per BIS
10500:2012 drinking water standard, desirable limit is 0.01 mg/It and the maximum permissible
limit is 0.05 mg/It. Range of Arsenic concentration in pre-monsoon water samples is from 0.001 to
0.0108 mg/It, whereas concentration in post-monsoon samples is 0.00 to 0.032 mg/It. However, all

the samples showed Arsenic highly with in desirable limit.

T T T
L L

DISTRIBUTION OF ARSENIC DISTRIBUTION OF ARSENIC
BAGHPAT DISTRICT BAGHPAT DISTRICT
Shamll  [Pre-Monsoon, 2023) % Shaml  [Post-Mensoon, 2023)

L ]
:
\47‘5
L ]
. -
L]
:
&
+
25
205

HARYANA
HARYANA

F )
1

LEGEND
(———  Dishitl Bourdary

Black Boaneary
w hintiiel Hiadauarter

LEGEND
—— Diswict Boundary
Elock Boundary
Y Diswict Hepoguarier
- Block readquanel(

L River

Elock Headquarer,
~<.  River
Distribution of Arsenic imal)
Ground Water  Surface Water

Distribution of Arsenic ima/l)
Grownd Water  Surface Waler
e <0DM 4 <0001

@ 0001-001 4 0.001-001

»
: =
® :om A =00 thﬂ:{\kxﬁ_
) . gy
.

& <0001 A <6001
® 0001-000 A 001001
® -om

Fig. - 3.11 : Arsenic Content in Ground Water and Surface Water (Pre and Post-Monsoon)
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Uranium (U):

Uranium (U) occurs naturally in ground water as well as surface water. Being a radioactive
mineral, high uranium concentration can cause impact on water, soil and human health. It has both
natural and anthropogenic sources, which includes leaching from natural sedimentary deposits,
release in mill tailings and emissions from the nuclear industry, combustion of coal and other fuels
and the excessive use of phosphate fertilizers. Uranium concentration in the shallow ground water
varies primarily due to recharge and discharge procedure of ground water, which would have
dissolved or leached the uranium element from the in situ weathered soil to the ground water zone.
Studies have shown that phosphate fertilizer possesses uranium concentration ranging from 1 mg/kg
to 68.5 mg/kg (Brindha K et al., 2011). Hence, the phosphate fertilizers manufactured from

phosphate rocks may also contribute uranium to ground water in cultivated areas.

Water with uranium above the recommended maximum permissible concentration of 0.03
mg/Iti.e. 30 ppb (BIS 10500:2012) is not safe for drinking purpose as it can cause damage to internal
organs by cancer of urinary tract and by toxicity in kidney on continuous intake for long. A
recent study discovered a strong correlation between uranium concentration in drinking water
and uranium presence in bones, suggesting that bones are good indicators of uranium exposure
via ingestion of drinking water. In NAQUIM 2.0 area, uranium content ranges from 0.003 to 0.057

mg/It and 0.00 to 0.08mg/It in water samples collected during pre and post monsoon respectively.

Out of 82 pre-monsoon samples, in 4 samples at 4 different places, Fluoride content was above
permissible limit with range from 0.11 to 3.5 mg/It (avg. 0.64 mg/lt), whereas in 128 post-monsoon
samples it ranged from 0.1 to 5.0 mg/It (avg. 1.0 mg/It). Nitrate (NO3) was well within desirable
limit as annual average concentration ranges from 7.33 to 14 mg/It.

Out of 82 samples (GW-61, SW-21) collected for Trace Metal analysis during pre-monsoon,
only 8 GW samples (13.11%) and 1 SW (pond) sample had Uranium, 11/13 GW samples (18.03%)
had Iron and 2 samples (2.44%) had Arsenic contentabove permissible limit (BIS Standard:2012).

Cu, Zn, Mn, Cr, and Pb were within the permissible limit.

Similarly, out of 128 samples (GW-108, SW-20) for TraceMetalanalysis during post-
monsoon, 18GW samples (16.66%) and 1 SW (pond) sample had Uranium concentration, 13 GW
samples (12.04%) had Iron content and 2 GW samples (1.85%) had Arsenic content more than

permissible limit. Cu, Zn, Mn, Cr, and Pb were found within the permissible limit.
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Fig. - 3.12 : Uranium Content in Ground Water and Surface Water (Pre and Post-Monsoon)

Higher concentration of Uranium in pre-monsoon sample was found to be 0.052 mg/It in a
hand pump fitted TW at Barawad in Binauli block and also in a Mark-Il tube well at Soop in
Chhaprauli block and the highest concentration of 0.057 mg/Itin a hand pump fitted TW at Chandan

Heri, Chhaprauli block, whereas a Uranium content of 0.08 mg/It was recorded in a post-monsoon

sample from a hand pump fitted TW at Faizpur Ninana in Baraut block.

Table - 3.8 : Higher Concentration of Uranium in NAQUIM 2.0 area (Pre-Monsoon: 2023)

Sl. Village Block | Latitude |Longitude Ground Water/ |Concentration
No. Surface Water (ppm)
1. | Soop Chhaprauli | 29.20138 | 77.26443 | Ground Water (M-11 TW) 0.057
2. | Kotana Baraut 29.10270 | 77.16688 | Ground Water (M-11 TW) 0.038
3. | Biharipur Baraut 29.037327|77.206627 | Ground Water (M-11 TW) 0.043
4. | ShadatpurJanmana| Baraut 29.091470|77.217450| Surface Water (Pond) 0.037
5. | Pawala Begmabad | Baghpat 28.93084 | 77.29461 | Ground Water (M-11 TW) 0.041
6. | Pura Mahadev Pilana 28.998075| 77.750272 | Ground Water (M-11 TW) 0.050
7. | Shobhapur Pilana 28.989942 | 77.363176 | Ground Water (M-11 TW) 0.035
8. | Tabelagarhi Binauli 29.196984 | 77.459370 | Ground Water (M-11 TW) 0.044
9. | Barawad Binauli 29.068521 | 77.322560 | Ground Water (M-11 TW) 0.052
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Table - 3.9 : Higher Concentration of Uranium in NAQUIM 2.0 area (Post-Monsoon: 2023)

S.N. Village Block | Latitude | Longitude | Ground Water/Surface Water | Content (ppm)
1. | Soop Chhaprauli | 29.20138 | 77.26443 | Ground Water (Mark - 1l TW) 0.046
2. | Chandan Hedi Chhaprauli | 29.16914 | 77.19548 | Ground Water (Mark - 11 TW) 0.061
3. | Bachhor Chhaprauli | 29.16926 | 77.17793 | Ground Water (Mark - 1l TW) 0.038
4. | FaizpurNinana Baraut 29.02890| 77.20442 | Ground Water (Mark - 1l TW) 0.080
5. | Barwala Baraut 29.15977| 77.25249 | Ground Water (Mark - 1l TW) 0.051
6. | Shadatpur Jounmana |Baraut 29.09147| 77.21745 Surface Water (Pond) 0.045
7. | PawalaBegmabad Baghpat |[28.93824| 77.28749 | Ground Water (Mark - I1 TW) 0.036
8. | Kheriki Baghpat  [29.03881| 77.23745 Shallow Tube Well (STW) 0.037
9. | Shobhapur Pilana 28.98966| 77.36373 | Small Bore TW (Submersible) 0.037
10. | Tabelagarhi Binauli 29.19698 | 77.45937 | Ground Water (Mark - 1l TW) 0.036
11. | Barawad Binauli 29.07245| 77.32426 | Small Bore TW (Submersible) 0.039
12. | Nirpura Binauli 29.23330| 77.39426 | Ground Water (Mark - 11 TW) 0.041
13. | Bari Nagla Binauli 29.06469 | 77.33110 | Ground Water (Mark - 11 TW) 0.045

3.2.4 Conclusion on Chemical Analysis Results and Recommendation
Conclusion

There are two types of contamination sources: point and non-point sources. In this area,
naturally occurring non-point sources of contamination including pollutants like Iron, Uranium and

runoff from pesticides and fertilizers may infiltrate the soil and make their way into an aquifer.

By and large, ground water quality of NAQUIM 2.0 area is suitable for for drinking (BIS
10500:2012 Standard) as well as for irrigation purpose except a very sporadic occurrence of

Fluoride, Iron and Uranium above maximum permissible limit in some parts.

Concentration of Uranium may increase due to heavy withdrawal of ground water for
irrigation as it is more soluble in oxidizing condition being created in shallow topmost aquifer.

Interaction of Uranium with Bi-Carbonate can further enhance its solubility in ground water.

Recommendations
In areas of high Iron is found in ground water, alternate sources of safe water should be

identified and Iron removal plants should be installed for community supply of drinking water.

Landfills should be properly designed, maintained and operated. Dumping ground and waste
(solid or liquid) disposal sites should be located far away from sensitive ground water areas and

human habitats. Pipelines should be properly installed, regularly maintained against corrosion.

Ground water should be regularly tested, especially in urban areas where it is a major source.
In addition to all regulations, common citizens should be aware of their actions/daily activities,

which pollute ground water and should act accordingly to reduce all kinds of potential pollutions.
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3.3 Geophysical Data Interpretation, Integration for Aquifer Mapping
3.3.1 Interpretation and Integration of VES Data

The VES data collected are mostly smooth except for a few and did not require much pre-
interpretation processing. Primarily the VES curves are of 3-layer K-type and 4-layer KQ type, i.e.,
depth-wise curve segments indicate ‘low-high-low” and ‘low-high-low-very low’ resistivity layers
respectively. Out of these, the bottom-most low to very low resistivity layer - the substratum - is
attributed to the relative predominance of clays at depths. Though all the VES curves show a thick
low resistivity layer at depth, the order of resistivity varies. The layers overlying it are attributed to
the sand-predominating formation with better granularity holding fresh ground water. Near-surface

layers having a wide range of resistivity are indicative of varied lithology and water saturation.

Since the alluvial formation holds several layers of clays and sands of varied grain size and
resistivity, the K and KQ type VES curves get modified at places, giving rise to a variety of 4- to 6-
6-layer VES curves with the last segment invariably descending indicating the presence of less
resistive layers at depths under investigated. Thus, the VES curves are of KQ (p1<p2>p3>p4),
AKQ  (pl<p2<p3>p4>p5), KQQ (pl<p2>p3>p4>p5), HKQ (p1>p2<p3>p4>p5), HK
(p1>p2<p3>p4), KHK (p1<p2>p3<p4>p5), KQQQ (p1l<p2>p3>p4>p5>p6) and AKQQ
(p1<p2<p3>p4>p5>p6) types where p1, p2, p3...represent the first, second and third layer-resistivity

respectively. VES field data and curves with interpreted layer parameters are given in Annexure-II.
Validation of VES with Borehole Logs

Validation process has been attempted for the boreholes at Koordi, Sherpur, and Tabelagarhi.

The electrical logs of these boreholes and the field and synthetic VES curves are shown in Fig.-3.14.
Hydro-geological Explanation of VES Interpretation

With the help of geophysical logs and lithological logs of boreholes the layer parameters
obtained from VES were standardized, and generalized resistivity ranges for different lithological
predominance of the NAQUIM 2.0 area were obtained as shown in Fig.-3.14. There will likely be
overlaps in the resistivity ranges due to the mixed nature of sediments as well as some deviations
from these ranges at the local level. These ranges are to be considered as a guide and to be
ascertained or modified for the local subsurface hydrogeological situations.

60



Lo | & ]

E

o = @ = | | enor=214%
N [
1 | 233
2 | 129 . .
3| 539 137 151 1508
_4 ] 351 |
i ¥ =l £
N e | n | d | an
_1 | 7.254 0.8199 0.8199 0.8198¢
2 | 47.33 9.576 10.4 -10.396
T3 |153.7 22,55 32.95 -32.943
_4 | 26.25] 71.47 104.4 -104.42
_5 | 824

229 | 1.2 1.2 1.2
19.91 48 6 -6
26.64 24.15 30.15 -30.145
38.37 120 150.1 -150.15

Fig. — 3.13 : VES Curves with the Resistivity Parameters of Sub-surface Layes

61




Standardization of VES interpreted layer parameters through electric logs
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3.3.2 Interpretation and Integration of TEM Data

93 nos. of TEMs were carried out at 18 locations with 5 soundings stacking at one location.
Analysis of these TEM soundings in correlation with litholog unveil a layered subsurface structure
with alternating sand & clay units i.e. a stratified sub-surface profile.
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Fig. - 3.15 : TEM Profile Traverses in NAQUIM 2.0 area, Baghpat district

63



Resistivity values associated with each layer provide valuable insights into grain composition
and moisture content of the aquifer materials by their electrical properties. This information is
essential for some applications including ground water resource assessment and hydro-geological
modeling. Further ground water exploration by exploratory drilling beyond the recorded depth is
recommended to fully characterize the subsurface conditions and enhance the understanding of the
geological and hydro-geological setting. Locations of TEM sites are given in Table-2.14.

The topsoil layer, characterized by a variable resistivity in order of 10 to 20 ohm- m, suggests
a relatively low moisture content and the presence of typical surface materials. The clay layers
exhibit lower resistivity values (11.3 to 20.0 ohm-m), indicating higher moisture content and
potentially higher clay mineral concentrations. The sand (fine) layers, with resistivity values ranging
from 30.5 to 80.0 ohm-m, suggest a water saturated fine to coarser sand composition. Significant

variation in resistivity within the sand layers indicate changes in grain size or mineral composition.

3.3.3 Interpretation and Integration of ERT Data

Raw data was refined and processed to eliminate noise and unreliable data points. Res2DInv
program v.3.59 was used to generate inverted 2-D images for data visuals. Gauss-Newton method
was used to create 2-D model of dataset (Loke-1997). Forward modelling sub-routine computed
resistivity values and smoothness-constrained least squares method was used to optimize the
inversion routine (Sasaki 1992; de Grooth-Hedlin and Constable 1990; Loke and Barker 1996).

The software has two options to process inversion data, smoothness-constrained least- squares
inversion and robust or blocky inversion technique (Loke et al. 2000; Loke 2001). Smoothness-
constrained least-squares inversion technique was used as the sub-surface resistivity varied in a
gradient manner, and this method is suitable over the other to produce tangible output. It produces
a 2-D inversion model with a smooth variation of resistivity values by attempting to reduce the
model's squares of roughness (spatial changes). The inversion algorithm divides the sub-surface into
rectangular blocks and resistivity of the blocks is changed to minimize the difference between the
computed and measured apparent resistivity values iteratively (Loke and Barker 1996; Sasaki 1992).

Four Electrical Resistivity Tomography were conducted along survey lines of ERT-1, ERT-
2, ERT-3 and ERT-4 with a total distance of 2800 m. Final output (2-D inversion) from these surveys
had an RMS error ranging from 4.3% to 8.99% after 4 to 6 iterations and provided insight into sub-
surface disposition up to 150 m. Data density of ERT surveys is much higher than typical 1-D

resistivity surveys, with 100 to 500 measurements obtained in a 400 to 800 m. stretch.
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Humongous data from ERT surveys have contributed to a deeper understanding of the
hydrogeology of different geological terrains (Kumar 2012). The profile lines were decided based
on the availability of space, and two electrode configuration methods, namely Gradient and Wenner
configurations, were used to demarcate fresh groundwater pockets within a saline aquifer. At the
same time, Pole-Dipole was additionally employed at one location (ERT-1). The ERT results
indicate the presence of two broad low-resistive zones, where the upper part of the inversion data
shows fresh to moderate groundwater zones (15 to 50 Qm), and the lower part indicates saline
groundwater formations (<15 Qm). Both methods yield near-similar results. Low resistivity pockets,

with resistivity values ranging from 0 to 15 Qm, indicated saline groundwater formations.
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Before inversion, the imaging data is processed and edited using computer software and the
data quality is checked using the software ERIGRAPH. If required, topographic variations along
the profile are incorporated. This method based on computer provides more flexibility to compare
different scenarios. Imaging data inversion was done by ‘Robust Inversion’ of RES2DINV software.

Electrical resistivity imaging was conducted roughly along a 7.2 km long profile line passing

through boreholes near SherpurandTabelagarhi, which were around 6 km apart.

The imaging was conducted using an ABEM LS Terrameter with 120 electrodes with inter-
electrode distance as 10 m covering a surface stretch of 1200 m. Imaging was conducted using a
multiple gradient array of electrodes. The maximum depth of information obtained was 240-250 m.
Results of resistivity imaging in the form of coded color contours in the x-z section were
standardized through resistivity logs of the boreholes and aquifers were characterized. However, it
is to be noted that color contours are obtained through interpolation and extrapolation and need not
be always associated with lithological interfaces. So, the images only reveal a generalized variation

in resistivity and it is necessary to translate them into realistic hydro-geological attributes.

Overall, these images could reveal the subsurface variations up to about 200 m depth in general
with a depth-wise decrease in resolution. However, from these images, the areas with deeper
aquifers in depth range of 100 to 250 m can be ascertained and locations where a relatively higher
probability of deeper aquifers exists can be identified. The near-surface occurrences of very high

resistivity sediments reveal their suitability for artificial recharge.

As moved towards the east of river Yamuna, in the Yamuna-Hindon interfluve area of Baghpat
district, the presence of layers with relatively higher resistivities and their thickening indicates a
general improvement in granularity as well as the potentiality of aquifers. The first aquifer extends
to depths beyond 150 m. The images at Barwala and Basauli reveal that the aquifers up to about 150
m depth are regionally extensive in the Barwala-Basauli area. A similar occurrence is noticed in the
Kakor Kalan image also, but it is of limited lateral extent only. Further east up to river Hindon in
images Pusar and Milana, though the aquifers are potential and extend to depths beyond 150 m they
are not regionally extensive as in the Barwala-Basauli area. Significant is the conspicuous presence
of thick very high resistivity near the surface layer in the images viz., Sherpur, Kokar Kalan,
Barwala, and Milana, which can be compared with the high resistivity layers obtained in VES. The

images have been quite useful in demarcating the localized boundaries of the aquifers.
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These ERT images reveal the presence of a regionally extensive potential aquifer up to about
150 m depth. In ground water flow modeling one of the important inputs is aquifer boundary. This
Is revealed by the resistivity images mentioned above. One such important observation is the aquifer
disposition across river Hindon where a clear demarcation of lateral discontinuity in the aquifer is

observed. Other prominent aquifer boundaries observed are between Sherpur and Barwala.

The localized variations in granularity estimated by resistivity variations and the thicknesses
as picked up from these images and their correlation with aquifer characteristics can help define the

micro-level variations in ground water resources and so the village-wise resource can be estimated.

The granularity of near-surface material within 20 to 30 m depth is observed from these images
in terms of resistivities. The regionally extensive near-surface resistive sediments occur near
Sherpur. Similar occurrences are seen in other images also. The presence of such layers can be
ascertained through resistivity imaging to identify the locations for artificial recharge structures.
Time-lapsed resistivity imaging at artificial recharge structures can reveal the variations in near-

surface layer resistivities and hence help monitor the movement of recharged water.

3.3.4 Interpretation and Integration of Borehole Logging Data

Exploratory drilling and geophysical well logging are the most practical solutions for
executing ground water exploration programs. Geological formations with varying chemical quality
of water present in their pore spaces offer distinguishable resistance to the flow of electric current
through them. Thereby came up with the idea of in-situ measurements of electrical potential. The
resistivity of the formation layers encountered under the ground is measured through logging by a
sensor- bearing current pumped into the ground and the potential measuring points lowered in the

un-cased mud/water-filled borehole. Electrical logging can be classified into two categories:

(i) Response of natural earth currents - Self Potential (SP). The potential development in a borehole
column is measured, which is the product of mud resistance and ionic current.

(if) Response to external current input— Resistance/Resistivity (N-16 & N-64)
The logging sensor or probe imparts a preset constant current, while traversing in the borehole,
given the present positions of potential and current measuring points, the developed potential is

calibrated in terms of resistivity. Bore holes are logged to confirm and locate fresh water zones by
Electrical Logs:SP Log(Red), Normal Resistivity N-16”(Green) and Normal Resistivity N-64”(Blue).
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(A) SP Log

Upon being penetrated by a borehole containing drilling fluid and dissolved salts different
from that in the formation water, the sub-surface gives rise to voltage development at the contacts
between shale/clay and granular zones. Consequent to potential differences, natural current flow
occurs through four different media: the borehole, the invaded zone, then the invaded part of the
Permeable formation, and the surrounding shale, clays sandy clays. In each medium potential drops
in proportion to the resistance, and the total potential drop along a line of current flow is named self
or spontaneous potential (SP). The development of SP is mainly a function of chemical activities
between the borehole fluid and water formation. Besides, the clay type and lithology also play a role
in developing SP. The electromotive forces driving the natural Currents are of two types: (a)

Electrochemical and (b) Electro-kinetic.

(B) Resistivity Log

The simultaneous recording is done of the two types (N-16” and N-64) of resistivity
measurements. For regular resistivity measurements, 3 openings or electrodes are provided in the
probe. The bottom-most electrode is used for 16” potential measurements and is located 16” below
the current pumping electrode. The other electrode is located near the top of the probe 64" above
the current pumping electrode. Generally, for resistivity measurements, recorder channels 2 and 3
are used with different colours of pen inks. In the chart paper, the resistivity recording is

conventionally done on the right track.
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3.3.5. Findings of Geophysical Studies, Conclusions and Recommendations
(i) Aquifer Boundaries and Continuities

2D resistivity imaging helps to delineate the aquifers and demarcate their boundaries and
lateral continuities between the boreholes drilled which will help locate well sites, groundwater flow
modeling, resource estimation and identifying suitable areas for artificial recharge. The basic
objective of the imaging was to delineate the deeper aquifers in alluvial formations efficiently where
the resistivity contrast between various lithological units is low to moderate and to ascertain the
continuity of the aquifers deciphered from the depth wise geophysical logs (VES and Bore Hole
Logging). The biggest advantage is that while VES or borehole logging gives only depth-wise
information at a point, resistivity imaging gives depth-wise as well as lateral information with a very
high density of data. Given the large data density and 2-D view of the subsurface, the ERT imaging

may be considered more economical as compared to VES when a large area is to be covered.

Resistivity imaging data was used to roughly along a 7.2 km long profile line. Imaging was
conducted at the boreholes and in between the boreholes, wherever 1.2 km straight stretches of land
almost collinear with the boreholes. The imaging was conducted using an ABEM LS Terrameter
with 120 electrodes. The inter- electrode distance was kept at 10 m, thus covering a surface stretch
of 1200 m. The imaging was conducted using a multiple gradient array of electrodes. The maximum
depth of information obtained was about 240-250 m. The results of resistivity imaging in the form
of coded color contours in the x-z section were standardized by resistivity logs of boreholes.
However, color contours obtained through interpolation and extrapolation need not be always
associated with lithological interfaces. Hence the images only reveal a generalized variation in

resistivity and it is necessary to translate them into realistic hydro-geological attributes.

The 2D image sections reveal lateral inhomogeneity, local thinning, and thickening of aquifers
and even their discontinuities within a distance of 100 to 200 m. There is a clear indication of
changes in lithofacies and granularity within the aquifers. As moved towards east near river Yamuna
the aquifers were associated with higher resistivity values compared to the extreme westernmost
part indicating improvement in granularity toward the east. Also, the underlying clay predominating
layers become deeper as move towards the east. Overall, these images could reveal the subsurface
variations up to about 200 m depth with a depth-wise decrease in resolution. However, from these
images, areas with deeper aquifers in depth range of 100 to 250 m can be ascertained and locations
where a relatively higher probability of deeper aquifers exists can be identified. Near-surface
occurrences of very high resistivity sediments reveal their suitability for artificial recharge.
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The Yamuna-Hindon inter-fluve area of Baghpat district, the presence of layers with relatively
higher resistivities and their thickening indicates a general improvement in granularity as well as
the potentiality of aquifers. The first aquifer extends to depths beyond 150 m. The images at Barwala
and Basauli reveal that the aquifers upto about 150 m depth are regionally extensive in the Barwala-
Basauli area. A similar occurrence is noticed in the Kakorkalan image also, but it is of limited lateral
extent only. Further east up to river Hindon in images Pusar and Milana, though the aquifers are
potential and extend beyond 150 m they are not regionally extensive as in the Barwala-Basauli
area. Conspicuous presence of very high resistivity near the surface layer in the images is significant
at Sherpur, Kokarkalan, Barwala and Milana, which can be compared with high resistivity layers
obtained in VES. Images are useful in demarcating localized boundaries of aquifers.

Granularity of near-surface material within 20 to 30 m is observed from these images in terms
of resistivities. The regionally extensive near-surface resistive sediments occur near Sherpur.
Similar occurrences are seen in other images also. Presence of such layers can be ascertained by
resistivity imaging to identify the locations for artificial recharge structures. Time-lapsed resistivity
imaging at artificial recharge structures can reveal the variations in near-surface layer resistivities
and hence help to monitor the movement of recharged water.

(if) Aquifer Disposition

To obtain a three-dimensional generalized view of the aquifer disposition, 3D multi-log and
3D model of aquifers been prepared based on lithologs of exploratory wellsand VES-interpreted
layer parameters. The thickening of the first aquifer towards the north is evident. conspicuous
presence of a highly resistive near surface layer forming the top portion of the first aquifer is
significant, whose resistivity varies from 90 to 500 ohm.m. It is also quite thick in the southern part.
Lithological logs and electrical logs of the old and newly constructed exploratory well in present
NAQUIM 2.0 area are considered for interpreting aquifer disposition, grouping and 3D modelling.

Table - 3.10 : Details of Exploratory Wells analyzed for Aquifer Grouping and 3D Modelling

S.N| Location |Latitude| Long- |Dep-|Elev-| S. Location Lati- | Long- |Dep|Elev-

itude | th |ation| N. tude itude |-th |ation
1. |Koordi 29.2475 | 77.15556| 475 | 252 | 9. |Pilana 28.93278 | 77.37667 |450 | 241
2. [Tabelagarhi 29.19556 | 77.46250| 472 | 256 | 10. |Shahpur BanGanga|29.13825|77.44752 |152 | 246
3. [SanjarpurKaidwa|29.02194 | 77.40583| 456 | 242 | 11. |Titroda 29.04132 | 77.37551 (300 | 247
4. [Firojpur 28.83361|77.31028| 404 | 240 | 12. |Shobhapur 28.99035|77.36322 (150 | 244
5. (Sherpur 29.16694 | 77.21750| 462 | 256 | 13. |Barnawa 29.10833|77.41667 (452 | 246
6. |Baraka 29.07861|77.27500| 450 | 251 | 14. |Tikri 29.22500 | 77.36667 |455 | 254
7. Guripur 28.99111|77.22139| 442 | 239 | 15. | Mitli 28.95972|77.30416 |451 | 245
8. [Kakripur 29.25583| 77.27667| 442 | 257 | 16. |Chhaprauli 29.20505 | 77.16584 {300 | 251
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Depth of Bed Rock

In borehole at Firozpur, block— Khekra in southern part, bedrock was encountered at 399 m.
Occurrence of Brackish Water Aquifers

Resistivity below 10 ohm.m at specific depths indicate the presence of brackish ground water
zones, the shallowest is observed at 140 m in Firozpur while the deepest at 260 m in Tabelagarhi. In
the western region of the NAQUIM 2.0 area, encompassing Koori, Sherpur and Gauripur, the
brackish water zone was inferred by bore hole electrical logs within the depth range of 140 to 210
meters. Conversely, the eastern region exhibits a distinct pattern with two to three relatively thinner
brackish zones. These zones, surrounded and vertically sandwiched by fresh water layers, are having

the thicknesses which diminishes towards the eastern and northeastern boundaries of the district.
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Fig. - 3.27 : 3D Multi-Log (Strip Log) of the
Exploratory Wells in NAQUIM 2.0 Area

Fig.- 3.28: 3D Model of Aquifer Disposition

in NAQUIM 2.0 Area
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Areas for Artificial Recharge of Ground Water

Artificial recharge requires two basic conditions, viz., the presence of permeable near-surface
material and the water level should be deeper than 5 m. The post-monsoon water level of top-most
Aquifer Group—I(A) ranges from 5.87 to 34.25 m bgl and its block wise average ranges from
16.24 to 26.53 m bgl. The near-surface layer resistivity varies from 10 to 166 ohm.m and mostly
above 30 ohm.m. Also, resistivity of the second layer occurring immediately below the topsoil varies
from 16 to 500 ohm.m, mostly above 30 ohm.m and water level is also deeper. Therefore, the whole
area is suitable for artificial recharge. However, for selecting suitable artificial recharge sites

resistivity imaging is to be carried out for ascertaining disposition of aquifer layers.

Summary of Aquifer System identified by Geophysical Studies

Aquifer system is characterized by an unconsolidated stratigraphy, featuring multiple aquifers
separated by intervening clay layers. Geophysical data from various locations reveals a consistent
pattern of aquifer distribution and a system which includes 4 distinct aquifer groups - Aquifer-I
(further bifurcated to 1(A) & 1(B)), Aquifer Group-11, Aquifer Group-111 and Aquifer Group-1V.

Aquifer-l1A extends from the surface to a depth around 91 m and is associated with a diverse
lithologies including sand, silty clay and clayey silt, whereas the Aquifer-1(B) extends up to around
150 m bgl. A thick impermeable clay bed separates the Aquifer Groupl(A) and I(B).

The Aquifer Group-Il, Aquifer Group-Ill, and Aquifer Group-1V are identified as major

water-bearing units occurring at varying depths below the clay bed underlying the Aquifer-1(B).

At some places, like Firozpur, the aquifer system encounters bedrock at around 398 mbgl,
suggesting potential constraints on ground water accessibility beyond that depth. However, in other

areas unconsolidated alluvial formation continues up to explored depth of 473 m.

Conclusions

Group-1(A) is the most prominent and regionally extensive near-surface fresh water aquifer,
which extends maximum up to 80 to 90 m. Group-I aquifer extends nearly down to 170-180 m in
the extreme north-eastern part near the right bank of River Hindon, whereas it goes up to 70-80 m
in the extreme south-western parts near Yamuna. Generally, thickness of Aquifer-1 increases
towards east. Prominent 'marker’ clay beds, with a minimum thickness of 10-12 m, separate different

aquifer groups. Towards extreme south, deeper aquifers are found to be brackish.
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Lateral variations in resistivity of aquifer materials along east-west trend as interpreted from 2D
ERT indicate granularity differences. Resistivity value declines with depth, ranging from
approximately 40 onm.m for Aquifer Group-I to 15 ohm.m for Group-1V, which indicates a decrease

in granularity or an increase in fineness of aquifer material with depth.

Due to availability of sufficient borehole logs along with Vertical Electrical Sounding (VES)
of the area, the layer parameters of Aquifer Group-l have been calculated more accurately.
Resistivity of Aquifer Group-I varies from 25 to 50 ohm.m, with its thickness ranging from
approximately 60 m in the south-western part to about 180 m in the north-eastern part. This aquifer
characterizes the central interfluve part of Rivers Yamuna and Hindon, displaying higher
resistivities indicative of better granularity. A layer with resistivity exceeding 100 ohm.m forms the
top part of Aquifer Group-1, prominent in central and western parts. The thick layer beneath Aquifer
Group-I having 15-20 ohm.m resistivity indicates mixing of sands with clays in varying proportions.
The gradient of the descending last segment, between 0.2 and 0.5 ohms, and an apparent resistivity

value exceeding 25 ohms.m at AB/2:100m qualitatively suggest the presence of deeper aquifers.

The 2-D image sections disclose lateral inhomogeneities, lithofacies variations and local
thinning and thickening of aquifers at the micro-level in the order of tens of meters. Generally, the
images indicate an improvement in aquifer granularity, both in resistivity and thickness, towards river
Hindon, with a prevalence of clays towards south-west. Lower apparent registivity values near banks
of Yamuna and Hindon indicate presence of potential granular zones, whereas areas away from rivers
show higher resistivity, which denotes variation of geology and hydrogeology across the river
courses in inter-fluvial (Doab) area. Local aquifer boundaries within 100 to 150 m range have been

identified. Images provide data up to 240-250 m, though the resolution diminishes with depth.

Recommendations
(i) Utilizing the geophysical methods in larger scale for mapping of the subsurface strata vertically
as well as laterally to verify continuity of aquifers beyond NAQUIM 2.0 area.

(if) Studies to decipher hydrogeological connectivity between Yamuna and Hindon rivers and the

potential ground water flow paths in the interfluvial area by distribution of apparent resistivity.

(iii) Development of a comprehensive hydrogeological model based on the results of geophysical
studies to simulate and understand the ground water flow in localized and regional scale for

developing a suitable and sustainable ground water management plan for NAQUIM 2.0 area.
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4, GROUND WATER RESOURCES
From lithological disposition in NAQUIM 2.0 area it is understood that Group-1(A) aquifers

are under unconfined to semi-confined and Group-1(B) aquifers are under confined condition.

4.1 Dynamic Ground Water Resources of Unconfined Aquifer Group-1(A)

The estimation of Dynamic Ground Water Resources as on 31st March 2023 of Aquifer
Group-1(A) in NAQUIM 2.0 area covering the whole Baghpat district has been carried out by
Ground Water Resource Estimation 2015 methodology taking the administrative blocks as
assessment units. As per GWRE-2015 norms, assessment units i.e. blocks are categorized on the
basis of Stage of Ground Water Extraction (SoGE). If, SOGE is <=70%, then the category is ‘Safe’;
if SOGE is >70% and <=90%, then the category is ‘Semi-Critical’; if SOGE is >90% and <=100%,
then the category is ‘Critical’; if the SOGE is >100%, then the category is called ‘Over-Exploited’.

Stage of Ground Water Extraction (SOGE) has been calculated as the percentage ratio between
present Total Annual Ground Water Extraction for all uses and Total Annual Extractable Ground
Water Resources available. As per estimation for year 2023, the maximum Stage of Ground Water
Extraction is 130.59% in Pilana and the minimum is 74.41% in Chhaprauli block. Khekra, Pilana and
Binauli blocks are ‘Over-Exploited’ and Chhaprauli, Baraut and Baghpat blocks are ‘Semi-Critical’.
Significant improvement in ground water scenario in terms of SOGE, has been noticed in Baghpat
block, where the block category has been improved from ‘Critical’ in 2022 to ‘Semi-Critical” in 2023.
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74



Table — 4.1 : Block wise Dynamic Ground Water Resources as on 31.03.23 with Categorisation

Name of the |Geogr- | Recha- Ground Water Recharge (Ham) Total Annual Total Annual
Block aphical rge Monsoon Recharge | Non-monsoon Recharge [Ground Water|  Natural Extractable
(Assessment | Area | Worthy [Recharge | Recharge |Recharge | Recharge Recharge | Discharge (Ground Water|
Unit) (Ha) | Area | from |from Other| from |from Other| (Ham)(4)+ | (Ham){10 | Resource
(Ha) | Rainfall | Sources | Rainfall | Sources | (©)+(6)+(7)| %of(8)} |(Ham) (8)-(9)
@) @) ©)) (4) ©) (6) (@) (8) ©) (10)
Chhaprauli | 20532 | 20532 | 2294.73 | 1817.00 | 143.61 | 274551 7000.85 700.08 6300.77
Baraut 27686 | 27686 | 3094.27 | 2014.03 | 193.65 | 3457.04 8758.99 875.90 7883.09
Baghpat 21063 | 21063 | 2824.91 | 1038.27 | 147.33 | 1549.08 5559.59 555.96 5003.63
Khekra 16037 | 16037 | 2150.86 | 758.96 112.17 | 1158.34 4180.33 418.03 3762.30
Pilana 20714 | 20714 | 2778.06 | 757.94 144.89 | 1168.98 4849.87 484.99 4364.88
Binauli 29000 | 29000 | 3252.97 | 1434.79 | 203.58 | 2037.45 6928.79 692.88 6235.91
Total 135032) 135032| 16395.8| 7820.99 | 945.23 | 12116.4 | 37278.42 3727.84 33550.58
Current Annual Ground Water Extraction (Ham)| Annual Ground |Net GW Availa-| Stage of GW Categoriza- tion
Irrigation |Industrial| Domestic Total Water Allocation | bility for future | Extraction (%) (OE/ Critical/
Use Use Use Extraction for Domestic use (Ham) Semi-critical
(11) +(12) +| Use as on 2025 (10) - (11) - | {(14/10) x 100)} [/Safe)
(13) (Ham) (12)-(19)
(12) (12) (13) (14) (15) (16) (€X)) (18)
4350.45 1.638 | 336.3227 | 4688.41 343.72 1604.96 74.41 Semi-Critical
5670.8 0 486.537 6157.34 499.50 1712.79 78.11 Semi-Critical
4049.25 [9.018686| 361.8471 | 4420.10 382.29 563.09 88.34 Semi-Critical
3995.12 |32.56843| 527.1593 | 4554.84 541.09 0 121.07 Over-Exploited
5285.4 0 414.8035 | 5700.20 429.21 0 130.59 Over-Exploited
6673 0 391.3245 | 7064.32 401.36 0 113.28 Over-Exploited
30024.02 |43.22511| 2517.994 | 32585.21 2597.17 3880.84 98.02
Name of Total Total Recharge from Other Sources
the Block | Recharge Surface | Ground |Tanks| Conser- | Pre-Monsoon| Post-Monsoon Long-Term
(Assessment from Canals | Water Water and vation | Long-Term WL Trend
Unit) Rainfall Irrigation| Irrigation | Ponds | Structure | WL Trend
@) (¢3) (©)) 4) ©) (6) @ (©)] ©
Chhaprauli | 2438.34 | 3633.27 | 53.82 849.46 |25.38| 0.576 Falling Falling
Baraut 3287.92 | 3927.66 | 395.63 | 1113.18 |32.26| 2.34 Nf\'lf)hre;{:fl'isr:gg' Neither Rising, Nor Falling
Baghpat 2972.24 | 1698.66 | 43.7 801.84 |36.74| 6.402 Falling Neither Rising, Nor Falling
Khekra 2263.03 | 1056.82 | 39.51 799.02 |20.03| 1.916 Fadling Rising
Pilana 292295 | 807.36 | 52.47 | 1038.69 |25.15| 3.251 Falling Neither Rising, Nor Falling
Binauli 3456.55 | 1709.29 | 417.36 | 1307.39 |36.42| 1.783 Falling Neither Rising, Nor Falling
Total 17341.03 |12833.06| 1002.49 | 5909.58 (175.98| 16.268
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Table — 4.2 : Block wise Dynamic Ground Water Resources of 2023, 2022 & 2017

Assessment | Stage of | Categorization | Stage of | Categorization | Stage of | Categorization | Remark
Unit Name | Ground in 2017 Ground in 2022 Ground in 2023

Water Water Water

Extraction Extraction Extraction

in 2017 in 2022 2023
Chhaprauli| 71.17 Semi-Critical 79.1 Semi-Critical 74.41 Semi-Critical | No Change
Baraut 79.81 Semi-Critical 86.8 Semi-Critical 78.11 Semi-Critical | No Change
Baghpat 93.98 Critical 93.3 Critical 88.34 Semi-Critical | Improved
Khekra 104.46 | Over Exploited 129.7 Over-Exploited | 121.07 | Over-Exploited | No Change
Pilana 107.66 | Over Exploited 1335 Over-Exploited | 130.59 | Over-Exploited | No Change
Binauli 111.55 | Over Exploited 1175 Over-Exploited | 113.28 | Over-Exploited | No Change

Ground Water Resources, District- Baghpat
Uttar Pradesh

45000 106.00%

40000 104.00%

35000 102.00%

30000 100.00%
000(

98.00%
SEHEG 98.00%
96.00%

(%)

20000
94.00%

Volume of Water
(Ham)

15000 92.00¢

10000 50.00%

5000 88.00%

Stage of Ground Water Extraction

86.00%

0
2020 2022

Assessment Year

— Annual extractable resources(Ham)

2023

 Total GW Recharge(Ham)
2 Total GW Extraction (HAM) Net GW availbility for future use

w———Stage of GW Extraction(%)

Fig. - 4.2 : Change of Ground Water Resources with Time (2017 to 2023)

4.2 Static/In-Storage Ground Water Resources of Unconfined Aquifer Group-I(A)
Block-wise average thickness of granular zone/aquifer below the Water Level Fluctuation
zone or pre-monsoon water table i.e. the average thickness of the saturated unconfined aquifer
below water table have been calculated from the water level monitoring data of the key wells
established for NAQUIM 2.0 study. Other sub-units and assumptions recommended here are
similar to the computation of dynamic resources. Equations for estimating Static Ground Water
Resources for Unconfined Aquifer of Group-1(A): Static/In-Storage Ground Water Resources
(Ham) = Thickness of the unconfined Aquifer (granular/productive zone) below the zone of
water level fluctuation down to the bottom level of unconfined aquifer (m) x Specific Yield (%)
x Areal Extent (Ha) i.e. Q = SyAAh = SyA(hO — ht), where hO isthe depth of the bottom of
the unconfined aquifer; ht is the depth of the pre-monsoon water level/ water table at any given

time 't'; Sy is the Specific Yield and A is the area of the block/assessment unit.
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In this way the block wise total Static/In-Storage Ground Water Resource of the topmost
unconfined aquifer has been calculated. The highest static resource (79.46 MCM) is available in
Chhaprauli block and lowest (7.95 MCM) in Pilana block, whereas for the whole NAQUIM

2.0 area the available static resource is 294.13 MCM.

Table — 4.3 : Block wise Static Ground Water Resources in Unconfined Aquifer Gr—I(A)

Block Area | Avg. Post- | Depthofthe | Saturated | Average |Static Resource |Static Resource
(Ha) Monsoon | Bottom of | Thicknessof | Specific | of Topmost of Topmost
DTWL Topmost Topmost | Yield (Sy) | Aquifer of Gr.-| Aquifer of
(m bal) Aquifer of | Aquifer of I(A) (Ham) Group-1(A)
Group-I(A) [Gr-I(A) (m) (2) x (5) x (6) (MCM)
@ @ ©) @) ®) (6) @ ®)
Chhaprauli | 20532 16.55 23.00 6.45 0.06 7945.88 79.46
Baraut 27686 20.44 24.50 4.06 0.06 6744.31 67.44
Baghpat 21063 18.39 24.00 5.61 0.06 7089.81 70.90
Khekra 16037 22.07 24.80 2.73 0.06 2626.86 26.27
Pilana 20714 28.98 29.62 0.64 0.06 795.42 7.95
Binauli 29000 28.08 30.50 242 0.06 4210.80 42.11
Total 135032 29413.08 294.13

4.3 In-Storage Ground Water Resources of Confined Aquifers Group-I(B)
It has been attempted to assess the ground water resource in confined aquifers of Gr.—I(B)by
storage concept method, where only the water held under confining pressure more than 1
atmospheric pressure is considered as the ground water resource potential.

Assessment of ground water resources of confined aquifers assumes crucial importance,
since over-exploitation of these aquifers may lead to far more detrimental consequences than to
those of shallower unconfined or semi-confined aquifers. If the piezometric surface of the
confined aquifer is lowered below the upper confining layer so much that the desaturation of
aquifer occurs and then the coefficient of storage is no longer remains related to the elasticity
of the aquifer but to its specific yield. When a very small amount of water released from the
storage of confined aquifers, large scale pumping from confined aquifers may cause decline in
piezometric levels amounting to over a hundred metre and subsidence of land surface triggering

serious geotechnical problems.

As per GWRE 2015, if any development activity is started in confined aquifer, then there
is a need to assess the dynamic as well as in-storage resources of the confined aquifer(s). To
assess ground water resources of confined aquifer, sufficient number of observation wells tapping

exclusively that particular aquifer and proper monitoring of piezo-metric heads are needed.
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As per the recommendation of GEC 2015, ground water storage approach is applied to
assess the ground water resources of the confined aquifers. The co-efficient of storage or
storativity of an aquifer is defined as the volume of water it releases or takes into storage per unit
surface area of the aquifer per unit change in head (Ah). Hence the quantity of water added to or
released from the aquifer (AV) can be calculated as follows: AV=S Ah if the areal extent of the
confined aquifer is A, then the total quantity (Q) of water added to or released from the entire
aquifer is Q = A AV = SAAh, where Q = Quantity of water confined aquifer can release and
Ah = Change in Piezo-metric head

Therefore, for assessing in-storage ground water resource of confined Aquifer Group-—
1B, first the resources contained between the pre-monsoon piezometric head of this particular
aquifer and the bottom of its overlyingandconfining layer are computed and then that thickness
is multiplied with the Storage Co-efficient/Storativity of the aquifer material and with the
arealextensionof the aquifer using the following formula: QI = SAAh = SA (hPRE-h0), Where
QI= In-storage Ground Water Resource of Confined Aquifer (m®); S=Storativity; A=Areal extent
of the confined aquifer (m?); Ah=Change in Piezometric head (m); hO=Bottom level of top
confining layer (m amsl); hPRE=Piezometric head in pre-monsoon (m amsl)

Table — 4.4 : In-Storage GW Resource of Group—I(B) Confined Aquifers (Storage Concept)

Block Area Average Storativity (S) Pre- Depth of | Ah=Differ- Available
(sq. km.) monsoon | Bottom of | ence between | Storage /In-
Piezometric| Confining | Piezometric | Storage GW
Surface of |Layer above| Surface and | Resourcesin
Aquifer-1(B)| Lowermost | Bottom of | Aquifer-1(B)
(Average) |Aquifer-1(B)| Confining (MCM)
(m bgl) (inm bgl) |Layer (5)—(4)| (2) x (3) x (6)
() O) (©) 4) ®) (6) ()
Chhaprauli| 205.32 | 6.925x 10* | 0.0006925 | 21.12 104.83 83.71 11.902
Baraut 276.86 | 4.925x10* | 0.0004925 | 20.00 109.00 89.00 12.135
Baghpat 210.63 | 4.480x10* | 0.000448 | 23.00 99.00 76.00 7.172
Khekra 160.37 | 1.680x10° | 0.00001680 | 22.40 97.00 74.60 0.201
Pilana 207.14 | 2.207 x 10° | 0.00002207 | 24.51 115.12 90.61 0.414
Binauli 290.00 | 5.712x10* 0.000571 | 28.80 105.50 76.70 12.701
Total 1350.32 1 08 44,525

Total In-Storage Ground Water Resource in NAQUIM 2.0 area calculated by storage
concept in unconfined aquifer-1(A) is 294.13MCM (Table-4.3) where as the total In-Storage
Ground Water Resource in confined aquifer -1(B) is 44.525 MCM (Table—4.4).
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The present ground water draft in the NAQUIM 2.0 area is made mainly for drinking and
irrigation purposes. The community drinking water wells are mostly the deep tube wells
constructed throughtapping aquifer—I(B) by Jal Nigam, Govt. of Uttar Pradesh under various
water supply schemes such as ‘Jal Jeevan Mission’in both rural and urban areas and there are also
innumerable govt. and private hand pumped wells and Mark-11 tube wells tapping mainly aquifer
I(A) as spot sources of drinking water. Govt. irrigation tube wells are of intermediate depth
mostly constructed by tapping Group—I(A) aquifers within the depth of 100 m and rarely up to the
depth of 150 m by tapping aquifer—1(B) also. Shallowest tube wells for irrigation and drinking are
all private wells, which invariably tap unconfined to semi-confined Gr.-I1(A) aquifers as it is very

costly affair for a common farmer to construct a deep tube well tapping Group—I(B) aquifers.

4.4 Seasonal Change of Storage in Aquifer Group-I(B)

Aquifers of Group-1B always occurs under confined condition. Seasonal change in in-storage
resource has been calculated on the basis of fluctuation in piezometric surface between preand
post-monsoon 2023. The change is insignificant and amounting only 0.588275 MCM, which
indicates that this Aquifer Gr.-1(B) is not under stress. (Table—4.5).

Table — 4.5 : Seasonal change in In-Storage GW Resource of Aquifer Group-I(B)

. Block Areain |Seasonal Fluctuation of | Average Storativity of | Seasonal Change
sg. km. | Piezometric Surface | Group-I(B) Confined in Storage

(Pre to Post) (m) Aquifer (MCM) (2 x 3 x4)

() @ (©)] 4) ©)
Chhaprauli| 205.32 0.92 0.0006925 0.130809
Baraut 276.86 0.83 0.0004925 0.113173
Baghpat 210.63 0.80 0.000448 0.07549

Khekra 160.37 1.40 0.00001680 0.003772
Pilana 207.14 1.83 0.00002207 0.008366
Binauli 290.00 1.55 0.000571 0.256665
Total 1350.32 0.588275
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5. GROUND WATER RELATED PROBLEMS AND ISSUES

5.1 Disposition and Nature of Aquifers

(a) Aquifer-1(A) is used for drinking water through government/private hand pumps as spot
source, while Group-1(B) aquifer is utilized through construction of heavy-duty deep tube
wells for community water supply by the concerned State Govt. Agency. Occurrence of
iron rich ground water at shallower depth especially in Aquifer Group-I(A), which occurs in
alluvial sediments up to the depth of 70-90 m in almost all the blocks, often restricts economic
withdrawal of ground water for drinking purpose from this aquifer as for construction of

iron-free tube wells, it is necessary to tap the next deeper aquifer—I(B).

(b) In all the six blocks, the unconfined aquifer-1(A) is highly exploited, extremely stressed and
its ground water resource is being constantly depleted due to heavy indiscriminate withdrawal
of ground water by the farmers for irrigation of the crops specially sugarcane (occupying 80%
of the cropped area in the district for the period of around 10 months in a year) and other
high crop water requiring crops like paddy. At many places a single aquifer exists as aquifer
group—I(A) and continues up to the depth of 90-100 m and thus sometimes, this aquifer-1(A) is
persistently and irreversibly being dewatered, which may be aggravated in future if the
cultivation of the high- water requiring crops like sugarcane is not monitored and reduced

gradually by replacing with the low-water requiring crops.

(c) Water supply tube wells of UP Jal Nigam, Govt of Uttar Pradesh (including the tube
wells under Jal Jeevan Mission) are mainly tapping the deeper confined Group-1(B) aquifers,
depth of which varies from block to block depending on the depth, thickness, regional extension
and nature of the aquifer materials of the individual aquifers i.e. on the presence of potential
aquifer in terms of quantity and quality of ground water. Here in this NAQUIM 2.0 area of
Baghpat district, the drinking water tube wells are usually needed to be constructed with a
depth ranging from 100 to 150 m. In most of the areas, the construction cost of drinking water
tube wells for obtaining good quality of water would be very high due to requirement of deeper
drilling depth and more pipes and other related materials and thus would go beyond the

economic capacity of the local common farmers or villagers.
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5.2 Deeper and Constantly Declining Ground Water Level

Ground water level (WL) in respect of Aquifer Group—I(A) is very deep. During pre- monsoon
period (2023) water level ranges from 8.75 to 42.51 m bgl (Avg.- 23.47 mbgl; WL < 20 m in
48%, 20 to 30 m in 24% and > 30 m in 28% Wells) whereas during post-monsoon period (2023)
it ranges from 5.87 to 34.25 m bgl (Avg.- 20.47 mbgl; WL < 20 m in 43.44%, 20 to 30 min
53.27% and > 30 m in 2.46% Wells). Long term (10 years — 2014 to 2023) trend of water level
in respect of Group-I(A) aquifer shows a continuous decline in all 6 blocks at an alarming rate (at
Khekra, Khekra block @ 0.75 m/year and at Pilana, Pilana block @ 0.80 m/year). The piezometer
constructed at Titroda, block—Binauli (zones tapped 46-58 & 65-74 mbgl in Aquifer—IA) showed
a static water level (SWL) as 6.56 mbgl (04.01.2024). Tube wells tapping the Aquifer Group—
I(B) are limited and thus the water level data of aquifer-1(B) are scanty. The magnitude of decline
in water level is comparatively less in these aquifers under confined condition, which indicates

that the Group-1(B) aquifers are still not being developed up to the optimum scale.
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Only two tube wells were monitored at Pilana, block — Pilana (Pre-monsoon - 27.53 m
bgl and post-monsoon — 28.42 m bgl) and Tikri, block — Chhaprauli (Pre-monsoon - 33.24 m bgl
and post-monsoon — 32.15 m bgl) during pre-monsoon period. However, the water level data
collected from the drinking water tube wells constructed under Jal Jeevan Mission (JJM) by
tapping Aquifer—I(B) shows that the pre-monsoon water level ranges from 14.00 to 28.80 m bgl
and the post-monsoon water level ranges from 20.20 to 27.25 m bgl. Moreover, under
NAQUIM 2.0 project two exploratory wells (EW) were constructed at two sites namely
Shobhapur, block — Pilana and Shahpur Banganga, block — Binauli by tapping Aquifer—I(B). The
Static Water Level (SWL) in Shobhapur EW (zones tapped: 113-125, 132-138 & 147-150 mbgl)
was 24.25 mbgl (05.10.2023) and that of Shahpur Banganga EW (zones tapped: 92-104 &
122-134 mbgl) was 11.28 mbgl (13.02.2024)

Ground Water Abstraction structures tapping the Aquifer Group—Il are very rare. Under
ground water exploration program pertaining to NAQUIM 2.0 project two exploratory tube wells
were constructed at two sites namely Titroda, block—Binauli and Chhaprauli, block—Chhaprauli
by tapping Aquifer—II. Static Water Level measured in Titroda EW (zones tapped: 213-216, 224-
242 & 265-274 mbgl) was 22.08 mbgl (07.10.2023) and that of Chhaprauli EW (zones tapped:
163-169, 175-178, 184-190, 200-206 & 236-239 mbgl) was 21.16 mbgl (09.03.2024).

5.3 Semi-Critical to Over-Exploited status of all Administrative Blocks

The dynamic ground water resource has been calculated for all the 6 blocks of NAQUIM
2.0 area. As per the dynamic ground water resource estimation — 2017, the range of stage of
ground water extraction was 71.17 % (Chhaprauli Block) to 111.55 % (Binauli Block), whereas in
2023 it is from 74.41% (Chhaprauli Block) to 130.59% (Pilana Block). This indicates a significant
rise in ground water withdrawal from the shallow aquifer—1A within a very short period of
6 years, which is really alarming. In 2023, dynamic ground water resource status has shown that 3
blocks are under ‘Semi-Critical’ category and the other 3 blocks are under ‘Over-Exploited’
category. However, in last 1 year (2022 to 2023), only 1 block, namely Baghpat, has been
improved from ‘Critical’ to ‘Semi-Critical’ as per the sole criteria for determining the category of
the assessment units i.e. administrative blocks (GWRE-2015 Methodology). So, an unremitting

depletion of dynamic ground water resources in shallow aquifers is occurring.
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5.4 Ground Water Pollution

Generally, all chemical parameters in collected water samples show values within
permissible limit. Both the shallow Group-1(A) aquifers and deeper Group-1(B) aquifers in the
NAQUIM 2.0 area are generally having fresh potable water with EC values generally varies from
269 to 2391 (us/ cm at 25 °C) in case of Group-I(A) aquifers and from 710 to 1597 (us/cm at
259C) in case of Group-IB aquifers, which indicates that in some isolated and small pockets
specially in Khekra and Pilana blocks adjacent to Ghaziabad district, sometimes the ground water
from the hand pumped tube wells with depth range from 35 to 65 m tapping group—I(A) aquifers
Is brackish. Other parameters of routine analysis are also very much within permissible limits,
excepting Iron (Fe), which shows a general concentration range from 0.01 to 1.0 mg/It in Group—
I(A) aquifers except at some scattered places like Asara (HP IM-11: 6.803 mg/It), Kotana (HP IM-
I1: 4.434 mg/It), Nagla Badi (STW: 6.301 mg/It), and Khindora (HP IM -I1: 3.84 mg/It) whereas
in Group-1(B) aquifers are free from any Iron contamination as the general range of Iron
concentration is Nil to 1.0 mg/It. Thus, in this NAQUIM 2.0 area the only chemical quality
issue is sporadically high Iron in Group-I(A) aquifers. However, at some isolated locations spread
in a sporadic manner, the occurrence of Nitrate (NO3) and other Heavy Metals like Manganese
(Mn) and Uranium (U) above permissible limit have been noticed. In general, the chemical quality

of ground water in aquifer—I(B) is comparatively better than that of aquifer—I1(A).
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6. MANAGEMENT STRATEGIES

To formulate a proper Aquifer Management Plan, it is required to understand the total
available ground water resources, its quality and status of present development. On the basis of

these studies, a sustainable effective management method may be prescribed.

6.1 Ground Water Management Plan for Drinking and Domestic Sector

In Uttar Pradesh, UP Jal Nigam is assigned with the job of drinking water supply in the
NAQUIM 2.0 area (Baghpat district) to the rural as well as urban population. The community drinking
water supply schemes are based on big diameter tube wells and this supply is given to a single village
or to multiple villages. Besides the already commissioned ground water-based drinking water supply
schemes, a substantial number of schemes (128 nos.) under Jal Jivan Mission (JJM) are also under
the process of construction and installation, which will start functioning very soon and will expectedly
be covering the whole population of the NAQUIM 2.0 area in Baghpat district. Block wise
population, which are yet to be covered by piped water supply, have been identified. Population
presently covered through the existing ground water- based schemes and the tentative block wise
estimates of required drinking water for the uncoveredpopulation on the basis of projected
population as in 2021 have been furnished in Table-6.1. In the NAQUIM 2.0 area, no surface
water based drinking water supply schemes is available and thus it is necessary to check the
feasibility of the installation of surface water treatment plants for community drinking water supply
through utilisation of river water from the river Yamuna in order to lessen the dependency on the

already imperilled and constantly decreasing ground water resources in Baghpat district.

6.1.1 Coverage under Piped Drinking Water Supply Schemes in NAQUIM 2.0 Area

It is assessed that about 36.36% i.e. 521157 people out of the total projected/ approximated (as
in 2021) population 1433353 (as the Census 2021 statistics are not released yet) is under coverage of
piped drinking water supply schemes and the rest population (912196) is still to be covered. In order
to cover the remaining population in the NAQUIM 2.0 area an additional 13.318 MCM of water

resource is required annually.

Table-6.1 : Block wise Population Coverage of Drinking Water Supply Schemes by Jal Nigam

Block Total Projected Covered | Nos. | Nos. of |Population Yet| Annual water
Popula- | Population (2021)| Popu- of GPs | to b_e Covered | Resourcerequired
tion (Taking decadal | lation | GPs | Covered |by Piped Water| to cater uncovered
(Census: | growth as 10%) Supply Scheme population
2011) (PWSS) @ 40 Ipcd (MCM)
@) @ ©) @) ®) (6) @ ®)
Chhaprauli | 172120 189332 80024 | 26 11 109308 1.5959
Baraut 279430 307373 124264 | 44 22 183109 2.6734
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Block Total Projected Covered | Nos.| Nos. of |Population Yet| Annual water
Popula- | Population (2021)| Popu- of GPs | to be Covered | Resourcerequired
tion (Taking decadal lation | GPs | Covered |by Piped Water| to cater uncovered
(Census: | growth as 10%) Supply Scheme population
2011) (PWSS) @ 40 Ipcd (MCM)
Baghpat 228208 251028 30044 44 4 220984 3.2264
Khekra 223619 245980 24402 37 3 221578 3.2350
Pilana 167776 184554 102354 | 41 17 82200 1.2001
Binauli 231895 255086 160069 | 52 29 95017 1.3872
Total 1303048 1433353 521157 | 244 86 912196 13.318

6.1.2 Proposal for Development of Gr-1(A)& Gr-1(B) Aquifers by Drinking Water TWs

It is proposed that, the drinking water supply to the uncovered population may be carried out
from ground water resources available in both the Group-1(A)& I(B) aquifers. However, the aquifers
of Group-1(B) may be preferred for drinking water supply owing to have better quantity and quality
of ground water and thus it has been proposed that 40% of total ground water resource (5.3272 MCM)
required for catering uncovered population should be extracted from Gr.—I(A) and rest 60 % water
(7.9907 MCM) from Gr.—I(B) aquifers. Here it is worth mentioning that the Group—I(A) aquifers
are unconfined to semi-confined and the Group—I(B) aquifers are fully confined. Considering the
average discharge of Group—I(A) and Group-I(B) aquifers in respective blocks and average 8 hours
running per day, the annual unit draft of one such tube well has been assessed. Therefore, the total
number of 41 tube wells is proposed in Gr.—I(A) aquifers and 49 tube wells in Gr.-1(B) aquifers
to meet the drinking water demand of uncovered population from ground water resource in the
NAQUIM 2.0 area (Table—6.2). The recommended number of tube wells will cater the remaining
annual drinking water need of 13.318 MCM. The cumulative in- storage (static) resource in Aquifer
Group-I(A) (294.13 MCM) and Aquifer Group-I(B) (44.525 MCM) for whole NAQUIM 2.0 area is
338.655MCM and thus this resource can comfortably be utilised for supplying drinking water to the
uncovered population as all the Gr.-I(A) as well as the Gr.-1(B) aquifers here contain fresh and potable

ground water.

Table - 6.2 : Proposed Planfor GW Draft from Aquifer Gr.—1(A)& Gr.-1(B) for Drinking Water

Name ofthe| Geog- | Annual | Annual | Annual | Annualunit | Annualunit | Nos. of Nos. of
block raph- |Resource | Resource | Resource | draftofone | draftofone [Tube WellgTube Wells
ical area | required | proposed | proposed | TW (taking | TW (taking |required inrequiredin
(sq. km.)| forun- |fromI(A)| fromI(B) | avg.disch- | avg.disch- | Group- | Group-
covered | Aquifer | Aquifer | argeofI(A) | arge of I(B) 1(A) 1(B)
popu- | (40% of | (60% of | aquiferand | aquiferand |aquifer(s) | aquifer(s)
lation Requir Requir- | 8hours/day | 8hours/day @)/ (6) 5)/(7)

@401lpcd| ment) ment) running) running)

(MCM) | (MCM) | (MCM) (MCM) (MCM)
@) @ (©) @ ©) (6) 0] ®) ©)
Chhaprauli | 205.32 | 1.5959 0.6384 0.9575 0.1314 0.1533 5 6
Baraut 276.86 | 2.6734 1.0694 1.6040 0.1314 0.1703 8 10
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Name ofthe| Geog- | Annual | Annual | Annual | Annualunit | Annual unit | Nos. of Nos. of
block raph- |Resource | Resource | Resource | draftofone | draftofone [Tube WellgTube Wells
ical area | required | proposed | proposed | TW (taking | TW (taking |required inrequiredin
(sg. km.)| forun- |fromI(A)| fromI(B) | avg.disch- | avg.disch- | Group- | Group-
covered | Aquifer | Aquifer | argeofI(A) | arge of I(B) 1(A) 1(B)
popu- | (40% of | (60% of | aquiferand | aquiferand |aquifer(s) | aquifer(s)
lation Requir- | Requir- | 8hours/day | 8 hours/day
@401Ipcd| ment) ment) running) running) )/ () ) /()
(MCM) | (MCM) | (MCM) (MCM) (MCM)

@) @ (©) @ ©) (6) 0] ®) ©)
Baghpat 210.63 | 3.2264 1.2905 1.9358 0.1314 0.1583 10 12
Khekra 160.37 | 3.2350 1.2940 1.9410 0.1314 0.16352 10 12
Pilana 207.14 | 1.2001 0.4800 0.7201 0.1314 0.148 4 5
Binauli 290.00 | 1.3872 0.5549 0.8323 0.1314 0.1898 4 4
Total 1350.32| 13.318 | 5.3272 7.9907 0.1314 0.16387 41 49

6.1.3 Effect of Development of Aquifers-1(A) & I(B) by Drinking Water Tube Wells

Further development of Group-1(A)&I(B) aquifers would definitely have an effect on the ground

water regime. Block wise tentative decline of water level/piezometric surface for individual

aquifer group has been assessed. It is observed that the probable decline of water level in Group-

I(A) aquifers is from 0.032 to 0.135 m and that of piezometric surface in Group-1(B) aquifers is from

5.006 to 21.235 m (Table-6.3). As per National Water Policy, construction of tube wells for

drinking water is foremost priority. However, keeping in view the further lowering of piezometric

surface/water level the ground water extraction project involving tube well construction should

always be implemented in phases with utmost precaution and must be compensated by construction

of suitably designed artificial recharge structures for the respective aquifers.

Table-6.3 : Probable Impact of GW Draft for Drinking Water on Ground Water Level

Name ofthe |Geogra- | Annual Water | Annual Water | Specific |Storativity (S) | Decline of | Decline of
Block phical Resource Resource Yield (Sy) of Water piezometric
area proposed to proposed to of Group-1(B) | Levelin surface
(sq. km.)| beused from | beused from |Group-(A) | Aquifers Group- | inGroup-1(B)
Group-1(A) Group-1(B) Aquifers 1(A) Aquifer (m)
Aquifers Aquifers Aquifer
(MCM) (MCM) (m)

@) @ @ @ ©) (©) 0] ®)
Chhaprauli | 205.32 0.6384 0.9575 0.06 0.00057129 | 0.052 8.176
Baraut 276.86 1.0694 1.6040 0.06 0.00057129 | 0.064 10.136
Baghpat 210.63 1.2905 1.9358 0.06 0.00057129 | 0.102 16.136
Khekra 160.37 1.2940 1.9410 0.06 0.00057129 | 0.135 21.235
Pilana 207.14 0.4800 0.7201 0.06 0.00057129 | 0.039 6.089
Binauli 290.00 0.5549 0.8323 0.06 0.00057129 | 0.032 5.006
Total 1350.32 5.3272 7.9907
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Table-6.4: Cost Estimate of Tube Wells for Drinking &Domestic Water Supply to Projected Population (in 2031)

Block Popula-| Presen |Project |Covere| Total |Additional| Ave- | Ave- |Dischar| Nos.of | Costof
tionin |t ed d |Populati| Water |rage |rage | -ge of Additional| Tube
NAQU-| Water |Human |Humanonto be | Require- |Disch| Hou jone TW| Tube | Wells of

IM | Requir | Popu- | Popu- [covered [ment for | - |rs of | (Unit | Wellsto | 200 m
2.0 area| e- ment | lation | lation |in 2031 | Human |arge | Run | Draft) |be Cons- | depth in
in for as (2020- | excepti |@701Ipcd| of | n- in  |tructed in|I(B)aquif
2011 |Human in2031| 21) ng in 2031 (Grou| ing |m3/day |I(B)Aquif er
@70 (taking alread | (m®day) | p- | of or8 | er for |(approx.)
Ipcd average y I(B) | Tub | hours | catering |10”x6"di
(m®/day |decadal covere Aqu-| e of |Populatio| a@
) growth d ifers |Well |pumpin|nin 2031| Rs.10
rate popula (méh| s | g per | (7)/(10)|lakhs (in
10%) tion r day (8) lakh) as
4 - x (9) per EFC
©)

1) (&) ®) (4) ®) (6) ) ® (9 | (0 (1) (12)
Chhaprauli | 172120 |12048.40 | 208265 | 80024 | 128241 | 8976.884 |52.50| 8 420.00 21 210
Baraut 279430 |19560.10 | 338110 | 124264 | 213846 | 14969.241 |58.32| 8 466.56 32 320
Baghpat 228208 |15974.56 | 276132 | 30044 | 246088 | 17226.138 |54.21| 8 433.68 40 400
Khekra 223619 |15653.33 | 270579 | 24402 | 246177 | 17232.389 |56.00 8 448.00 39 390
Pilana 167776 | 11744.32 | 203009 | 102354 | 100655 | 7045.847 |50.68| 8 405.44 17 170
Binauli 231895 |16232.65 | 280593 | 160069 | 120524 | 8436.677 |65.00 8 520.00 16 160
Total 1303048 | 91213.36 | 1576688 | 521157 | 1055531 | 73887.176 165 1650

6.2 Ground Water Management Plan for Irrigation Sector

Agriculture is the principal source of livelihoods of the people in the NAQUIM 2.0 area of
Bgahpat district. The major crops cultivated here areSugarcane, Wheat, Mustard, Rice and
Vegetables. Sugarcane is grown substantially in this area, which is mostly dependent on ground water

irrigation.

6.2.1 Ground Water Availability for Future Irrigation and Necessity of Planning

As per the technical data collected from various State Govt. agencies like Agriculture
department and Minor Irrigation department and the Dynamic Ground Water Resources (2023)
for Uttar Pradesh estimated by CGWB and Ground Water Department of Govt. of Uttar Pradesh on
the basis of GEC 2015 methodology, the block-wise cultivable area, net cultivated area, net irrigated
area, cultivale area to be brought under irrigation, water level and its long term trend, stage of ground
water extraction and ground water availability for future irrigation etc. have been presented in Table
- 6.5.

Out of cultivable area of 106690 Ha, net irrigated area is 102630 ha (96.19%) as per 5" Minor

Irrigation Census data of Govt. of UP. Throughout the area, the major and prolific shallow aquifers
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show a significant falling trend in both pre-monsoon and post-monsoon water level. In almost all
the blocks the decline in post-monsoon water level is reported invariably in Group- I(A) aquifers
and sometimes also in Group—I(B) aquifers. However, Stage of Ground Water Extraction ranges
between 74.41% (Chhaprauli) and 130.59% (Pilana). The high SOE and significant water level
declining rate in post-monsoon compared to pre-monsoon may be due to massive ground water
withdrawal for irrigation during post-monsoon and impact of pumping water level in one well
affecting the others in the vicinity. As per Dynamic Ground Water Resource Estimation 2023, in
respect of 3 nos. of semi-critical assessment blocks namely Chhaprauli, Baraut and Baghpat, total
3880.84 Ham ground water are available for future use (mainly for irrigation and industrial use)
but it is suggested that this small amount of water should be kept in reserve as it is pertaining
to Gr.-1(A) aquifers, where the water level is declining constantly. Thus, to be on a safer side,
further irrigational use of ground water from the shallow Group-I1(A) aquifers should be discouraged
and in case of utter obligation, the irrigation water may be withdrawn mainly from the Group-1(B)
aquifers. In irrigation water management plan, it is suggested to fulfil a considerable part of the future
demand of irrigation water by harvesting and conservation of rainwater paired with adopting less
water consuming micro- irrigation along with changing of cropping pattern through curtailment of
high-water consuming sugarcane crop and resorting to the less water consuming crops like wheat,
rice, vegetables and mustard. Moreover, a close and continuous monitoring of water level and
quality for both the Aquifer Groups—I(A)&I(B) in pre-monsoon and post-monsoon period and the
assessment of the ever-changing ground water development scenario are also essential.
Accordingly, preparation of a fruitful and flexible ground water management plan on regular
basisandexclusively for irrigation purposes in this NAQUIM 2.0 area of Baghpatdistrictis
indispensable, which can be evidenced by the statistical figures of various parameters furnished
in Table - 6.5.
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6.2.2 Demand side Interventions in Cropping Pattern and Irrigation Practices

1. Change in cropping pattern is the need of hour in this water stressed NAQUIM 2.0 area.

2. Enhancement in cultivation of low water requiring crops and a small modification of the prevailing

cropping pattern is recommendable as per its suitability for the area.

3. Sugarcane crop ideally needs around 2.4 m of water column for irrigation for its whole life
cycle, which is grown throughout the summer, monsoon and winter seasons by occupying the
agricultural land for almost 10 to 12 months and thus heavily depends on ground water as the average
annual rainfall in this NAQUIM 2.0 area is merely around 650 mm. So, a phase-wise lessening of
sugarcane cultivation area is strongly suggested as on experimental basis and it is being initially
proposed to be reduced by 10%. The total annual loss of income from sugarcane production could
be compensated by the income expected from the additional production of crops like rice,
wheat, vegetables and mustard, which would be irrigated by the amount of ground water saved
through 10% lessening of sugarcane cultivation. In an alternative way, the whole released area of
sugarcane may be utilised for growing Rice in Kharif and also three common low CWR crops wheat,

vegetables and mustard in Rabi season by distributing the land equally.

4. For encouragement of cultivation of other crops instead of sugarcane, incentives may also be

provided by the government to the farmers, who are interested for this change.

5. Sincere efforts should be made so that at least some small sugarcane areas can be irrigated by surface
water, specially in monsoon and post-monsoon period, from the rivers, ponds, tanks existing nearby
and other new surface water conservation structures being constructed under various govt.

schemes for storing the harvested rain water.

6. Overall increase in cultivation area of mustard, vegetables and wheat may be recommended as
analternative option as these crops are suitable for the local climate and soil type and need a

lesser irrigation water column in the range of 0.40 to 0.45 m.

7. Rain water harvesting and artificial recharge techniques may be introduced at a larger scale to

minimise the problem of declining water level and depletion of GW resource.

8. To improve the ground water scenario in shallow aquifers, modern irrigation systems like drip water
irrigation and sprinklers irrigation should be adopted through which a considerable amount of
ground water may be saved (20% to 50% depending on crop type) as the irrigation in the NAQUIM

2.0 area is mainly dependent upon ground water.

Benefits from Implementation of above-mentioned Management Strategy
1. By decreasing area of sugarcane cultivation and implementing micro-irrigation techniques, the

ongoing massive draft of ground water round the year can be reduced.
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2. Enhancement in irrigation coverage and cropping intensity, cultivation of multiple crops

3. Increase in revenue of the farmers and an overall economic development of the society.

The ground water level in unconfined to semi confined Group-1(A) aquifers suffers heavy
decline wherever utilized for irrigation in this NAQUIM 2.0 area. Therefore, further large-scale
installation of ground water structures for irrigation specially in shallow Group-I(A) aquifers
should not be encouraged. To alleviate the situation, crop diversification and modification of cropping
pattern by reducing 10% of sugarcane cultivation area may increase the cropping intensity,
irrigation coverage and a notable gain in agricultural revenue.On the other hand,itmay effectively
decrease the withdrawal of ground water for irrigation. The estimated irrigation water columns
required for different major crops usually grown in this NAQUIM 2.0 area are given in Table-6.6 (A)
& (B).

Table — 6.6 (A) : Water Requirements for Irrigation of various major Crops

Major Crops Requisite Water Colum| Crops suggested for | Water Column (m) Remarks/
currently being grown for saving Ground recommended for less Irrigation
in NAQUIM 2.0 area Irrigation Water(as perGW |water requiring crops Techniques

m) quality & quantity)

Sugarcane, Wheat
Rice, Mustard,
Potato, Arahar, Urd,
Moong, Masoor,
Bajra, Onion,

Jowar, Vegetables

Sugarcane: (2.0 - 2.4)
Rice: (1.2-1.4)
Wheat: (0.35 -0.45)
Pulse: (0.1-0.12)

Oil Seed: (0.2—-0.25)
Vegetable: (0.15- 0.4)
Potato: (0.45-0.70)

Wheat, Mustard,

Pulses, Vegetables

Mustard:(0.20-0.45)
Pulse: (0.08 - 0.12)
Vegetable: (0.2-0.4)

Drip Irrigation for

sugarcane and
vegetables.
Sprinkler Irriga-
tion for wheat,

rice & mustard

etc.
Table — 6.6 (B) : Water Requirementsforlrrigationof some lesser cultivated Crops
Name of the Water Name of Water Name of the Water Name of Water
Crop Require | the Crop | Requirement Crop Require | the Crop Require

-ment (m) (m) -ment (m) -ment (m)
Maize 0.45-0.65 | Onion 0.35-0.55 | Summer Veg. | 0.30-0.40 | Cabbage | 0.38-0.50
Green Gram | 0.30-0.35 | Tomato 0.60-0.80 | Rabi Veg. 0.20-0.35 | Pea 0.35-0.50
Black Gram | 0.35-0.40 | Cotton 0.65-0.90 | Chilies 0.50 Bean 0.30-0.50

The soil in NAQUIM 2.0 area is mainly composed of sandy loam, minor loam and sand and
it is moderate to well drained. So, less water consuming crops should be grown particularly in

non-monsoon period. As per soil type, irrigation facility available and cost factor of growing,
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some of these crops in a proportionate way may be cultivated in future as replacements of

sugarcane for saving ground water presently being used for irrigation.

Total area of cultivation of sugarcane is 74091 Ha. If 10% (7409.10 Ha) of sugarcane cultivation
area is reduced then17781.84 Ham water could be saved. This saved water may then be utilized
proportionately for providing irrigation to lesser water requiring crops like wheat, rice, vegetables and
mustard. The selection of these crops to which the saved water would be alloted is done on the basis
of prevailing cultivation practices, irrigation patterns, crop water requirments and also the present
sown area of those crops in the NAQUIM 2.0 area. This saved water can be utilized to create an
alternative irrigation area (CCA) amounting 35749.76 Ha in lieu of 10% of sugarcane irrigation area
and the effective increase in irrigation area could be 28340.66 Ha
{Table-6.7 (A)}. Under this proposed scheme, from the four crops grown
underalternativeirrigation area there may be an effective increase of agricultural income amounting
580.3849 crores. {Table-6.7 (B)}.

As an alternative way of ‘demand side intervention’, if the land released as a result of 10%
reduction of all year-round sugarcane cultivation is allotted for growing rice in Kharif season and then
in subsequent Rabi season, if it is allotted in equal proportion to three most viable low water requiring
crops like mustard, wheat and vegetables then an effective gain/profit of Rs.48.9608 Crore can be
attained and as an added benefit an effective saving of ground water would be 101.2577 MCMwhich
may in turn help in lowering the average Stage of GW Extraction (SOE) of the district from 97.12 %
(2023) to 74.61% and an average rise of water level around 1.25 m may also be noticed in respect of
Aquifer-1(A) in the NAQUIM 2.0 area of Baghpat district {Table— 6.7(C)}.
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6.2.3 Supply Side Interventions through Artificial Recharge and Surface Storage

Water is to be collected from Roof Top Rain Water Harvesting and Non-Committed Surface Run-
off for Augmentation of Ground Water Resources and through Storage in Conservation cum

Irrigation Pond for Incresing Surface Water Resource

The area receives a moderate rainfall,however, a substantial amount of this rainfall is wasted as
surface run-off which is usually drained out of the watershed/basin to the rivers. Non-committed surface
runoff, generated by rainfall may be collected for conservation and artificial recharge to depleting shallow
aquifers in NAQUIM 2.0 area.

Using Dhruvanarayan’1993 method a detailed water budgeting for individual blocks has been
made on thebasis of normal rainfalldata, soil type and land slope etc. Applyingthismethod, the run-
off components for conservation and recharge have been determined, followed by proposal of various
types of artificial recharge structures and conservation structures in different blocks and then the total
construction cost estimate for each block has been assessed to plan for the development of water
resources as a whole. As a result of implementation of this plan, the economy of the area is expected
to be improved. Steps for estimation of run-off, calculation of nos. of structures, cost estimation etc. are

given below:

1. Determination of Total Volume of Surface Runoff (Ham) available Annually "Vy'=(RnXAXC)
2. Determination of 75% of 'V =V

3. Determination of 50% of ‘V’ (Non-Committed) =Vn

4. Considering 60% of ‘Vy¢’ to be harvested = V¢

5. Source water allocation for artificial recharge structures like Re-excavated Existing Tank (REET)

with Recharge Shaft, Injection Well and conservation structures like Farm Pond.

6. Finally, nos. of various feasible structures in different blocks based on soil characteristics and other

aspects, along with their size specifications and cost estimates have been made.

The volume of monsoon runoff can be harnessed without creating any adversity to the environment
is estimated by applying Druvanarayana’1993. Thus, after deducting the flow component, the non-
committed surface run-off for whole NAQUIM 2.0 area has been calculated as 102.53993
MCM(Table—6.8). This volume of water may be utilized for artificial recharge through injection wells

and for storing in surface conservation structures.
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6.2.3.1 Rain Water Harvesting for Artificial Recharge

Both the aquifer systems viz Aquifer Group-I1(A) and Aquifer Group-1(B) show deeper water levels.
In the year 2023, the average pre-monsoon depth to water level ranges from 16.55 m to 28.98 m bgl
for Aquifer Group-I(A) and from 21.12 m to 28.80 m bgl in case of Aquifer—I(B) whereas the average
post-monsoon depth to water level ranges from 16.24 m to 26.53 m bgl for Aquifer Group—I(A) and from
20.20 m to 27.25 m bgl in case of Aquifer—I(B). The water level throughout the year in all over the
NAQUIM 2.0 area is deeper. Group—I(A) aquifer experiences a significant long-term falling trend (0.75
m/yr to 0.80 m/yr) for the pre-monsoon period(Table-6.5). Both the Gr.-1(A) and 1(B) aquifers in entire
NAQUIM 2.0 area are suitable for artificial recharge. The available storage space (post-monsoon) for
aquifer group-1(B) has been calculated for respective blocks by multiplying volume of the formation

with its Storativity (Storage Co- efficient) value.

For artificial recharge through injection well we can assume that 100% of the NAQUIM 2.0 area is
suitable for effective ground water recharge. However, it has to be taken into consideration that only 75%
of source water applied for artificial recharge by injection method would be actually stored or recharged

under the ground through occupying the vacant space available in the Aquifer Groups-1(A)&I(B).

The anticipated volume of source water to be generated from moderate annual rainfall in the
NAQUIM area is very meagre in comparison to the total vacant spaces existing in Group-1(A) & 1(B)
aquifers, which are quite voluminous. Threfore, only small volumes of vacant and refillable spacesi.e.
minor parts of the aquifers occurring in between 15 m bgl and their respective post- monsoon water level
have been calculated block wise taking the specific yield as 0.06 in case of unconfined Group-I(A) aquifer
in Older Alluvium and taking an average value of storativity as
5.71 x 10 (0.000571) for the confined Group-1(B) aquifer and have been proposed for filling up through
artificial recharge by injection wells. For Group-1(A) aquifer an attempt may be made to fill up the
proposed481.0802MCMstorage space and in order to recharge this 481.0802MCMwaterinto this aquifer,a
total amount of 641.4402 MCM source water is required, whereas for filling up 6.1394 MCM space in
Group-1(B) aquifer,that is, for recharging this amount of water in this aquifer an amount of 8.1858 MCM

source water isrequired (Table- 6.9).

Suitable numbers of injection wellsareto be constructedalongwiththe roof top rain water harvesting
units to inject the collected rain water to the aquifers. Considering a unit roof area as 100 sg. mt.,
total normal annual rainfall as 0.67476 m and runoff coefficient as 0.80, the unit capacity of one roof
top structures is 0.000054 MCM. Therefore, to inject 481.0802 MCM of water into the Gr.-1(A)aquifer,
11882748 nos. of Roof Top (each of 100 sg. mt. size) Rain Water Harvesting (RTRWH) system each
fitted with sufficient numbers of injection wells may be required. Similarly, to recharge6.1394 MCM
of water in to the Gr.-1B aquifer, 151644 Roof Top (each of 100 sq. mt. size) Rain Water Harvesting

system fitted with required numbers of injection
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wells are recommended. Block wise number of roof top rain water harvesting cum injection recharge
structures for partial filling/ recharging of the feasible space aviable in individual aquifersare estimated
(Table-6.9).

Necessity may be judged for implementation of artificial recharge projects in the NAQUIM
2.0 area on the basis of higher ground water development, depth to ground water level, categorization of
the blocks as per the Ground Water Resource Assessment as on March 2023 by GWRE 2015
methodology, source water locally available and availability of suitable lands/locations for setting up
recharge schemes in the blocks. As per the local feasibility study,Re- excavation of Existing Tanks with
Recharge Shafts and Injection Wells may be constructed as suitable recharge structures.Perolation tank
type of recharge structures, usually recommended in alluvial terrain, are not viable in this area due to its
unfavourablegeomorphologicalcharacterics, insufficiency of source water and absence of suitable large

uncultivable/uninhabitable lands necessary for this type of structure.

The impact assessments of artificial recharge of water collected from Roof Top Rain Water
Harvesting and Non-Committed Surface Run-off through injection well in respect of Group-I1(A)
unconfined aquifers have been presented in Table-6.10 and 6.13 in terms of rise in water level, saving of

ground water and improvement of its dynamic resource.

For Alluvial area the flowing kinds of Harvesting and Recharge structures are feasible:
¢ ‘REET’ — Re-Excavation of Existing Tanks, size 100m x 100m x 5m, Filling -2 times, Storage Capacity — 10 Ham, for
Recharge and Irrigation

e Irrigation cum Recharge Tank (Percolation Tank) —size 100m x 100m x 5m, Filling -10 times, Storage Capacity —
50 Ham; for Recharge and Irrigation

e Farm Pond or Conservation/Storage cum Irrigation Tank/Pond - size 100m x 100m x 5m, Filling -2 times,
Capacity—10 Ham; for Fishing cum Irrigation

¢ Injection Wells - dia. -10" x 6"; Depth - 300 m/200m/100m, Capacity - 30 Ham, for recharge in to deeper zones as
well as for pumping

In general, the allocation of source water is done in the following manner: 35 % water to ‘REET’ and 30
% water to Injection Well, 35 % water to Farm Pond. Average cost of construction: REET — 8 Lakh,
Injection Well (100 m) — 5 Lakh, Farm Pond — 8 Lakh
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6.2.3.2 Probable Impact of Proposed Artificial Recharge Structures (Injection Well)

For implementation of rainwater harvesting schemes for artificial recharge to ground water
the probable impact on the ground water regime of respective group of aquifers has also been assessed.
It is expected that if the prescribed roof top rain water harvesting cum injection well recharge projects
are implemented properly then for Gr- I(A) aquifer water level in shallow tube wells may rise by
1.24 to 11.53 m, whereas in tube wellstappingGr-1(B) aquifer, rise in piezometric surface may
range from 5.20 to 12.25 m (Table-6.10).

Table - 6.10 : Expected Impact of RTRWH cum Injection Recharge on Ground Water Regime

Name of the Geogra- |No.of RTRWH | Amountof |Impacton |No.of RTRWH | Amount of | Impacton
Block phical Area| with Injection | water to be | Water | with Injection | water to be |Piezometric
(sg. km.) | Wells designed |rechargedin | Level of | Well designed |rechargedin | Surface of
for Gr.-1(A) Aquifer Aquifer forGr.-I(B) |Aq.Gr.-I(B) | Aquifer
Unconfined Gr.-1(A) Gr-I(A) Confined (Table-6.9: | Gr-I(B)
Aquifers (rise in m) Aquifers 12) (rise in m)
(Table - 6.9: 17) (Table-6.9: 7) (Table- 6.9: 18)
@) @ ©) @) ®) (6) 0] ©)
Chhaprauli | 205.32 377315 15.2758 1.24 15058 0.6096 5.20
Baraut 276.86 2031029 82.2274 4.95 21476 0.8695 5.50
Baghpat 210.63 686742 27.8032 2.20 26736 1.0824 9.00
Khekra 160.37 1385614 56.0974 5.83 15833 0.6410 7.00
Pilana 207.14 2446656 99.0543 7.97 22437 0.9084 7.68
Binauli 290.00 4955392 200.6220 11.53 50104 2.0285 12.25
Total 1350.32 11882748 481.0802 151644 6.1394

6.2.3.3 Use of Non-committed Surface Run-Off for Injection Recharge & Surface Conservation

Very limited amount of rainfall generated non-committed surface runoff is available, which
is insufficient for fully saturating the dewatered part of the Group-1(A) aquifer and to substantially
recharge the Gr.-1(B) aquifer as well. However, major part of the non-committed surface runoff
may be injected for recharging Group-I(A) aquifer and a smaller amount of it may be allocated for
recharging Group-1(B) aquifer and the remaining amount for surface storage/conservation cum
irrigation tanks. If unit capacity of one tank is taken as 0.1 MCM (Size-100m x 100m x 5m,
Filling-2 times, Capacity—0.1 MCM), the non-committed runoff, remained after using in injection
recharge projects, may be storedin 184 tanks to be constructed at suitable locations in the
NAQUIM 2.0 area (Table-6.11).
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Table — 6.11 :Conservation of Surplus Non-Committed Surface Run-off in Surface Storage cum

Name of |Geogra-| Non-Comm- Surface runoff/  |Surface runoff/water| Volume of | Capacity | Feasible
the Block | phical itted water to be usedfor | to be utilised for | WaterLeft for | of single |Num-bers of
Area |[Surface Run- | partly filling storage | partly filling storage | Conservation | Conser- Conser-
(Sq. off space Aquifer-1(A) | space in Aquifer — | /Storagecum | vation/ vation/
Km.) | (by Dhruv- by Injection 1(B) by Injection Well|  Irrigation Irrigation | Irrigation
anarayan’93) | Well(75% efficiency) | (75% efficiency) | Tanks (MCM) | Tanks Tanks
(MCM) (MCM) (MCM) (MCM) ® /(™
@) @ ©) @) ©) ©) U] ©)
Chhaprauli | 205.32| 15.59149 11.250 1734 2.60749 0.1 26
Baraut 276.86| 21.02406 15.400 2.103 3.52106 0.1 36
Baghpat 210.63| 15.99472 10.750 2.079 3.16572 0.1 32
Khekra 160.37| 12.17810 8.250 1.510 24181 0.1 25
Pilana 207.14| 15.72969 10.250 2.283 3.19669 0.1 32
Binauli 290.00| 22.02188 15.000 3.799 3.22288 0.1 33
Total 1350.32| 102.53993 70.900 13.508 18.13193 184

Irrigation Tanks/Ponds after Artificial Recharge by Injection Wells

6.2.3.4 Utilization of Conserved Water and Creation of Additional Irrigation Potential

A considerable volume (assumed as 25%) of the water stored in surface conservation

structure is lost through evaporation. Due to presence of surface clay at the bottom of the conservation

structures i.e. ponds and tanks the percolation loses of water would be negligible. If the remaining

water is utilized for direct irrigation for Rabi crops like Mustard, Wheat, Vegetables etc. and average

required delta factor is considered as 30 cm, then 4532.986Ha additional irrigation potential can
be created (Table-6.12).

Table — 6.12: Additional Irrigation Potential to be Created from Storage cum Irrigation Tank

Name of the | Geogra- Non- Volume of | Evapo- | Remaining | Additional area which can be
Block phical Comm- Water for ration | Water can brought under irrigation
Area itted Conservation loss be utilized utilizing water stored in
(Sq.Km.) | Surface | /Storagecum | (25% of for Conservation cum Irrigation
Runoff Irrigation | storage) | Irrigation | Tank taking average CWR as
Available Tanks 30 cm for Rabi crops: Wheat,
(MCM) (MCM) McM) | (Mcwm) Mustad, Vegetables etc.
Sg. Km. Ha
@) @ ©) @) ®) (6) 0] ®)
Chhaprauli | 205.32 | 15.59149 2.60749 0.651873| 1.955618 6.51873 651.873
Baraut 276.86 | 21.02406 3.52106 0.880265| 2.640795 8.80265 880.265
Baghpat 210.63 | 15.99472 3.16572 0.79143 2.37429 7.9143 791.43
Khekra 160.37 | 12.17810 24181 0.604525| 1.813575 6.04525 604.525
Pilana 207.14 | 15.72969 3.19669 0.799173| 2.397518 7.99173 799.173
Binauli 290.00 | 22.02188 3.22288 0.80572 241716 8.0572 805.72
Total 1350.32 |102.53993| 18.13193 |4.53298 | 13.59895 | 45.32986 4532.986
6

102



6.2.4 Final Implications of Management Interventions (Demand & Supply) in Irrigation Sector
By demand side management intervention in cropping pattern through reduction of 10%
sugarcane area (Table-6.7A: Col.-20) 28340.66 Ha agricultuaral land can be additionally irrigated and
by supply side management intervention through collecting a part of non-committed surface run-off
in storage tanks/ponds4532.986 Haextra irrigation area may be created (Table-6.12: Col.- 8). It is
observed that 100% of the remaining cultivable landunderNAQUIM 2.0 area would easily be brought
under assured irrigation only bythewater collected from rainwater harvesting as non- committed

surface run-off and then stored in surface conservation structure such as irrigation tanks/farm ponds.

Considering 100% of NAQUIM 2.0 area as recharge-worthy, artificial recharge through
injection 0f70.90 MCM ‘non-committed surface run-off” as source water into the shallow Group-
I(A) aquifer can increase the dynamic ground water resource by 53.1750 MCM and lower the
Stage of Ground WaterExtruction(SoE) in NAQUIM 2.0 area from existing 97.12% (2023) to
83.84%. On the other hand, from changing in cropping pattern through releasing 10% sugarcane area
and allotting that area fully to Rice in Kharif season and then in Rabi season to wheat, mustard
and vegetables in equal proportion, 101.2527 MCM ground water may be saved and consequently
may lower the stage of extraction (SoE) from existing 97.12% (2023) to 74.61% due to increase
in annual extractable ground water resource. So, collectively by the ‘supply side intervention’ through
artificial recharge with injection wells and ‘demand side intervention’ through changing the
cropping pattern, the total effective increase in dynamic ground water reserve in shallow
unconfined Group—I(A) aquifers may be 154.4327 MCM, which can eventually lower the Stage of
Ground Water Extraction from 97.12% (2023) to 66.51% (Table-6.13).

As per the 5" Minor Irrigation Census 2020-21 data in respect of NAQUIM 2.0 area, the
cumulative cultivable area is 106690Ha out of which 102630 Ha is the total Culturable Command
Area (CCA), where the irrigation facility has already been generated by all the existing ground
water and surface waterbased irrigation structures. The remaining 4060 Haof Cultivable Area is
yet to be brought under Culturable Command Area through obtainingthe assured irrigation

facility.

As a collective outcome of both the supply side intervention through irrigation from
conservation cum irrigation tanks/ponds (4532.986 Ha) and demand side intervention through
allocation of ground water saved by 10% curtailment of sugarcane for irrigation (28340.66 Ha) of

other low CWR crops a cumulative 32873.6457 Ha agricultural land can be irrigated
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additionally.Therefore, by these two types of management interventions, 100% of remaining
unirrigated cultivable area can be brought under Cultural Command Area (CCA) i.e. under
assured irrigation and additional30.80% of total presentcultivable area can be irrigated with an
increase of 32.02% in present CCA. In respect of total NAQUIM 2.0 area, enentheextra irrigation
potential amounting 4532.986 Ha generated by supply side intervention can singly and absolutely
cover the whole remaining unirrigated area of 4060 Hawithassured irrigation by the water to be stored
in the surface conservation tanks/ponds from a part of non-committed surface run- off(Table—6.14).
Table-6.13:Expected Improvement of GW scenario due to Artificial Recharge of Unconfined Aquifers Gr.—I1(A)

over the whole NAQUIM 2.0 area with part of Non-committed Surface Run-off (Supply Side
Intervention) and Change in Cropping Pattern (Demand Side Intervention)

Block Annual Total | Existing | Part Storage | Allocated | Actual | Impro- Effective  [Impro-ved Total Cumu-
Extract- | Current | Stage of | Space for Source [amountof| ved Savingof  [SoE singly| Effective lative
able Annual | Dynamic | Recharge/ Water water | Stage of| Ground Water |by Saving|Increase in| Improve-
Ground | Ground GW Volume of from tobe |Ground| by Cropping of Ground mentin

Water Water | Extrac- | Water to be Non- rechar- | Water |PatternChange| Dynamic| Water SoE due
Resource | Extra- [tionas per| storedinto | Commi- gedin | Extrac-| byGrowing GW Reserve to both

(Ham) ction GW Aquifer I1(A) tted Aquifer |tion (%)| Kharif Rice |Resource| dueto Avrtificial
(SoE) |Resource | throughout | Surface | Gr-1(A) |singly by| onthewhole [by Cropp- Artificial | Recharge

{Table Estima- 100% of Runoff (Ham) | Artifi- |land area freed ing Recharge |and Saving
-6.7(C)} | (Ham) tion |INAQUIM 20 for cial by 10% Pattern and through
(GEC’15) area to Rechar- | (75% of | Rech- | reductionof | Change | Change in | Change of
{Table ason Enhance ging Source | argefro | sugarcane and | assuming | Cropping | Cropping
-6.7(C)} | March |Dynamic GW| Aquifer | Water) | m non- | also through that Pattern Pattern
2023 (%) | Resource -1(A) [(6)x0.75 | comm- | distribution | Shallow | (Ham) (%)
(Ham) from (Ham) itted | of 10% Sugar-| Aquifer | {(7) +(9)}
{(3)/(2)} | Table-6.9(7) | {Table- surface | cane areato |I(A) being [3)/{()
x 100 6.11: (4)} run-off |mustard, wheat] used for + (1)} x
through| and vegetables| Sugar- 100

Injec- | in1:1:1ratioin| cane
tion Well Rabi Season | [(3)/{(9)
[3)/ |{Table-6.7(C): +

{7 col.-20} (2)}] x 100|
+(2)} x (Ham)
100 (%)
(@) @ (©) (@) ®) (6) (7 ®) ©) (109 (11) (12)

Chhaprauli | 6300.77 |4688.41| 74.41 | 1527.58 |1125.00 | 843.75 | 65.62 | 1696.85 | 58.62 | 2540.60 | 53.03
Baraut 7883.09 |6157.34| 78.11 | 8222.74 |1540.00 [1155.00| 68.13 | 2117.24 | 61.57 |3272.24| 55.20
Baghpat | 5003.63 |4420.10| 88.34 | 2780.32 |1075.00 | 806.25 | 76.08 | 149759 | 67.99 |2303.84| 60.49
Khekra 3762.30 [4554.84| 121.07 | 5609.74 | 825.00 | 618.75 |103.97| 1070.65 | 94.25 |1689.40| 83.55
Pilana 4364.88 [5700.20| 130.59 | 9905.43 | 1025.00 | 768.75 |111.04| 1566.61 | 96.10 |2335.36| 85.07
Binauli 6235.91 |7064.32| 113.28 | 20062.20 | 1500.00 |1125.00| 95.97 | 2176.83 | 83.97 |3301.83| 74.07
Total 33550.58|32585.2| 97.12 | 48108.02 | 7090.00 | 5317.5 | 83.84 | 10125.77 | 74.61 |15443.27| 66.51
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6.2.5 Feasibility and Construction Cost of Artificial Recharge & Conservation Structures

Post-monsoon water level, long term trend of water level, stage of ground water extraction and

categorization of assessment units (administrative blocks) are given due importance in identifying the area

feasible for artificial recharge. For formulating the artificial recharge proposal, the post-monsoon average

depth to water level maps and long-term trend in water level map has been superimposed over

administrative block boundaries to identify the most feasible area for recharge. The entire NAQUIM 2.0

area of Baghpat district shows post-monsoon water levels more than 5 m bgl with the long-term falling

trend more than 20 cm/year and all the blocks are of OCS category, which fulfills the standard criteria for

suitability of artificial recharge in thisOlderAlluviumPlains.

As the unconfined to semi-confined Aquifer Gr.-I(A) is very thick and in most of the areas almost30

to 40% of its thickness on top remains unsaturated throughout the year along with the post monsoon

water level generally around 20 m bgl, it is practically not possible to refill/recharge the full unsaturated

portion of the aquifer in between 5 m bglandpost-monsoon water level due to unavailability of sufficient

amount of source waterfrom non-committed surface run-off. So,it has been recommended to make an

attempt for filling a small part of the unsaturated thickness at the bottom. On the other hand, as the Aquifer

Gr.-1(B) is purely confined,althoughthe depth of post- monsoon water level i.e. piezometric surface

throughout the year remains more than 20 m bgl, a large-scale recharge of ground water through injection

wells is not that much feasible. Thickness of Aquifer-1(A) to be saturated by recharge is calculated

by dividing quantity of water with area and specific yield. In recharge of Aquifer-1(B), rise in

piezometric surface is calculated by dividing quantity of water with the area and storativity of this

confined aquifer. Volume of source water applied for recharge should be more than the actuallyrecharged

and stored water in the specific volume of aquifer as the efficiency of recharge structures is usually taken

as 75%, which means 75% of injected source water would be stored and retained in the

aquifer.Themeagerness of source water owing to inadequate rainfall leads to a significant challenge

informulating a sustainable and efficacious management plan.

The cumulative volume of small parts of the storage spacesavailable in the Group—I(A) and Group—
1(B) aquifers amounts to be 487.2195 MCM, which isproposed to be filled (Table—6.9). Considering the

whole NAQUIM 2.0 area as suitable for artificial recharge and the efficiency of recharge structure as

75%,an amount 0f649.6261 MCMsource water would be required (Table— 6.9). However, the non-

committed surface run-off calculated by Dhrubanarayan’93 method and available as the source water for

recharge and conservation activities is 102.53993MCM, which is only 15% of the total source water

requirement for the proposed partial filling of the Group-1(A) & I(B)Aquifers.
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According to the geomorphology of the area and due to lack of suitable big sized unused land
and limited source water/surface run-off, the percolation tank may not be feasible in this area. So, the
REET with RS and surface conservation ponds have been suggested here. Average unit cost of
construction of the structures are: REET with Recharge Shaft-8 Lakh, Farm Pond-8 Lakh and Injection
Well- ranging from 5to 25 Lakhs depending upon the depth of drilling and the nature of formation
(cost is estimated as: for 300 m depth- 15 Lakhs, 200 m depth- 10 Lakh and for 100 m depth—5 Lakh)
(Table—6.15).

In Model-lof the ‘Supply Side Intervention’ suggested for usingthe source water containing
totalamount of non-committed surface run-off (102.53993 MCM) has been allocated tothree most feasible
artificial recharge structures inastandard way: 35% to ‘REET’ (Re- Excavation of Existing Tanks with
Recharge Shaft), 30% to Injection Wellsand35% water to small Farm Pondsor Conservation
Tanks.For utilizing theseallocated amounts of water 271 nos. Re-excavation of Existing Tanks, 79
nos. Injection Wellsfor Aquifer Gr-1(A) and 360 nos. Farm Pondshave to be constructed as per the
availability of suitable sites evenly spread all over the NAQUIM 2.0 area, which mayincur an
expenditure of Rs. 54.43 Croreat the rate of Rs. 5.31 perCuMwater i.e. an expenditure of Rs. 5.31 for

recharging one cubic meter volume of source water(Table-6.15).

In Model-11 of the ‘Supply Side Intervention’suggestedforutilization oftheavailablenon-
committed surface run-off (102.53993 MCM),it has been recommended that the major part of thissource
water may be devided into two parts: 70.90 MCM for the shallowinjection wells and
13.508 MCM for the intermediate depth injection wells in order to partially recharge the Group- 1(A) and
Group-1(B)Aquifers respectively.After accomplishing the feasible artificial recharge to both the Group-
I(A) and Group-1(B) aquifers, in order to accommodate the remaining18.13193 MCMof water,
construction of a sufficient number of the surface storage/conservation tanks/farm ponds has been
recommended. Water stored in tanks/ponds can later be utilised for irrigation of the Rabi/Summer

crops like wheat, mustard, vegetables as and when requiredduring lean period.

So, as perModel-Il of ‘Supply Side Intervention’, out of 102.53993 MCM of total ‘non-
committed surface run-off’ 70.900 MCM water is suggested to be used for filling up a very small part of
unsaturatedvacant space in Aquifer Group-1(A) and 13.508 MCM of water may be allocated for
partly recharging the Aquifer Group-I(B). In order to accomplish this artificial recharge work, 239
nos. Injection Wells for Group-I(A) aquifers and 46 nos. Injection Wells have to be constructed
for Group-1(B) aquifers. After injecting a total 84.408 MCMwaterforrecharging the aquifers, the
remaining 18.13193 MCM water may be stored in 184 nos.
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Farm Ponds or storage cum irrigation tanks. For construction of these recharge and conservation
structures (injection wells and farm ponds), the total expenditure would be Rs. 31.27 Crore andthe rate
of expenditure would be Rs. 3.05 perCuMof water, which means an amount of Rs. 3.05 has to be spent
for utilising one cubic meter source water in the projects of articicial recharge and conservation (Table—
6.16).

Keeping in view the geomorphological and hydrogeological set-up, land use and land cover, aquifer
geometry and characteristics, availability of source water, ease of construction of various structures
suggested and overall efficacy and longevity of the structures in the NAQUIM 2.0 area of Baghpat
district, the Model-I of the ‘Supply Side Intervention’ through artificial recharge and conservation of
water is more viable than Model-Il, although the expenditure rate for enhancing the water resoureces
as a whole under the Model-1 is higher than that estimated under Model-11.In Model-I focus has been
given absolutely on the most endangered Aquifer—I(A) for recharging it as well as saving it from being
futher depleted. Moreover, in case of Model-I, scope of storing water on the surface both by re-excavation
of existing tanks/ponds and construction of new ponds would be more for easily irrigating more cultivated

area in comparison to Model-II.
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SUMMARY AND FINDINGS

1. The NAQUIM 2.0 area comes under the alluvial plains in north-western part of Uttar Pradesh and
comprises all the 6 blocks of Baghpat district, which area water stressed and belong to OCS

category. The area has a uniform topography and lithology and homogeneous soil.

2. The whole NAQUIM 2.0 area is covered by Quaternary sediments comprising mainly Older

Alluvium in major part and also Younger Alluvium in small near the rivers.

3. Ground water in entire NAQUIM 2.0 area occurs in the aquifers under unconfined, semi confined

and confined condition and separated by some thick persistent clay layers.

4. In general, the thickness of Quaternary sediment increases from North-West and West to South-
East and East direction in NAUIM 2.0 area. There is a huge vertical and lateral variation in grain
size of the formation materials across the area. Besides, aquifer percentage (thickness) within the
individual aquifer groups also varies considerably. The correlation of stratigraphic units reveals

an undulating depositional surface.

5. The NAQUIM 2.0 area is covered by a very fertile soil and thus quite rich in agriculture specially
in sugarcane cultivation, which occupies morethan 70% of cultivable land.

6. At present agriculture accounts for 70 to 80% of the total water requirement and only 20 to 30%
goes for the domestic, livestock and industrial uses. In coming years, the domestic needs may go

up to be 40% of the total water requirement of the district.

7. The first confined aquifer is generally encountered between 90 and 110 m and the water table in
upper unconfined aquifer usually remains less than 35 m bgl throughout the year with wide spatial
and seasonal variation. In riverine ‘Khaddar’ tract the water table happens to be shallow due to

seepage activity whereas the heavy clay beds of ‘Bhangar’ have deeper water table.

During pre-monsoon 2023, depth to water level in key wells tapping shallow Aquifer Group-1(A)
ranges from 8.75 to 42.51 m bgl (Average: 23.47 mbgl), whereas the block wise average water
level varies from 16.55 to 28.98 m bgl. During pre-monsoon, in 48% wells water level was less
than 20 mbgl, in 24% wells 20 to 30 mbgl and in 28% wells more than 30 mbgl. Water level
during post-monsoon 2023 varies from 5.87 to 34.25 mbgl and the block wise average varies
from 16.24 to 26.53 m bgl. Seasonal fluctuation of water level was ranging from (-3.40) to
(+15.54 m) and for major parts of NAQUIM 2.0 area except Pilana block, it is 0 to (+)2 m.
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Old ground water abstraction structures tapping the Aquifer Group—II are very rare in NAQUIM
2.0 area of Baghpat district. Only two tube wells tapping this aquifer were found during pre-
monsoon field work and monitored at Pilana, block—Pilana (27.53 m bgl) and Tikri, block —
Chhaprauli (33.24 m bgl).

However, some drinking water tube wells newly constructed in Aquifer-1(B) under Jal Jeevan
Mission (JJM) could be monitored.The block wise average depth to water level (Piezometric
Surface) in these wells (JJM) ranges from 21.12 to 28.80 mbgl during pre-monsoon and from
20.20 to 27.25 mbgl during post-monsoon.Block wise average seasonal fluctuation of piezometric
surface in Aquifer—I(B)ranges from 0.80 to 1.83 m, which indicates that the Aquifer-1(B) is still
not being developed up to the optimum scale and thus it is not at all stressed in terms of ground

water extraction.

. Long term water level data related to aquifers of both Group-1(A)&I(B) are not sufficiently
available due to absence of any persistent ground water monitoring well. Only 2 nos. of wells
(National Hydrograph Network Stations) namely Khekra (Khekra block) and Pilana (Pilana
block) and tapping Aquifer Group—I(A)were available in the recent past for long term water level
monitoring, which show a long-term (2014 to 2023) continuous declining trend of water level in
the tune of 0.75 m/year and 0.80 m/year respectively.The shallow Adquifer Group-I(A) is
experiencing a steady long-term decline of water level/water table over the years and thus being
permanently being de-watered/de-saturated. However, no suitable ground water structures
tapping Group-I1, 111 or IV was available before for long term monitoring.

. The general and regional ground water flow is from NW to SE and W-NW to E-SE. However,
due to variation of development magnitude in a local scale, the localised flow direction has been

modified by the formation of some ground water troughs.

The shallow aquifers adjacent to the river Yamuna and Hindon are very thick and prolific due to
existence of course granular materials. The northern, north-western and western fringe areas of
Baghpat district may be considered as natural recharge area and especially the area all along river
Yamuna i.e. along western boundary is locally a very good recharge zone where water table in
Group-I(A) aquifer ranges from 12 to 15 m bgl, whereas the rest part of the district may be treated

as natural discharge area.

Yamuna River, flowing along the western boundary of NAQUIM 2.0 area, shows its influent
nature in the south for the major portion of its length. Therefore, it is feasible to construct a series

of shallow tube wells on the left bank of Yamuna along its course in order to facilitate the induced
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recharge and for balancing of ground water storage with the extraction from the shallowest

unconfined Group- I1(A) aquifer.

Hindon, a highly polluted river due to discharge of huge industrial wastes, is flowing along the
eastern boundary of the NAQUIM 2.0 area and showing its effluent nature for major portion of
its length in the north. A large ground water trough area covering major parts of Pilana and
Khekra blocks and southern part of Binauli block has been created due to excessive withdrawal
of ground water locally for irrigation, due to which the adjacent portion of Hindon River course
situated in the south section of eastern boundary of NAQUIM area has become influent.
Consequently, this elongated stretch has become vulnerable in terms of pollution of ground water
in shallow aquifers as the river may contribute contaminated water to the neighboring shallowest
aquifers, which are sometimes extending even up to the ground surface. So, construction of any
kind of tube well for induced recharge or further construction of shallow irrigation tube wells in
huge numbers on the right bank of Hindon, especially in the southern section, should be
prohibited as the induced recharge due to these proposed tube wells may pollute the ground water
presently available through existing drinking water tube wells and other shallow tube wells,
which is occasionally being reported by the villagers.

The whole NAQUIM 2.0 area especially along a large expanse trending NNE to SSW falling in
Binauli, Pilana and Khekra blocks is highly feasible for artificial recharge in Aquifer-1(A) as the
respective ground water level in this locality invariably remains above 20 m bgl throughout the
year and there is long-term water level decline from 0.75 to 0.80 m/year.

10. From the geophysical study including Vertical Electrical Sounding (VES), Bore Hole Electrical
Logging (SP, Long Normal, Short Normal & Gamma Log), TEM and 2D Electrical Resistivity
Tomography (ERT), it has been interpreted that a very prominent and regionally extensive near-
surface freshwater aquifer (Aquifer Group-I1(A)) is present throughout the NAQUIM 2.0 area. It
extends normally up to 166 m in the extreme eastern and north-eastern parts adjacent to the right
bank flood plain of River Hindon, which ranges from 70 to 114 m in the western and south-
western parts adjacent to the left bank flood plain of River Yamuna.

Resistivity values of Aquifer Group-I materials vary between 25 and 50 ohm.m with thickness
ranging from roughly 60 m in south-western part to about 180 m in north-eastern part. Lateral
variations in resistivity of aquifer materials along east-west trend as interpreted from data of 2D
resistivity imaging through Electrical Resistivity Tomography (ERT) indicates granularity
differences, inhomogeneity in lithofacis and localized thinning and thickening of aquifers in the

order of tens of meters. The vertically measured resistivity values of aquifer materials/granular
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zonesdecline with depth, ranging from approximately 40 ohm.m for Aquifer Group-1 to 15

ohm.m for Aquifer Group-1V, which indicates a distinctive decrease of grain size with depth.

11. Broadly four (4) groups of aquifers are identified and classified on the basis of hydrogeological,
geophysical and chemical characteristics of aquifer materials and ground water and the
depositional environment as well within the maximum explored depth of 473 m. Aquifer Group-
| : from 0.0 down to 59 m (min.) and to 166 m bgl (max.); Aquifer Group-II : starts from 84 m
(min.), extends up to 301 m bgl (max.); Aquifer Group—I1I : starts from 215 m (min.), extends up
to 404 m bgl (max.) and Aquifer Group —IV : starts from 316 m (min), extends up to 473 m bgl
(maximum explored depth). Aquifer Group-I is again divided into two parts-1(A) (unconfined to
semi-confined; occur from 0.00 to 80 m bgl max.) and I(B) (confined; occur from 55 m bgl min.
to 166 m max.). Aquifers are separated by prominent and regionally extensive thick claybeds (>
10 m).

12. The Group-I aquifers exist within a depth span of 0.00 to 166 mbgl over the whole NAQUIM
2.0 area on the top with an average yield potential generally ranging from 1557 to 3458 Ipm
with the average drawdown ranging from 4.53 to 7.15 m. Hydraulic Conductivity (K) in Aquifer
Group-1(A) measured at a location is 49 m/day, whereas in Aquifer Group-1(B) at another site it
is 19.5 m/day. Transmissivity (T) of Group-I1(A) aquifer varies from 1712 to 2458 m?/day and
that of Group-1(B) ranges from 474 to 1500 m?/day. The storativity (S) of Aquifer—I(B) ranges
from 2.438x107 to 2.5x1073, which indicates that Group-1(B) aquifers is confined in nature. Both
the Aquifer Group-1(A) and I(B) are extensive and potential in terms of ground water yield. Tube
wells constructed by tapping Group-1l aquifers, occurring from 84 m and continues up to 301
mbgl, have yield ranging from 1987 to 2300 Ipm with drawdown widely varying from 6.30 to
14.44 m. Transmissivity range is 270 to 837 m?/day with hydraulic conductivity ranging from
4.38 to 12.50 m/day and Storativity from 7.75x10* t01.26x103.A very less numbers of tube wells
have been constructed in NAQUIM 2.0 area through tapping the Group-I1l aquifers due to its
high expenditure as it occurs in the depth span 215 to 404 m and availability of sufficient water
in the overlying shallower aquifers of Group I(B) and Group-I1.

Thus, from a meagre available data it is noticed that yield of the tube wells tapping Group-III
aquifers having a yield range 1360 to 2200 Ipm with a varied range of drawdown from 25.55 to
9.22. Transmissivity varies widely from 345 to 2285 m?/day with a hydraulic conductivity varied
largely from 3.5 to 23 m/day, whereas Storativity spans from 7.70x10™ to 5.63x 1073,

Further lesser numbers of tube wells are available in NAQUIM 2.0 area of Baghpat district which

are constructed by tapping deepest Aquifer Group-1V occurring from 316 m to 473 m and beynd,
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the maximum explored depth although it is considerably potential in terms of yield, which varies
from 2100 to 2200 Ipm with an associated drawdown ranging from 12.52 to 22.62 m. This Group
of aquifers has a comparatively lower Transmissivity value extending from only 301 to 763
m?/day with Hydraulic Conductivity from 3.0 to 7.60 m/day and the Storativity value ranging
2.1x10* from 5.1x10.

13. As perthe Dynamic Ground Water Resources for the whole NAQUIM 2.0 area as on March
2023 estimated through GWRE 2015 methodology, the Annual Extractable Ground Water
Resource is 33550.58 Ham (335.5058 MCM), Current Total Annual Ground Water Extraction
for all purposes is 32585.21 ham (325.8521 MCM) and the overall Stage of Ground Water
Extraction is 98.02%. After allocating 2597.17 Ham water resources for domestic use as on
2025, the Net Annual Ground Water Availability in the NAQUIM 2.0 area of Baghpat district for
future use like Irrigation and Industrial Use is calculated to be 3880.84 Ham. As per the block
wise Stage of Ground Water Extraction ranging from 74.41%(Chhaprauli) to 130.59% (Pilana),
the administrative blocks are categorized as follows —Khekra, Pilana and Binauli blocks are
coming under ‘Over-exploited’ category and Chhaprauli, Baraut and Baghpat blocks are ‘Semi-
Critical’. In comparison with the GWRE 2017 and 2022, the GWRE 2023 showed a bit
improvement as the category of Baghpat block has been changed from Critical to Semi-Critical.
However, all the 6 blocks are remaining in OCS category since 2017. Available in-storage
resource in Aquifer Group-I(A) and Aquifer Group-1(B) are 294.13 MCM and 44.525 MCM
respectively. The seasonal change (pre-monsoon to post-monsoon) in in-storage resource of
Aquifer-1(B) is 0.588275 MCM, which is very insignificant.

14. Ground water is of mixed type and mostly of Magnesium Bi-Carbonate type (Mg — HCO3) and
slightly alkaline in nature with average pH value 7.83. The ground water in Aquifers of Group-
I(A) and I(B)in the NAQUIM 2.0 area is generally freshand potable as all the chemical
constituents in the ground water are generally found to be well within maximum permissible limit
except a very sporadic occurrence of Fluoride, Iron and Uranium above maximum permissible
limit and thus mostly suitable for drinking as per BIS 10500:2012 Standard.The ground water is
also highly suitable for irrigation purpose. No significant seasonal (pre-monsoon to post-
monsoon period) variation in chemical quality of ground water has been noticed except the

dilution of some elements.

Colossal and indiscriminate withdrawal of ground water from shallow unconfined aquifers for
crop irrigation and continuous declining of water level along with permanent de-watering of this

aquifer may have triggered the release of uranium by enhancement of its solubility and
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enrichment in the ground water at shallow depths under the induced oxidizing condition occurring
within the alluvium formation. Presence of bicarbonates chemicals in higher concentration further
enhance the solubility and enrichment of uranium in ground water. Uranium (U) contamination
(above the maximum permissible limit of 0.03 mg/It) has been noticed in ground water available

through Indian Mark-11 hand pumps (30 to 65 m depth) at many places across different blocks.

15. For drinking water Aquifer-1(A) is used through government/private hand pumps, while Group-
1B aquifer is used through construction of heavy-duty deep tube wells for community water
supply by UP Jal Nigam, the concerned State Govt. Agency. The Group-I(A) aquifer is
extremely stressed and being constantly depleted due to heavy indiscriminate use for cultivation
of sugarcane (occupying 80% of the cropped area in the district) and sometimes other high crop

water requiring crops like paddy.

16. For aquifer wise management of ground water in NAQUIM 2.0 area of Baghpat district the
following plan may be implemented in the irrigation sector, which recommends that the total
requirement of irrigation water should not be fulfilled solely from Aquifer Gr-1(A) as being done
currently, only 60% of irrigation water demand should be fulfilled from Group—I(A) and the rest
40% from Group—I(B) aquifers. All the large diameter and heavy-duty govt. deep tube wells for
irrigation should be constructed preferably by tapping the Aquifer Group—I(B)only and if funds
allow, then by tapping Group-II aquifers also. Ground water withdrawal from highly stressed
Group-I(A) aquifers should also be lessened by ‘demand side interventions’, such as (i) changing
of cropping pattern by reducing the cultivation of sugarcane and growing low CWR crops like
Wheat, Mustard, Vegetables, Pulses etc. on the agricultural lands released through curtailing
sugarcane farming and (ii) practicing micro-irrigation methods like sprinkler and drip irrigation
in large scale and also by ‘supply side interventions’ for enhancement of water storage above the
ground surface through conservation structures and below the ground surface through artificial
recharge structures or through storage cum recharge structures like (i) construction of farm ponds
in large numbers with recharge shaft wherever feasible, (ii) deepening and enlargement through
desilting/re-excavationand protection of existing ponds, (iii) construction of new Check Dam,
‘Nala Bund’, ‘Merh Bundi’ etc., (iv) construction of soak pit/recharge shaft/injection tube wells
or tube wells for induced recharge, (v) recharge shaft/tube wells attached with Roof Top Rain
Water Harvesting (RTRWH) structures on all large government/private buildings or houses with

a roof area more than 100 m?.

17. Drinking water supply so far is being done with ground water withdrawn both from Aquifer

Group-I(A) and I(B). A population of 521157 is so far covered out of total Population of
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1433353(Projected Human population 2021, average decadal growth rate of the area 10%). So,
to meet the further drinking water demand (13.318 MCM) of uncovered population (912196) by
ground water, as far as practicableit is recommended to prefer the Group—I(B) aquifers over
Group-1(A) aquifers. As per the stipulation of drinking water policy for sustainable community
supply of good quality drinking water from ground water sources, only 40% of drinking water
requirement should be fulfilled from shallow Group-1(A) aquifers and the rest 60% demand
should be fulfilled by deeper Group-1(B) aquifers. Therefore, it is proposed that 41 tube wells
may be constructed by tapping Aquifer Group-1(A) and 49 tube wells are recommended to
construct tapping Aquifer Group-I(B). For this proposed withdrawal of ground water for drinking
purpose a decline may occur in various administrative blocks ranging from 0.032 to 0.135 m in
Group-I(A) and from 5.006 to 21.235 m in case of Group-1(B) aquifers.

In another way, the future demand of the projected human population of 1576688 in 2031 taking
a further enhanced rate of 70 LPD/head, 165 nos. of deep tube wells have to be constructed, which

may incur an expenditure of Rs. 16.50 Crore. (Table-6.4)

18. Under‘Demand Side Intervention’, if the highest irrigation water requiring current sugarcane
area (74091 Ha) is reduced by 10% and consequently ground water saved thereby (17781.84
Ham) is distributed proportionately (as per present extent of cultivation) to low water requiring
crops such as wheat, ‘boro’ rice, vegetables and mustard then a total alternative irrigation area
35749.76 Ha would be generated in lieu of 10% Sugarcane area andthe effective increase of
irrigation area (CCA) could be 28340.66 ha. By this intervention on water demand by utilising
same amount of ground water for low CWR crops, which was earlier being utilized by sugarcane,
a total agricultural income of Rs. 799.6943Cr. can be generated through cropping pattern change
and an effective increase in income i.e. profit of 580.3849 Cr. may be achieved after
compensating the loss due to reduction of 10% sugarcane {Table-6.7(A), 6.7(B)}.

As an alternative way of ‘demand side intervention’, if the land released as a result of 10%
reduction of all year-round sugarcane cultivation is allotted for growing rice in Kharif season and
then in subsequent Rabi season, if it is allotted in equal proportion to three most viable low water
requiring crops like mustard, wheat and vegetables then an effective gain/profit of Rs.48.9608
Crore can be attained and as an added benefit an effective saving of ground water would be
101.2577 MCM which may in turn help in lowering the average Stage of GW Extraction (SOE)
of the district from 97.12 % (2023) to 74.61% and an average rise of water level around 1.25 m
may also be noticed in Aquifer-1(A) of NAQUIM 2.0 area{Table-6.7(C)}.
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19. The total Non-committed Surface Run-Off of the whole NAQUIM 2.0 area in Baghpat district
amounting 102.53993 MCM is considerably low, which may fill up only the small parts of the
vacant spaces 481.0802 MCM and 6.1394 MCM existing respectively in Group-1(A) and 1(B)
aquifers because total filling of these spaces actually needs 641.4402 MCM and 8.1858 MCM
source water respectively. For filling of these specified vacant spaces of the Group-I(A) and
Group-1(B) aquifers all over the whole NAQUIM 2.0 area, construction of 11882748 nos. Roof
Top Rain Water Harvesting (RTRWH) structures associated with necessary nos. of injection
wells for Group— I(A) and 151644 RTRWH structures with necessary nos. of injection wells for
Group-I1(B) aquifers would be required. If these artificial recharge schemes with RTRWH and
injection wells is implemented, then block wise rise of water level/piezometric surface may range
from 1.24 to 11.53 m and 5.20 to 12.25 m for Gr.—I(A) & 1(B) aquifers respectively. (Table—6.8,
6.9 & 6.10)

20. Out of total Non-committed Surface Run-off amounting 102.53993 MCM, according to the
recharge feasibility, vacanct space and aquifer type, 70.900 MCM source water may be allotted
for injection well recharge into Group-1(A) aquifers and 13.508 MCM for injection well recharge
into Group-I(B) aquifers. For holding remaining source water amounting 18.13193 MCM, 184
nos. of conservation cum irrigation ponds/tanks should be constrcted specially in rural sector of
the NAQUIM area. After 25% evaporation loss, the residual 13.59895 MCM water may be
utilized for bringing an additional 4532.986 Ha cultivable land under assured irrigation facility
in future. (Table-6.11 & 6.12).

21. Considering 100% area as recharge-worthy, injecting 70.90 MCM ‘non-committed surface run-
off” (source water) into shallow Group- I(A) aquifer would increase of resource by 53.1750
MCM and lowering Stage of GW Extruction in NAQUIM 2.0 area from existing 97.12% (2023)
to 83.84%. Alternatively, from changing cropping pattern through releasing10% sugarcane area
and allotting that area fully to Rice in Kharif season and then in Rabi season to wheat, mustard
and vegetables in equal proportion, 101.2527 MCM ground water may be saved and
consequently may lowerthe stage of extraction (SOGE) from existing 97.12% (2023) to 74.61%
due to increase in annual extractable resource. So, collectively by the ‘supply side intervention’
through artificial recharge with injection wells and ‘demand side intervention’ through changing
cropping pattern, the total effective increase in dynamic ground water reserve in Group— I(A)
aquifers may be 154.4327 MCM, which can eventually lower the Stage of Ground Water
Extraction from 97.12 % (2023) to 66.51%. (Table-6.13)
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22. Out of total Cultivable Area of 106690 Ha, 4060Ha land is yet to be brought under Culturable
Command Area (CCA) of irrigation. A cumulative 32873.6457 Ha CCA can further be generated
in NAQUIM 2.0 area by management intervention through changing cropping pattern by 10%
reduction of sugarcane (28340.66 Ha) (Table-6.7A) and harvesting non-committed surface runoff
through storage tanks (4532.986 Ha) (Table-12). Thus, as a collective effect/impact of both the
‘supply side intervention’ and ‘demand side intervention’, after bringing 100% of the remaining
cultivable land under culturable command area, a huge amount of water may still remain as
surplus. By implementing the above-mentioned management intervention procedures,
additionally 30.81% of cultivable area can be brought under assured irrigation, where as a
32.03% increase in present CCA may be achieved. (Table—6.14)

23. As per the Model-I of ‘supply side intervention’ the ‘non-committed surface run-off” amounting
102.53993 MCM may also be fully distributed in a ratio, generally suitable and prescribed for
alluvial terrain, among the artificial recharge structures like Re-excavation of Existing Tank
(REET-35%) along with Recharge Shaft (RS), Injection Well (IW-30%) and conservation
structures like Farm Pond (FP-35%) and accordingly 271 nos. Re-excavation of Existing Tanks,
79 nos. Injection Wells and 360 nos. Farm Ponds may be constructed, which would incur an
expenditure of Rs. 54.43 Crore and the rate of expenditure for utilizing ‘non-committed surface
run- off” for enhancing water resource by ‘supply side intervention” would be Rs. 5.31 per CuM
of water (Table—6.15).

As the Model-Il of the proposed tool for‘supply side intervention’, out of the insufficient
102.53993 MCM of total ‘non-committed surface run-off> 70.900 MCM water may be used for
filling up a very small part of vacant storage space in Aquifer Group-1(A) and 13.508 MCM of
water may be allocated to partly recharge the Aquifer Group-1(B), for which 239 nos. Injection
Wells have to be constructed for recharging Group-I1(A) aquifers and 46 nos. Injection Wells
have to be constructed for Group-1(B) aquifers. After injecting the major amount of run-off water
(84.408 MCM), the remaining 18.13193 MCM water may be stored in 184 nos. Farm Ponds or
storage cum irrigation tanks. For construction of all these feasible and recommended structures
(i.e. injection wells and farm ponds), the cost would be Rs. 31.27 Crore and the rate of
expenditure for utilizing ‘non-committed surface run-off> for enhancing water resource through

‘supply side intervention” would be Rs. 3.05 per CuM (Table—6.16).

24. Periodic monitoring of the ground water level and quality in this NAQUIM 2.0 area of Baghpat
district is highly recommended in order to detect the adverse effects/changes in the ground water

regime in terms of its resource and pollution due to natural and ubiquitous dynamic activities and
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anthropogenic activities related to ever-increasing ground water draft for fulfilling the huge
demand of irrigation water and also for supplying fresh drinking and domestic water to the fast-

growing population of the district.
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PART — 11

(i) Aquifer Mapping and Management Plan of Chhaprauli block, Baghpat district

1. General Information of Chhaprauli block

District Baghpat

Block Chhaprauli

Geographical Area (km?) 205.32

Population& its Density 172120; 839 persons/sq. km.
Principal Aquifer System Quaternary Alluvium

Major Aquifer System

Older Alluvial (80%), Younger Alluvium

Normal Annual Rainfall 674.76 mm

Forest Area (Ha) 132 Rural Area under Non-Agricultural Use (Ha) 2143
Cultivable Area (Ha) 17380 Culturable Waste Land (Ha) 556
Net Sown Area (Ha) 16662 Gross Sown Area (Ha) 27425
Net Irrigated Area (Ha) 16626 Gross Irrigated Area (Ha) 27365
Cropping Intensity (%) 164.60 Irrigation Intensity (%) 164.59
Surface Water Irrigation(%) | 1.42 Ground Water Irrigation (%) 98.58
Canal Irrigation Area (Ha) 236 State Govt. TW (Ha) | 57 | Private TW (Ha) | 16333

2. Hydrogeology of Chhaprauli block

Aquifer Groups and Depth
of Occurrence as per

Exploratory Drilling carried

1) Aquifer Gr.-I: 1(A): 0.00 to (85-93)mbgl; 1(B): (88-124) to (137-159) mbgl
2) Aquifer Group-11: 181 to (235 — 252) mbgl

3) Aquifer Group-Ill: (264 — 295) to (294-357) mbgl

4) Aquifer Group-1V: (336 — 375) to (423-448) mbgl(up to explored depth)

out by CGWB
Status of Ground Water Exploratory Wells: 07 Observation Wells: 03 Slim Hole: 00
Exploration Piezometer: 00

Aquifer Characteristics
SWL-Static Water Level(m bgl)
Q — Discharge (Ipm);

DD — Drawdown (m);

T — Transmissivity (m?/day)

S — Storativity

Group-1(A) Group-1(B) Group-11 Group-I11 Group-IV
SWL:11.1t019.3 | SWL: 18.90 | SWL:15.6to 21.31 | SWL: SWL:
Q: 809 to 2954 Q: 2953 Q:2000t0 2300 | Q: Q:
DD: 4.510 6.65 DD: 6.25 DD: 8.68t0 10.73 | DD: DD:
T: T: T: 627 to 837 T: T:
Sp. Yield: 0.06 S: S:1.26 X 1030 1.25| S: S:
x 104
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GW Monitoring Stations

Ground Water Monitoring Wells: 01 (NHNS)

Average Depth to Water
Level (Pre-monsoon-2023)

Ag- I(A)| Ag- I(B) | Average Depth to Water Level | Ag- I(A) | Ag- I(B)

16.55 21.12 (Post-monsoon-2023) 16.24 20.20

Ground Water Resource
(2023)

Dynamic Resource (2023): Aquifer Group - I1(A)
1) Annual Extractable Ground Water Resources: 6300.77 Ham
2) Total Ground Water Extraction for all purposes: 4688.41 Ham
3) Annual GW Allocation for Domestic Use as on 2025: 343.72 Ham
4) Net Ground Water Availability for Future Use: 1604.96 Ham
5) Average Stage of Ground Water Extraction: 74.41 %
6) Category of Block: Semi-Critical

Static Resource of Aquifer Group - 1(A): 7945.88 Ham
Static/In-Storage Resource of Aquifer Group — I(B): 1190.20 Ham

Existing and Future

Drinking Water Demand

Existing Demand @ 40 Ipcd (2021): 2.7642 MCM
Future Demand @ 40 Ipcd (2031): 3.0407 MCM
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3. Geological and Geomorphological Maps, Depth to Wat er Level (Pre and Post-Monsoon)
Maps in respect Aquifer—I(A) and Isopach Maps (Aquifer-1A & IB) of Chhaprauli
block
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Fig. —5.1: Geological Map of Chhaprauli block, Baghpat district
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Fig. —5.2: Geomorphological Map of Chhaprauli block, Baghpat district
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Fig. — 5.3:Pre-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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Fig. — 5.4:Post-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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(it) Aquifer Mapping and Management Plan of Baraut block, Baghpat district

1. General Information of Baraut block

District Baghpat
Block Baraut
Geographical Area (km?) 276.86

Population& Its Density

279430; 1010 persons/sg. km.

Principal Aquifer System

Quaternary Alluvium

Major Aquifer System

Older Alluvial (80%), Younger Alluvium

Normal Annual Rainfall 674.76 mm

Forest Area (Ha) 186 Rural Area under Non-Agricultural Use (Ha) | 3180
Cultivable Area (Ha) 20664 Culturable Waste Land (Ha) 353
Net Sown Area (Ha) 20122 Gross Sown Area (Ha) 28384
Net Irrigated Area (Ha) 20098 Gross Irrigated Area (Ha) 28314
Cropping Intensity (%) 141.06 Irrigation Intensity (%0) 140.88
Use of Surface Water (%) 114 Use of Ground Water (%0) 98.86
Canal Irrigation Area (Ha) 230 State Govt. TW (Ha) | 87 | Private TW (Ha) | 19781

Hydrogeology of Baraut block

Aquifer Groups and Depth
of Occurrence as per
Exploratory Drilling
carried out by CGWB

1) Aquifer Gr.-1: I(A): 0.00 to (80-93)mbgl; 1(B):(121-139) to (147-166) mbgl
2) Aquifer Group -11: 173to 278 mbgl
3) Aquifer Group-I11: 305 to 370 mbgl
4) Aquifer Group-1V: 388 to 441 mbgl(up to maximum explored depth)

Status of Ground Water Exploratory Wells: 09  Observation Wells: 01 Piezometer: 00
Exploration Slim Hole: 01

Aquifer Characteristics Group-1(A) Group-1(B) | Group-1l1 | Group-11I Group-1V
SWL-Static Water Level (m bgl) SWL:9.50t021.0 |SWL: 3.10 SWL: SWL: SWL: 12.87

Q — Discharge (Ipm); Q: 636 to 2954 Q: 3220 Q: Q: Q: 2200

DD — Drawdown (m): DD: 485t07.90 |DD:6.15 DD: DD: DD: 22.62

T — Transmissivity (m?/day) T T: 1500 T T T 301

S _ Storativity Sp. Yield: 0.06 $:2.05x 107 |[S: S: S:21x10"
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GW Monitoring Stations

Ground Water Monitoring Wells: 02 (NHNS)

Average Depth to Water

Aq - 1(A) | Aq - I(B) | Average Depth to Water | Aq - I(A) | Ag - I(B)

Level (Pre-monsoon-2023)

Level
20.44 21.33 19.95 20.50
(Post-monsoon-2023)

Ground Water Resources
(2023)

Dynamic Resource (2023): Aquifer Group - I1(A)
1) Annual Extractable Ground Water Resources: 7883.09 Ham
2) Total Ground Water Extraction for all purposes: 6157.34 Ham
3) Annual GW Allocation for Domestic Use as in 2025: 499.50 Ham
4) Net Ground Water Availability for Future Use: 1712.79 Ham
5) Average Stage of Ground Water Extraction: 78.11 %
6) Category of Block: Semi-Critical

Static Resource of Aquifer Group - 1(A): 6744.31 Ham
Static/In-Storage Resource of Aquifer Group — I(B): 1213.50 Ham

Existing and Future

Drinking Water Demand

Existing Demand @ 40 Ipcd (2021): 4.4876 MCM
Future Demand @ 40 Ipcd (2031): 4.9364 MCM
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3. Geological and Geomorphological Maps, Depth to Wat er Level (Pre and Post-Monsoon)
Maps in respect Aquifer — I(A) and Isopach Maps (Aquifer - 1A & IB) of Baraut block
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Fig. —5.1: Geological Map of Baraut block, Baghpat district
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Fig. —5.2: Geomorphological Map of Baraut block,Baghpat district
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Fig. — 5.3:Pre-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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(ii1) Aquifer Mapping and Management Plan of Baghpat block, Baghpat district

1. General Information of Baghpat block

District Baghpat
Block Baghpat
Geographical Area (km?) 210.63

Population& Its Density

228208; 1084 persons/sg. km.

Principal Aquifer System

Quaternary Alluvium

Major Aquifer System

Older Alluvial (80%), Younger Alluvium

Normal Annual Rainfall 674.76 mm

Forest Area (Ha) 203 Rural Area under Non-Agricultural Use (Ha) 3257
Cultivable Area (Ha) 17002 | Culturable Waste Land 338

Net Sown Area (Ha) 16448 | Gross Sown Area (Ha) 25148
Net Irrigated Area (Ha) 16215 | Gross Irrigated Area (Ha) 25133
Cropping Intensity (%) 152.89 | Irrigation Intensity (%) 154.998
Use of Surface Water (%0) 1.47 Use of Ground Water (%0) 98.53
Canal Irrigation Area (Ha) | 238 State Govt. TW (Ha) | 83 | Private TW (Ha) | 15894

2. Hydrogeology of Baghpat block

Aquifer Groups and Depth
of Occurrence as per
Exploratory Drilling
carried out by CGWB

1) Aquifer Gr.-1: I(A): 0.00 to (76-94) mbgl; 1(B):(95-111) to (144-162) mbgl
2) Aquifer Group -I1: 172to (250 — 258) mbgl
3) Aquifer Group-111: 289 to 370 mbgl(up to maximum explored depth)

S — Storativity

Status of Ground Water Exploratory Wells: 14 Observation Wells: 00 Piezometer: 01
Exploration Slim Hole: 01
Aquifer Characteristics Group-1(A) Group-1(B) Group-1l | Group-11l1 | Group-1V
SWL-Static Water Level (mbgl) ~ [SWL: 12.5t024.7 [SWL: 19.2t021.8 [SWL:12.26 [SWL: 3.98 SWL:
Q - Discharge (Ipm); Q: 424 to 2955 Q: 2954 Q: 1987 Q: 1360 Q:
DD - Drawdown (m): DD:2.90t09.10 |DD:6.85t06.95 |DD:14.44  |DD: 25.50 DD:
T — Transmissivity (m2/day) T T T:705 T:345 T
Sp. Yield: 0.06 S: S:7.75x 10* |S:7.70 x 10** S:

155




GW Monitoring Stations

Ground Water Monitoring Wells: 01 (NHNS)

Average Depth to Water

Ag - I(A) | Ag - I(B) | Average Depth to Water | Ag - I(A) | Ag- I(B)

Level (Pre-monsoon-2023)

Level
18.39 24.80 17.20 24.00
(Post-monsoon-2023)

Ground Water Resources
(2023)

Dynamic Resource (2023): Aquifer Group - 1(A)

1) Annual Extractable Ground Water Resources: 5003.63Ham

2) Total Ground Water Extraction for all purposes: 4420.10 Ham
3) Annual GW Allocation for Domestic Use as in 2025: 382.29 Ham
4) Net Ground Water Availability for Future Use: 563.09 Ham
5) Average Stage of Ground Water Extraction: 88.34 %
6) Category of Block: Semi-Critical

Static Resource of Aquifer Group - I(A): 7089.81 Ham
Static/In-Storage Resource of Aquifer Group — I(B): 717.2 Ham

Existing and Future
Drinking Water Demand

Existing Demand @ 40 Ipcd (2021): 3.665 MCM
Future Demand @ 40 Ipcd (2031): 4.0315 MCM
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3. Geological and Geomorphological Maps, Depth to Wat er Level (Pre and Post-Monsoon)
Maps in respect Aquifer — I(A) and Isopach Maps (Aquifer - 1A & I1B) of Baghpat block
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Fig. —5.1: Geological Map of Baghpat block, Baghpat district
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Fig. —5.2: Geomorphological Map of Baghpatblock,Baghpat district
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(iv) Aquifer Mapping and Management Plan of Khekra block, Baghpat district

1. General Information of Khekra block

District Baghpat
Block Khekra
Geographical Area (km?) 160.37

Population& Its Density

223619; 1395 persons/sq. km.

Principal Aquifer System

Quaternary Alluvium

Major Aquifer System

Older Alluvial (80%), Younger Alluvium

Normal Annual Rainfall

674.76 mm

Forest Area (Ha) 188 Rural Area under Non-Agricultural Use 2444
Cultivable Area (Ha) 17274 | Culturable Waste Land (Ha) 421
Net Sown Area (Ha) 13245 | Gross Sown Area (Ha) 22141
Net Irrigated Area (Ha) 13214 | Gross Irrigated Area (Ha) 22131
Cropping Intensity (%) 167.16 | Irrigation Intensity (%0) 167.48
Use of Surface Water (%0) 143 Use of Ground Water (%) 98.57
Canal Irrigation Area (Ha) | 189 State Govt. TW (Ha) | 85 | Private TW (Ha) | 12940

2. Hydrogeology of Khekra block

Aquifer Groups and Depth
of Occurrence as per
Exploratory Drilling
carried out by CGWB

1) Aquifer Gr.-1: I1(A): 0.00 to (70-85) mbgl; 1(B):101 to 140 mbgl
2) Aquifer Group -11: 150to 191 mbgl

3) Aquifer Group-111: 258 to 293 mbgl|

4) Aquifer Group-1V: 359 to 397 mbgl(up to maximum explored depth)

Status of Ground Water Exploratory Wells: 05 Observation Wells: 01 Piezometer: 00
Exploration Slim Hole: 00

Aquifer Characteristics Group-1(A) Group-1(B) | Group-Il | Group-11l | Group-1V
SWL-Static Water Level (m bgl) SWL: 6.05t021.16 | SWL:18.50 SWL: SWL: SWL:

Q - Discharge (Ipm); Q: 2200 to 3500 Q: 2954 Q: Q: Q:

DD - Drawdown (m): DD: 6.05to 6.54 DD:6.05t06.10 | DD: DD: DD:

T — Transmissivity (m2/day) T:2458 T T T

S — Storativity Sp. Yield: 0.06 S:1.68 x 10°® S: S: S:
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GW Monitoring Stations

Ground Water Monitoring Wells: 00 (NHNS)

Average Depth to Water

Ag - I(A) | Ag - I(B) | Average Depth to Water | Ag - I(A) | Aq- I(B)

Level (Pre-monsoon-2023)

Level
22.07 23.40 20.83 22.00
(Post-monsoon-2023)

Ground Water Resources

Dynamic Resource: Aquifer Group - I(A)
1) Annual Extractable Ground Water Resources: 3762.30 Ham
2) Total Ground Water Extraction for all purposes: 4554.84 Ham
3) Annual GW Allocation for Domestic Use as in 2025: 541.09 Ham
4) Net Ground Water Availability for Future Use: 00
5) Average Stage of Ground Water Extraction: 121.07 %
6) Category of Block: Over-Exploited

Static Resource of Aquifer Group - I(A): 2626.86 Ham
Static/In-Storage Resource of Aquifer Group — 1(B): 20.10 Ham

Existing and Future
Drinking Water Demand

Existing Demand @ 40 Ipcd (2021): 3.5913 MCM
Future Demand @ 40 Ipcd (2031): 3.95 MCM
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3. Geological and Geomorphological Maps, Depth to Wat er Level (Pre and Post-Monsoon)
Maps in respect Aquifer — I(A) and Isopach Maps (Aquifer - 1A & IB) of Khekra block
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Fig. —5.1: Geological Map of Khekra block, Baghpat district
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Fig. —5.2: Geomorphological Map of Khekrablock,Baghpat district
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Fig. — 5.3:Pre-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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Fig. — 5.4:Post-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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(v) Aquifer Mapping and Management Plan of Pilana block, Baghpat district

1. General Information of Pilana block

District Baghpat
Block Pilana
Geographical Area (km?) 207.14

Population& its Density

167776; 810 persons/sq. km.

Principal Aquifer System

Quaternary Alluvium

Major Aquifer System

Older Alluvial (80%), Younger Alluvium

Normal Annual Rainfall 674.76 mm

Forest Area (Ha) 358 Rural Area under Non-Agricultural Use (Ha) 2273
Cultivable Area (Ha) 17274 | Culturable Waste Land (Ha) 286
Net Sown Area (Ha) 16765 | Gross Sown Area (Ha) 25945
Net Irrigated Area (Ha) 16753 | Gross Irrigated Area (Ha) 25936
Cropping Intensity (%) 154.76 | Irrigation Intensity (%0) 154.81
Use of Surface Water (%0) 137 Use of Ground Water (%0) 98.63
Canal Irrigation Area (Ha) | 229 State Govt. TW (Ha) 52 |Private TW (Ha) | 16472

2. Hydrogeology of Pilana block

Aquifer Groups and Depth
of Occurrence as per
Exploratory Drilling
carried out by CGWB

1) Aquifer Gr.-1: 1(A): 0.00 to (75-86)mbgl; I(B): (104-118) to (131-154)mbgl
2) Aquifer Group -11: 170to 224 mbgl
3) Aquifer Group-I11: 272 to 304 mbgl
4) Aquifer Group-1V: 367 to 442 mbgl(up to maximum explored depth)

Status of Ground Water Exploratory Wells: 07 Observation Wells: 01 Piezometer: 01
Exploration Slim Hole: 01
Aquifer Characteristics Group-1(A) Group-1(B) Group-11 | Group-111 | Group-1V
SWL-Static Water Level (mbgl) ~ [SWL: 16.25 to 22.80 |SWL:21.85to 28.15 | SWL: SWL: SWL:
Q — Discharge (Ipm); Q: 850 to 2954 Q: 1557 to 2954 Q: Q: Q:
DD — Drawdown (m): DD: 4.8510 6.95 DD: 48410690  |DD: DD: DD:
T — Transmissivity (m%day) T T:473 t0 1712 T: T: T:
S Storativity Sp. Yield: 0.06 S 4.17 x 10" %02.44 | S: S: S:
x 10
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GW Monitoring Stations

Ground Water Monitoring Wells: 02 (NHNS)

Average Depth to Water

Level (Pre-monsoon-2023)

Ag-I1(A) | Aq- I(B)| Average DepthtoWater | Ag- I(A)|Aqg - I(B)

Level
28.98 24.51 22.97 22.68
(Post-monsoon-2023)

Ground Water Resources
(2023)

Dynamic Resource (2023): Aquifer Group - 1(A)
1) Annual Extractable Ground Water Resources: 4364.88 Ham
2) Total Ground Water Extraction for all purposes: 5700.20 Ham
3) Annual GW Allocation for Domestic Use as in 2025: 429.21 Ham
4) Net Ground Water Availability for Future Use: 00
5) Average Stage of Ground Water Extraction: 130.59 %

6) Category of Block: Over-Exploited
Static Resource of Aquifer Group - I(A): 795.42 Ham
Static/In-Storage Resource of Aquifer Group — I(B): 41.40 Ham

Existing and Future
Drinking Water Demand

Existing Demand @ 40 Ipcd (2021): 2.6945 MCM
Future Demand @ 40 Ipcd (2031): 2.9639 MCM
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3. Geological and Geomorphological Maps, Depth to Wat er Level (Pre and Post-Monsoon)
Maps in respect Aquifer — I(A) and Isopach Maps (Aquifer - 1A & IB) of Pilana block
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Fig. —5.1: Geological Map of Pilana block, Baghpat district
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Fig. —5.2: Geomorphological Map of Pilana block,Baghpat district
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Depth to Water Level Map, Pre Monsoon 2023, A
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Fig. — 5.3:Pre-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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Fig. —5.4:Post-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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Fig. —5.5:1sopach Map of Pilana block in respect of Aquifer - 1(A)
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Fig. —5.6:1sopach Map of Pilana block in respect of Aquifer - 1(B)
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Aquifer Mapping and Management Plan of Binauli block, Baghpat distr

1. General Information of Binauli block

District Baghpat
Block Binauli
Geographical Area (km?) 290.00

Population& its Density

231895; 800 persons/sqg. km.

Principal Aquifer System

Quaternary Alluvium

Major Aquifer System

Older Alluvial (80%), Younger Alluvium

Normal Annual Rainfall 674.76 mm

Forest Area (Ha) 442 Rural Area under Non-Agricultural Use (Ha) 3473
Cultivable Area (Ha) 20494 | Culturable Waste Land (Ha) 337
Net Sown Area (Ha) 19792 | Gross Sown Area (Ha) 35769
Net Irrigated Area (Ha) 19724 | Gross Irrigated Area (Ha) 35733
Cropping Intensity (%) 180.72 | Irrigation Intensity (%0) 181.17
Use of Surface Water (%0) 134 Use of Ground Water (%0) 98.66
Canal Irrigation Area (Ha) | 265 State Govt. TW (Ha) 70 |Private TW (Ha) | 19389

2. Hydrogeology of Binauli block

Aquifer Groups and Depth
of Occurrence as per
Exploratory Drilling
carried out by CGWB

1) Aquifer Gr-1:1(A): 0.00 to (76-92)mbgl; I(B): (102-111) to (144-166)mbgl|
2) Aquifer Group -11: (187 - 213)to (245 - 275) mbgl
3) Aquifer Group-I111: 290 to 328 mbgl
4) Aquifer Group-1V: (339-346) to 446 mbgl(up to max. explored depth)

S — Storativity

Status of Ground Water Exploratory Wells: 09 Observation Wells: 03 Piezometer: 02
Exploration Slim Hole: 00
Aquifer Characteristics Group-1(A) Group-1(B) Group-11 |Group-111 | Group-1V
SWL-Static Water Level (m bgl) SWL:18.30t0 28.00 |SWL: 14.25t031.00 |SWL:17.88 |SWL:22.50 |SWL: 12.08
Q — Discharge (Ipm); Q: 2303 to 3458 Q: 1557 to 2954 Q: 2210 Q: 2200 Q: 2100
DD — Drawdown (m): DD: 6.20 t06.25 DD: 4.84t07.15 DD: 6.30 DD: 9.22 DD: 1252
T — Transmissivity (m?/day) T: T:1712- 2285 T: 350 T: 2285 T: 763

Sp. Yield: 0.06 S:417x10™ S:1.26x 10| $:5.1x10™
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GW Monitoring Stations

Ground Water Monitoring Wells: 02 (NHNS)

Average Depth to Water
Level (Pre-monsoon-2023)

Ag-I(A) | Ag-I(B) Average Depth to Ag-I(A) | Aq-1(B)

Water Level
28.98 24.51 22.97 22.68
(Post-monsoon-2023)

Ground Water Resources
(2023)

Dynamic Resource (2023): Aquifer Group - I1(A)
1) Annual Extractable Ground Water Resources: 6235.91Ham
2) Total Ground Water Extraction for all purposes: 7064.32 Ham
3) Annual GW Allocation for Domestic Use as in 2025: 401.36 Ham
4) Net Ground Water Availability for Future Use: 00
5) Average Stage of Ground Water Extraction: 1130.28 %
6) Category of Block: Over-Exploited

Static Resource of Aquifer Group - 1(A): 4210.80 Ham
Static/In-Storage Resource of Aquifer Group — I(B): 1270.10 Ham

Existing and Future

Drinking Water Demand

Existing Demand @ 40 Ipcd (2021): 3.72425 MCM
Future Demand @ 40 Ipcd (2031): 4.09666 MCM
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« Geological and Geomorphological Maps, Depth to Wat er Level (Pre and Post-Monsoon)
Maps in respect Aquifer — I(A) and Isopach Maps (Aquifer - 1A & IB) of Binauli block
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Fig. —5.1: Geological Map of Binauli block, Baghpat district
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Fig. —5.2: Geomorphological Map of Binauliblock,Baghpat district
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Depth to Water Level Map, Pre Monsoon 2023, 4
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Fig. —5.3:Pre-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)
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Fig. — 5.4:Post-Monsoon (2023) Depth to Water Level Map in respect of Aquifer - 1(A)

221



(T100°E TT50"E T7°200°€ 77°250°E 77300 77°350°E
Isopach Map for Aquifer group 1A of Binauti Block
] in Baghpat district N
£ 15
& &
= 2z
2 z
S ) p 2
> b 2 bN
~ : !. y ~
: >
8- -2
h Legend k
Thickness in {m)
[ 40-50
80 -5
- P
g Block boundary Kilomaters o
o 35 ? " i
L i i 1L 1 i i ]
T7100E IT50°E T7°20'0°E 77°250"E TTI00"E -

Fig. —5.5:1sopach Map of Binauli block in respect of Aquifer - 1(A)
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Fig. —5.6:1sopach Map of Binauli block in respect of Aquifer - 1(B)

222



References
1. Aquifer Mappimg and Management (NAQUIM) in NCR Area, Uttar Pardesh, 2017
2. Hydrogeology and Ground Water Potential of Baghpat District, Uttar Pradesh, 2002-03

3. Report on Ground Water Management Studies (Reappraisal Hydrogeological Surveys), District
—Baghpat, Uttar Pradesh, 2006-2007

4. District Brochure of Baghpat District, 2013-2014

5. Basic Data Report of Exploratory Tube Well at Aminagar Sarai, Block - Pilana, District -Baghpat,
1999-2000

6. Basic Data Report of Exploratory Tube Well at Khekra, Block - Khekra, District - Baghpat, 1999-
2000.

223



ANNEXURE - |

Depth to Water Level Data collected from the Key Wells established under NAQUIM 2.0

SI. | BLOCK | KEYWELL LATI- LONGI- | WELL TYPE |PRE-MON-| POST- | SEASONAL

NO. LOCATION/ | TUDE TUDE SOON  IMONSOON| FLUCTUA-
VILLAGE WATER | WATER TION
LEVEL | LEVEL (m)

(mbgl) (mbgl)

1. |Chhaprauli [Kishanpur 29.189628 | 77.265747 | Piezometer (Pz) | 14.22 13.97 0.25
2. |Chhaprauli [Kurdi 29.239167 | 77.171389 | Piezometer (Pz) | 10.73 9.80 0.93
3. |Chhaprauli |Ramala 29.224444 | 77.272778 | Piezometer (Pz) | 14.76 15.10 -0.34
4. |Chhaprauli [Rathaura 29.210833 | 77.210833 | Piezometer (Pz) | 22.02 25.42 -3.40
5. |Chhaprauli [Chhaprauli 29.207773 | 77.178725 | Piezometer (Pz) | 18.47 18.48 -0.01
6. |Chhaprauli [Tanda 29.273889 | 77.159444 | Pz (DWLR) 11.52 10.92 0.60
7. |Chhaprauli |Janta College | 29.250016 | 77.210556 | Pz (DWLR) 19.59 20.40 -0.81
8. |Chhaprauli [Tanda 29.27029 | 77.15601 | Mark-1l HPFTW | 11.52 10.57 0.95
9. |Chhaprauli [Lumb 29.26029 | 77.21324 | Mark-1l HPTW | 21.98 20.83 1.15
10. [Chhaprauli |Asara 29.24877 | 77.30312 | Mark-1l HPFTW | 23.25 22.36 0.89
11. |Chhaprauli |Soop 29.20138 | 77.26443 | Mark-1l HPFTW | 12.65 11.35 1.30
12. |Chhaprauli |[Kakor Kalan 29.17799 | 77.15315 | Mark-1l HPFTW | 11.03 9.70 1.33
13. |Chhaprauli |Chandan Hedi | 29.17468 | 77.19856 | Mark-1l HPTW | 23.45 22.26 1.19
14. |Baraut Barwala 29.163889 | 77.248611 | Piezometer (Pz) | 17.43 16.88 0.55
15. |Baraut Bijrol 29.196667 | 77.288056 | Piezometer (Pz) | 28.37 28.45 -0.08
16. |Baraut Fatehpur 29.206944 | 77.295833 | Piezometer (Pz) | 19.81 19.75 0.06
17. |Baraut Sinauli 29.142778 | 77.212778 | Piezometer (Pz) | 24.60 27.95 -3.35
18. |Baraut Baoli 29.134261 | 77.272527 | Piezometer (Pz) | 20.62 20.40 0.22
19. |Baraut Shahpur 29.074505 | 77.252151 | Piezometer (Pz) | 10.59 8.86 1.73
20. |Baraut girrzl#; 29.084167 | 77.307501 | Pz (DWLR) 19.94 20.24 -0.30
21. |Baraut Kandera 29.163056 | 77.314444 | Pz (DWLR) 18.52 17.95 0.57
22. |Baraut Luhari 29.072778 | 77.194722 | Pz (DWLR) 13.04 13.49 -0.45
23. |Baraut Shabga 29.14943 | 77.16921 | Mark-1l HPFTW | 19.28 18.49 0.79
24. |Baraut Kotana 29.1027 | 77.16688 | Mark-11 HPTW | 17.89 16.52 1.37
25. |Baraut Luhari 29.08064 | 77.19142 | Mark-1l HPFTW | 22.08 20.22 1.86
26. |Baraut Bijrol 29.12186 | 77.31845 | Mark-1l HPTW | 31.97 30.82 1.15
27. |Baraut Angadpur 29.10151 | 77.33168 | Mark-1l HPFTW | 31.59 30.44 1.15
28. |Baraut Kidwai nagar | 29.10247 | 77.25223 | Mark-1l HPFTW | 19.10 17.93 1.17
29. |Baraut Baoli 29.15471 | 77.27305 | Mark-11 HPTW 16.30 15.40 0.90
30. |Baraut Biharipur 29.03733 | 77.20663 | Mark-1l HPFTW |  16.29 15.39 0.90
31. |Baghpat |Gadhi 29.037500 | 77.258333 | Piezometer (Pz) | 14.85 14.34 0.51
32. |Baghpat |Sujra 29.014167 | 77.270000 | Piezometer (Pz) | 12.95 13.58 -0.63
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Depth to Water Level Data collected from the Key Wells established under NAQUIM 2.0

SI. | BLOCK| KEYWELL LATI- LONGI- | WELL TYPE |PRE-MON-| POST- |SEASONAL
NO. LOCATION/ | TUDE TUDE SOON | MONSOON | FLUCTUA-
VILLAGE WATER WATER TION
LEVEL LEVEL (m)
(mbgl) (mbgl)
33. | Baghpat |Tyodhi 29.051155 | 77.239846 | Piezometer (Pz) 9.99 11.33 -1.34
34. | Baghpat |Faizullapur 29.019371 | 77.204956 | Piezometer (Pz) 12.86 12.53 0.33
35. | Baghpat [Baghu 28.971653 | 77.253092 | Piezometer (Pz) 17.19 18.55 -1.36
36. | Baghpat |Pali 28.914519 | 77.239637 | Piezometer (Pz) 28.43 14.32 14.11
37. | Baghpat |Dojha 29.043255 | 77.314091 | Piezometer (Pz) 19.72 21.65 -1.93
38. | Baghpat [Bichapadi 29.018313 | 77.298371 | Piezometer (Pz) 14.73 15.65 -0.92
39. | Baghpat |Chopada 28.998960 | 77.312820 | Piezometer (Pz) 30.99 25.65 534
Maheshpur
40. | Baghpat |Padda Ahmad | 28.983620 | 77.301160 | Piezometer (Pz) 17.11 17.07 0.04
Shahpur
41. | Baghpat |Ahera 28.931780 | 77.266310 | Piezometer (Pz) 22.59 24.32 -1.73
42. | Baghpat [Surajpur 28.940720 | 77.275260 | Piezometer (Pz) 21.73 22.84 -111
Mahanawa
43. | Baghpat |Chouhalda 28.938360 | 77.285470 | Piezometer (Pz) 21.07 23.27 -2.20
44. | Baghpat |Pawala 28.908961 | 77.300000 | Piezometer (Pz) 41.51 26.34 15.17
Begmabaad
45. | Baghpat |Puthathi 28.982481 | 77.273166 | Piezometer (Pz) 15.64 16.87 -1.23
Brahaman
46. | Baghpat |Gauripur 28.948001 | 77.300655 | Piezometer (Pz) 31.14 23.39 7.75
Habibpur
47. | Baghpat [Sarurpur Kalan| 29.027652 | 77.233036 | Piezometer (Pz) 15.61 16.55 -0.94
48. | Baghpat |Sisana 28.963979 | 77.217723 | Piezometer (Pz) 15.79 15.12 0.67
49. | Baghpat DM Office, 28.984317 | 77.233444| Pz (DWLR) 8.75 8.83 -0.08
Baghpat
50. | Baghpat [Faizpur Naina | 29.029167 | 77.202500 Pz (DWLR) 11.47 12,94 -1.47
51. | Baghpat |College Mithali | 28.963056 | 77.304167| Pz (DWLR) 19.32 20.37 -1.05
52. | Baghpat [Noorjpur Gujar| 28.995000 | 77.253889| Pz (DWLR) 13.94 14.93 -0.99
53. | Baghpat |Pawla 28.92626 | 77.29758 | Mark-1l HPTW 24.77 23.65 1.12
Begmabad
54. | Baghpat |Khera Hatana | 29.04523 | 77.19071 | Mark-Il HPTW 17.09 15.71 1.38
55. | Baghpat |Tyothi 29.05335 | 77.24262 | Mark-1l HPTW 13.25 11.58 1.67
56. | Baghpat [Budhera 29.03116 | 77.30811 | Mark-Il HPTW 18.29 16.66 1.63
57. | Baghpat |Norozpur Gurjar| 28.99725 | 77.24979 | Mark-1l HPTW 15.86 14.85 1.01
58. | Baghpat |Faizullapur 29.02129 | 77.20521 | Mark-1l HPTW 13.79 12.48 131
59. | Baghpat |Osikka 29.04606 | 77.28238 | Mark-1l HPTW 11.25 10.48 0.77
60. | Baghpat |Tatiri 28.94734 | 77.26757 | Mark-1l HPTW 23.72 22.80 0.92
61. | Baghpat [Tatiri 28.95017 | 77.26659 | Mark-I1 HPFTW 23.89 22.19 1.70
62. | Baghpat [Sarorpur Kalan| 29.027543 | 77.249858| Pz (DWLR) 9.03 9.65 -0.62
63. | Khekra |Fakharpur 28.869486 | 77.288208 | Piezometer (Pz) 26.82 26.57 0.25
64. | Khekra |Fulhera 28.812778 | 77.391111 | Piezometer (Pz) 14.20 14.00 0.20
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Depth to Water Level Data collected from the Key Wells established under NAQUIM 2.0

SI. | BLOCK| KEYWELL LATI- | LONGI- | WELL TYPE |PRE-MON-| POST- |SEASONAL

NO. LOCATION/ TUDE TUDE SOON |MONSOON | FLUCTUA-
VILLAGE WATER | WATER TION
LEVEL | LEVEL (m)

(mbgl) (mbgl)
65. | Khekra |Laliyana 28.858333 | 77.39361 | Piezometer (Pz)| 18.81 18.39 0.42
66. | Khekra |Firojpur 28.837500 | 77.30750 | Pz (DWLR) 24.88 24.93 -0.05
67. | Khekra |Khekara 28.870004 | 77.28778 | Pz (DWLR) 27.70 25.24 2.46
68. | Khekra |Shabbanpur 28.84548 | 77.39098 | Mark-1l HPFTW |  15.05 13.20 1.85
69. | Khekra |Bhagot 28.80731 | 77.35987 | Mark-1l HPFTW | 23.02 21.47 1.55
70. | Khekra |Fakharpur 28.84336 77.2975 | Mark-1l HPFTW | 26.82 25.44 1.38
71. | Khekra |Noorpur Khalsa| 28.84394 | 77.24519 | Mark-I1 HPTW 11.23 9.46 177
72. | Khekra |Bhagout 28.80552 | 77.36007 | Mark-1l HPFTW | 23.88 22.11 1.77
73. | Khekra |Nagla Badi 28.81936 | 77.32734 | Mark-1l HPTW 23.08 21.82 1.26
74. | Khekra |Firojpur 28.84094 | 77.30791 | Mark-1l HPFTW | 24.88 23.00 1.88
75. | Khekra |Badagaon 28.86856 | 77.33906 | Mark-1l HPFTW | 26.48 25.15 1.33
76. | Pilana  |Poothar 28.971074 | 77.389145| Piezometer (Pz)| 36.08 27.27 8.81
77. | Pilana |Lohara 28.994596 | 77.396064 | Piezometer (Pz)|  40.23 28.71 11.52
78. | Pilana  |Singhawali Ahir| 28.968110 | 77.404440 | Piezometer (Pz)| 36.66 27.05 9.61
79. | Pilana  |Tilpani 29.015726 | 77.396654 | Piezometer (Pz)| 41.16 28.06 13.10
80. | Pilana  |Fatehpur 28.998141 | 77.358298 | Piezometer (Pz)| 39.46 27.54 11.92
81. | Pilana  |Khindora 29.006160 | 77.366183| Piezometer (Pz)| 40.01 27.50 1251
82. | Pilana  |Roshangarh 28.941825 | 77.387406 | Piezometer (Pz)| 34.14 28.76 5.38
83. | Pilana  |Basoud 28.981870 | 77.322935| Piezometer (Pz)| 24.94 21.12 3.82
84. | Pilana  |Daulatpur 28.935106 | 77.387806 | Piezometer (Pz)| 34.72 26.25 8.47
85. | Pilana  |Saidpur Khurd | 28.922939 | 77.399571| Piezometer (Pz)| 39.62 25.63 13.99
86. | Pilana  |Rasoolpur 28.933760 | 77.355252 | Piezometer (Pz)| 42.51 28.53 13.98
Sankalputi

87. | Pilana  |Pathhouli 28.922192 | 77.381486 | Piezometer (Pz)| 35.15 27.54 7.61
88. | Pilana  |Basatikri 28.941040 | 77.312023| Piezometer (Pz)| 22.18 24.23 -2.05
89. | Pilana  |Mukundpur Ogti| 28.910443 | 77.387686 | Piezometer (Pz)| 36.86 24.89 11.97
90. | Pilana  |Ghatauli 28.924504 | 77.435944 | Piezometer (Pz)| 18.55 5.87 12.68
91. | Pilana Sa;:avyatpur 28.908443 | 77.311862| Piezometer (Pz)| 42.03 26.49 15.54
92. | Pilana ﬁaf\grka 28.900350 | 77.394748| Piezometer (Pz)| 33.55 19.96 13.59
93. | Pilana  [Hisawada 28.973344 | 77.362872 | Piezometer (Pz)| 39.59 27.65 11.94
94. | Pilana  |Doula 28.956931 | 77.336159 | Piezometer (Pz)| 22.86 24.27 -141
95. | Pilana  |Gouspur 28.980241 | 77.347789| Piezometer (Pz)| 38.60 28.35 10.25
96. | Pilana  [Habibpur Nagala] 28.947690 | 77.442887 | Piezometer (Pz)| 31.46 26.78 4.68
97. | Pilana  |Pura Mahadeo | 28.997908 | 77.450225| Piezometer (Pz)| 14.18 14.91 -0.73
98. | Pilana  |Chamrawal 28.875278 | 77.389167| Pz (DWLR) 16.71 17.15 -0.44
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Depth to Water Level Data collected from the Key Wells established under NAQUIM 2.0

SI. |BLOCK| KEYWELL LATI- | LONGI- | WELL TYPE [PRE-MON-| POST- SEASONAL

NO. LOCATION/ | TUDE TUDE SOON | MONSOON | FLUCTUA-
VILLAGE WATER WATER TION
LEVEL LEVEL (m)

(mbgl) (mbgl)

99. | Pilana |Dhikoli 28.899722| 77.362500| Pz (DWLR) 23.93 24.77 -0.84
100. | Pilana |DolchaPilana 28.935000| 77.453055| Pz (DWLR) 10.13 10.09 0.04
101. | Pilana |Pilana 28.936389| 77.369722| Pz (DWLR) 26.21 28.29 -2.08
102. | Pilana |Daula 28.95639 | 77.33937 | Mark-Il HPTW | 27.55 25.90 1.65
103. | Pilana |Aminagar Sarai| 28.98622 | 77.39894 | Mark-1l HPFTW | 25.99 24.97 1.02
104. | Pilana |Pura Mahadev | 28.99857 | 77.45588 | Mark-1l HPFTW | 11.06 9.95 111
105. | Pilana |Murkandpur 28.91309 | 77.38867 | Mark-Il HPTW | 24.26 22.92 1.34
106. | Pilana |Baleni 28.95401 | 77.45491 | Mark-Il HPTW | 12.06 10.00 2.06
107. | Pilana |Shobhapur 28.98994 | 77.36318 | Mark-1l HPTW | 28.96 27.25 171
108. | Pilana |Singhawali Ahir| 28.95702 | 77.40273 | Mark-1l HPFTW 24.52 23.08 144
109. | Pilana |Baleni 28.954014| 77.454909 | Dug Well (DW) 9.47 9.38 0.09
110. | Binauli |Galheta 29.073611| 77.432222 | Piezometer (Pz) 19.02 16.85 2.17
111. | Binauli |Bamnauli 29.144722| 77.347778 | Piezometer (Pz)| 31.68 28.08 3.60
112. | Binauli |Sirsali 29.124167| 77.345556 | Piezometer (Pz)| 32.42 29.85 2.57
113. | Binauli |Binauli 29.093111| 77.399615 | Piezometer (Pz)| 29.42 29.27 0.15
114. | Binauli |Sanjarpur 29.021112| 77.404722| Pz (DWLR) 26.07 27.27 -1.20
115. | Binauli mngri 29.2333 | 77.39426 | Mark-1l HPTW | 35.76 34.25 151
116. | Binauli |Khaprana 29.19062 | 77.47066 | Mark-Il HPTW | 16.23 14.98 1.25
117. | Binauli |Edrishpur 29.17278 | 77.35722 | Mark-Il HPTW | 28.94 27.71 1.23
118. | Binauli EZTZS\I/ad 29.06852 | 77.32256 | Mark-Il HPTW | 25.86 24.12 1.74
119. | Binauli |Binauli 29.09306 | 77.40051 | Mark-I HPFTW | 30.36 28.64 1.72
120. | Binauli |Tikri 29.22982 | 77.36198 | Mark-Il HPTW | 34.92 33.22 1.70
121. | Binauli |Tabelgarhi 29.19698 | 77.45937 | Mark-1l HPFTW | 26.02 24.53 1.49
122. | Binauli |Kambala 29.04828 | 77.40305 | Mark-1l HPTW 28.29 26.14 2.15

227




(A) Basic Chemical Analysis Results of Ground Water Samples collected during Pre-Monsoon

ANNEXURE-1I1

SL.[BLOCK | KEY [ LATI- [LONGI-[ WELL | DATE | pH |EC| H- [CI] F |NO3[SO4| TH [Ca] Mg [ Na | K [Si-
NO WELL | TUDE | TUDE | TYPE | OF us/ | Co3 02
o lE
IVILLAGE 25°C
1. [Chhaprauli [Tanda | 29.2703 | 77.1560 |HP (M-II)| 23.6.23 | 7.87|1090]| 403 | 64033 | 12 | 110 | 220 |56] 19 | 150 |75]25
2. [Chhaprauli [Lumb | 29.2603 | 77.2132 |HP (M-1I)| 23.6.23 | 7.81 |1100| 415 |99]0.18| 8.7 | 64 | 430 |76| 58 | 61 |7.3]27
3. [Chhaprauli |Asara | 29.2488 | 77.3031 |HP (M-1I)| 23.6.23 | 7.85 | 649 | 281 | 14| 0.56 |BDL| 100 | 270 | 72| 22 | 41 |5.1|25
4. |Chhaprauli [Soop 292014 | 77.2644 |[HP (M-11)| 23.6.23 | 7.93 |1089] 622 [21]0.30| 7 | 20 | 270 [88| 12 | 135 [7.1]29
5. |Chhaprauli |[Badarkha | 29.1891 | 77.1576 |HP (M-1)| 23.6.23 | 7.87 |1230| 500 | 28| 0.19| 8 | 170 | 340 |48| 53 | 140 |6.3] 28
6. [Chhaprauli [Chandan | 29.1691 | 77.1955 [HP(STW)| 23.7.23 [ 8.09 | 1747 708 [106[0.71 [BDL| 120 | 320 (84| 26 | 255 (5,626
7. [Chhaprauli I\H/I?Jilandpur 292043 | 77.2285 | SBTW | 23.7.23 | 8.17| 910 | 488 |14]0.76| 9.9 | 30 | 280 [32| 48 | 89 |5.6]25
8 |Baraut  |Luhari | 29.0806 | 77.1914 |HP (M-II)| 24.6.23 | 7.98 |1384| 573 | 78] 0.16 105 | 360 |56 53 | 156 |7.7|21
9. |Baraut  |Luhari | 29.0996 | 77.1852 |HP (M-1)| 24.6.23 | 8.04 |1334] 451 |57 0.50 165 | 220 | 64| 19 | 195 |5.526
10.Baraut  |Luhari | 29.0798 | 77.1920 [DTW(N)| 23.7.23 | 7.83 |1308| 488 |57|0.40| 7.9 | 154 | 350 | 36| 63 | 140 |5.9]27
11|Baraut  [Shabga | 29.1494 | 77.1602 [HP (M-Il)| 24.6.23 | 7.93| 782 | 403 | 28|0.55 |BDL| 28 | 220 |52| 22 | 82 [8.3|27
12|Baraut  |Kotana | 29.1027 | 77.1669 |HP (M-II)| 24.6.23 | 7.89 |1494| 732 |57|0.18 |BDL| 6 | 240|60| 22 | 210 |5.4|30
13.Baraut  |Malakpur | 29.1059 | 77.2523 [HP(STW)| 23.7.23 | 8.15 | 788 | 403 | 14| 1.22 41 [ 170 [24] 26 | 105 [4.7]20
14|Baraut  |Baoli 29.1547 | 77.2730 |[HP(STW)| 23.7.23 | 7.89 | 389 | 171 |14]2.40 27 | 150 28] 19 | 19 |26]19
15|Baraut  [Bijrol | 29.1219 | 77.3185 [HP (M-Il)| 24.6.23 | 7.95 | 843 | 451 |21|0.85 |BDL| 28 | 200 |52| 17 | 101 |20|27
16.[Baraut  |Angadpur | 29.1015 | 77.3317 [HP (M-Il)| 24.6.23 | 7.78 | 1369 634 | 71 12 | 48 | 350 |56| 51 | 155 [8.3|31
17.[Baraut _ [Saroorpur| 29.0341 | 77.2315 |DcB TW | 23.7.23 |8.14 |1207| 561 |50 | 0.64 60 | 230 |36] 34 | 170 |5.7|24
18.|Baraut  |Biharipur | 29.0373 | 77.2066 [HP(STW)| 25.7.23 | 8.13 |2391|1150| 78| 1.80 | 12 | 100 | 180 | 28| 26 | 480 | 3 |23
19.[Baghpat |Pawla | 28.9308 | 77.2946 [HP (M-I)| 25.6.23 | 7.92 |1131| 586 |28 54 | 34 | 350 |52 53 | 100 |8.5]26
Begmabad
20.Baghpat |Khera | 29.0452 | 77.1907 |HP (M-I1)| 25.06.23 | 7.95 | 1753| 634 [113[0.11 |BDL| 200 | 290 | 56| 36 | 280 |6.2|26
21.[Baghpat ?;;?r?? 29.0534 | 77.2426 |HP (M-11)| 25.06.23| 7.82 | 570 | 305 |28]0.35 [BDL| 9 | 220 [32| 34 | 37 |4.4]27
22.Baghpat |Budhera |29.0312 | 77.3081 |HP (M-I1)| 25.06.23 | 8.01 | 943 | 476 | 7 |0.57 |BDL| 74 | 260 | 28| 46 | 103 | 7 |23
23[Baghpat |Norozpur | 28.9973 | 77.2498 |HP (M-11)| 25.06.23| 7.94| 930 | 439 | 14| 0.37 [BDL| 91 | 250 |24 46 | 105 [7.3[24
24.Baghpat $:t?r?r 28.9502 | 77.2666 |HP(STW)| 25.07.23| 7.86 | 1103] 573 | 21| 0.45 60 | 420 68| 60 | 65 10|23
25 Baghpat |Osikka | 29.0461 | 77.2824 |HP(STW)[25.07.23 | 7.84 | 639 | 329 | 14| 0.82 41 | 300 (76| 26 | 17 |4.6]21
26.Baghpat |[Fazulapur | 29.0213 | 77.2052 [HP(STW)[25.07.23| 7.82 | 2390 586 [220[0.32 | 12 | 370 | 380 |84| 7 | 385 |5.8|23
27.Khekda  [Sabanpur | 28.8455 | 77.3910 |HP (M-I1)| 29.06.23 | 8.16 | 2125 634 [142 320 | 370 |64] 50 | 335 |4.5|23
28 [Khekda  |[Fakarpur | 28.8434 | 77.2975 [HP (M-11)| 30.06.23 | 8.13 | 881 | 488 | 14| 0.38 23 | 280 |64] 29 | 78 |52]26
29 [Khekda  |Noorpur | 28.8439 | 77.2452 |HP (M-I1)| 30.06.23 | 8.16 | 1980 378 [206] 0.19 380 | 540 |124] 55 | 225 |4.5|27
30.Khekda |Bhagot | 28.8073 | 77.3599 [HP (M-I1)| 29.06.23 | 8.23 [ 1095 500 | 64 | 0.48 40 | 200 [64] 10 | 160 [6.1]28
31|Khekra  |Bhagout |28.8056 | 77.3509 | SBTW |22.07.23|7.40 1900 476 [298/0.29 | 30 | 80 | 420 |60| 82 | 200 |5.5|34
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(A) Basic Chemical Analysis Results of Ground Water Samples collected during Pre-Monsoon

SI.|BLOCK| KEY | LATI- |LONGI-| WELL | DATE | pH | EC| H- [CI| F [NO3|SO4|TH |Ca| Mg | Na | K |Si-
NO WELL | TUDE | TUDE | TYPE | OF us/ | o3 02

LOCA- COLLE- cm

V|T|_I|_OANc/; . CTION o5°C
32.[Khekra [Bhagout |[28.8055|77.3599 | SBTW (22.07.23|7.46 |2330| 464 [425/0.19 | 36 | 105 | 610 |60 | 110 | 240 1733
33.[Khekra [Bhagout |28.8055 | 77.3601 [HP(STW)|22.07.23 | 8.01 [1200( 500 |64 |0.52 | 32 | 39 | 250 (44| 34 | 156 |4.6/32
34.|Khekra |NaglaBadi| 28.8217 | 77.3227 | DcB TW [22.07.23| 7.77 [1070( 549 | 7 [0.53 | 11 | 70 | 250 (40| 36 |135| 6 |24
35.|Khekra |NaglaBadi| 28.8221 | 77.3300 | SBTW (22.07.23|7.88| 650 | 354 | 7 [0.94| 6 | 29 [ 230 (32| 36 | 48 [4.7|25
36.|Khekra |Badagaon | 28.8695 | 77.3219 | SBTW [22.07.23(7.95|820 | 451 | 7 [1.06 | 7 | 37 | 170 (32| 22 |120 (43|25
37.|Khekra [Firojpur |[28.8409 |77.3073 | SBTW [22.07.23|8.16 | 920 | 500 |21 |0.89 24 | 90 |16 12 | 180 (24|21
38.[Pilana  [Doula 28.9564 | 77.3394 [HP (M-11)| 28.06.23| 8.27 |1183| 537 |64 3.50 48 (290 (44| 43 | 140 |4.4/21
39.[Pilana |Murkand |28.9131 | 77.3887 |HP(M-11)|{29.06.23 | 8.23 |1597| 647 [106/0.56 | 16 | 52 | 200 (44| 22 | 260 |5.1|23
40. [Pilana (g);z:ti Muki 28.9118 | 77.3865 | SBTW [22.07.23|8.04 |1470| 671 |71{0.92| 8 | 64 | 180 |32| 24 | 256 [3.9]26
41.[Pilana Pri?;::ur 28.9367 | 77.3705 | SBTW [22.07.23|7.94(1604| 561 [106(0.46 | 33 | 115 | 330 [28| 62 | 195 20|27
42.[Pilana  [Shobhapur | 28.9899 | 77.3632 [HP(STW)| 21.07.23 | 7.94 1860/ 805 [142(0.32 | 10 | 76 | 600 [104| 82 | 165 [7.6/35
43.[Pilana  [Shobhapur | 28.9896 | 77.3636 [HP(STW)| 21.07.23 | 8.04 1685| 744 [ 78{0.46 | 11 | 86 | 400 (44| 70 |205 [6.5/28
44.[Pilana  [Shobhapur | 28.9897 | 77.3637 | SBTW |21.07.23|8.04 |1410| 647 [64|0.39 | 21 | 64 | 410 (44| 72 |140 |6.4|27
45.[Pilana  |Pura 28.9981 | 77.4503 [HP (M-11)| 29.06.23| 8.13 [1402| 708 [42]0.89 | 20 | 43 | 250 [52| 29 | 220 (5.6|31

Mahadev
46.Pilana  |Aminna- | 28.9862 | 77.3989 |HP (M-I1)| 28.06.23| 8.07 |1216| 573 | 78 0.66 49 (330 (68| 38 |145(6.4/29
47 |Pilana %Z?ei?ral 28.9540 | 77.4549 [HP (M-11)| 28.06.23(8.10 | 725 | 354 |14|0.54 | 6.8 | 58 | 220 (40| 29 | 74 (45|24
48.|Pilana  [Baleni 28.9588 | 77.4711 [HP(STW)|22.07.23( 7.88 | 594 | 354 | 7 [0.23 220 (44| 26 | 37 |6.3|28
49.Pilana  [Singha- | 28.9570 | 77.4027 [HPSTW)|22.07.23|8.09 | 990 | 512 |21|053| 34 | 28 | 320 (36| 55 | 87 [5.4(26
50.(Binauli \l;v::IaAdrllr 29.1853 | 77.4371 | SBTW |27.06.23|8.06 | 880 | 390 |50 0.72 47 (240 (44| 31 | 97 |5.2|27
51.[Binauli rB]?r?:l:Ii 29.0931 | 77.4005 [HP (M-11)| 27.06.23( 8.18 | 820 | 390 | 280.38 56 [ 180 |68 2 |110|5 (25
52.[Binauli [Tikri 29.2298 | 77.3620 [HP (M-11)[ 27.06.23 | 8.02 | 634 | 317 [21]0.84 38 [ 220 |44| 26 | 51 [6.3]20
53.[Binauli [Tikri 29.2323 | 77.3541 | SBTW [24.07.23(8.19 | 710 | 329 |210.56 56 | 150 |28| 19 | 100 (34|24
54.|Binauli [Kambala |29.0483 | 77.4031 [HP (M-I1)| 28.06.23 | 8.15 | 926 | 439 |28|0.68 23 [ 260 48| 34 | 77 (6828
55.[Binauli  [Mangroli | 29.1906 | 77.4707 [HP(STW)[24.07.23| 7.82 | 790 | 451 |21 0.64 10 (280 (64| 29 | 64 [4.4{24
56.[Binauli |Edrishpur]| 29.1728 | 77.3572 [HP(STW)|24.07.23 | 7.65 | 1000| 573 | 14| 0.51 18 280 |76| 22 | 110 [5.828
57.|Binauli Eimad 29.0685 | 77.3226 [HP(STW)(24.07.23| 7.85[1120| 610 [14[0.70| 8 | 48 | 480 [64| 77 | 46 [6.7|24
58.Binauli [Tabel-  |29.1970 | 77.4504 [HP (M-1I)|27.06.23 | 7.98 |1190| 622 | 28043 | 7.4 | 43 | 430 |92| 48 | 80 [6.3|32
59.(Binauli ﬁﬁtghra 29.2333 | 77.3943 [HP(STW)[24.07.23| 7.92| 897 | 415 42 0.30 20 | 260 84| 12 | 73 [6.1{23
60.[Binauli [Bamnauli | 29.1433 | 77.3478 [HP(M-1)| 27.06.23| 8.2 | 790 | 342 |140.43 90 [ 100 |28| 7 |140 (3.2[21
61.[Binauli |[Khaprana|29.1906 | 77.4707 [HP(STW)[24.07.23| 7.9 | 700 | 378 |21 0.83 16 (230 (60| 19 | 62 [4.6(21
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(B) Basic Chemical Analysis Results of Surface Water Samples collected during Pre-Monsoon

SI.|BLOCK| KEY | LATI- |LONGI-| WELL | DATE | pH | EC| H- [CI| F [NO3|SO4|TH |Ca| Mg | Na | K |Si-
NO WELL | TUDE | TUDE | TYPE | OF s/ | €03 02
LOCA/- COLLE- cm
TION CTION o
VILLAGE 25°C
1. |Chhap- |Chhapr- |29.2067 | 77.1685| SW [23.07.23|7.52|1004| 305 [92|0.59 74 1210 (40| 26 | 81 |70|21
rauli auli
2. |Chhap- |Boddha [29.2801|77.1641| SW |23.07.23|7.42|907 | 342 |64|1.05| 12 | 48 | 200 [52| 17 | 60 [90|27
rauli
3.|Chhap- |Ramala |29.2263|77.2707 | SW |23.07.23|7.49|768 | 293 |57|0.70| 7 | 60 | 170 (36| 19 | 73 60|17
rauli
4. |Baraut |Malakpur | 29.1059 | 77.2523 | SW [23.07.23|7.35| 269 | 110 |14 16 | 90 (32| 2 | 18 [2.9]12
(Nahar)
5. |Baraut |Shadatpur|29.0915 | 77.2174 | SW |23.07.23|8.14| 945 | 488 |21|0.60 48 | 180 (28| 26 | 145 |5.6|18
Jounmana
6. |Baghpat |Tatiri 28.9473 | 77.2676 | SW |25.07.23|7.55|1223| 561 [113]0.73 62 | 250 (48| 31 | 190 (35|20
7. |Baghpat |Gauripur |28.9884 | 77.2028 | SW |25.07.23|7.61|348 | 159 |14|0.32| 7.6 | 10 | 140 [52| 2 | 12 [3.7|11
(Yamuna)
8. [Baghpat |Osikka |29.0461 | 77.2828 | SW (25,07.23|7.18|696 | 268 |57(0.81| 5.2 | 48 | 190 (48| 17 | 53 (45|10
9. [Baghpat [Faizulapur| 29.0214 | 77.2052| SW [25.07.23|7.95| 735 | 268 [57(0.77| 9 | 64 | 160 [32| 19 | 81 [35|12
10.|Khekra |Firojpur |[28.8409 | 77.3073| SW |22.07.23|7.14|410| 159 |28|0.42 28 | 100 |24| 10 | 28 (35|15
(Pond)
11.|Khekra |Rataul 28.8299 | 77.3374| SW [22.07.23|7.12|340|122| 7 {0.42| 16 | 27 | 100 {24| 10 | 12 25|10
12.|Khekda |[Lalyana |28.8612|77.4098| SW [30.06.23|7.33|449|183|28|0.34| 23 | 35 | 180 (58| 10 | 23 |19|14
(Hindon)
13.[Pilana  |Shobha- |28.9899|77.3632| SW |21.07.23|7.56|1418| 622 |78|1.60| 31 | 58 | 210 (40| 26 | 180 |90|33
pur (Pond)
14.|Pilana  |Pura 29.0010| 77.4609 | SW 129.06.23|7.25|696 | 268 |50({0.72 | 23 | 40 | 230 (72| 12 | 47 25|21
Mahadev (Hindon)
15.Pilana  |Aminagar | 28.9195 | 77.3962 | SW |21.07.23|7.45|1210| 512 |85|1.20| 22 | 37 | 240 |48| 34 | 155 |35|34
Sarai (Pond)
16.[Pilana  |Baleni 28.9588 | 77.4711| SW |22.07.23|7.31|280|122 |7 |0.25| 57 | 17 |110(32| 7 | 9 |7.1|13
(Hindon)
17.|Pilana  |Basand | 28.9843|77.3263| SW [21.07.23|7.65|1199| 439 |92|1.14| 31 | 43 | 220 |36| 31 | 150 |22 |16
(Pond)
18.Binauli [Tabela 29.1906 | 77.4707 | SW |24.07.23|7.48| 518 | 244 |35|0.44 20 | 200 (64| 10 | 31 10|17
Gadi (Hindon)
19.[Binauli |Nirpura |29.2328|77.3932| SW [24.07.23|7.49|717 | 268 |71|046| 7 | 24 | 200 |52| 17 | 38 |57 |20
(Pond)
20.Binauli [Bamnauli |29.1451|77.3551| SW [24.07.23|6.95| 463 | 220 |28 |0.52 28 | 180 |56| 10 | 20 (25|17
(Hindon)
21.Binauli [Barnawa |29.1143|77.4398| SW [28.06.23|7.45| 710|268 |64|0.55| 10 | 41 | 230 |68| 14 | 55 |20|22
Bridge (Hindon)
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(C) Heavy Metals Analysis Results of Ground Water Samples collected during Pre-Monsoon

Sl.| BLOCK |KEY WELL| LATI- |LONGI-| WELL | DATE | Cr Fe Mn | Cu Zn As Pb U
NO |7\(/)|?_A|_TA€£l TUDE | TUDE | TYPE c (?LFLE (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)
-CTION
1. |Chhaprauli [Tanda 29.2703|77.1560(HP (M-11)23.06.23| BDL |0.214 | BDL | BDL |0.243 | BDL | BDL | 0.024
2. |Chhaprauli |Lumb 29.2603(77.2132[HP (M-11)|23.06.23| BDL |0.178|0.057 | BDL |0.495| BDL | BDL | 0.021
3. [Chhaprauli |Asara 29.2488(77.3031|HP (M-11)|23.06.23| BDL |5.753|0.139 | BDL |0.532 | BDL |0.001|0.006
4. |Chhaprauli [Soop 29.2014(77.2644HP (M-11)23.06.23| BDL |0.325|0.076 | BDL |1.937 | BDL | 0.002|0.052
5. |Chhaprauli [Badarkha |29.1891|77.1576|HP (M-11)|23.06.23| BDL |0.512|0.054 | BDL | 0.345| BDL | 0.001|0.023
6. |Chhaprauli |Chandan {29.1691|77.1955| HP 123.07.23| BDL |0.143 | BDL | BDL |3.904 | BDL |0.001|0.057

Hedi (STW)
7. |Chhaprauli |Mukandpur [29.2043|77.2285| SBTW |23.07.23| BDL | BDL | BDL | BDL | BDL |0.001| BDL | 0.025
8. [Baraut Luhari 29.0806|77.1914|HP (M-11)[24.06.23| BDL |10.125| 0.118 | BDL | 0.275| BDL | BDL | 0.007
9. [Baraut Luhari 29.0996|77.1852|HP (M-11)24.06.23| BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.019
10.|Baraut Luhari 29.0798(77.1920|DTW(IN)|23.07.23| BDL | BDL | 0.063 | BDL |0.085 | BDL |0.002|0.020
11.|Baraut Shabga 29.1494|77.1692|HP (M-11)[24.06.23| BDL | 0.143| BDL | BDL |1.232| BDL | BDL | 0.012
12.[Baraut Kotana 29.1027|77.1669|HP (M-11)[24.06.23| BDL |0.111| 0.06 | BDL |0.358| BDL |0.001|0.038
13.|Baraut Malakpur [29.1059|77.2523|HP(STW)23.07.23| BDL |3.369 | BDL | BDL | BDL | BDL | BDL |0.010
14.|Baraut Baoli 29.1547|77.2730|HP(STW)[23.07.23| BDL | BDL | BDL | BDL | 0.471| BDL | BDL | 0.004
15.|Baraut Bijrol 29.1219|77.3185|HP (M-11)[24.06.23| BDL | 0.407|0.059| BDL | 0.871| BDL | BDL | 0.014
16.[Baraut IAngadpur [29.1015|77.3317|HP (M-11)[24,.06.23 BDL | 0.22 | 0.16 | BDL | 0.18 | BDL |0.002|0.026
17.[Baraut Saroorpur |29.0341|77.2315|DcB TW 23.07.23| BDL | BDL | BDL | BDL | BDL | 0.002 | BDL |0.024
18.|Baraut giaf::ripur 29.0373|77.2066 [HP(STW)25.07.23 BDL | BDL | BDL | BDL |0.095 | BDL | 0.003|0.043
19.Baghpat  [Pawla 28.9308|77.2946|HP (M-11)}25.06.23| BDL | 0.379|0.065| BDL |1.795| BDL | 0.002|0.041
Begmabad
20.|Baghpat Khera 29.0452(77.1907 [HP (M-11)25.06.23 BDL |0.181|0.136 | BDL |3.507 | BDL | BDL | 0.021
21.|Baghpat ?3;?hnia 29.0534|77.2426|HP (M-11)[25.06.23| BDL | 0.228 | BDL | BDL | 0.069 | BDL | BDL | 0.008
22.Baghpat  [Budhera [29.0312|77.3081|HP (M-11)[25,06.23 BDL |0.115{0.114 | BDL | 0.94 | BDL | BDL |0.023
23.|Baghpat Nor(_)zpur 28.9973|77.2498|HP (M-11)[25.06.23| BDL | 0.085| BDL | BDL | 1.652 | BDL |0.001|0.016
24.|Baghpat $:t?r?r 28.9502|77.2666 |HP(STW)25.07.23/ 0.005| 1.513| BDL | BDL |1.611| BDL |0.013|0.029
25.Baghpat  |Osikka 29.0461|77.2824|HP(STW)[25.07.23| BDL | BDL | BDL | BDL | 0.093| BDL |0.001|0.014
26.Baghpat  |Faizullapur{29.0213|77.2052|HP(STW)]25.07.23 BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.005
27.Khekda Shabanpur|28.8455|77.3910 HP (M-11)29.06.23| BDL | 0.20 | 0.083| BDL |1.162| BDL | BDL |0.027
28.|Khekda Fakharpur |28.8434|77.2975|HP (M-11)[30.06.23) BDL |2.195|0.108 | BDL | 2.54 | BDL | 0.001|0.012
29.|Khekda Noorpur |28.8439|77.2452|HP (M-11)[30.06.23) 0.002 | 0.306 | 0.12 | BDL |1.012 | BDL | BDL | 0.013
30.[Khekda gf?:;]ia}[ 28.8073|77.3599|HP (M-11)}29.06.23| BDL | 0.573|0.069| BDL | 1.34 | BDL | BDL | 0.013
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(C) Heavy Metals Analysis Results of Ground Water Samples collected during Pre-Monsoon

SI. |BLOCK| KEY WELL | LATI- |LONGI-| WELL | DATE | Cr Fe Mn | Cu Zn As Pb U
NO. L\(/)ﬁ;_AL;Ic(;)é\U TUDE | TUDE | TYPE c (?LFLE (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)| (mg/l)
-CTION
31. |[Khekra [Bhagout 28.8056(77.3599| SBTW |22.07.23 BDL | BDL | 0.125| BDL | BDL | BDL | BDL | 0.011
32. |[Khekra [Bhagout 28.8055(77.3599| SBTW |22.07.23 BDL | BDL | 0.081 | BDL | BDL | BDL | BDL | 0.016
33. |[Khekra [Bhagout 28.8055|77.3601|HP(STW)[22.07.23| BDL | 0.177|0.063| BDL | BDL | BDL |0.003|0.011
34. |[Khekra |[Nagla Badi |28.8217|77.3227|DcBTW|22.07.23 BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.026
35. |[Khekra |Nagla Badi |28.8221|77.3300| SBTW [22.07.23| BDL | BDL | BDL | BDL | BDL | BDL |0.001|0.011
36. |Khekra |Badagaon |28.8695|77.3219| SBTW [22.07.23 BDL | BDL | BDL | BDL | BDL | BDL | 0.011|0.015
37. |[Khekra |Firojpur 28.8409(77.3073| SBTW |22.07.23 BDL | BDL | BDL | BDL | BDL | 0.001| BDL |0.009
38. |Pilana |Doula 28.9564|77.3394|HP(M-11)[28.06.23| BDL |2.135|0.223| BDL | 1.613| BDL |0.001|0.015
39. Pilana  |Murkandpur|28.9131|77.3887 |HP(M-11)|29.06.23| BDL | BDL | 0.056 | BDL | 0.135| BDL | BDL | 0.019
40. Pilana  Ogati 28.9118(77.3865| SBTW [22.07.23 BDL | BDL | BDL | BDL | BDL | 0.001| BDL |0.026
Mukrandpur
41. Pilana |Pilana 28.9367(77.3705| SBTW |22,07.23 BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.018
42. |Pilana [Shobhapur |28.9899|77.3632|HP(STW)[21.07.23| BDL |0.079|0.207 | BDL |0.693| BDL |0.001|0.035
43. Pilana [Shobhapur |28.9896|77.3636|{HP(STW)[21.07.23| BDL |0.303|0.053 | BDL |0.613| BDL |0.001|0.033
44, |Pilana |Shobhapur [28.9897(77.3637| SBTW [21.07.23 BDL | BDL | BDL | BDL | BDL |0.002| BDL | 0.022
45. Pilana [Pura 28.9981|77.4503|HP(M-11)[29.06.23| BDL | 0.013| BDL | BDL |1.374| BDL | BDL | 0.050
Mahadev

46. Pilana  |Aminnagar |28.9862|77.3989 HP(M-11)28.06.23 BDL |0.134 | BDL | BDL |3.803| BDL | 0.001|0.019
47. |Pilana Zaalli;i 28.9540(77.4549|HP(M-11)|28.06.23| BDL |0.052| BDL | BDL |1.064 | BDL |0.001|0.016
48. [Pilana Baleni 28.9588|77.4711HP(STW)22.07.23| BDL |0.728| 0.47 | BDL |0.301|0.0108 BDL | 0.004
49. PPilana Singhawali 28.9570(77.4027 [HP(STW)22.07.23| BDL |2.080|0.104 | BDL |0.843 | BDL | BDL |0.016
50. Binauli Ilg\:lzliadnagar 29.1853|77.4371| SBTW |27.06.23 BDL |0.476|0.077 | BDL | BDL | 0.001|0.001|0.014
51. Binauli |Binauli 29.0931|77.4005|HP(M-11)[27.06.23| BDL | 0.078|0.034 | BDL | 1.095| BDL | BDL | 0.010
52. Binauli [Tikri 29.2298|77.3620|HP(M-11)[27.06.23| BDL |3.242|0.057 | BDL | 0.184 | BDL | BDL | 0.005
53. Binauli [Tikri 29.2323|77.3541| SBTW |24.07.23 BDL | BDL | BDL | BDL | BDL |0.002|0.001|0.007
54. Binauli |Kambala 29.0483|77.4031|HP(M-11)[28.06.23| BDL | 0.279|0.068 | BDL | 0.321 | BDL | 0.001|0.020
55. Binauli |Mangroli 29.1906|77.4707 |HP(STW)[24.07.23| BDL | 7.857|0.062 | BDL | 0.387 | BDL | 0.002|0.004
56. [Binauli |Edrishpur |29.1728|77.3572HP(STW)24.07.23| BDL |5.519|0.105| BDL | 0.43 | BDL |0.001|0.013
57. Binauli |Barawad 29.0685|77.3226|HP(STW)24.07.23| BDL | 0.07 | BDL | BDL |1.829 | BDL |0.001|0.052
58. [Binauli |{Tabelgarhi |29.1970|77.4594|HP(M-11)|27.06.23| BDL | 0.081| BDL | BDL | 1.862| BDL | BDL | 0.044
59. Binauli |Nirpura 29.2333|77.3943|HP(STW)[24.07.23| BDL | BDL | 0.052 | BDL |1.025| BDL | BDL | 0.017
60. Binauli |Bamnauli 29.1433|77.3478|HP(M-11)|127.06.23 BDL |0.834 | BDL | BDL | BDL |0.002|0.001|0.011
61. Binauli |Khaprana |29.1906|77.4707 HP(STW)24.07.23| BDL | 1.051| BDL | BDL | 0.242 | BDL | 0.003|0.015
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(D) Heavy Metals Analysis Results of Surface Water Samples collected during Pre-Monsoon

Sl.| BLOCK |KEY WELL| LATI- |LONGI-| WELL | DATE | Cr Fe Mn Cu Zn As Pb U
NO LOCATION| TUDE | TUDE | TYPE OF ma/D! (ma/D | (ma/D | (ma/D | (ma/D | (ma/D | (ma/D| (ma/l
L LAGE COLLE(9)(9)(9)(@1)(@1)(@1)(9)(9)
-CTION
1. (Chhaprauli |[Chhaprauli|29.2067|77.1685| SW [23.07.23| BDL | BDL | 0.06 | BDL | BDL | 0.005|0.001| BDL
2. |Chhaprauli |Boddha 29.2801(77.1641| SW [23.07.23| BDL | BDL |0.203 | BDL | BDL |0.006 | 0.003| BDL
3. [Chhaprauli |Ramala  |29.2263|77.2707| SW |23.07.23| BDL | BDL | BDL | BDL | BDL |0.004 | 0.005| 0.006
4. Baraut Malakpur [29.1059|77.2523| SW (23.07.23 BDL | BDL | BDL | BDL | BDL |0.007|0.022| BDL
(Nahar)
5. |Baraut Shadatpur |29.0915|77.2174| SW |23.07.23 BDL | BDL | BDL | BDL | BDL |0.010| BDL | 0.037
Jounmana
6. |Baghpat  [Tatiri 28.9473|77.2676/ SW [25.07.23 BDL | BDL | BDL | BDL | BDL | 0.003|0.002|0.009
7.|Baghpat  |Gauripur |28.9884|77.2028| SW [25.07.23| BDL | BDL | BDL | BDL | BDL |0.001|0.002| BDL
(Yamuna)
8. |Baghpat  |Osikka 29.0461(77.2828| SW [25.07.23 BDL | BDL | BDL | BDL | BDL | 0.003|0.001|0.004
9. |Baghpat Faizullapur|29.0214(77.2052| SW [25.07.23| BDL | BDL | BDL | BDL | BDL |0.004 | BDL | 0.003
10.Khekra Firojpur |28.8409(77.3073| SW [22.07.23| BDL | BDL {0.137| BDL | BDL |0.010| BDL | BDL
(Pond)
11.Khekra Rataul 28.8299|77.3374| SW (22.07.23 BDL | BDL | BDL | BDL | BDL |0.006 | BDL | BDL
12.[Khekda Lalyana [28.8612|77.4098| SW (30.06.23 BDL | 0.06 |0.314 | BDL | BDL |0.006|0.001| BDL
(Hindon)
13.[Pilana Shobhapur|28.9899|77.3632| SW (21.07.23] BDL | BDL |0.083| BDL | BDL |0.005 | 0.001|0.004
(Pond)
14.Pilana Pura 29.0010|77.4609| SW (29.06.23 BDL |0.066|0.542 | BDL | BDL |0.003 | BDL | BDL
Mahadev (Hindon)
15.Pilana /Aminagar [28.9195|77.3962| SW [21.07.23 BDL | BDL | BDL | BDL | BDL |0.002|0.002| BDL
Sarai (Pond)
16.[Pilana Baleni 28.9588(77.4711| SW [22.07.23 BDL | BDL | BDL | BDL | BDL |0.007|0.032| BDL
(Hindon)
17.[Pilana Basand 28.9843(77.3263| SW [21.07.23 BDL | BDL | BDL | BDL | BDL |0.008|0.001| BDL
(Pond)
18.[Binauli Tabela 29.1906(77.4707| SW [24.07.23 BDL |0.052|0.276 | BDL | BDL | 0.009|0.002|0.004
Gadi (Hindon)
19.[Binauli Nirpura |29.2328(77.3932| SW [24.07.23| BDL | 0.08 {0.085| BDL | BDL |0.006 | BDL | BDL
(Pond)
20.Binauli Bamnauli |29.1451(77.3551| SW [24.07.23| BDL |0.156| 0.11 | BDL | BDL |0.008|0.006| BDL
(Hindon)
21.Binauli Barnawa |29.1143|77.4398| SW [28.06.23| BDL | BDL {0.897 | BDL | BDL |0.001|0.001| BDL
Bridge (Hindon)
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(E) Basic Chemical Analysis Results of Ground Water Samples collected during Post-Monsoon

SI.|BLOCK| KEY LATI- |LONGI-| WELL | DATE |pH |EC | H- [CI| F |NO3|SO4| TH| Ca | Mg [Na| K |Si-
NO WELL | TUDE | TUDE | TYPE OF us/ CO3 02
Loca COLLE  |em
VILLAGE CTION 25°C

1. (Chhap- [Tanda 29.2703 | 77.1560 |[HP(M-II)| 29.11- [7.59| 985 | 390 |{50({0.90| 13 | 100 | 290 | 68 | 29 |100|6.6| 30
rauli 13.12.23

2. |Chhap- |Lumb 29.2603 | 77.2132 |HP(M-II)| 29.11- |7.56|1152| 488 |{99({0.78| 0 | 62 [ 460 | 96 | 53 |70(6.3|32
rauli 13.12.23

3. |[Chhap- |Asara 29.2488 | 77.3031 [HP(M-II)| 29.11- [7.76| 705|390 | 7 {1.19| O | 40 [ 290 | 64 | 32 |42|4.2|22
rauli 13.12.23

4. |Chhap- [Soop 29.2014 | 77.2644 |HP(M-II)| 29.11- |7.75|1500| 683 {21{0.73| 7 | 62 [ 290 | 52 | 39 |225|6.2| 29
rauli 13.12.23

5. [Chhap- |Soop 29.1946 | 77.2613 [HP(M-II)| 29.11- |7.84]1136|549 | 7 [1.18| 14 | 68 [ 250 | 52 | 29 |88(9.0|24
rauli 13.12.23

6. [Chhap- |Kishanpur|29.1922 | 77.2803 [HP(M-II)| 29.11- |7.86|392 | 183 |7 |3.15| O | 14 |150| 36 | 15 |15(|3.3|18
rauli 13.12.23

7. |Chhap- |Rajpur 29.1994 | 77.2531 [HP(M-I1)| 29.11- |7.86 1030|512 |31({0.81| 0 | 58 | 300 | 52 | 41 |109|7.3|24
rauli 13.12.23

8. |Chhap- |Badarkha |29.1891 | 77.1576 [HP(M-II)| 29.11- |7.87|1052| 451 [35|0.79| 6 | 64 |330 | 52 | 48 |97|5.0(28
rauli 13.12.23

9. [Chhap |Chandan |29.1747 | 77.1986 [HP(M-II)| 29.11- |7.64| 979 | 451 [50|0.47| 21 | 50 | 380 | 68 | 51 |62|6.7|31
rauli Hedi 13.12.23

10./Chhap- |Chandan |29.1691 | 77.1955 HP 29.11- [8.02(1701| 720 [99({0.69| 0 | 125|410 | 80 | 51 |215|6.2|34
rauli Hedi (STW) [13.12.23

11.|Chhap- |Khwaja |29.1638|77.1982 [HP(M-1I)| 29.11- |7.66|1060| 586 |14({0.36| O | 35 | 360 | 88 | 34 |87(6.6/26
rauli Nagla 13.12.23

12.|Chhap- |Bachhor |29.1693|77.1779 [HP(M-1l)| 29.11- |7.96|1131| 525 (28{2.05| 15 | 84 | 100 | 20 | 12 [225|7.5| 9
rauli 13.12.23

13./Chhap- |Halalpur |29.1820 | 77.1888 |HP(M-11)| 29.11- |7.92| 805 | 439 |21|0.63| 0 | 34 |230| 32 | 36 |95|5.7|25
rauli Nahar 13.12.23

14.|Chhap- |Mukandp |29.2043 | 77.2285 | SBTW | 29.11- |8.11|864 | 464 (21({0.68| 10 | 21 | 250 | 32 | 41 |89(6.0|25
rauli ur 13.12.23

15.|Baraut |Luhari 29.0806 | 77.1914 [HP(M-II)| 29.11- |7.96 1364|573 |35[{0.68| 0 | 115|340 | 56 | 48 |150/6.5|22
13.12.23

16.|Baraut |Luhari 29.0996 | 77.1852 [HP(M-II)| 29.11- |7.67|1117|525|28({0.75| 8 | 51 [390| 92 | 39 |68|5.6|/30
13.12.23

17.|Baraut |Luhari 29.0798 | 77.1920 | DTW | 29.11- |8.01|1298| 427 |57(0.83| 10 | 165 | 260 | 48 | 34 |170|5.3| 28
(ON)  |13.12.23

18.|Baraut  |Shabga 29.1494 | 77.1692 |HP(M-II)| 29.11- [7.89|860 | 378 |35(097| O | 43 [ 270 | 48 | 36 |73|7.4|25
13.12.23

19.|Baraut  [Kotana 29.1027 | 77.1669 |[HP(M-II)| 29.11- |7.98|1611| 647 |57(0.76| O | 150 | 210 | 40 | 27 |265|5.0| 20
13.12.23

20.|Baraut [Kotana 29.1042 | 77.1609 [HP(M-II)| 29.11- [8.24|698 | 317 |14({1.07| 0 | 39 [200| 32 | 29 |65|3.5/24
road 13.12.23

21.|Baraut |Kotana 29.1076 | 77.1627 |HP(M-Il)| 29.11- |7.73| 712 | 293 |35({1.04| O | 33 [ 250 | 56 | 27 |45|3.8/26
13.12.23

22.|Baraut |Kotana 29.0937 | 77.1592 HP 29.11- [8.00|838 | 354 (35(1.16| 10 | 55 [ 240 | 60 | 22 |80|6.3|27
(STW) [13.12.23

23.Baraut  [Malakpur | 29.1059 | 77.2523 HP 29.11- [8.04| 702|354 (28400 O | 45 | 170 | 28 | 24 |100|4.5|23
(STW) |13.12.23

24.Baraut |Baoli 29.1547 | 77.2731 HP 29.11- [7.95|330 | 146 (14470 O | 22 [150| 20 | 24 |10|3.6|18
(STW) [13.12.23

25./Baraut  |Baoli 29.1420 | 77.2700 HP 29.11- [8.05|790 | 415(21{090| O | 32 [260| 32 | 44 |71|6.3|23
(STW) [13.12.23

26.|Baraut  [Bijrol 29.1219 | 77.3185 [HP(M-II)| 29.11- |7.77|871 | 415|14(1.18| O | 28 [ 220 | 44 | 27 |80|20|26
13.12.23

27.Baraut  |Angadpur | 29.1015 | 77.3317 |HP(M-II)| 29.11- |7.76 | 986 | 354 |57|096| O | 80 [ 310 | 64 | 36 |73(6.4|27
13.12.23
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SI.|BLOCK| KEY LATI- [LONGI-| WELL | DATE | pH | EC| H- [CI| F |NO3|SO4| TH| Ca | Mg |[Na| K |Si-
NO WELL | TUDE | TUDE | TYPE | OF us/ | Cos 02
LOgA/- COLLE- cm
TION CTION o
VILLAGE 25°C
28.[Baraut  |[Kishanpur| 29.1647 | 77.2758 | HP 29.11- [8.10| 621|354 |14(051| O | 30 |330| 48 | 51 [10]4.2|19
Baral (STW) |13.12.23
29.[Baraut  [Saroorpur|29.0341 | 77.2315 | DcBTW | 29.11- |7.72 |1142| 549 [57|0.62| 10 | 42 | 270 | 56 | 32 [150| 6 |27
Kala 13.12.23
30.|Baraut  [Biharipur |29.0373 | 77.2066 HP 29.11- [8.07 (1896 891 |57 |3.50| 20 | 125 | 210 | 48 | 22 [360|5.4|30
(STW) [13.12.23
31.[Baraut Biharipur |29.0441|77.2085| HP 29.11- [8.13|1380| 610 |14(1.12| 0 |175|310| 40 | 51 [200/6.2|31
(STW) |13.12.23
32.Baraut |Faizpur |29.0289 | 77.2044 | HP 29.11- [8.24(1798| 726 |64|5.00| 10 | 150 | 140 | 36 | 12 [355|4.2|27
Ninana (STW) |13.12.23
33.|Baraut  |Kishanpur| 29.1913 | 77.2814 | SBTW | 29.11- [7.85|651|378 |7 |0.30| O | 29 [290 | 72 | 27 |29(4.1|27
Baral 13.12.23
34.Baraut |Chhachar | 29.1463 | 77.2841| HP 29.11- |7.90|610 (329 |7 (1.32] 7 | 30 |240| 44 | 32 |41|5.0(25
pur (STW) [13.12.23
35.|Baraut |Chhachar | 29.1483 | 77.2851 | SBTW | 29.11- |8.08|704 | 427 | 7 |400| 6 | 25 |240| 40 | 34 |75|5.5(28
pur 13.12.23
36.[Baraut |Barwala |29.1598 | 77.2525 HP 29.11- [7.81(1120| 549 (28|0.68| 14 | 64 | 310 | 56 | 41 |120/5.9|28
(STW) |13.12.23
37.|Baraut [Barwala |29.1600 |77.2523 | SBTW | 29.11- |7.79|2250(1086|50|1.22| 11 | 135|580 | 56 | 107 |180(140| 30
13.12.23
38.|Baghpat |Pawla 28.9308 | 77.2946 [HP (M-II)| 29.11- |7.71(1103| 561 [28|0.92| O | 49 | 330 | 56 | 46 |107|7.5|26
Begmabad 13.12.23
39./Baghpat |Pawla 28.9382 | 77.2875 [HP (M-II)| 29.11- |7.69| 976 | 451 |{21({0.80| 8 | 45 [320| 64 | 39 |70|6.1|28
Begmabad 13.12.23
40.|Baghpat |Pawla 28.9263 | 77.2976 [HP (M-II)| 29.11- |7.69| 993 | 500 {43[{0.76| 13 | 39 [ 330 | 44 | 53 |93|8.0/23
Begmabad 13.12.23
41.Baghpat [Pabla 28.9215 | 77.3060 [HP (M-II)| 29.11- |7.86/1010| 525 |35.{0.46| O | 26 [ 340 | 88 | 29 |87|5.3|27
13.12.23 0
42.|Baghpat |Basatikri |28.9370 | 77.3105 [HP (M-1I)| 29.11- |7.79|1261| 647 |28|1.04| 14 | 54 | 410 | 68 | 53 {96(20|28
13.12.23
43.|Baghpat |Khera 29.0452 | 77.1907 [HP (M-II)| 29.11- |7.81(1827| 671 [113/0.81| 9 | 90 [ 340 | 72 | 39 [255/6.2| 28
Hatana 13.12.23
44.|Baghpat [Tyothi 29.0534 | 77.2426 [HP (M-II)| 29.11- 794|592 | 256 | 7 |1.00| O | 43 [ 260 | 60 | 27 | 9 [3.7|28
13.12.23
45.Baghpat [Budhera |29.0312 | 77.3081 [HP (M-II)| 29.11- [8.00| 914|500 | 7 |[1.02| 6 | 33 [ 280 | 56 | 34 |87(6.5|24
13.12.23
46.|Baghpat [Norozpur |28.9973 | 77.2498 |HP (M-1I)| 29.11- (7.91|907 | 439 |14|0.74| 5 | 47 |270 | 56 | 32 {80(6.0{24
Gurjar 13.12.23
47.|Baghpat |[Kheriki |29.0388 | 77.2375 | SBTW | 29.11- [8.11[2209| 805 [121/4.10 | 140 | 170 | 390 | 44 | 68 [345|6.7|26
13.12.23
48.|Baghpat |Kheratana| 29.0431 | 77.1956 | SBTW | 29.11- (7.83 (1471|683 |35|1.06| 7 | 105|300 | 52 | 41 {210|6.7|30
13.12.23
49.Baghpat [Tatiri 28.9502 | 77.2666 [HP(STW)| 29.11- |7.81(1160| 586 [280.80| 12 | 68 [ 420 | 60 | 65 [90|15|29
13.12.23
50.[Baghpat |Goripur |28.9858 | 77.2211 | SBTW | 29.11- |7.94 (1725|732 |78(1.50| 16 | 140 | 410 | 60 | 60 [225(5.9|30
Gate 13.12.23
51.|Baghpat |Osikka 29.0461 | 77.2824 [HP(STW)| 29.11- |7.93|549 (281 |7 |1.08| 5 | 48 [ 280 | 64 | 29 |10|4.6|25
13.12.23
52.[Baghpat [Faizulla- |29.0213 | 77.2052 [HP(STW)| 29.11- |8.11 (2113|464 [206(0.59 | 26 | 380 | 490 | 72 | 75 [290(6.4|28
pur 13.12.23
53.|Khekra [Shabban- |28.8455 | 77.3910 [HP (M-1I)| 29.11- |7.79|2055| 610 |121{0.07| O | 340|310 | 64 | 36 [350/4.7|22
pur 13.12.23
54.|Khekra [Fakhar- |[28.8434|77.2975 [HP (M-1I)| 29.11- |7.73|903 | 439 |21(050| 19 | 43 |330| 76 | 34 [60(5.9/30
pur 13.12.23
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(E) Basic Chemical Analysis Results of Ground Water Samples collected during Post-Monsoon

Sl. | BLOCK KEY LATI- |LONGI-| WELL | DATE pH | EC H- |CI| F |[NO3|SO4| TH | Ca Mg |Na| K Si-
NO WELL | TUDE | TUDE | TYPE OF us/ CO3 02
LOCA/- COLLE- cm
TION CTION o
VILLAGE 25°C
55.|Khekra [Noorpur |28.8439 | 77.2452 [HP (M-1l)| 29.11- |7.79|2131| 378 [227|0.20 | 12 | 400 | 610 | 148 | 58 [225|5.1|28
Khalsa 13.12.23
56.[Khekra |Bhagout |28.8073|77.3599 [HP (M-11)] 29.11- |8.07 |1143|512 |57|{050| 5 | 41 | 280 | 68 | 27 (130|5.9(/30
13.12.23
57.|Khekra [Bhagout |28.8056 | 77.3599 | SBTW | 29.11- |7.23|2102| 525 [340{0.63 | 58 | 70 | 700 | 232 | 29 |150|7.1| 35
13.12.23
58.[Khekra |Bhagout |28.8055 |77.3599 | SBTW | 29.11- |7.69 1301|525 |113{0.62| 11 | 30 | 390 | 96 | 36 (119/6.534
13.12.23
59.[Khekra |Bhagout |28.8055 | 77.3601 HP 29.11- |7.93 1163|464 |{99(0.61| 11 | 34 | 370 | 84 | 39 |103|6.0|32
(STW) [13.12.23
60.|Khekra [Nagla 28.8217 | 77.3227 | DcBTW | 29.11- |7.88|696 | 378 | 7 [0.75| 0 | 36 [320| 64 | 39 |23|6.0|26
Badi 13.12.23
61.|Khekra [Nagla 28.8221|77.3300 | SBTW | 29.11- |7.66|689 | 342 |14({1.05| 7 | 30 [300| 68 | 32 |24|5.2|28
Badi 13.12.23
62.|Khekra [Nagla 28.8205 | 77.3248 | SBTW | 29.11- |7.73|1100(598 | 7 {1.13| 18 | 47 [ 380 | 68 | 51 |96(6.5/32
Badi 13.12.23
63.|Khekra |Badagaon |28.8695 | 77.3219 | SBTW | 29.11- |7.72| 850 | 427 |14|1.39| 17 | 45 | 250 | 48 | 32 [90(5.2|27
13.12.23
64.|Khekra |Firojpur |28.8409 |77.3073| SBTW | 29.11- (7.79|630|305| 7 |097| O | 37 [190| 44 | 19 |56(4.1|27
13.12.23
65.Pilana  |Daula 28.9564 | 77.3394 [HP (M-II)| 29.11- |7.93|1203|525|71({0.70| O | 60 [430| 56 | 70 |85|4.6|25
13.12.23
66.[Pilana  |Doula 28.9524 | 77.3319 [HP (M-II)| 29.11- |8.041239| 478 |{21[{0.60| 20 | 70 | 280 | 44 | 41 |160|4.4| 27
13.12.23
67.[Pilana  |[Ahamadsha| 28.9576 | 77.3218 [HP (M-II)| 29.11- |7.99|1034| 488 |21|0.45| 11 | 64 | 350 | 56 | 51 |77|5.6|27
hpur Padra 13.12.23
68.[Pilana  |[Aadarsh |28.9562 | 77.3433 [HP (M-Il)| 29.11- |8.20|1019| 476 |{21|3.00| 13 | 53 | 180 | 28 | 27 |150|3.2| 24
IntCollege 13.12.23
69.[Pilana  |Rampur |28.9724 | 77.3232 [HP (M-Il)| 29.11- |7.87| 348 | 207 |14|{1.00| O 5 (190 | 24 | 19 | 5(3.7/19
Khurd 13.12.23
70.[Pilana  [Murka- |28.9131 | 77.3887 [HP (M-II)| 29.11- |8.23|1289|549 |85|0.70| O | 48 | 210 | 40 | 27 |200|4.6|18
ndpur 13.12.23
71.[Pilana  [Budhsaini | 28.9961 | 77.4299 [HP (M-Il)| 29.11- |7.73|2076| 549 [234/0.50 | 95 | 145 | 770 | 144 | 99 |44|25|31
13.12.23
72.|Pilana  |Mavi 29.0111 | 77.4465 [HP (M-1I)] 29.11- |7.75| 796 | 354 |28(0.57| 16 | 45 [ 250 | 52 [29.0|73|5.0|28
Khurd 13.12.23
73.|Pilana  |Ogati Mu-|28.9118 | 77.3865 | SBTW | 29.11- |7.85(1260| 634 |35|1.414| 13 | 56 | 220 | 40 | 29 [205|4.5|27
krandpur 13.12.23
74.Pilana  |Pilana 28.9367 | 77.3705 | SBTW | 29.11- |7.79|1439| 561 {92(0.96| 57 | 100 | 270 | 64 | 27 |210|17 |29
13.12.23
75.Pilana  [Sidhauli | 28.9570 | 77.4027 [HP(STW)| 29.11- |7.91|804 (488 | 7 |0.78| O 9 |250| 64 | 22 |80(6.5(23
13.12.23
76.[Pilana  [Sidhauli |28.9570 | 77.4027 [HP(STW)| 29.11- |7.69| 950 | 500 |{14|0.56| 19 | 41 [ 370 | 80 | 41 |70|60|32
13.12.23
77.[Pilana  [Khindora | 29.0060 | 77.3689 [HP(STW)| 29.11- |7.80|1151|525|64|0.10| O | 35 |450 | 100 | 48 |56(6.2| 30
13.12.23
78.[Pilana  |Fatehpur |28.9979 | 77.3583 |HP(STW)| 29.11- |7.76 (1821|915 |57|1.10| 24 | 62 | 320 | 44 | 51 |280(6.2|28
13.12.23
79.|Pilana  |Gouspur |28.9801 | 77.3445 HP(STW)| 29.11- |7.59 (1184|573 |35|0.90| 17 | 60 | 340 | 56 | 48 |123|5.3|28
13.12.23
80.Pilana  [Hisawada | 28.9728 | 77.3643 [HP(STW)| 29.11- |8.21| 795|439 |21({1.00| O | 13 |170| 12 | 34 |115/4.3|15
13.12.23
81.[Pilana  [Shobha- |28.9899 | 77.3632 [HP(STW)| 29.11- |7.90|1700| 708 {106/ 0.80| 27 | 70 | 500 | 76 | 75 |165|7.8|31
pur 13.12.23
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Sl. | BLO-| KEY LATI- [LONGI-| WELL | DATE | pH | EC| H- [CI| F |NO3|SO4| TH| Ca | Mg [Na| K |Si-
NO.| CK | WELL | TUDE | TUDE | TYPE | OF s/ | €03 02
LOCA/- COLLE cm
TION -CTION o
VILLAGE 25°C
82. [Pilana [Shobha- |28.9896 | 77.3636 [HP(STW)| 29.11- |7.42[1846| 781 (149/0.70| 7 70 | 720 | 116 | 104 |105(8.6|35
pur 13.12.23
83. |Pilana [Shobha- |28.9897|77.3637 | SBTW | 29.11- |7.92(1621| 744 |85.|0.27| 15 | 56 | 530 | 64 | 90 |135/7.0|31
pur 13.12.23 0
84. Pilana [Pura 28.9986 | 77.4559 [HP(M-11)| 29.11- |7.81|884 |378|28(0.72| 23 | 30 | 240 | 52 | 27 |81|5.3|27
Mahadev 13.12.23
85. [Pilana |Pura 28.9922 | 77.4552 |HP(M-II)| 29.11- |7.78| 788 | 415 ({35048 | 0 18 [ 300 | 56 | 39 [56|5.3|25
Mahadev 13.12.23
86. [Pilana |Pura 28.9980 | 77.4506 |HP(M-II)| 29.11- |7.95|648 | 354 [21|0.40| O 13 [ 230 | 40 | 32 [57|3.8|23
Mahadev 13.12.23
87. |Pilana |Aminna- |28.9862 | 77.3989 |HP(M-11)| 29.11- |7.61|1180| 537 |64(0.60| 17 | 53 | 370 | 76 | 44 (118/6.2|29
gar Sarai 13.12.23
88. [Pilana |Baleni 28.9540 | 77.4549 |HP(M-II)| 29.11- [8.17| 736|342 [21({060| O 31 | 210 | 40 | 27 |66(4.2|24
13.12.23
89. |Pilana |Baleni 28.9588 | 77.4711 [HP(STW)| 29.11- |7.58| 698 | 366 |28(0.39| 7 0 [300| 64 | 34 [23(5.8/30
13.12.23
90. [Binauli|Faulad- |29.1853|77.4371| SBTW | 29.11- |7.75|1268| 500 |85|0.64| 31 | 57 [ 460 | 76 | 65 |86(6.5|32
nagar 13.12.23
91. |BinauliBinauli 29.0931 | 77.4005 [HP(M-II)| 29.11- |7.89|1084| 378 |71[{0.65| 45 | 51 [ 370 | 84 | 39 |73|5.3|31
13.12.23
92. |Binauli[Tikri 29.2298 | 77.3620 [HP(M-II)| 29.11- |[7.93|640 | 317 [14({1.05| O 30 | 230 | 52 | 24 |46(4.7|28
13.12.23
93. [Binauli|Tikri 29.2323 | 77.3541 | SBTW | 29.11- |8.13 (616|268 [14|0.35| 0O 45 | 60 | 20 2 [112|2.4|26
13.12.23
94. |Binauli|Kambala |29.0483 | 77.4031 |[HP(M-Il)| 29.11- |7.87 | 966 | 488 [28]0.35| 9 | 27 [390| 72 | 51 |50(6.3|30
13.12.23
95. [Binauli|Mangroli |29.1906 | 77.4707 | HP 29.11- |7.69|1140(525|85(/0.88| O | 28 | 400 | 84 | 46 |95|6.9|31
(STW) |13.12.23
96. |Binauli|Edrishpur|29.1728 | 77.3572 HP 29.11- (798|613 (329 (21|0.84| O 38 | 200 | 40 | 24 |73(45|23
School (STW) [13.12.23
97. |Binauli|Edrishpur|29.1726 | 77.3568 | SBTW | 29.11- |7.96|1070| 561 {28|0.83| 23 | 25 | 350 | 80 | 36 [101/6.8|35
School 13.12.23
98. |BinauliBari 29.0647 | 77.3311 HP 29.11- [7.93(1477| 781 ({14|0.66| 18 | 49 | 240 | 48 | 29 |235/6.4|31
Nangla (STW) |13.12.23
99. [Binauli|Barawad |29.0685 | 77.3226 HP 29.11- [7.96 (1240|671 {14|0.87| 16 | 41 | 410 | 60 | 63 |107|7.6|26
(STW) [13.12.23
100. [Binauli|Barawad |29.0759 | 77.3262 HP 29.11- [7.80(1234| 647 {14|0.78| 19 | 56 | 400 | 68 | 56 [109 16|30
(STW) |13.12.23
101. [Binauli|Barawad |29.0725 | 77.3243 | SBTW | 29.11- [8.02 (1282|683 [14|1.16| 15 | 42 [ 290 | 60 | 34 [175/6.8|30
13.12.23
102. [Binauli|Gurana 29.0740| 77.3110 HP 29.11- (825|671 |366 (14|1.14| 6 25 1290 | 56 | 36 |35(5.9|25
(STW) [13.12.23
103. [Binauli|Tabel- 29.1970 | 77.4594 [HP(M-Il)| 29.11- |7.79(1178| 598 [21|0.49| 26 | 48 | 440 | 100 | 46 |81|6.0/35
garhi 13.12.23
104. Binauli|Tabel- 29.1981 | 77.4567 |HP(M-II)| 29.11- |8.24 {1147| 573 [28|0.47| O 38 | 270 | 72 | 22 |135(5.9|32
garhi 13.12.23
105. [Binauli|Tabel- 29.1963 | 77.4629 | DTW 29.11- [7.79)1410| 622 |57|050| 6 63 310 | 72 | 29 (170/5.9|28
garhi (ON) |13.12.23
106. [Binauli|Tabel- 29.2028 | 77.4583 [HP(M-II)| 29.11- |8.13 (1098|537 [14|0.70| 15 | 37 [ 290 | 72 | 39 |108|3.9|26
garhi 13.12.23
107. [Binauli [Nirpura |29.2333 | 77.3943 HP 29.11- |755|883 (366 |71|086| 33 | 35 | 420 | 108 | 36 |26(6.2|35
(STW) |13.12.23
108. [Binauli|Bamnauli | 29.1433 | 77.3478 |HP(M-11)| 29.11- |8.15| 760 | 317 |21{0.76| O 50 | 140 | 20 | 22 |99(2.9|22
13.12.23
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(F) Basic Chemical Analysis Results of Surface Water Samples collected during Post-Monsoon

SI.[BLOCK| KEY [ LATI- [LONGI-| WELL [DATE[pH [EC]| H- [CI| F [NO3[SO4] TH | Ca [ Mg [Na| K [Si-|P-
NO WELL | TUDE | TUDE | TYPE | OF us/ [Cos 02|04
LOCA- COL- cm
TION/ LEC- o
VILLAGE TION 25°C
1. Chhap- |Chhap- 29.2067 | 77.1685 SW 29.11- | 7.33 |1536| 561 (149/1.06| 22 | 48 {380 | 68 | 51 [120/86|36| 0
rauli rauli 13.12.23
2. |Chhap- [Boddha 29.2801 | 77.1641 SW 29.11- | 7.34 {1400| 525 {921.95| 51 | 44 {310 | 64 | 36 [125/55|41| 0
rauli 13.12.23
3. |[Chhap- |[Ramala 29.2263 | 77.2707 | SW 29.11- | 750|978 | 354 {64|0.84| 18 | 48 [ 220 | 44 | 27 |84|45|23(3.8
rauli 13.12.23
4. Baraut  [Shadatpur| 29.0915 | 77.2175 SW 29.11- [ 7.7111102| 549 {43|060| 12 | 45 [ 200 | 16 | 39 [175/6.3|28| 0
Jounmana 13.12.23
5. |Baghpat |Tatiri 28.9473 | 77.2676 SW 29.11- | 7.35|1840| 610 (128/2.00| 52 | 200 | 370 | 68 | 48 [260/35|31|19
13.12.23
6. |Baghpat |Gauripur |28.9885 | 77.2028 SwW 29.11- | 7.78 | 567 | 183 [35|0.60| 16 | 58 [ 220 | 72 | 10 [30|5.9|14 (15
(Yamuna)[13.12.23
7. |Baghpat |Osikka 29.0461 | 77.2828 | SW 29.11- 745|832 281 (71{094| 22 | 52 {210 | 44 | 24 |58|80|35| 0
13.12.23
8. |Baghpat |Faizulapur| 29.0214 | 77.2052 | SW 29.11- | 7.48 |1985| 769 |135/2.30| 37 | 54 | 400 | 64 | 58 [240[45|37| 0
13.12.23
9. [Khekra |Firojpur |28.8409 |77.3073| SW 29.11-|7.29| 700 | 293 |50|0.95| 37 | 10 | 200 | 52 | 17 |60|30|15(5.2
(Pond) [13.12.23
10.|Khekra [Rataul 28.8299 | 77.3374 SW 29.11- |6.75|371 | 146 | 7 |0.71| 19 | 25 [ 150 | 44 | 10 | 6 |20|16 (15
13.12.23
11.|Khekra |Lalyana |28.8612 | 77.4098 SW 29.11- 730|467 | 171 {21]0.19| 9 30 (180 | 44 | 17 |16|5.4|10|2.6
(Hindon) [13.12.23
12.|Pilana  [Shobha- |28.9899|77.3632| SW 29.11- | 7.70 |2300(1086(135[2.85| 26 | 43 [ 400 | 80 | 48 [290{100|57 |16
pur (Pond) 13.12.23
13.[Pilana  |Pura 29.0010 | 77.4609 SW 29.11- 1 7.3211182| 512 {71093 | 21 | 48 [ 430 | 96 | 46 |77|20|30(4.6
Mahadev (Hindon) [13.12.23
14.[Pilana  |Aminagar|28.9195|77.3962 | SW 29.11- | 7.47 |1803| 732 (135{1.17| 15 | 60 {360 | 60 | 51 [210{70|39|12
Sarai (Pond) |13.12.23
15.Pilana  |Baleni 28.9588 | 77.4711| SW 29.11- | 728|491 | 183 {21|0.35| 23 | 37 [ 200 | 56 | 15 [24|65|16| 2
(Hindon) [13.12.23
16.[Pilana  |Basand 28.9843 | 77.3263 SwW 29.11- | 7.61 |1304| 500 |{92|1.48| 28 | 44 | 300 | 68 | 32 |101{100(22 |14
(Pond) [13.12.23
17.\Binauli |Tabela 29.1906 | 77.4707 SwW 29.11- | 748 {1190| 525 {92098 | 11 | 41 {420 | 128 | 24 |89|16|31| 0
Garhi (Hindon) [13.12.23
18.|Binauli |Nirpura |29.2329|77.3932| SW 29.11- | 7.36 [1800| 720 |156|0.79| 22 | 46 | 480 | 88 | 63 |140/88(35 (2.9
(Pond) [13.12.23
19.|Binauli |Bamnauli |29.1451 | 77.3551 SW 29.11- | 7.21{1093| 451 (64 |1.27| 52 | 46 [310| 80 | 27 |88|45|32| 0
(Hindon) [13.12.23
20.|Binauli |Barnawa |29.1143 | 77.4398 SwW 29.11- | 7.3311290| 464 {92064 | 10 | 74 [ 420 | 104 | 39 |80|17|27 (2.5
Bridge (Hindon) [13.12.23
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(G) Heavy Metals Analysis Results of Ground Water Samples collected during Post-Monsoon

Sl. |BLOCK| KEY WELL | LATI- [LONGI-| WELL | DATE Cr Fe Mn Cu Zn AsS Pb U

NO. LOCATION/| TUDE | TUDE | TYPE OF ma/D | (ma/D [ (ma/D | (ma/D | (ma/D | (ma/D | (ma/D|(ma/l

VILLAGE COLLE(g)(g)(g)(g)(9)(9)(@1)(9)
-CTION

1. |Chhap- [Tanda 29.2703|77.1560({HP (M-Il)| 29.11- | BDL | BDL |0.054 | BDL | BDL | BDL | BDL | 0.022
rauli 13.12.23

2. (Chhap- [Lumb 29.2603|77.2132(HP (M-Il)| 29.11- | BDL |0.061| BDL | BDL |0.695| BDL | BDL | 0.025
rauli 13.12.23

3. [Chhap- |Asara 29.2488|77.3031{HP (M-Il)| 29.11- | BDL |6.803|0.119| BDL |0.178 | BDL | BDL | 0.004
rauli 13.12.23

4. |Chha- [Soop 29.2014|77.2644HP (M-I1)| 29.11- | BDL | BDL |0.062 | BDL |2.602 | BDL | BDL | 0.046
prau" 13.12.23

5. (Chha- [Soop 29.1946|77.2613({HP (M-Il)| 29.11- | BDL | BDL |0.065| BDL |0.331| BDL | BDL | 0.031
prau" 13.12.23

6. (Chhap- |Kishanpur |29.1922|77.2803[HP (M-Il)| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.003
rauli 13.12.23

7. [Chhap- [Rajpur 29.1994|77.2531|HP (M-11)] 29.11- | BDL | BDL |0.081| BDL |2.184 | BDL | BDL |0.024
rauli 13.12.23

8. [Chhap- [Badarkha 29.1891|77.1576({HP (M-Il)| 29.11- | BDL | BDL | BDL | BDL |0.153| BDL | BDL | 0.020
rau” 13.12.23

9. [Chhap- (Chandan 29.1747|77.1986|HP (M-11)] 29.11- | BDL |0.208 | BDL | BDL | 0.073 | BDL | BDL [0.018
rauli  [Hedi 13.12.23

10. |Chhapra|Chandan 29.1691|77.1955| HP 29.11- | BDL | BDL | BDL | BDL |3.257| BDL | BDL | 0.061
uli Hedi (STW) |13.12.23

11. [Chhap- |[Khwaja 29.1638|77.1982|HP (M-11)] 29.11- | BDL |0.518|0.080 | BDL |0.346 | BDL | BDL {0.013
rauli  [Nagla 13.12.23

12. [Chhap- [Bachhor 29.1693|77.1779{HP (M-Il)| 29.11- | BDL | BDL | BDL | BDL | BDL |0.001| BDL | 0.038
rauli 13.12.23

13. |Chhap- [Halalpur 29.1820|77.1888(HP (M-Il)| 29.11- | BDL | BDL | BDL | BDL |0.309 | BDL | BDL | 0.022
rauli  [Nahar 13.12.23

14. |Chhap- [Mukandpur [29.2043|77.2285| SBTW | 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.023
rauli 13.12.23

15. Baraut |Luhari 29.0806|77.1914[HP (M-Il)| 29.11- | BDL [4.211|0.098 | BDL |0.460| BDL | BDL | 0.010
13.12.23

16. |Baraut |Luhari 29.0996|77.1852|HP (M-11)] 29.11- | BDL |0.394|0.120 | BDL |0.240 | BDL | 0.002|0.029
13.12.23

17. |Baraut |Luhari 29.0798|77.1920| DTW | 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.014
(N) [13.12.23

18. |Baraut [Shabga 29.1494|77.1692[HP (M-Il)| 29.11- | BDL [0.103| BDL | BDL |1.749 | BDL | BDL | 0.014
13.12.23

19. |Baraut |Kotana 29.1027|77.1669|HP (M-11)] 29.11- | BDL | BDL | BDL | BDL |0.066 | BDL | BDL |0.003
13.12.23

20. Baraut |Kotana road |29.1042(77.1609|HP (M-Il)| 29.11- | BDL | BDL | BDL | BDL | 0.547 | BDL | 0.001|0.013
13.12.23

21. |Baraut [Kotana 29.1076|77.1627|HP (M-11)] 29.11- | BDL |0.187|0.057 | BDL |3.457 | BDL | BDL |0.005
13.12.23

22. |Baraut [Kotana 29.0937|77.1592| HP 29.11- | BDL |4.434|0.101| BDL [ 0.475| BDL | BDL |0.009
(STW) |13.12.23

23. |Baraut |Malakpur 29.1059|77.2523| HP 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.010
(STW) [13.12.23

24. |Baraut [Baoli 29.1547|77.2731| HP 29.11- | BDL | BDL | BDL | BDL | 0.479| BDL | BDL |0.005
(STW) [13.12.23

25. |Baraut [Baoli 29.1420|77.2700| HP 29.11- | BDL |1.626|0.051| BDL | BDL | BDL | BDL |0.012
(STW) [13.12.23

26. |Baraut [Bijrol 29.1219|77.3185(HP (M-1I)| 29.11- | BDL | BDL | BDL | BDL |0.903| BDL | BDL |0.016
13.12.23
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(G) Heavy Metals Analysis Results of Ground Water Samples collected during Post-Monsoon

SI. |BLOCK| KEY WELL | LATI- |LONGI-\WELL|DATEOF| Cr Fe Mn Cu Zn As Pb U
NO. LOCATION/| TUDE | TUDE |TYPE| COLLE

VILLAGE eToN (mg/1) | (mg/l) |(mg/l) |(mg/l) | (mg/l) | (mg/l)| (mg/l) | (mg/l)

27. Baraut |Angadpur [29.1015|77.3317 (HP) 29.%12-3 BDL | BDL | BDL | BDL |0.120| BDL | BDL | 0.017

M-II) | 13.12.

28. Baraut |Kishanpur [29.1647|77.2758| HP 29.11- | BDL |0.764(0.065| BDL |0.774| BDL | BDL | 0.014
Baral (STW)| 13.12.23

29. Baraut [Saroorpur [29.0341|77.2315| DcB | 29.11- | BDL | BDL | BDL | BDL | BDL | 0.001| BDL |0.021
Kala ™ 13.12.23

30. Baraut |Biharipur [29.0373|77.2066| HP 29.11- |0.003| BDL | BDL | BDL | BDL | BDL | BDL | 0.028
(STW)| 13.12.23

31. Baraut |Biharipur [29.0441|77.2085| HP 29.11- | BDL {1.914|0.061 | BDL |0.290| BDL |0.003|0.018
(STW)| 13.12.23

32. Baraut |Faizpur 29.0289(77.2044| HP 29.11- | BDL | BDL | BDL | BDL |0.116 | BDL | BDL |0.080
Ninana (STW)| 13.12.23

33. Baraut |Kishanpur [29.1913|77.2814|SBTW| 29.11- | BDL | BDL | BDL | BDL |0.088| BDL | BDL |0.004
Baral 13.12.23

34. Baraut |(Chhachar- |29.1463|77.2841| HP 29.11- | BDL | BDL | BDL | BDL |0.389| BDL | BDL |0.010
pur (STW)| 13.12.23

35. |Baraut |[Chhachar- |29.1483|77.2851|SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.014
pur 13.12.23

36. Baraut |Barwala 29.1598|77.2525| HP 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.051
(STW)| 13.12.23

37. |Baraut |Barwala 29.1600|77.2523|SBTW| 29.11- | BDL | BDL | BDL | BDL {0.174 | BDL | BDL |0.023
13.12.23

38. |Baghpat |Pawla 28.9308|77.2946| HP 29.11- |0.001| BDL | BDL | BDL |0.539| BDL | BDL |0.030
Begmabad (M-I | 13.12.23

39. Baghpat |Pawla 28.9382|77.2875| HP 29.11- | BDL | BDL | BDL | BDL |1.533| BDL | 0.001|0.036
Begmabad (M-1)] 13.12.23

40. Baghpat [Pawla 28.9263|77.2976| HP 29.11- | BDL | BDL |0.066 | BDL |2.744 | BDL | BDL |0.020
Begmabad (M-1)] 13.12.23

41. Baghpat [Pabla 28.9215|77.3060| HP 29.11- | BDL | BDL | BDL | BDL |1.155| BDL | BDL | BDL
(M-1) | 13.12.23

42. |Baghpat Basatikri 28.9370(77.3105| HP 29.11- | BDL {0.063|0.052 | BDL |0.172| BDL | BDL |0.025
(M-1) | 13.12.23

43. |Baghpat [Khera 29.0452|77.1907| HP 29.11- | BDL | BDL |0.137| BDL |2.906 | BDL | BDL |0.020
Hatana (M-1)] 13.12.23

44, |Baghpat [Tyothi 29.0534|77.2426| HP 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.008
(M-1) | 13.12.23

45, |Baghpat Budhera 29.0312|77.3081| HP 29.11- | BDL | BDL |0.086 | BDL |1.613| BDL | BDL | 0.021
(M-1) | 13.12.23

46. Baghpat [Norozpur 28.9973|77.2498| HP 29.11- | BDL | BDL | BDL | BDL |1.495| BDL | BDL |0.016
Gurjar (M-1)] 13.12.23

47. Baghpat [Kheriki 29.0388|77.2375(SBTW| 29.11- | BDL | BDL | BDL | BDL |0.229| BDL | BDL |0.037
13.12.23

48. Baghpat [Kheratana |29.0431|77.1956|SBTW| 29.11- | BDL [0.806|0.060| BDL |0.101| BDL | BDL | 0.020
13.12.23

49. Baghpat [Tatiri 28.9502|77.2666| HP 29.11- | BDL | BDL | BDL | BDL |1.026 | BDL | BDL | 0.022
(STW)| 13.12.23

50. Baghpat |Goripur 28.9858|77.2211|SBTW| 29.11- [0.001| BDL | BDL | BDL |0.086 | BDL | BDL |0.007
Gate 13.12.23

51. |Baghpat |Osikka 29.0461|77.2824| HP 29.11- | BDL | BDL | BDL | BDL |0.167 | BDL | BDL |0.012
(STW)| 13.12.23
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(G) Heavy Metals Analysis Results of Ground Water Samples collected during Post-Monsoon

SI. |BLOCK| KEY WELL | LATI- |LONGI-WELL|DATEOF| Cr Fe Mn | Cu Zn As Pb U

NO. LOCATION/| TUDE | TUDE |TYPE| COLLE |(ma/D!|(ma/D!(ma/D!(ma/D!(ma/D!(ma/D! (ma/D| (ma/l

VILLAGE erion |(me | ma/)(mgfl) | (mg/l) (mg/l)| (mg/l) | (mg/l)| (mg/l)

52. Baghpat |Faizullapur |29.0213|77.2052| HP | 29.11- | BDL | BDL | BDL | BDL | 0.143| BDL | BDL | 0.015
(STW)| 13.12.23

53. |[Khekra |Shabbanpur |28.8455|77.3910f HP | 29.11- | BDL | BDL | 0.065| BDL | 0.967 | BDL | BDL | 0.024
(M-I | 13.12.23

54. |[Khekra |Fakharpur |28.8434|77.2975| HP | 29.11- | BDL | BDL | 0.058 | BDL | 0.301| BDL | BDL | 0.019
(M-I ] 13.12.23

55. |[Khekra [Noorpur 28.8439|77.2452| HP | 29.11- | BDL | BDL | 0.083| BDL |0.642 | BDL | BDL | 0.017
Khalsa (M-I ] 13.12.23

56. [Khekra [Bhagout 28.8073|77.3599| HP | 29.11- | BDL |0.154| BDL | BDL |1.074 | BDL | BDL | 0.017
(M- ] 13.12.23

57. |[Khekra |Bhagout 28.8056|77.3599|SBTW| 29.11- | BDL | BDL |0.083 | BDL | BDL | BDL | BDL | 0.012
13.12.23

58. [Khekra [Bhagout 28.8055|77.3599|SBTW| 29.11- | BDL | BDL | 0.064 | BDL | BDL | BDL | BDL | 0.016
13.12.23

59. [Khekra [Bhagout 28.8055|77.3601| HP | 29.11- | BDL |0.165|0.061| BDL |0.103| BDL | BDL | 0.013
(STW)| 13.12.23

60. [Khekra |Nagla Badi |28.8217|77.3227| DcB | 29.11- | BDL |6.301|0.118| BDL | 0.604 | BDL | BDL | 0.007
TW 113.12.23

61. [Khekra |Nagla Badi |28.8221|77.3300/SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.012
13.12.23

62. [Khekra |Nagla Badi |28.8205|77.3248/SBTW| 29.11- | BDL | BDL | 0.086 | BDL | 0.621| BDL | BDL | 0.023
13.12.23

63. [Khekra |Badagaon 28.8695(77.3219|SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.017
13.12.23

64. [Khekra |Firojpur 28.8409(77.3073|SBTW| 29.11- | BDL |0.361| BDL | BDL |{0.176| BDL | BDL |0.010
13.12.23

65. |Pilana |Daula 28.9564(77.3394HP (M- 29.11- | BDL |1.734|0.254 | BDL |2.521 | BDL |0.001|0.008
I [13.12.23

66. |Pilana |Doula 28.9524(77.3319|HP (M- 29.11- | BDL |0.065| BDL | BDL |0.111 | BDL | BDL |0.033
I [13.12.23

67. |Pilana |Ahamadshahp|28.9576|77.3218|HP (M- 29.11- | BDL | BDL |0.055| BDL |2.313| BDL | BDL |0.021
ur Padra 1) |13.12.23

68. Pilana |Aadarsh Int. |28.9562|77.3433HP (M- 29.11- | BDL | BDL | BDL | BDL | 0.372| BDL | 0.002|0.026
College M ]13.12.23

69. Pilana |Rampur 28.9724|77.3232|HP (M- 29.11- | BDL | BDL | BDL | BDL |1.516| BDL |0.001|0.005
Khurd M ]13.12.23

70. Pilana  |Murkandpur|28.9131|77.3887HP (M- 29.11- | BDL | BDL | BDL | BDL | 0.433| BDL | BDL | 0.025
M ]13.12.23

71. Pilana |Budhsaini  |28.9961|77.4299HP (M- 29.11- | BDL | BDL | BDL | BDL | 0.879| BDL | BDL | 0.008
I ]13.12.23

72. Pilana  |Mavi Khurd |29.0111|77.4465HP (M- 29.11- | BDL | BDL | BDL | BDL | 1.068| BDL | BDL | 0.025
I ]13.12.23

73. |Pilana |OgatiMukra |28.9118|77.3865/SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL |0.001 | BDL | 0.021
ndpur 13.12.23

74. Pilana |Pilana 28.9367|77.3705|SBTW| 29.11- |BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.016
13.12.23

75. |Pilana  [Sidhauli 28.9570|77.4027| HP 29.11- | BDL |1.725|0.091| BDL |0.275| BDL | BDL |0.009
(STW)| 13.12.23

76. |Pilana [Sidhauli 28.9570|77.4027| HP 29.11- |BDL |BDL | BDL | BDL | BDL | BDL | BDL |{0.018
(STW)| 13.12.23
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(G) Heavy Metals Analysis Results of Ground Water Samples collected during Post-Monsoon

SI. |BLOCK| KEY WELL | LATI- [LONGI-\WELL|DATEOF| Cr | Fe | Mn | Cu | Zn | As | Pb u
NO. LOCATION/| TUDE | TUDE |TYPE| COLLE

VILLAGE CToN (mg/M) | (mg/1)| (mg/1) | (mg/l) | (mg/l) | (mg/l) | (mg/1)| (mg/l)

77. Pilana |[Khindora 29.0060(77.3689| HP 29.11- | BDL |3.843| BDL | BDL |{0.119| BDL | BDL |0.017
(STW)| 13.12.23

78. PPilana |Fatehpur 28.9979|77.3583| HP 29.11- | BDL | BDL | BDL | BDL |0.059 | BDL | BDL |0.022
(STW)| 13.12.23

79. |Pilana  |Gouspur 28.9801|77.3445| HP 29.11- | BDL | BDL | BDL | BDL |1.430| BDL | BDL |0.031
(STW)| 13.12.23

80. |Pilana |Hisawada 28.9728|77.3643| HP 29.11- | BDL | BDL | BDL | BDL |0.055| BDL | BDL | 0.007
(STW)| 13.12.23

81. |Pilana [Shobhapur [28.9899|77.3632| HP 29.11- | BDL | BDL | BDL | BDL |0.541| BDL | BDL |0.034
(STW)| 13.12.23

82. |Pilana [Shobhapur [28.9896|77.3636| HP 29.11- | BDL |0.199|0.169| BDL |0.674| BDL | BDL |0.029
(STW)| 13.12.23

83. |Pilana [Shobhapur [28.9897|77.3637|SBTW| 29.11- | BDL | BDL |0.067 | BDL | BDL | BDL | BDL |0.037
13.12.23

84. Pilana |Pura 28.9986|77.4559| HP 29.11- | BDL | BDL | BDL | BDL {0.299 | BDL | BDL |0.017
Mahadev (M-1)| 13.12.23

85. [Pilana |Pura 28.9922|77.4552| HP 29.11- | BDL |2.743|0.052| BDL | BDL | BDL | BDL |0.021
Mahadev (M-1)| 13.12.23

86. [Pilana |Pura 28.9980|77.4506| HP 29.11- | BDL | BDL | BDL | BDL |0.252 | BDL | BDL |0.012
Mahadev (M-1)| 13.12.23

87. Pilana |Aminnagar |28.9862|77.3989| HP 29.11- | BDL | BDL | BDL | BDL |3.514| BDL | BDL |0.019
Sarai (M-1)| 13.12.23

88. Pilana |Baleni 28.9540(77.4549| HP | 29.11- | BDL | BDL | BDL | BDL |1.090| BDL | BDL | 0.018
(M-1) | 13.12.23

89. Pilana |Baleni 28.9588|77.4711| HP | 29.11- | BDL |0.265|0.498 | BDL |1.450|0.032 | BDL | 0.005
(STW)| 13.12.23

90. |Binauli |Fauladnagar |[29.1853|77.4371|SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.026
13.12.23

91. Binauli |Binauli 29.0931|77.4005| HP | 29.11- | BDL | BDL | BDL | BDL |1.350| BDL | BDL | 0.009
(M-1)| 13.12.23

92. |Binauli [Tikri 29.2298|77.3620| HP | 29.11- | BDL |1.763| BDL | BDL | 0.492 | BDL | BDL | 0.008
(M-11) | 13.12.23

93. Binauli |Tikri 29.2323|77.3541|SBTW| 29.11- |BDL | BDL | BDL | BDL | BDL | 0.003 | BDL | 0.008
13.12.23

94. Binauli |Kambala 29.0483|77.4031| HP 29.11- | BDL | BDL | BDL | BDL {0.352| BDL | BDL |0.018
(M-11) | 13.12.23

95. |Binauli [Mangroli 29.1906|77.4707| HP 29.11- | BDL |3.972|0.128| BDL {0.358 | BDL | BDL |0.018
(STW)| 13.12.23

96. Binauli |Edrishpur [29.1728|77.3572| HP 29.11- | BDL |1.108| BDL | BDL | BDL | BDL | BDL | BDL
School (STW)| 13.12.23

97. Binauli |Edrishpur [29.1726|77.3568|SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | BDL |0.016
School 13.12.23

98. Binauli |Bari Nangla [29.0647|77.3311| HP 29.11- | BDL | BDL | BDL | BDL |1.963| BDL | BDL | 0.045
(STW)| 13.12.23

99. [Binauli |Barawad 29.0685|77.3226| HP | 29.11- |0.002| BDL | BDL | BDL |0.861| BDL | BDL | 0.033
(STW)| 13.12.23

100. |Binauli |Barawad 29.0759|77.3262| HP | 29.11- | BDL | BDL | BDL | BDL |0.787 | BDL | BDL | 0.004
(STW)| 13.12.23

101. |Binauli |Barawad 29.0725|77.3243|SBTW| 29.11- | BDL | BDL | BDL | BDL | BDL | BDL | 0.002|0.039
13.12.23
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(G) Heavy Metals Analysis Results of Ground Water Samples collected during Post-Monsoon

Sl. |[BLOCK| KEY WELL | LATI- [LONGI-|WELL|DATEOF| Cr Fe Mn Cu Zn As Pb U
NO. LOCATION/| TUDE | TUDE |TYPE| COLLE

VILLAGE CTIoN (mg/M) | (mg/1)| (mg/1) | (mg/l) | (mg/l) |(mg/1) | (mg/1)| (mg/l)

102. Binauli |Gurana 29.0740(77.3110| HP 29.11- | BDL | BDL |0.058 | BDL |0.359 | BDL | 0.003|0.029
(STW)| 13.12.23

103. Binauli [Tabelgarhi |29.1970(77.4594| HP 29.11- |BDL | BDL | BDL | BDL |1.186| BDL | BDL | 0.036
(M-11)| 13.12.23

104. Binauli [Tabelgarhi |29.1981|77.4567| HP 29.11- | BDL | BDL | BDL | BDL |0.817| BDL | BDL |0.030
(M-11)| 13.12.23

105. Binauli [Tabelgarhi |29.1963|77.4629 l?;"\l\/)v 29.11- |BDL | BDL | BDL | BDL |1.668 | BDL | BDL | BDL
13.12.23

106. Binauli [Tabelgarhi |29.2028|77.4583| HP 29.11- | BDL | BDL | BDL |0.049|3.746 | BDL | 0.003|0.014
(M-11) | 13.12.23

107. Binauli [Nirpura 29.2333|77.3943| HP 29.11- | BDL | BDL | BDL | BDL |0.066| BDL | BDL | 0.041
(STW)| 13.12.23

108. Binauli |Bamnauli 29.1433|77.3478| HP 29.11- | BDL [ 0.086| BDL | BDL |0.051|0.001| BDL |0.010
(M-11) | 13.12.23

(H) Heavy Metals Analysis Results of Surface Water Samples collected during Post-Monsoon

SI. |BLOCK| KEY WELL | LATI- |LONGI-| WELL |[COLLE| Cr Fe | Mn | Cu | Zn As Pb U

NO. LOCATION/| TUDE | TUDE | TYPE |-CTION|(ma/D!|(ma/D!(ma/D!(ma/D!(ma/D|(ma/D ! (ma/D| (ma/l

VILLAGE DATE(9)(9)(9)(9)(9)(9)(9)(9)

1. (Chhap- |Chhaprauli 29.2067 | 77.1685 | SW 29.11- | BDL | BDL | 0.094 | BDL | BDL | 0.004 | BDL | BDL
rauli 13.12.23

2. [Chhap- |Boddha 29.2801 | 77.1641| SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.003 | BDL | BDL
rauli 13.12.23

3. [Chhap- |Ramala 29.2263 | 77.2707 | SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.004 | BDL | 0.006
rauli 13.12.23

4. Baraut |ShadatpurJou|29.0915 | 77.2175| SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.005 | BDL | 0.045
nmana 13.12.23

5. |Baghpat [Tatiri 28.9473|77.2676 | SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.002 | BDL | 0.006
13.12.23

6. |Baghpat |Gauripur 28.9885|77.2028 | SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.004 | 0.002 | BDL
(Yamuna)|13.12.23

7. |Baghpat |Osikka 29.0461|77.2828 | SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.003 | BDL | 0.005
13.12.23

8. |Baghpat |Faizullapur |29.0214|77.2052 | SW 29.11- | BDL | BDL | 0.073 | BDL | BDL | 0.004 | BDL | 0.008
13.12.23

9. |Khekra |Firojpur 28.8409 | 77.3073 | SW 29.11- | BDL | BDL | 0.053 | BDL | BDL | 0.021 | 0.002 | BDL
(Pond) |13.12.23

10. [Khekra |Rataul 28.8299 | 77.3374| SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.006 | BDL | BDL
13.12.23

11. |Khekra |Lalyana 28.8612 | 77.4098 | SW 29.11- | BDL | BDL | 0.142 | BDL | BDL | 0.004 | BDL | 0.004
(Hindon)|13.12.23

12. |Pilana  |[Shobhapur 28.9899 | 77.3632| SW 29.11- | BDL | BDL | 0.137 | BDL | BDL | 0.004 | BDL | 0.007
(Pond) |13.12.23

13. |Pilana  |Pura Mahadev| 29.0010 | 77.4609 | SW 29.11- | BDL | BDL | 0.392 | BDL | BDL | 0.002 | BDL | 0.005
(Hindon)| 13.12.23

14. Pilana  |Aminagar 28.9195|77.3962 | SW 29.11- | BDL | BDL | 0.097 | BDL | BDL | 0.002 | BDL | 0.004
Sarai (Pond) |13.12.23

15. |Pilana  |Baleni 28.9588 | 77.4711| SW 29.11- | BDL | BDL | 0.136 | BDL | BDL | 0.004 | BDL | BDL
(Hindon)|13.12.23

16. [Pilana  |Basand 28.9843|77.3263| SW 29.11- | BDL | BDL | BDL | BDL | BDL | 0.006 | BDL | BDL
(Pond) |13.12.23

17. Binauli |Tabela Gadi |29.1906 | 77.4707 | SW 29.11- | BDL | BDL | 0.445 | BDL | BDL | 0.002 | BDL | 0.004
(Hindon)|13.12.23

18. |Binauli |Nirpura 29.2329|77.3932| SW 29.11- | BDL | BDL | 0.143 | BDL | BDL | 0.005 | BDL | 0.006
(Pond) |13.12.23

19. Binauli [Bamnauli 29.1451 | 77.3551 |[SW(Hind| 29.11- | BDL | BDL | 0.177 | BDL | BDL | 0.005 | BDL | 0.004
on) [13.12.23

20. [Binauli |Barnawa 29.1143|77.4398 | SW 29.11- | BDL | BDL | 0.299 | BDL | BDL | 0.002 | BDL | 0.008
Bridge (Hindon)| 13.12.23
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Farmer Feedback Form
Photograph
0o
Name T ¥omien oo Kunay
Village 4 Toeada,
Block + f\]—:\m_
District + W ;
Address o i €Y v &
Mobile Number (optional) b g 533%$1 S W)
Type and number of structures R 2
Type i U WA
Number LY
(coordinates of the structures 723 QLM}Ge”
are to be obtained by the field 2 o
officer) AN HR3
Drill time discharge (Ips) 1B
Depth of installation of pump | \y.0 Yook
Casing depth (Bore wells) HR -9 on Yeoh-
Fracture encountered depth-
i YA
Slotted pipe depths (TW) SR+ v\ (\
Average water levels — pre- F .
monsoon
Average water levels — post- L
monsoon
The well is used for -+ \m%?&@
Is water available throughout 1Y e
the year
If not for how many months A
water is available N
Pumping Duration
Number of days What is the Instantaneous
pump is operated average pumping | Discharge
(days) of cach duration (in hours) | Measurement (to be
well of each well carried out by the field
officer) in Ips
Rabi (no of months tg be l Jﬂh
specified) 1.1k oo S50 &9‘35 | | i geo )M
23
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Water Market*

you share the pumped water with other farmers Ao
o Ifyes
o For how many days do you share pumped water in Kharif
o For how many days do you share pumped water in Rabi
Period
o On an average how much do you charge per annum (in Rs)

o Do you receive additional water from boreholes of nearby

| farmers O

o Ifyes

o For how many days do you receive pumped water in Kharif

o For how many days do you receive pumped water in Rabi
Period

o On an average how much do you pay per annum (in Rs)

Other issues/Remarks

¢.g. common problems in drilling of wells, common health issues

intheareaetc NI L—

-~ Feedback of the local users will form an important input for problem identification and
characterization. Feedbacks are to be obtained in case of Urban areas, Industrial clusters also.
Feedbacks on drinking water availability, dependence on ground water ctc are also to be
obtained. The above feedback form can be customized to the type of priority area and objective

of the study.

L0 AT - el 202D
/Qﬁ 395 A0

25
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Farmer Feedback Form
Photograph

Name N \pall (-'1\4:"}:\&7
Village Newen RYevrxa Céna ¢\ Xﬂﬁﬂ!ﬂé am‘ )
Block Y\ e\xa
District oA
Address ez AR S U N » YAl .
Mobile Number (optional) ¢1ag é 29uqg,  ©

e and number of structures
Type ol ‘salion Fucenell (Cadin WA
Number \ n.

(coordinates of the structures |4 . 14,5133 ° ”
are to be obtained by the field A2+ 2300 ¢

officer)

Drill time discharge (Ips) N A "

Depth of installation of pump fbmﬂﬁg&m@g&_wo e
Casing depth (Bore wells) HR | \1.¢~ Yeo\-

Fracture encountered depth-

HR W&

Slotted pipe depths (TW) SR PO
Average water levels — pre- W Ao 8w

monsoon
Average water levels — post- e
monsoon ‘{)' &D b

The well is used for \‘1\%;\0’\

Is water available throughout

the year \Ieb

If not for how many months
water is available N Q‘
Pumping Duration

Number of days What is the Instantaneous
pump is operated | average pumping Discharge
(days) of each duration (in hours) | Measurement (to be
well of each well carried out by the field
officer) in Ips
Rabi (no of months to be y
e o Co 6Q,7() lo W 200 LM

(o4
( Nov. fo /“0""4‘ ) -
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o
(o]
o]

o]

Water Market* |Le” Do you share the pumped water with other farmers — Mo

If yes

For how many days do you sharc pumped water in Kharif
For how many days do you share pumped water in Rabi
Period

On an average how much do you charge per annum (in Rs)

(o}
o}
o

(e]

Do you receive additional water from borcholes of ncarby
farmers  [MO

If yes

For how many days do you receive pumped water in Kharif
For how many days do you receive pumped water in Rabi
Period

On an average how much do you pay per annum (in Rs)

Other issues/Remarks e.g. common problems in drilling of wells, common health issues
in the arca cte L1 L

’\of the study. e

- Feedback of the local users will form an important input for problem identification and
characterization. Feedbacks are to be obtained in case of Urban areas, Industrial clusters also.
Feedbacks on drinking water availability, dependence on ground water etc are also to be
obtained. The above feedback form can be customized to the type of priority area and objective

Rl 1z

I—1— X223y
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Farmer Feedhack Form
Photograph

Name 1 Semheds Wnmarny

Village =+ SndGhalons (60 Waoale)

Block + Q\ava, i

District -+ &%A\A’—

Address 4 ent A\A\M‘QW'

Mobile Number (optional) - SATADULA NG

Type and number of structures =

Type 1 Tuoewell (e Voo )

Number E A\ 5!

(coordinates of the structures [ @ ‘3897

are to be obtained by the field ps # g Ve 108 3 O

officer)

Drill time discharge (Ips) —+ M

Depth of installation of pump + \)o Voo e

Casing depth (Bore wells) HRH ~\o Qs -

Fracture encountered depth- ey

HR i

Slotted pipe depths (TW) SR - + (v

Average water levels —pre- | 20 -95 Qeol

monsoon

Average water levels — post- | %o QGD\.

monsoon

The well is used for + \-vy'\aa&lw Wl

Is water available throughout

the year '—Y% :

If not for how many months

water is available o=

Pumping Duration
Number of days What is the Instantaneous
pump is operated | average pumping | Discharge
(days) of each duration (in hours) | Measurement (to be
well of each well carried out by the field

officer) in Ips

Rabi (no of months to be - JE\_.,\ ™M

el S W cQwag \Oor [ 1 1 Lo LI
(Nov- i ) 2
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NA—

Water Market*

OO0 00

Do you share the pumped water with other farmers

If yes

For how many days do you sharc pumped water in Kharif
For how many days do you share pumped water in Rabi
Periad

On an average how much do you charge per annum (in Rs)

&

L2 B
ooo\oo

(o)

Do you reccive additional water from borcholes of ncarby
farmers

If yes

For how many days do you receive pumped water in Kharif
For how many days do you receive pumped water in Rabi
Period

On an average how much do you pay per annum (in Rs)

Other issues/Remarks

e.g. common problems in drilling of wells, common health issues
in the arca cte

- Feedback of the local users will form an important input for problem identification and
characterization. Feedbacks are to be obtained in case of Urban areas, Industrial clusters also.
Feedbacks on drinking water availability, dependence on ground water etc are also to be
obtained. The above feedback form can be customized to the type of priority area and objective

of the study.

SEGT IO
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Farmer Feedback Form
Photograph
Name . Codwagem wax™
Village L \aaeNotar X edy
Block + Qo
District + oo\ )
Address o \an(,fn\:;w{ A AN
Mobile Number (optional) -‘g,;a;g_goloqg o
Type and number of structures S
Type et
Number
(coordinat%s of the structures | 4.\@ 21992°
are to be obtained by the field —+ i
il 4% 128 AN%
Drill time discharge (Ips)  + \\
Depth of installation of pump — < o Yeo ¥ 9
Casing depth (Bore wells) HR 11 o M}
Fracture encountered depth- = 3
HR + N A
Slotted pipe depths (TW) SR - 1 &
Average water levels —pre- | =
monsoon \$-e vk
Average water levels — post- L \o— VN -
monsoon
The well is used for 4 Torsealen.
Is water available throughout R,
the year *'\(C/S
If not for how many months
water is available il
Pumping Duration
Number of days What is the Instantaneous
pump is operated | average pumping | Discharge
(days) of each duration (in hours) | Measurement (to be
well of each well carried out by the field
oy o officer) in Ips
Rabi (no of months to be ~ ! \ b&o\
e ek WS dogs. |\s) 200 LM

( Hev—fpan)) 23
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Water Market*

0O 00O

(o]

Do you share the pumped water with other farmers

Ifyes |No

For how many days do you share pumped water in Kharif
For how many days do you share pumped water in Rabi
Period

On an average how much do you charge per annum (in Rs)

o

(¢]
o
o

o

Do you receive additional water from boreholes of nearby
farmers (D]

If yes N

For how many days do you receive pumped water in Kharif
For how many days do you receive pumped water in Rabi
Period

On an average how much do you pay per annum (in Rs)

Other issues/Remarks

e.g. common problems in drilling of wells, common health issues
in the area etc

Feedback of the local users will form an important input for problem identification and

characterization. Feedbacks are to be obtained in case of Urban areas, Industrial clusters also.
Feedbacks on drinking water availability, dependence on ground water etc are also to be
obtained, The above feedback form can be customized to the type of priority area and objective

of the study.

W~ omll”qpf Dol —
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ANNEXURE — IV

Interpretation of Electrical Resistivity Tomography Data under NAQUIM 2.0 in 2023-24
(A) ERT-1 at Kokar Kalan

East-west oriented ERT No.-1 was carried out with a spread length of 1200 m,
giving insight into 225.0 m of sub-surface disposition. Resistivity values were obtained
in the range of 1 Qm to 50 QOm. The topsoil is clay and has an extension in the depth
ranges from 0 to 5 km stretching from 0 — 50m. Sand deposition is inferred from 1 to
35m. Two distinct resistivity zones were identified:

(i) A high resistivity zone, colored brown and orange, was encountered at the top—
values of resistivity range from 55 to 130 Qm. The freshwater zone extends from 1
to 30 m in depth. The values have been inferred to be topsoil and clay between depths
of 0to 5.0 m.

(i) A low resistivity zone, colored blue, was encountered below the 1% zone. Values of
resistivity were below 20 Qm. There are some patches of clay rich groundwater

bearing sandy clay zones have been inferred between depths of 190.00 to 225.00 m.

KOKAR KALAN
2D INVERTED MODEL (mean residual 2.2%)
Distance[m]
0 200 490 600 800 1000 1200
0 — = = —t
=45 -45

-90
-135
-180

-225
Level[m]
T e ——————
13 16 20 25 32 40 50 63 79 100 130
Resistivity[ohm-m]

Model of the ERT Profile obtained at Kokar Kalan

Thickness | Depth (m) Resistivity (Qm) Lithology
5 0-5 20-25 Clay
17 5-22 45-130 Sand
38 22-60 16-25 Clay mixed with silt
90 60-150 20-35 Sandy clay
75 150-225 10-20 Moderate quality Sandy clay

The results of the 2D section indicate the presence of topsoil mixed with silt down
toadepthof 5 m. The colors added to the pseudo-section help demarcate fresh and

moderate ground water interfaces at an average depth of 165.00 m.

252



(B) ERT-2 at Sherpur

East-west oriented ERT No.-2 was carried out with a spread length of 1200 m,

giving a coverage up to 225 m of sub-surface disposition. Resistivity values were in

range of 10 to 150 Qm.

Two distinct resistivity zones were identified based on resistivity values:

(i) A high resistivity zone, colored brown and red, was encountered at the top—values
of resistivity range from 80 to 100 Qm. The freshwater zone extends from 22 to 65 m in

depth. The values have been inferred to be topsoil and clay between depths of 0 to 17.5.00

m.

(if) A low resistivity zone, coloured sky blue and light blue, was encountered below
165m. Values of resistivity were below 16 Qm. The values have been inferred to be

moderate quality groundwater bearing granular zones between depths of 165.00 to

225.00 m.
SHERPUR
2D INVERTED MODEL (mean residual 1.1%)
Distance[m]
0 200 600 800 1000 1208
-45
-90
-135
-180
-225

32 40 50

63 79 100 130
Resistivity[ohm-m]

Model of the ERT Profile obtained at Sherpur

Thickness | Depth (m) Resistivity (2m) Lithology
22 0-22 20 - 30 Clay
43 22 - 65 50 - 100 Sand
10 65 - 75 40 - 50 Sandy clay
90 75 - 165 25-32 Clay mixed with sand
60 165 - 225 16 - 25 Moderate quality Sandy clay

(C) ERT-3 at Barwala

East-west oriented ERT -3 was carried out with a spread length of 1200 m, giving
insight into 225.0 m of sub-surface disposition. Resistivity values were obtained in the

range of 10 Qm to 150 Qm. The topsoil is thin extending from 0- 5m. Two distinct

resistivity zones were identified: 253




(i) A high resistivity zone, colored brown and orange, was encountered at the top—
values of resistivity range from 55-130 Qm. The freshwater zone extends from 5 to
45 m in depth.

(if) A low resistivity zone, coloured green, was encountered below 135m Values of
resistivity were below 25 Qm. Some patches of moderate quality groundwater
bearing granular zones between depths of 140 to 225 m at stretches in the range of
500 m to 700 m have been inferred.

e ————
Barwala
2D INVERTED MODEL (mean residual 1.6%)
Distance[m]
0 200 400 600 800 1000 1200

13 16 20 25 32 40 5 63 79 100 130
Resistivity[ohm-m]
o —————————————————_————————

Model of the ERT Profile obtained at Barwala

Thickness Depth (m) Resistivity (2m) Lithology
5 0-5 25-45 Clay
40 5-45 55-130 Silty Sand
90 45-135 20-40 Clay with patches of sand
90 135-225 10-25 Moderate quality Sandy clay

(D) ERT-4 at Basouli

East-west oriented ERT was done with a spread length of 1200 m for a 225.0 m
of sub-surface disposition. Resistivity values were in the range of 10 to 150 Qm and
deposition is heterogeneous. The topsoil is thin and extends from 0-5.0 m, and stretches
from 0-700m. The sand deposition is inferred at a depth from 1.0-25.0 m. Below that,
clay is separated by sand having a resistivity range from 13-20 Qm, extending from
stretch 700-1200 m onward. The formation is sandy clay throughout. The colors added

to the pseudo-section help demarcate saline ground water intrusion.
254



Basouli
2D INVERTED MODEL (mean residual 3.1%)
Distance[m]
0 800 1000 1200
-45 -45
-90 -90
-135 135
-180 -180
225 -225
Level[m]
13 16 20 25 32 40 50 63 79 100 130
Resistivity[ohm-m]
Model of the ERT Profile obtained at Basouli
(E) ERT-5 at Pushar
East-west oriented ERT No.- 5 was carried out with a spread length of 1200 m,
giving insight into 225.00 m of sub-surface disposition. Resistivity values were in the
range 1 to 50 Qm.
(1) A high resistivity zone, colored red and yellow, was encountered at the top—values
of resistivity range from 100 to 130 Qm at a stretch of 0 to 280 m and a resistivity
range of 80-120 Qm at a depth range of 25-45 m stretches at 900-1200 m. The
freshwater zone extends from 5 to 45 m in depth. The values have been inferred to
be topsoil and clay between depths of 0 to 5.0 m, and clay mixed with silt is inferred
throughout the deposition.
(ii) A low resistivity zone, colored sky blue and light blue, was encountered below 1%
zone. Values of resistivity were below 13 Qm. Values have been inferred to be
moderate quality water bearing granular zones between 45 to 170 m around a stretch
of 900-1000 m. Colors added to pseudo-section help demarcate fresh and moderate
ground water interface at an average depth of 100 m.
PUSHAR
2D INVERTED MODEL (mean residual 4.2%)
Distance[m]
00 200 400 600 800 100 1200
-45 1 F-45
-90 A -90
1351 -135
-180 1 -180
225 -225
Level[m]

13 16 20 25 32 40 50 63 79 100 130
Resistivity[ohm-m]

Model of the ERT Profije obtained at Pushar



Thickness | Depth (m) | Resistivity (m) Lithology
5 0-5 25-32 Clay
40 5-45 35-120 Sand
47 45 - 92 20 - 35 Clay mixed with sand
43 92 -135 22 -55 Sandy Clay
90 135 - 225 10-18 Moderate quality Sandy clay

(F) ERT-6 at Milana

East-west oriented ERT - 6 was carried out with a spread length of 1200 m, giving

insight into 225 m of sub-surface disposition. Resistivity values were obtained in the
range of 10 to 150 Qm. Two distinct resistivity zones were identified based on resistivity

values:

(1) A high resistivity zone, colored red and yellow, was encountered at the top—values

of resistivity range from 79 to 150.0 Qm. The freshwater zone extends from 2 to 50

m in depth. The values have been inferred to be topsoil and clay between depths of 0

to 5.0 m.

(if) A low resistivity zone, colored green and yellow, was encountered below 50m.
Values of resistivity were below 40 Qm.

Results of 2D section indicate presence of topsoil mixed with sand down to a depth of 2

m.
MILANA
2D INVERTED MODEL (mean residual 3.7%)
Distance[m]
0 0 200 400 600 800 1000 1298
-45 45
-90 4 --90
-135 1 -135
-180 4 -180
-225 225
Level[m]
- . s-———— |
13 16 20 25 32 40 50 63 79 100 130
Resistivity[ohm-m]
Model of the ERT Profile obtained at Milana
Thickness Depth (m) Resistivity (2m) Lithology
2 0-2 40 - 50 Clay
48 2-50 79 - 150 Sand
45 50 - 95 20 - 45 Clay mixed with sand
130 95 - 225 20 -40 Clay with silt
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ANNEXURE -V

Interpretation of Borehole Logging Data under NAQUIM 2.0 work in 2023-24
(A) Titroda

The borehole drilled at Titroda, Block - Binoli, Baghpat (83.028432:26.638182),
was logged down to 290 m bgl against the drilled depth of 300 m bgl on 25.08.23. Self-
Potential, Short Normal (N-16"), Long Normal (N-64") resistivity log and Gamma log
were recorded using a digital logger. Based on electrical log, the following granular
zones were identified for constructing the well.

1. Titroda - 300 m (Bagpat)
WSP  ENS  ENGd RO gp

Borehole Log Chart of Titroda Exploration site

Interpretation : Granular zones are fine sand to moderate sand. Water quality is fresh
up to 275 m bgl. Prominent clays mixed with silt are identified in depth range of 0-26,
39-45, 59-65, 75-86, 103- 111, 121-125, 131-137, 145-151, 158-165, 169-175, 217-221, 244-
251, 257-266 and 275-290 m bgl.

Sl.| Depth | Thick- | Resistivity of | Water | SI. | Depth | Thick- | Resistivity of | Water
No.| Range(m) | ness(m) | Zone (chm.m) | Quality | No.|Range(m)| ness(m) | Zone (chm.m) | Quality
1. | 26-39 13 35 Good | 8. | 151-158 7 26 Good
2. 45-59 14 32 Good | 9. | 165-169 4 27 Good
3.| 6575 10 32 Good |10.| 175-179 4 25 Good
4. | 86-102 16 23 Good |11.| 213-217 4 22 Good
5.] 111-121 10 16 Good |12.| 221-244 23 27 Good
6. | 125-131 6 23 Good |13.| 251-257 6 14 Good
7. | 137-145 8 28 Good | 14.] 266-275 9 21 Good

257




(B) Shobhapur

The borehole drilled at Shobhapur,
77.3632230) was logged down to 150 mbgl against drilled depth of 155 mbgl on
24.08.23. Self-potential, Short Normal (N-16"), Long Normal (N-64") resistivity log

and Gamma log were recorded.

BSPY1  BENGY WNGY

REEL

Shobhapur - 15

Block-Pilana, Bagpat (28.9903530,

Om (Bagpat
Resistivity . (Obm.m)
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XHYH S MW M O UK

Borehole Log Chart of Shobhapur Exploration site

Interpretation: Granular zones are fine sand to moderate sand. Water quality is fresh

up to 150 m bgl. Prominent clays mixed with silt are inferred in the depth range of 0-
30, 50-59, 75-83, 88-110, 126-132 and 137-146 m bgl.

Sl.| Depth | Thick- | Resistivity of | Water | SI. | Depth | Thick- | Resistivity of | Water
No.| Range(m) | ness(m) | Zone (ohm.m) | Quality | No.|Range(m)| ness(m) | Zone (chm.m) | Quality
1. | 30-50 20 23 Good | 4. | 110-126 16 28 Good
2. | 59-75 16 31 Good | 5. | 132-137 5 25 Good
3. ] 83-88 5 25 Good | 6. | 146-150 4 24 Good
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(C) Shahpur-Banpur Ganga

Borehole drilled at Shahpur, Banganga Block-Binauli,  Bagpat
(29.138251:77.447524) was logged down to 150 m bgl against the drilled depth
of 152 mbgl on 28.12.23. Self-potential, Short normal (N-16"), long normal (N-64")
resistivity log and Gamma log was recorded.

Borehole Log Chart of Shahpur BanGanga Exploration site

Interpretation: The granular zones are moderate to coarser sand mixed with thin
kankar upto 76 m bgl. The water quality is fresh upto 150 m bgl. Prominent clays mixed
with silt are inferred in the depth range of 32-36, 56-60, 86-92, 104-122 and 141-144 m
bgl.

Sl.| Depth | Thick- | Resistivity of | Water | SI. | Depth | Thick- | Resistivity of | Water
No.| Range(m) | ness(m) | Zone (ohm.m) | Quality | No.|Range(m)| ness(m) | Zone (chm.m) | Quality

1.|] 16-20 4 Good | 5. | 92-104 12 Good
2.| 22-25 3 Good | 6. |122-134 12 Good
3.| 36-56 20 Good | 7. | 144 -150 6 Good
4 60 - 78 16 Good
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(D) Chhaprauli

The borehole drilled at Chaudhary Charan Singh Government Degree College,
Chhaprauli, Baghpat (77.165836, 29.205053) was logged down to 286 mbgl against the
reported drilled depth of 300 mbgl on 06.02.24. Self-potential, Short Normal (N-16”),
and Long Normal (N-64") resistivity and Gamma Log was recorded using digital logger.
Based on an electrical log, the following granular zones are recommended for

construction of exploratory well.

Borehole Log Chart of Chhaprauli Exploration site
Interpretation: The granular zones have medium to coarse grain sand. The water quality
is fresh up to 206 m bgl then it is of moderate quality up to 242 m bgl. Prominent clays
mixed with silt are inferred in the depth range of 69-82, 88-102, 114-128, 146- 162, 192-
200, and 206-236 m bgl.

Sl.| Depth | Thick- | Resistivity of | Water | SI. | Depth | Thick- | Resistivity of | Water
No.| Range(m) | ness(m) | Zone (ohm.m) | Quality | No.| Range(m) | ness(m) | Zone (ohm.m)| Quality
1. | 38-46 8 Good | 7. | 162-170 8 Good
2. | 48-69 21 Good | 8. | 174-180 6 Good
3.] 82-88 6 Good | 9. | 184-192 8 Good
4.1102-114 12 Good | 10.| 200 - 206 6 Good
5. 1128 -134 6 Good | 11.| 236 - 242 6 Good

6. | 141 - 146 5 Good
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