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ABSTRACT

The availability of water resources is becoming a major constraint to the fast developing NCR extension covering
Loni and Razapur Blocks,Ghaziabad District. Besides domestic and commercial infrastructure, there are 15000
small and 145 medium industries. All of them depend on groundwater resources, development of which has
exceeded 76% and beyond this development will lead to saline ingress , ground water pollution and desaturation of
aquifers. It thus becomes imperative to utilize 174 MCM run off potential in two blocks for recharge. The paper
discusses various options towards attaining sustainability of the water resources to meet the growing demand.
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INTRODUCTION

The new infrastructure development and residential
complexes entirely depend upon the groundwater
resources but for want of adequate information on
aquifer system most of the tubewell have become
defunct. The Loni and Razapur blocks which are
located on the eastern end of NCR region and depend
upon the groundwater resources for domestic and
industrial water supply. Before becoming hub for
infrastructure development, the irrigation was by
tubewells and to some extend by surface irrigation
system. The upper Ganga canal and its tributaries
irrigate western part of the Ghaziabad District and
Anup Shalon branch of upper Ganga canal irrigates
eastern part of the district but Harpur and Loni block
are practically devoid of surface irrigation. As such
there is no surplus surface water which can be
supplied to the emerging infrastructure, residential
complexes, therefore for water supply they are
entirely depending upon the groundwater resources.
It is therefore imperative to explore the new aquifer
zones upto the basement rock which can be exploited
for water supply. The scarcity of water resources is
leading to conflicts and very near to the water
terrorism. The present study have identified the
aquifer system upto the basement rock and have also
worked on the lateral and vertical extension of the
aquifer zones and also the water quality of each of
the aquifer zones. In order to overcome the water
scarcity, there is a need to regulate the groundwater
development making rainwater harvesting and
recycling of treated waste water as mandatory.

Geology & Hydrogeology

Regionally the eastern half of the district forms part
of Ganga alluvial plain where as its western part in
close proximity of Hindon and Yamuna rivers

represents marginal alluvial plain. Tectonically the
alluvial plain of Ganga basin represents a structural
trough (Fore deep) or down wrap of earth crust. The
origin of which is correlated to plate tectonic and
Himalayan uplift. The area is underlain by quaternary
sediments, their thickness increase from west to east
and also towards north east. As per available
subsurface, alluvium in the district varies from 115 m
to 450 m. In Hindon Yamuna doab, the thickness of
quaternary sediments including alluvial deposit varies
from 300 m the north to 115 m in the central part of
the Western side of Hindon river. The lithological
variation in Loni Block is given in Table 1

Table 1: Sub-surface lithology of Loni Block

Lithology Depth Ranze Thickness

GL — 3.00

10% kankar, angulerto sub

v and small amount of kankar greyish colour

Depth to Water Table
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The groundwater occurs under unconfined condition
in shallow aquifers whereas it is under unconfined
condition in the deeper aquifers more than 60m
depths. In the post-monsoon period, depth to water
level ranges between 1.70 m to 24.6 m bgl, in general
the depth to water table varies between 10 and 15m
bgl (Figure 1).
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Figure 1: Depth to water level Map of Ghaziabad District, U.P (Post- Monsoon, Nov. 2005)

Water Level Fluctuation

Water level fluctuation data was analyzed for 10years
and it was observed that on an average the water
level fluctuation during monsoon is 0.2125 m per
year and during post monsoon it was 0.3016m per
year (Figure 2). The continuous decline will result in
water quality problems as the area is surrounded by
saline groundwater.
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Figure 2: Water level Fluctuation Map of Ghaziabad district, U.P

Status of Groundwater exploration

In view of the water requirement to meet the
domestic and industrial water requirement, CGWB
carried out deep exploratory drilling, the data of
which is presented in Table 2. It is evident from the
results of the exploratory drilling that the bed rock is
undulating and is observed at shallow depth of 104m
in Ramprastha whereas in theRadha Kunj it is
observed at the depth of more than 200 meter.
Additional exploratory drilling is required to
comprehend the rapid changes in lithology and
chemical quality.

SGVU J CLIM CHANGE WATER Vol. 1 (1), 17-22

SL [Location | Type |Dept | Depth | Zome:s Static | Dischar | Drawds | Tra | Storativi | Aquifer Remarks
Ne. of b of trappedfra | water |z wu () | wm

Well: | drille | wells | cture level | (pm) issiv
d (mbg) | (mbel) (mbgl) ity
(mbgl
]

L |Babugak |EW 433 | 135 | 7183 D18 |32 337 305 | 5.29%107 | Allwvin
101-119 3 I
133-139

Lot W |8 |& 3642 384|105 447|143 | 13000 | de
4762 5

T | Redia W [2022 |55 7130 937 1018 |- &5 | 13110° | do
b 5

T |Famprek | EW [ 1065 | 55 105335 |618 W03 [413 - Py =
a 3 lencountered
10353

(Delki
|Quartzite)

Samay EW  |#496 |25 | 100103 1637 | 113076 |- - o
Nagar 106-112 4

RS BW 8395 |38 7336 755 |01 [33% 1 [ 536x107

Groundwater Development Status

The groundwater development in the area being a
continuous process, it was essential to know the
status of groundwater development vis-a-viz the total
recharge. CGWB, 2009 computed the groundwater
recharge-discharge relationship and the stage of
groundwater development for the unconfined
aquifers, the following Table 3 gives the stage of
groundwater development in Loni and Razapur block
and also of the adjoining blocks of Muradnagar and
Bhojpur.

Table 3: Block wise Groundwater Resources

SNo | Blocks Annual Net Ground Existing Gross | Net Groundwater | Stage of Ground
Groundwater Water Groundwater | Availability for Water
Recharge (in ham) | Availability (in | Draft For Al | Future Iivigation | Development (in
am) Uses (in ham) | Development (in )
ham)

1 Loni 7532

Rajapur

[3 Muradnagar
I Bhojpur

571 138

Source. After CGWB. 2009)

The above dynamic resources are for the fresh water
aquifers but it is equally important to estimate the
potential of saline water aquifers for their conjunctive
use with fresh water.

Geophysical Survey
categorization of Aquifers
The resistivity survey is prelude to any exploration or
construction of tube wells as it gives the information
on the different aquifer zone and also water quality.
Six deep resistivity survey was carried out to explore
the depth upto 300 meter to comprehend the saline
fresh interface and the different aquifer zone within
the fresh water aquifer system. The data was
interpreted using curve matching method and also
inverse slope method.

(Resistivity) for
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The representative graph of both the methods is given
in Figure 3.
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The interpreted result show that the resistivity of the
layer top soil ranges from 26.4-201 ohm-m and
thickness is between 0.58-1.67 m. In the second
layer, clay and sand was inferred with high resistivity
values ranging from 9.14-257 ohm-m, this layer acts
as the shallow aquifer in these places because this
layer consists of fracture or weathered zone which
constitutes an aquifer of very good quality of
groundwater. The 3rd layer is the showing that saline
water aquifers zone in the area of Ghaziabad.

Based on the interpretation of the resistivity survey
data, resistivity pseudo section has been prepared
(Figure 4 ) and the results are tabulated in Table 4.

Figured
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Table 4: Vertical Electrical Sounding Details of
Ghaziabad Dist.

Latitude Longitude
P1=201 Ohm m_ GL035 Top seil Not
1 applicable
01 N28682100° ET7.479696° Pl= H6OBmm. 0524 Sends Not
applicable
Fi= 1570bmm 2417 Sapd with Kankar  Fresh
clays Water
Fi= 3040kmm  17-100 Fine omedium _ Fresh
Sands inter-layersd  water
with clay bands
P5= 150hmm 100- indeterminate Clayey Sands Saline
water
Fl1=2640hmm.  GL L6 Top soil Not
1 applicable
Fl-620hmm. 16 42 Sepd withkenkar  Not
applicable
02 N28.656848°  ETTAC14%° P3=010bmm. 43-164 Fine to medium Fresh
sand with clay water
bands
P4=9050hmm. 164-352 Fine sands Fresh
imerspersed with  water
clays
P5= 1850hmm.  35.% - downwards Clayey sands Saline
water
3 Fl= 3560bmm  GL- 12 Top soil Not
applicable
Pl= 4760bmm  12-284 Sends Fresh
03 N28T36048°  E 774757807 water
Fi=3140bmm  284-180 Fine tomedium _ Fresh
Sends imrer-layered  water
with clay bends
F4= 58 Obmm. 162 indetermuinare Clayey sands Saline
depth water
Pl= 154 Ohmm GL-3.1 Top seil Not
4 applicable
F2= 332 Obmm.  51-42 Sepd withkenkar  Not
o4 N22603557°  ETTART6L4 applicable
Pi= 164 Ohmm.  42-67 Fineromedium  Fresh
sands interlayered  water
with clay
Pi=01 Obmm.  67- imerdeterminate  Clayey sands Saline
depth water
Fl= 60 Obmm.  GL-19 Top soil
5
05 WIET00031°  E77342004° P2=- 790 Obmm.  19-94 Send with clay
Pi= 85 Obmm. 04 imerdetermimate  Clayey sands
depth
Pl= 260 Ohmm  GL-43 Top soil
[
P2= 412 Obmm  #3-125 Medium to coarse
0§ N2B706774  ET733571° sands

Pi= 651 Ohmm 12.5 - interdeterminate  Clayey sands

Panel Diagram

A panel digram showing the distribution of
lithological units with groundwater quality is given in
Figure 5.

] PANNEL DIAGRAM |

VES 3

Vertical Scale : 1emyz, 50m.
Horizontal Scale: Not to Scale

Unsaturated Zone

Fresh Ground water Aguifer

|
Safine Ground Water Aguifer
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It is an important component to decide the potability
of groundwater there being rapid changes in water
quality both in the phreatic and semi confined
aquifers, a number of samples were analyzed to study
the variation in chemical quality. Based on the
electrical conductivity values and Isoconductivity
map has been prepared showing the areas under fresh
and saline groundwater of the unconfined aquifers
(Figure 6).
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Isoconductivity Map, Ghaziabad district, U.P,
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It is thus concluded that in the heterogeneous aquifer
system variation in lithology and water quality can be
ascertain by the application of resistivity survey.
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Figure 6: Isoconductivity Map of Ghaziabad

Recently, 14 water samples were collected from
tubewell under operation to study the variation in
chemical quality and their suitability for drinking and
commercial purposes. The analysis are presented in
table 5.

Table 5: Water Samples Analysis report of samples collected on 18-6-2013, Loni and Rajapur, Ghaziabad

Fxuen

|-zs00'n

|zomn

|z 00n

S | Namcofthe | (Type of | Umit
no | Villages Structure) | (mg/l [Ca | Mg |Na | K | CO |HCo3 No3 So4 | F
) 3 cl

1 Rajpur Tube well 104 219 90 43 nil 196 112 118 72 078
2 | Badarpur Tube well 20 146 |58 [35 |md [120 18 105 [34  |056
3 | Ristal Tube well 100|267 |98 [48 [ml [310 52 112 |78 |06
4| Dharipur Tube well 30 [462 [102 [44 |ad | 390 176 [ 128|286 [072
5 Nistoli Tube well 104 437 80 4 nil 370 112 114 415 048
6 | Farukl Tube well 76 243|102 [42 [l [350 118 [122  [826 |054
7 | pachaura Tube well 36 146 |38 |27 [nl |160 22 |98 42 048
S | Meerpur Tube well 20 125 |94 |36 |nd [210 108|106 118|072
9 Noraspur Tube well 36 146 46 23 nil 110 18 92 32 0.68
10| Alipur Tube well 72 316 |82 |48 [ml [230 a8 116|968 |07+
11 | Thachipur | Tube well 30 219 [102 [52 [ml [320 22 125  [526 |086
PR Tubewell 60 243 |72 |35 |[ml | 260 30 106|222 |056
13 | Bhupkhedi | Tubewell 64 73 |98 [42 [l [39%0 134 118 |58 |07+
14 | Sikheda Tubewell a4 218 | 102 |39 |ml |410 196 | 125 146|086

In the classification of groundwater quality, Chadha
(1999) has been used. In this diagram the differences
in millie equivalent percentage between alkaline
earths (Ca+Mg)and alkali metals (Na +K ),expressed
as percentage reacting valued , are plotted on the X-
axis , and the differences in millie equivalent
percentage between weak acidic anions (CO3
+HCO3) and strong acidic anions (CI+SO4) are
plotted on the Y-axis .The mill equivalent percentage
difference between alkaline earth and alkali metals
and between weak acidic anions and strong acidic
anions , would be plotted in one of the four possible
subfields of the rectangular diagram. The rectangular
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field describes the overall character of the water. In
order to define primary character of the water , the
rectangular field is divided into eight subfields , each
of which represents a water type . Results of the
chemical analysis are plotted on in the diagram below
in figure 7.
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Figure 7: Results of the chemical analysis are plotted
on in the diagram

Geochemical classification and hydrochemical
parameters of groundwater (after Chadha 1999 ).

1. Alkaline earths exceed alkali metals;

2. alkali metals exceeds alkaline earths;

3. weak acidic anions exceed strong acidic anions;

4. strong acidic anions exceed weak acidic anions;

5. Ca2+--Mg2+--HCO3- water type with temporary
hardness ;

6. Ca2+--Mg2+--Cl- water type with permanent
hardness;

7. Na+--Cl- water type with salinity problems both in
irrigation and domestic uses ;

8. Na+--HCO3- water type causes foaming problems
in domestic use.

Therefore, the groundwater quality can be
categorized as belonging to Ca2+--Mg2+--HCO3-
water type with temporary hardness.

The cumulative values of Cations and Anions of 14
samples have been plotted in Figure 8. This

cumulative  value signifies the comparative
assessment of the water quality.

Mm!h!! !“

Figure 8: Groundwater pollution model
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Potential for Groundwater Recharge

The runoff potential has been computed by using the
following formula.

Average run off potential= Area X Coefficient of
Run off X Average Annual Rainfall

It is thud computed that the runoff potential of Loni
Block and the Razapur block and the corresponding
potential for ground water recharge is given below:

1.Potential of Artificial Recharge Structure of LONI
BLOCK

Water available from roof top = Annual rainfall (in
mm) X Area of roof (in sg.m) X Coefficient of runoff
for the roof

Run  off Potential=  275876400*0.905*0.25=
62417035.5m3 = 62.41 MCM

Recharge potential= 70% of 62417035.5m3
=43691924.85m3 = 43. 69 MCM

2. Potential of Artificial Recharge Structure of
ROZAPUR BLOCK

1832750%0.905*0.25= 41465968.75 m3 = 41.46
MCM

Recharge potential= 70% of 41465968m3
=29026178.12m3 = 29.02 MCM

Pilot Project for rainwater harvesting

In order to showcase the low cost recharge to
groundwater technology, a pilot project was
implemented in the campus of RKGIT, Ghaziabad.
The groundwater recharge structure has been
designed to take care of the suspended load in the run
off water by installing inverted filters. The length of
the recharge well is 2m below the water table and the
slotted assembly is placed against the potential
aquifer zones consisting of fine to coarse sand. From
the roof top of two of the building is 1501 m3.

Potential of Artificial Recharge Structure at
RKGIT College

=568.20 mm X 3774.69 sq.m X 0.7
=1501.345 m3 or 15, 01, 345.201 litres

The diagram of the pilot recharge structure is given in
Figure 9. The injection techniques are used as an
alternative to surface spreading operations usually
where a zone with low permeability, within the
unsaturated zone, impedes the recharge to a
designated aquifer. A cased recharge well or bore is
generally used to penetrate a zone with low
permeability. The open or perforated section at the
base of the well allows infiltration into either the
aquifer or vadose zone.
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Artificial Recharge to Ground Water Project at RKGIT, Gaziabad
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meters 0.23 m thick brigk wall

Stom Water Drain Pipe

PLAN

(5 cm thick detachabie slab/ kon mesh covered with
: ith green pastic sheel)
LT =
oL

=
|
&

slolted pive 1 m length (3 mmsize

100m

250 mm s borS i
filed with gravels (3 10 6 mm) ig

153 M daPV C o
slotted pipe - 1.58 i slot s

Rail plug

... Note: Length and placement of slolted pipe shall be based on the aquifer zones encounterd

Figure 9: Artificial Recharge to ground water project
at RKGIT, Gaziabad

In order to ensure the sustainable water supply from
groundwater it is essential to have a detailed aquifer
management plan. Aquifer management plan pertains
to possibility of future development of

e Identification and development of deep
aquifer fresh water zone wherever required.

e Rainwater harvesting as 7IMCM of non
committed monsoon water is available for
water conservation and recharge.

e Utilization of surface water from canal
system during monsoon when demand for
surface water is substantially reduced.

e Conjunctive use: It is one of the best options
to be exercised as there is quality variation
and use of both the fresh groundwater and
saline groundwater in reasonable proportion
can be used and this will add to the
availability of water resources.

e  Utilization of saline groundwater: Although
this potential is not assessed but the recent
study indicate substantial potential is
available which can be used by treating it
with appropriate technology insitu or
treating with the RO system. This will
ensure water supply to the scattered
habitation in the villages.

e In the urban scenario the domestic waste
water will need to be treated for its
secondary use and it should be made
mandatory for any new infrastructure.
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