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/  ABSTRACT

~

Groundwater modeling is necessary to get correct information of aquifer response for management of
groundwater resources. In this paper, we have simulated groundwater flow of two micro-watersheds
(namely Patalganga and Shriganwadi) located Nanded, Maharashtra considering the field data such as
aquifer properties, recharge, discharge, and other required information obtained from literature using
Visual Modflow ver. 3.1.0 for the year 2021. Then the model compared with the observed groundwater
level at the selected wells, which are reasonably matched in the field data. It was also simulated by
changing a few dominant input parameters in a limited range. After the validation of the model, it was
run for the different environmental stress scenarios, which can occur in future. The model reactions of the
aquifer response had been checked and it has observed drying a few well sites in these micro-watersheds. It
will help to the decision makers for sustainable management of groundwater resources.
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INTRODUCTION fresh water. About 30% of fresh water is

present in groundwater and about 1% only is

Water is an essential factor of our day-to-day
life (Srinivas et al., 2016). Development of
human depends upon the availability of
water. Around 70% of earth is covered with
water but we can use only 1% water from total
water. Nearly 97% of water is saline and 3% is
+
2%
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in surface water (Chidambaram, 2013; Das,
2020).In developing countries, the requirement
of water is increasing rapidly. In India, water
demand is at peak because of increasing in
population, agricultural, and industrialization.
India is depending wupon groundwater.
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Around 80-90% people from rural areas are
being depended upon groundwater in that
50% is utilized for the irrigation (CWC, 2015).
Groundwater use increases because it is
available easily and at lesser price.
Groundwater table is decreasing due to
continuous and excessive extraction of
groundwater. Studies indicate that in next 1-2
decades, there will be shortage of surface
water and groundwater in the monsoon
seasons (Barlow and Clarke, 2002). Because of
rapidly = exploration  of  groundwater
throughout the country is not allowing
groundwater losses to recover. As compare to
rate of groundwater extraction recharge is
insufficient (Mondal et al., 2012; Mondal and
Ajaykumar, 2021). As a result, aquifers are
getting dry very fast and the drought
condition is also occurring most parts of India
throughout the pre-monsoon season. The
groundwater situation of Maharashtra is
turning into the poorest day-by-day. Nanded
district of Maharashtra was facing drought
condition in last four to five years. For
drinking and irrigation purposes, mostly
everyone is depending upon bore-well
(Chandrasekhar et al., 1999). The Vishnupuri
Dam water touches its lowest water limit in
the year of 2016-2017 to recover this water of
Yeldari and Siddheshwar dams were taken
towards Vishnupuri dam. Groundwater level
of Nanded district is reducing very rapidly.
Groundwater table at a few places of Nanded
was about 70-85 m in the year of 2002-2003,
but now it reduced and went up to 200-250m
(CGWB, 2020).

Because of this hazard situation, it is now
becoming our necessity to understand the
processes by which groundwater is made
easily available. Groundwater study has led to
development of complete theoretical model
and to analytical solutions of groundwater
modelling. For sustainable management of
groundwater, modelling and simulation are
most effective tools (Alley, 1999; Hariharan
and Shankar, 2017; Pathak et al., 2018; Mondal,
2019). The necessities of building the models
comprehensively increase in the regions which
are complemented by undue exploitation of
groundwater in order to fulfill the daily water
demand. These models could be steady state
or transient, confined or unconfined or
combined, one-dimensional, two-dimensional,
quasi three-dimensional or three-dimensional
which can be solved by using finite difference

methods or finite element methods or
combination of both (Todd and Mays, 2005). It
could be wused using the Groundwater
Modeling System (GMS), FEFLOW, and
Modflow software. Also applied to assess the
water logged area (Singh, 2013), simulate
drawdown (Senthilkumar and Elango , 2011;
Sklorz et al., 2017),characterize of aquifers (
Mondal et al., 2009), determine the interaction
between the surface and ground water (Lasya
and Inayathulla, 2015), optimize pumping rate
(Baneerjee and Singh, 2011), seepages of mines
and tunnels (Surinaidu et al, 2013, 2015),
migrate the contaminations/pollutions (Gupta
et al, 1997, Mondal and Singh, 2005) ;
seawater intrusion (Lathashri and Mahesha,
2015), and develop the strategies for
groundwater exploitation to meeting the daily
demand of this resource (Thagarajan, 1999;
Neupane et al.,, 2020)Thus, groundwater flow
model of two micro-watersheds (namely
Patalganga and Shriganwadi watersheds)
located at Kandhar taluka, Nanded District,
Maharashtra, India has been made after a
detail assessment and investigation of the
study area using Visual Modflow 3.1.0.
software. Also run to observe the aquifer
responses due to the different environmental
stresses for groundwater management and
discussed in this article.

ABOUT AREA

The area selected for the present study is two
micro-watersheds at the proximity of
Patalganga and Shriganwadi villages in
Kandhar Taluka, Nanded district
Maharashtra, India, as shown in Figure 1.
Bothwatersheds occur in between Longitude:
77°9'285” to 77°8'397” E, and Latitude:
18°49'857” to 18°46'217” N, with the altitude
of around 354 meter above the mean seal level
(m, amsl), and allocated in the eastern part of
Marathwada, = Aurangabad Division of
Maharashtra. It covers mainly two villages
(Patalganga: micro-watershed-I and
Shriganwadi: bmicro-watershed-II). It comes
under MR 46B and topo-sheet number 56
F/1.The topography is very irregular in shape.
In micro-Watershed-I: Patalganga is having
area of 10 km?, with total 188 families (District
Census, 2019) The total population of this
village is about 1031 in which 534 are males
and 497 are females. Highest elevation in this
watershed is around 432 m, amsl and the
lowest is ~ 347m, amsl. In Micro-watershed-II:
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Shriganwadi is having area of 6.9 km?, with
total 66 families. The total population of this
watershed is ~279 in which 145 are males and
134 are females. The highest elevation is
around 440 m, amsl and the lowest elevation is
~382m, amsl.

Both the watersheds are highly undulating
with barren lands. Groundwater occurs under
unconfined condition in weathered zone
whereas it is semi-confined and confined
conditions in fractured zones. The streams are
dry after the monsoon months despite enough
rainfall. Average annual rainfall in recent
years is about709 mm.It gathers about 75% of

the precipitation in June to August from the
South-West monsoon. In the month of October
to December, it collects total 16% rain. About
2% rainfall occurs from the winter monsoon,
and about 7% from the pre-monsoon in the
month of January and February. In August
month, about 45% rainfall is recorded. The
mean maximum temperature of ten years is
38.0°C; usually get in April and May months.
In summer season, the highest temperature
recorded is ~48°C. The mean minimum of
19°C, usually reached in the December and
January months. Soil types are mainly clayey,
medium to deep black. Crops grown in this
area are jowar, sugarcane and cotton.

Location Map
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Figure 1: Location map of two micro-watersheds along with their topographies at Kandhar Taluka,

Nanded district Maharashtra, India
MATERIALS AND METHODS

Methodology

Three dimensional (3-D) groundwater flow
equation for the inhomogeneous anisotropic
confined aquifer used for groundwater flow
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model (Rushton and Redshaw, 1979) using
Visual Modflow 3.1.0 software as below as
given below:
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An unconfined condition followed by the Boussinesg equation as below:

2(Kxxha—h)+3(KWha—h):s N yw
X ox’ oy

Yot

where, K« , Kyy and K, are the hydraulic
conductivities along the x, y and z-directions,
h is the hydraulic head, S is the specific
storativity, Sy is the specific yield (S5,>>Ss), W
is the leakage or groundwater volume fluxes
per unit area (positive for outflow and
negative for inflow).The coordinates of x, y
and z are the Cartesian coordinates.

Both the equations (1 and 2) were solved using
a finite difference approximation technique.
The starting point for the application of this
method was discretization of small square
sub-regions in a grid form (McDonald and
Harbaugh, 1988). This leads to set of
simultaneous algebraic equation, which was
solved wusing the Visual Modflow 3.1.0
modeling code. This code has been widely
used and is accepted to produce numerically
stable solutions. The method selected for the

numerical solution of the algebraic equation
set is WHS.

Data Collection

The following data were collected for both

micro-watersheds, and also used for the

groundwater flow modeling:

e Digital elevation model (resolution:
30mx*30m) covering the whole study area

(2)

was created by digitizing the topographic
map.

e Basic meteorological data required for the
model like rainfall and temperature,
recharge etc. were collected.

e Hydrogeological data such as hydraulic
conductivity (K), storativity (S), and
transmissivity (T) were gathered.

e Well inventory data such as the depth of
groundwater, well depth, location of well,
and well diameter of observational wells,
and withdrawal data were collected
during the field surveys.

Groundwater Flow Model

Model Creation

The base map of the study area was imported
into the Visual Modflow for the grid
preparation. A grid of 84m x 84m was used
both the watersheds, as presented in Table 1,
and also shown in Figure 2. The grids of
micro-watersheds were divided vertically into
two layers (first layer: weathered zone, and
second layer: fractured zone) based on the
bore log data. Figure 2. Shows the grid for
both micro-watersheds in the study area and
the active cells displayed in white whereas the
inactive cells are shown as gree ncolor.

Table 1: Details of the grids in both micro-watersheds, Nanded district, Maharashtra

SI. No. Item Watershed-I Watershed-II
(Patalgana) (Shriganwadi)

1 Area 10 km? 6.9 km?

2 Grid size 84m x 84m 84m x 84m

3 Row and column 33 and 32 25 and 32

4 Active cell 676 430

5 Model layer 2 2

6 Z minimum 347 m, amsl 382 m, amsl

7 Z maximum 432 m, amsl 440 m, amsl
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Figure 2: Showing the grids along with the active and inactive cells, constant head, and observation
wells in both watersheds, Nanded district, Maharashtra.

Importing Elevation and Assigned Aquifer
Properties

Due to unreliability of the pumping test, the
hydraulic conductivities were collected from
the literature (Kumar, 2002) and also
estimated as weighted average. Investigating
the bore logs, the vertical grid was divided
into 2 layers as shown in Figure 3. The top
layer which consists of weathered zone having

the maximum depth of 15 m. Second layer of
both the watershed sconsists of fractured zone
with the maximum depth of 195 m, which are
obtained from the bore well litho-logs. All
required hydraulic properties, recharge,
extinction depth and evapotranspiration were
assigned, and also presented in Table 2.
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Figure 3: Vertical cross-section along the column no.18.

Table 2: Assigned hydraulic properties, recharge, extinction depth and evapotranspiration in both the
micro-watersheds

Sl. No. Parameter (s) Watershed-1 Watershed-11 Unit (s)
(Patalgana) (Shriganwadi)

First layer (Weathered zone)

1 Kx 1.0 5.1 m/day

2 Ky 1.0 5.1 m/day

3 Kz 0.1 0.51 m/day

4 Specific Storage (Ss) 108 108 1/m

5 Specific yield (Sy) 0.02 0.02 m

6 Effective porosity 0.15 0.15 ---

7 Total porosity 0.25 0.25 ---

8 Recharge 65 75 mm/ year

9 Extinction depth 3.0 3.0 m

10 Evapotranspiration 70.6 70.6 mm/year

Second layer (Fractured zone) |

1 Kx 3.0 3.0 m/day

2 Ky 3.0 3.0 m/day

3 Kz 0.3 0.3 m/day

4 Ss(Specific Storage) 10-5 10-5 1/m

5 Sy (specific yield) 0.02 0.02 m

6 Effective porosity 0.20 0.20 -

7 Total porosity 0.25 0.25 ---
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Pumping Wells

Groundwater aquifer is mostly observable for
stresses by undergoing extraction of water
schedules, which are causing changes in the
groundwater table level, where it can study

the locations where those schemes are useful
as a boundary condition for the aquifer.
Location of the wells assigned is shown in
Figures 4 A and B, and the details are listed in
Table 3.

Table 3: Details of the wells assigned in the model

SL. No. Well description Micro watershed-I Micro watershed-II
1 No. of wells 53 47
2 Observation wells 11 20
3 Pumping wells 42 27
(A) Recharge distribution (B) Conductivity distribution
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Figure 4: Showing (a) recharge distribution, and (b) conductivity distribution in the models

Constant Head

As observed in the field conditions and the
movement of groundwater, constant heads
were assigned along the boundaries, as shown
in Figure 2. For the micro-watershed-I, the
constant heads were assigned at two sites as
360m in the North and 370 m in the Northeast
whereas for the micro-watershed-II, the
constant head of 410 m assigned in the

Southwest part and 440m in the southern part
of the watersheds.

Defining the Stress Periods

The stress periods for the model simulation
had been considered on the basis of
weathering seasons, the overall simulation
was divided into2 stress periods. Where the
first stress period was a pre- monsoon season

18 BPAS Geology (Geological Science) / Vol. 41F, No. 1/ January-June 2022
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steady state simulation of the field data
collected in the 120 days. A second stress
period was taken in the monsoon season of
240 days, and third stress period was in the
post-monsoon season 365 days.

Model Run

After assigning all the input parameters, the
model was run for the steady state condition
of the month of April 2021. This model was
utilized to run for another two seasons of
August and November 2021 considering the
input stresses.

RESULTS AND DISCUSSION

The main reason of conducting this study is to
check reaction of aquifer into different
environmental stresses by groundwater
modelling using Modflow 3.1.0. Both micro-
watershed is having undulating topography, it
causes more runoff and soil erosion. The
reaction of the groundwater was precisely
evaluated and the following results were

achieved. Contours of water level, net
recharge, head difference, drawdown, graphs
of calculated versus observed heads, and
velocity vectors with direction of flow as the
outputs were achieved during the modeling.

Model Calibration

Groundwater model was calibrated for the
steady state. Model calibration was done by
changing hydraulic conductivity values.
Calculated versus observed heads was plotted
at the sites of observation wells after the
calibrating model for both Micro-watersheds,
as shown in Figures 5 A and B. It had shown a
good match between the calculated and
observed water levels in most of the
observation wells. The root mean squared
errors of the calibration were 0.767m and 1.182
m in the Patalganga and Shriganwadi
watersheds, respectively. Figure 6 shows the
water level contours and flow direction of
groundwater in both the watersheds.

(A) Micro-watershed-I
Calculated vs. Observed Head : Time = 120 days

(B) Micro-watershed-Il

Calculated vs. Observed Head : Time =120 days
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Figure 5: Showing calibrated vs. observed heads in the steady state model for both the watersheds

during April 2021
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Figure 6: Water level contours and flow direction in both watersheds during April 2021

Different Environmental Stress Scenarios

The effect of different stress scenarios cases
was studied to monitor and predict the
reactions of aquifer system. These stress
scenarios were selected on the bases of rainfall
pattern and population data of both the micro-
watersheds. These scenarios are possible to
happen in future, as presented in Table 4. It
had been observed that the current
groundwater condition in the micro-
watersheds is bad because the wells are
getting dry at the present pumping rate. In the
case-2, the pumping rate was increased by 5%
because of this more area is getting dry and
water level contours also reduced. Similarly,
in the case-3 the pumping rate increased by
10% because of this more wells are getting dry,
and the water level was reduced. In the case-4
the pumping rate was further increased by
20% and it was also showing the effect of
lowering water head contours and more
drying the area. Because of increasing of the
pumping rate, water head contours were
getting lower. Therefore, it was decided to
reduce the pumping rate and keeping the

recharge rate at the present scenario in the
case- 5, 6 and 7, But the results were showing
similar to the present field condition. There
was no increasing in water level in both the
watersheds. Because of independent pumping
rates at the bore-wells were increasing so in
the next case-8 and 9, we decided to increase
the pumping rate by 5% and simultaneously
increasing the recharge rate by 5% and 10%
separately, but the results were same as in the
case-2. Alter on, two case-10 and 11, the
pumping rate was increased by 10% and the
recharge rate was increased by 5% and 10%.
The results were similar as in the case-3 (Table
4). In case-12, The recharge rate was reduced
by 5% by keeping the current pumping rate
because both the micro-watersheds are having
the variation in rainfall pattern. The result was
similar like the case-3. In the case-13, both the
pumping and recharge rates were reduced by
5%, it had shown the similar results and the
water level as in the case-1 which was
simulated under the present rates of pumping
and recharge.

20
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Table 4: Showing the different environmental stress scenarios in the study areas.

Scenario(s) Pumping rate Recharge rate Combined results Results (in Results (in
(m3/day) (mm/year) watershed-I) watershed-II)
Case-1 Current Current No dry wells Well nos. 2,5 No dry wells
and 9: dry
Case-2 Increased by 5% | Current More area getting Well nos. More area
dry and head value |1,23,4,5and 9: | getting dry
reduced dry
Case-3 Increased by 10% | Current Well no 9: dry Well nos. More area
1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case-4 Increased by 20% | Current Well nos. 5 and 9: Well nos. More area
dry 1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case-5 Reduced by 5% Current Same as current field | Well nos. Same as
condition 1,2,3,4,5and 9: | current field
dry condition
Case-6 Reduced by 10% | Current Same as current field | Well nos. 5 and | Same as
condition 9:dry current field
condition
Case-7 Reduced by 20% | Current Same as current field | Well nos. 5 Same as
condition and 9: dry current field
condition
Case-8 Increased by 5% | Increased by 5% | Well no. 9: dry Well nos. More area
1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case9 Increased by 5% | Increased by 10% | Well no. 9: dry Well nos. More area
1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case-10 Increased by 10% | Increased by 5% | Well nos. 5 and 9: Well nos. More area
dry 1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case-11 Increased by 10% | Increased by 10% | Well nos. 5 and 9:dry | Well nos. More area
1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case-12 Current Reduced by 5% Well no 9:dry Well nos. More area
1,2,3,4,5,8,9 getting dry and
and 11: dry head value
reduced
Case-13 Reduced by 5% Reduced by 5% Same as current field | Well nos. Same as
condition 1,2,3,4,5and 9: | current field
dry condition
CONCLUSION obtained from literature were used as the

Groundwater flow model at the proximity of
two micro-watersheds of Nanded district,
Maharashtra is run for the steady state
condition using Visual Modflow ver. 3.1.0. The
field data such as aquifer properties, recharge,
discharge, and other required information

inputs for groundwater flow simulation. The
results clearly show that the increasing of the
pumping rate will make more area dry in both
the micro-watersheds. So it should be reduced
to control further damage in future. If we
reduce the pumping by 10% of the current rate
still some portion of the watersheds is

BPAS Geology (Geological Science) / Vol. 41F, No. 1 /January-June 2022
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remaining dry. Therefore, the pumping rate

should not be

increased, because the

groundwater levels become lower than the
present level.
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