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ABSTRACT

Groundwater storage of an area depends on the factors such as topography, geology,
intensityof rainfall, number of rainy days and nature and thickness of soil cover. Hard rock
poses unusual problems due to marked variation in hydraulic characteristics. This poses
uncertain issues about the aquifer sustainability, so conservation of ground water is essential,
which can be achieved by artificial recharge to ground water table. In situ tests were
conducted for determination of hydraulic properties and yield characteristics of open wells.
The study revealed the fact that, groundwater availability is quite appreciable in the middle
and western portion of the sub watershed whereas, northern portions of the sub watershed
need proper strategies for conservation, to meet future demands. Hence, artificial recharge
for the open wells is essential in such conditions. Hence, in the current study, an attempt is
made towards the assessment of the effect of check dams constructed on small streams and
rivers in hard rock landscape with a semi-arid climate. For this purpose, along with field
tests, SWAT and HYDRUS — 1D model were used. It is noted that there is increase in
water levels recorded after construction of the recharge structures. The characteristics of
soil and thickness of the weathered zone had a significant impact on recharge. Construction
of recharge structures at the sub- watershed level is useful in the development of ground
water potential.

Key Words. Check Dam , Double Ring Infilterometer, Ground water, Gulp

Permeameter,HYDRUS-1D Model,, Recharge Percentage, Recharge Structure, SWAT
model, , Unconfined aquifer.

1Introduction

Groundwater storage of an area depends on the factors such as topography, geology,
intensity of rainfall, number of rainy days and nature and thickness of soil cover.
Quantitative estimate of recharge to aquifers and storage to aquifers information is needed.
In the current scenario, the groundwater has increased in India, (According to UN Water
Resources Utilization Report 2010), because of which, over exploitation, over dependency
on ground water, the depletion, has increased.  So, number of bore wells
and open wells are drying up or has become dysfunctional. In the year 2014, 13000 bore
were declared dysfunctional according to the bore well census, conducted by department of
minor irrigation, government of Karnataka. There were 14 lakh bore wells in Karnataka state
(Based on the bore well census, 2019, conducted by Department of Minor Irrigation,
Government of Karnataka, India). This quantity is increasing by 30 % annually. Hence, it
is evident that, there is increasing dependency on ground water and also, the replenishment is
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essential to retain the aquifer (unconfined or deep aquifers) sustainability, to satisfy the
demand for adequately. Further, recharge to the aquifer in hard rock landscape is a
challenging task, since , there is heterogeneity in the aquifer geometry and complexity in the
hydro-geological processes. Natural recharge, in these aquifers is dependent on rainfall. Drop
in rainfall, also results in drop in recharge rate to the aquifers. So,artificial means for recharge
to the aquifers is essential, particularly in hard rock aquifers. A water harvesting structure is
constructed across a stream , or drainage or in the zones with good recharge potential. This
recharge structure, stores runoff and transmits the runoff to the water table in the sub surface
of ground, thus causes recharge to the aquifer. Nala bund is one such kind of recharge
structure, which is more suitable for recharge to unconfined aquifers (shallow aquifers). In the
current work, an attempt is made to illustrate the effect of nala bund on ground water
replenishment. Here nala bund means check dam.

R-Environment modeling method to determine recharge caused due to check dam in a village
in Rajkot district of Gujarat state, India. From this study, it was found that, the total storage of
check dam is 26000 cubic meters and 3% of runoff volume will recharge ground water table [
1].

Dijuma et-al-2017, has used SWAT modeling method to illustrate the impact of check dam on
replenishment of ground water. In this case, the check dam was built across the epherimal
stream and it was found that, the rate of ground water replenishment was 1 MCM annually.

Thiyagirajan et al-2017, has used physical measurement method to evaluate the impact of
check dam on open wells and bore wells. 5 meters increase in water head was found in dug
wells. The effect of check dam was studied by Department of Minor Irrigation, Government
of Karnataka, India for 5 open wells in the year 2017. It was found that, there is 5 meters rise
in water head in the dug well.

Sachin Pathirana et-al, 2021, estimated the depth of fluctuation using HYDRUS-1 D model, it
was found that, the R?value between simulated readings and observed readings was 0.92,
hence, there is good agreement in the estimated ground water heads with respect to observed
values.

Jirka Samnuak -2015 has demonstrated the use of HYDRUS-1D modeling software for
estimation f recharge to ground water table.

Sarhat Tonkul et al-2019, has demonstrated the use of HYDRUS-1D modeling software for
estimation of recharge to ground water table.Ground water regime is a dynamic system in
which water is absorbed at the land surface and eventually recycled to the surface, in return.
The movement to the ground water occurs through the porous unconsolidated sediments and
through the interconnected openings in the rocks that mantle the earth. The availability and
flow depends on geo-hydrology of the formations at the sub surface levels. Deccan part of
India is covered under hard rock, Predominantly basalt, trap and granitic formations. The
classical concept of discontinuous aquifer has been developed during the seventies, which are
the result of large drillings in Africa (Detay et al.,1989). It considers that, such type of
aquifers are formed are tectonic open fractures. These are decreasing from past several years.

1.1 Objective: Determining the effect of recharge due to existing check dams on ground
water levels in unconfined aquifer.

1.2 Region of Study
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The region of study is a sub water shed (4D5D4) lies in Ghataprabha sub basin, Belagavi district, and
it is surrounded by Riabagh, Hukkeri, Chiccodi, Gokak taluks. The research area's average yearly
rainfall is 600 mm. Population of the study region is around 2 lakhs. Sugar cane is the main crop. The
sub watershed name is Hirehalla sub water shed with geographical area of 435 square kilometers. In
this study area, there are about 1500 open wells as per Land use / Land cover data in the year 2020
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1.3 LU/LC

According to LU / LC statistics (2020) , out of 435 square kilometers, 355 square kilometers
is under crop land, 18 square kilometers under settlement, 4.3 square kilometers under water
bodies, 58 square kilometers is under waste lands. Hence, it is evident that, majority area is
covered under agriculture; water resource planning is much required for the region.

LAND USE LAND COVER MAP OF HIREHALLA SUB WATERSHED
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Figure-2 -LU / LC —Map of Hirehalla Sub watershed
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1.4 Soil map

30% of the study region is covered under loamy soil, 20 % region is covered under clayey
soil,35 % region is covered under loamy skeletol soil and 5% is covered under very fine soil.
Hence, itis evident that, predominantly, the region of study is covered under loamy, loamy
skeletol and clayey soils.
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Figure-3- Soil Map of Hirehalla Sub watershed

1.5 Slope Map

70 % of the study region fall under gentel slope (0 to 5% slope), 20 % falls under medium
slope (5 to 10% slope) and remaining 10 % , falls under steep slope (10% to 18% slope).
The steep slope is located in the peripherals, followed by moderate and gentel slope towards
main stream.

SLOPE MAP OF HIREHALLA
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Figure-4- Slope Map of Hirehalla Sub watershed
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1.6 Drainage

The study region consists of 655 numbers (455 KM), 350 (225 KM),
20 (30 KM) and1 (56 KM) 1%t , 2" | 3 and 4" order streams of different lengths
respectively. The region is elongated in shape with length of 60 kilo meters in east west
direction and 30 kilo meters from north to south..

1.7 Rainfall:

The research area's average yearly rainfall as observed from the past 30 years (from year
1990 to year 2020) is 630 milli meters. In years 2005, 2018,2019, 2021, the average annual
rainfall was 1800 milli meters which is 3 times more than the actual average annual rainfall.

ANNUAL RAINFALL IN HIREHALLA

SUB WATERSHED IN 2020 WITH CHECK DAM LOCATIONS
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Figure-5-Annual Rainfall in Hirehalla Sub watershed

2. Methodology

2.1 Data Collection

2.1.1 Values for soil properties, the soil samples were collected during field visits to the
check dam sites, these samples were tested in the laboratory for the index properties of soil ,
such as porosity, soil moisture content, bulk density, water retention capacity and saturated
water content. Further, saturated hydraulic conductivity of soil specimens were determined
using Gulp- Permeameter. Water retention capacity was determined using pressure plate
apparatus.

2. 1. 2 Infilteration test was carried out in the site in the in situ condition, using double
ring infilterometer near to check dams, to determine the infiltration rate near check dams (less
than 500 meters on the downstream of the check dam)
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Figure-6-Flow Chart of Methodology of Assessment of Recharge Effect of Check Dam

2.1.3 Pump tests were carried out in 8 locations near to the check dam to find out
specific yield. This was done for 5 hours period of continues pumping out of water from
wells. The method adopted in pumping test was constant head method, before start of
pumping, the, static water level was noted down.

2.2 Data Processing:

LU/LC, Soil and slope shape files were converted to raster format for SWAT input in
ARCGIS 10.1, Net CDF files of rainfall were converted into XL spread sheets format in
ARCGIS 10.1, temperature data was converted to XL spread sheets using C-program. For
observations made in field tests (infiltration test, GW fluctuation readings and pump test)
and for tests conducted in laboratory (soil moisture content, saturated hydraulic conductivity,
water retention, porosity and bulk density) , separate XL spread sheets were prepared. For
runoff, data was obtained from Gokak falls stream gauge station, a separate spread sheet is
maintained for this purpose.

2.3 Procedure of Work:

I ) Data Acquisition-Field visit to capture GPS readings to locate check dam positions in
site, soil samples collection, infiltration and pump tests, KSRSAC and download rainfall data
from IMD data and runoff data acquisition from Gokak falls stream guage station .
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i) Data Processing -Conversion of acquired and downloaded data formats to the format
required for model input.

iii) Carry of laboratory tests for model input

IV Rainfall Trend Analysis — Done to find influence of rainfall on natural ground water
recharge.

V) Modelling

A.SWAT Modeling: The DEM is given as input to ARCSWAT, HRU ae formed, Slope,
LU/LC, Soil slope shape files are converted to raster data and are given as input to
ARCSWAT, including rainfall and temperature (obtained from IMD). The simulation period
is from year 2014 to year 2022. The outputs of SWAT model VIZ runoff, AET, Ground
water recharge and water yield are obtained and are calibrated in SWAT-CUP-2012, using
SUFI-2 algorithm. The statistics of discharge (observation Function) viz Net CLIFF, R2,
PBIAs are obtained. The outputs obtained from SWAT model are given as input to
HYDRUS-1D model, as shown in figure-2.

B.HYDRUS Modeling:

The data obtained from SWAT is given as input to HYDRUS model. Apart from SWAT
input, field data such as infiltration, water retention and soil moisture content, ground water
table fluctuation, are also given as input for HYRUS-1D model. The saturated hydraulic
conductivity is calculated using Richard equation, the data required for this purpose is
determined using van Geutchen model and hydraulic conductivity function. This data i,e
saturated hydraulic conductivity is also given as input to HYDRUS-1D. Then, this is
followed by Simulation of the model from 2014 year to 2021.

Vi) Output of HYDRUS-1D modeling: The output obtained is manually calibrated to find
effect o check dam on ground water table

Vii Location of check dams

Check Dam: This is a small height barrier with masonry construction, (Masonry height < 3
meters) (Concrete or Stone Masonry) constructed across a flowing water body (probably 2™
or 3 order streams) to store runoff to the extent of 0.2 MCM and improve ground water
recharge and irrigation potential, at the radius of approximately 800 meters with in the
location of the dam.

R: runoff
R P E F P: precipitation
- E: evaporation
~ | 1 I infiltration
g F: overflow

-----
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Location of check dams was done using GPS (Garmin receiving set,) was used and also
verified for proper positioning of check dam on stream. This was done during field visit to
the check dam sites.

SELECTED CHECK DAM AND PUMP TEST LOCATIONS IN HIREHALLA SUBWATERSHED
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Figure-7- Water Balance Components of Check Dam
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Figure-8- Location of Check Dam, Pump Test Locations

2.4 SWAT input data i,e LU/LC, soil, slope

This data is collected from KSRSAC, Bangalore in the form of shape files, CARTOSAT-1
DEM of the study area of resolution 30 meters X 30 meters is downloaded from ISRO
BHUVAN portal, rainfall and temperature data are downloaded from IMD, Pune portal, inthe
form of NetCDF files, observed runoff data was obtained from Gokak falls stream gauge
station from year 2015 to year 2021.

2.5 Ground water table fluctuation data was generated by measuring ground water levels
(in meters) (MBGL), which was done during field visits. This data was collected in every
rainfall season from year 2015 to year 2021 and XL spread sheet form of the fluctuation data
was prepared.

2.6 values for soil properties viz- Porosity, bulk density, soil moisture content, water
retention capacity and saturated water content were determined by laboratory tests on soil
samples collected during field visits. ,

2.7 Infiltration test is done in the in situ condition, using double ring infilterometer, near to
check dams (less than 500 meters horizontal distance on the downstream of the check dam)

2.8 Pump tests were carried out in 8 locations near to the check dam to determine specific
yield. This was done for 5 hours period of continues pumping out of water from wells. The
method adopted in pumping test was constant head method, before start of pumping, the,
static water level was noted down.
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2.9 SWAT Model Equation
t

SWt = SWO + > (Rday — Qsurf — Wseep — Ea — Qgw)-2>( 1)
i=1

Swt-Final Soil Water content (mm) ,

SwO—initial soil water content at monthly time step (mm)

Rday- Amount of Precipitation at monthly time step ,i (mm)
Qsurf-Amount of Surface runoff at monthly time step, i (mm)

Wseep- Amount of waterentering vadose zone at monthly time step, i (mm)
Ea- Amount of Evapotranspiration at monthly time step, i (mm)

Qgw- Amount of returnflow at monthly time step, i (mm)

2.10 Water Retention equation:

This is needed to model the movement of water in unsaturated zone and to determine thewater
retention.

Se = (0-0r)/(0s-0r) = [1+ a |n|"]™ for h< 001 Se- Water retention---2>(2)

Se=1 forh>0

Se- Water retention h—Soil water pressure

m,n,a-- Van Gunetchen Model Parameters

0—Exsisting Water content or observed or insitu water content 6r- Residual water content
fs- Saturated water content

211 Hydraulic Conductivity Conductivity

K=KSSe1/2[l—(l—Se”m)m]2 ............. > (3)
Ks-Saturated Hydraulic conductivity, determined using laboratory tests.

Se- Water Retention
m- Van Gunetchen Model Parameter = 1- (1/n) K- Hydraulic Conductivity
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3.0 Results
3.1. Rainfall Trend Analysis
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Figure-9-Rainfall Trend Analysis Graph

Characterization of rainfall is of paramount importance in the design of hydrologic system for
water use and management. In some arid areas of the world failure to account for the
drainage of storm water sometimes causes tremendous inconvenience. In the study region
considerable amount of water is lost by Evapo-transpiration, where it intermittently exceeds
quantity of water supplied by precipitation. The highest annum rainfall occurred in year 2005 ,
which was 1339.70 milli meters and least was in the year 1993, which was 352 millimetres.
Rainfall trend of Hirehalla watershed for the last three decades is presented in figure-9. The
numerical pattern of rainfall data shown, the coefficient of variation (CV) as 31.8 %, which
indicates the inconsistency of the rainfall occurrence and distribution in the study area. Many
Rainguage stations have shown kurtosis as negative indicating that a distribution is more flat
than the normal distribution. Skewness for most of the stations is positive indicating that the
low rainfall happens frequently. But, in the recent years I,e from year 2018 to year 2021, the
rainfall depth is more than the mean annual average rainfall, which was around 1000
millimeter, which is around 40% more than the mean annual rainfall of the studyarea, which
is 630 millimeter. The Mann- Kendall trend analyzed for Hirehalla sub watershedshowed that,
at 95% level of significance (p-value > 0.05), statistically insignificant upward trend
values for all the time periods in the time series analysis were observed. This means, less than
5 % chances are present for the rainfall occurrence in the study region, with depth more than
630 millimeters.

3.2 .Infiltration Rate Bulk Density, Porosity % and
Saturated

In the study area, 8 sites were selected based on geomorphology, soil and land use pattern for
the purpose of study of the infiltrations process in the study area. Infiltration rate was
determined in situ, using double ring infilterometer. The experiments reveal that the
infiltration rate in the study area vary from minimum value of 4.87 mm/hr to a
Maximum value of 8.67 mm/hr. Depth-wise infiltration rate ranges from
2.7 mm/hr to 3.98 mm/hr. In the mixed soil area, the average rate of infiltration
varied between 4.5 mm/hr and 11.55 mm/hr.. Grain size, distribution of grains,
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porosity, soil type, are the deciding factors that decide, how rainfall will infiltrate and
move through the soil, i.e., whether water will move downwards or laterally. From the
present study, it is known that, the soil transform from clay loam to clay, due to which the
movement of water is reduced with respect to depth. This reduction in movement of
rainfall with respect to depth is also causeddue to presence of more number of impervious
layers such as rock or bc soil layer Rainfall intensity data, i s normally less than 15
mm/hr which is relatively considered as low and therefore, the probability of
Hortonian overland flow is quite occasional. However, the hydro geological cross-
section of the region reveals that, majority of the rocks are moderately weathered, in
many locations of the study area, particularly, on downstream side of all check dams, to a
depth of 12 meters to 15 meters. Hydro geological data showed the presence of
amygdaloidal basalts in certain parts of the study area substantiating the possibility for
the recharge and storage of groundwater.

Table-1- Infiltration and Saturated Hydraulic Conductivity Results at Different Check Dam

Locations
Mean rate )
ol Bulk  Porosity of Saturated Hydraulic
n0 Locations Density % Infiltration Conductivity(mm /hr)
(g/ce) (mm /hr)
1 CD-1 131 41 8.67 6.2
2 CD-2 1.36 38 6.92 6.76
3 CD-3 119 44 7.13 6.13
4 CD-4 1.47 39 6.24 3.16
5 CD-5 1.58 36 55 3.87
6 CD-6 135 44 5.85 3.65
7 CD-7 144 39 4.87 3.66
8 CD-8 1.63 38 5.27 3.45

3.3 Hydraulic Conductivity

Hydrological soil parameters were determined in the field particularly with reference to
individual recharge structures (check dams). In each location six tests were conducted
and the mean values are presented in Table below. In the region, 8 sites were selected
based ongeomorphology, soil and land use pattern. Using, Guelph Permeameter, saturated
hydraulicconductivity is determined (Ks) and its average value for the upper
soil layer (O centimeter to 45 centimeter) was 0.339 cm /hour and for lower soil layer (
45 cm to 150 cm) , it was 0.648 cm/hour and near the check dam sites, its value ranges
from 3.66 mm /hour to 6.2 mm/hour and in black cotton soil the value is from 3 mm/
hour to 6 mm/hour. In the mixed soil zone, the variation was between 6.2
mm/hour to13 mm/hour, away from the check dam sites . To determine the Ks value of
sub surface soil layer, Vangunetann parameters are used which are a.and n
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Table-2- Vann Gnatt Parameters to find Saturated Conductivity at Subsurface Level

Station Ks
(Near check dam500 Or 0s o n
meters away) (cm/hour)

CD1 1.66 0.11 0.38 0.0148 1.563
CD2 0.60 0.09 0.32 0.0045 1.760
CD3 0.007 0.06 0.43 0.0154 1.358
CD4 0.58 0.14 0.41 0.0134 1.310
CD5 0.58 0.16 0.43 0.0070 1.444
CD6 0.18 0.28 0.53 0.0235 1.300
CD7 0.58 0.13 0.31 0.0120 1.596
CD8 0.60 0.20 0.45 0.0125 1.688

Average0.648 0.121 0.394 0.0095 1.4212

3.4 SWAT MODEL OUTPUT -

Runoff AET, GWR Characteristics of the Hirehalla Watershed Runoff, Evapotranspiration,
Groundwater Recharge and Water yield were estimated using SWAT model (ref). The
Hirehalla sub watershed was divided into 8 individual units with reference to
recharge structures (eight check dams were identified on the main stream channel). The
rainfall in the region varies between 1027.16 mm and 1035.63 mm. The inputs given to
SWAT model include Land Use/Land Cover map of year 2020, slope map, soil map
and DEM (Obtained from CARTOSAT-1, ISRO BHUVAN portal).The runoff coefficient
of individual watersheds varied from 41.22% to 42.44% and the evapotranspiration ranges
from 27.35% to 28.57%. Both the components showed very low spatial variation
uniformity of soil layers and higher soil moisture holding capacity. In most of the cases, the
runoff coefficient is 0.41. However, groundwater recharge vary from 8.66% and 25.73%.
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SWAT MODEL OUTPUT —

Runoff AET, GWR Characteristics of the Hirehalla Watershed Runoff, Evapotranspiration,
Groundwater Recharge and Water yield were estimated using SWAT model (ref). The
Hirehalla sub watershed was divided into 8 individual units with reference to
recharge structures (eight check dams were identified on the main stream channel). The
rainfall in the region varies between 1027.16 mm and 1035.63 mm. The inputs given to
SWAT model include Land Use/Land Cover map of year 2020, slope map, soil map
and DEM (Obtained from CARTOSAT-1, ISRO BHUVAN portal).The runoff coefficient
of individual watersheds varied from 41.22% to 42.44% and the evapotranspiration ranges
from 27.35% to 28.57%. Both the components showed very low spatial variation
uniformity of soil layers and higher soil moisture holding capacity. In most of the cases, the
runoff coefficient is 0.41. However, groundwater recharge vary from 8.66% and 25.73%.

Table-3-SWAT Modeling Output

Check Watershed — Water Runoff ET GWR Water
Generating
Area (S Rainfall(mm . % (of % Capacity per S
Dam Km) (Sq ( )CoeffC|entraigfa”) kml?\/lcﬁl/lp q
(of runoff)
CD-1 41.9 1032.44 0.42 27.77 18.16 0.593556
CD-2 38.95 1033.99 0.4244 28.57 17.08 0.596149
CD-3 20.17 1027.16 0.4178 27.8 8.66 0.60585
CD-4 23.69 1035.63 0.4267 27.88 10.55 0.612073
CD-5 30.02 1031.92 0.4273 28.08 13.23 0.600266
CD-6 40.17 1034.04 0.4148 27.35 17.03 0.602689
CD-7 40 1032.47 0.4139 2853 25.73 0.593076
CD-8 28.98 1032.44 0.4122 28.18 12.26 0.570048
35 SWAT Calibration Output

T

Discharge
(cumecs) 18]
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Figure-10-SWAT Calibration Output
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The model was calibrated in SWAT CUP 2012, the R? value is 0.96, NS=
0.7,Percentage BIAS = 0.20

ANNUAL RUNOFF IN HIREHALLA SUB WATERSHED IN 2020 WITH CHECK DAM
LOCATIONS
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Figure-10-SWAT-CUP Calibration

Figure-11- SWAT Output- Annual Run off Spatial Distribution In Hirehalla Sub watershed

ANNUAL ACTUAL EVAPOTRANSPIRATION IN HIREHALLA
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Figure-12- SWAT Output - Annual AET Spatial Distribution In Hirehalla Sub
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3.6 Ground water level Fluctuation and Rainfall Relation

Monthly groundwater levels of the dug wells in the last ten years (2014 to 2023) showed a
significant decline from January to May. It is also reported that groundwater level fluctuation
has been increased considerably as reported by Majumdar et al 1995; Venkatesh gouda patil
2024 which clearly demonstrated the over-exploitation of groundwater through shallow
aquifers and also using bore-wells from deeper layers . Though, the basic pattern of LU/LC
has not changed significantly, the production of sugarcane and other intermediate crops
have been increased thereby affecting the well storages. The yield characteristics of a dug
well are dependent on the saturated depth of aquifer, and also on hydraulic conductivity of
both saturated and unsaturated zones. The pumping test indicate that, there is gradual drop in
values of hydraulic properties irrespective of any aquifer and also, the yield of individual
wells have been decreased. The pumping tests of dug wells carried out in selected locations
close to artificial recharge structures at a distance 2000 meters from the recharge structure,
showed the drying up wells very frequently in-spite of having large diameter wells where the
diameter ranged between 20 meters to 30 meters and with water level fluctuation ranging
from less than 2m to more than 15m. The rock mass permeability varied from 0.08 meters /
hour to 0.346 meters/hour. Maximum inflow capacity to the wells ranged from 1.543
cum/hour to 13.43 cum/hour. It is observed that, except rock permeability, none of the
components showed correlations with depth of the well. However, the permeability showed a
considerable decrease with depth in all eight locations where the pumping tests were
conducted It is also found that the recovery of water in each well showed moderate to low
level of correlation with cross sectional area of the well, thereby, demonstrating the need of
large diameter wells for recharge and storage. Using the pumping test and field data and
laboratory tests data, the inputs are given to HYDRUS-1D model and the model was
simulated for the period 2014-2021. Accordingly the groundwater recharge was estimated in
the vicinity of nala banks and also away from the banks (1-2 km). Hence, the areas covered
by basalts have very “low specific yield” and the

0o

S 39098 snAdAR3RR QA
c L [ cC L c L c L c — c L c L
K 2 8 I R 2 8 2 8 3 8 2 8 N8 3
0 Rainfall Observed GWL 250
=5 200 ..é..
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Figure-13- Ground Water Fluctuation With Respect to rainfall

Ground water recnarge dependence on the residence period oT the storage In the respective
structures. Further, the recharge effect is 8.72 % to 45.66 % for the wells near to check dams
(less than 500 meters from check dam on downstream side of check dams), with the
improvement in ground water levels. But, for the open wells away from the check dam by
more than 500 meters horizontal distance, the recharge percentage was between 8 % to 12 %
as indicated in table number.
3.7.HYDRUS -1D SIMULATION RESULTS and Pumping Test Results
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And Effect of Check Dams on Recharge

Table-4- HYDRUS-1D Output-Check Dam Recharge Percentages

Range of Sp.

Check  GWL Before GWL after GWL yield % Range of Rar;]ge o

installation installation g . (determined recharge % recharge
dam Nos. uctuation - ,qing . away from

of ARS of ARS 3 within 500 m K
pumping 0.5 km
test)

CD-1 8.18 5.15 3.03 0.95-1.70  11.95- 27.157.99- 9.89
CD-2 8.26 5.07 3.19 0.88-1.208.72-23.05 6.85-8.015
CD-3 9.74 4.26 5.48 1.024-3.55  37.45-45.666.44-8.56
CD-4 8.90 5.76 3.14 1.45-4.80 27.77- 33.846.85-7.95
CD-5 10.08 3.25 6.83 0.98-2.80 23.25-27.155.84-7.18
CD-6 12.90 3.1 9.80 0.77- 1.5925.10-36.9 5.22-8.34
CD-7 8.75 7.25 1.50 2.45-4.30  15.24-18.056.67-8.79
CD-8 4.53 2.68 1.85 2.87-4.45  19.45-25.227.80-11.34

Table-5- HYDRUS-1D Output-Check Dam Recharge Percentages

CD NUMBER Observed GWL Fluctuation For Open wells near Simulated GWL
check dam (m) Fluctuation For open wells
near check dam (m)
CD-1 15 1.62
CD-2 1.85 2.50
CD-3 3.03 3.7
CD-4 3.14 3.4
CD-5 3.19 4.8
CD-6 5.48 7.8
CD-7 6.83 6
CD-8 9.8 7.20
10 ¥=0.673u+1-601—
R2=0.725
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40 Figure-14- Plot of Simulated versus Observed Ground water Fluctuation
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In the present study, the effect of artificial recharge structures has been carried out on
unconfined aquifers. This objective is attained by execution and calibration of the SWAT
model results, in which, the calibration is done in SWAT-CUP. The R? value was 0.98,
PBIAS was 0.2.This indicates that, the model results are acceptable for assessment of check
dam effect. Further the outputs of SWAT model, viz-runoff, evapotranspiration, ground
water recharge were given as input to the HYDRUS-1D software, apart from these, field tests
such as infiltration test, pumping test, permeability test and laboratory test such as bulk
density test, porosity tests were conducted o know the hydraulic properties of the sub surface
soil. These tests reveal that, porosity varies from 36 percent to 44 percent. Hence, porosity is
almost same throughout the entire study region. After the data input, HYDRUS-1D model is
simulated from 2014 year to 2021 year. The simulated values obtained from HYDRUS-1D
indicate that, the recharge percentage is higher in the open wells near to the check dam within
500 meters compared to the open wells away from the check dam above 500 meters. The
same phenomenon is observed in ground water fluctuation also. Hence there is the effect of
check dam on unconfined aquifer, which results in maximum recharge percentage of 45.22 %
on the open wells present near the check dam. The R? value of simulated output of HYDRUS
— 1D plotted versus observed values, is 0.725. Hence, the simulated recharge values of
HYDRUS-1D are acceptable.
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