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Summary

The flow characteristics of the moisture through the unsaturated zone remain an enigma for the scientific understanding and
groundwater management as process are comparatively complex. Prediction of moisture movement through the unsaturated
medium is an important issue in hydrology as it helps in estimating recharge to ground water system. However, the variability of
moisture in the unsaturated zone is not easy for determining by simple experiments. Thus the indirect methods such as
determining the electrical resistivity of the unsaturated zone are studied with every moisture change. The variability of moisture
content is conditioned by the variability of electrical resistivity measurements through Electrical Resistivity Tomography (ERT)
and calculated their variability. In the present work the influence of natural recharge on the correlation structure of resistivity
data is been documented by the variogram analysis of the electrical resistivity imaging data. The study clearly shows the non-
uniform distribution of the moisture in the vertical profile following the rainfall infiltration and the same has been characterized

by the variographic analyses.

Introduction

Some of the most important hydrogeological parameters
includes hydraulic head, transmissivity, aquifer thickness,
storage coefficient, rainfall, and effective recharge for
ground water management. They all are functions of space
and are very often highly variable (Ahmed, 1985).
However, this variability is, in general, not purely random.
If measurements are made at two different locations, the
closer the points of measurement, the closer are the
measured values. In other words there is some kind of
correlation in the spatial distribution of these parameters.
Matheron (1963) has given the name ‘'regionalized
variable" to these types of parameters. The autocorrelation
of these parameters depends highly on the continuity of the
system and hence is affected by the geological structures,
which control the movement of groundwater.

The primary geophysical method for monitoring the timing
and spatial pattern of recharge in the unsaturated zone is
Electrical Resistivity Tomography (ERT) using a small
electrode spacings on the surface. ERT is particularly
appealing because it is non-invasive and allows for long-
term quasi-continuous and spatially extensive data for
monitoring in the saturated and unsaturated zones. Earlier

workers Daily et al., 1992, Zhou et al., 2001 experimented
to track the changes in resistivity through time and their
work has been found to be useful for detecting the temporal
changes in the moisture content of the unsaturated zone.
Tanvi et al, 2005, have used the time lapse electrical
resistivity tomography to monitor the variations in
resistivity tomograms for short duration recharge. Barker et
al., 2000, have used the high resolution electrical imaging
to map the 3D movement of fluid in the unsaturated zone of
the sandstone at a test site. Dutta et al., 2004 have used the
resistivity imaging data of the hard rock terrain and also
processed it to obtain a 3D variation of resistivity in the
grainitic terrain and identified the potential water bearing
zones by correlating the results. Long-term monitoring of
recharge at a fixed location under different meteorological
conditions will enable an improved understanding of
groundwater recharge mechanisms for this critical
component of the watershed system.

The variability of moisture content is determined by the
variability of electrical resistivity measurements through
Electrical Resistivity Tomography (ERT). In the present
work the influence of natural recharge on the correlation
structure of resistivity data is been documented by
analyzing the variogram of the electrical resistivity imaging



data. This analysis provides the condition or the extent of
saturation of moisture in the unsaturated zone

A Case Study of South Indian Unsaturated
Zone

Here we are showing the application involved in the
approach of kriging and Variography to classical VVadose
zone inversion problems , using observed piezometric
level, soil moisture contents, rainfall events, self potential
anomaly and electrical resistivity tomography for the
Vadose zone characterization and monitoring. Finally we
present a stochastic information fusion technology that
assimilates information from both unsaturated technology
is a promising tool for effectively characterizing
heterogeneity, monitoring processes in the Vadose zone,
and quantifying uncertainties associated with VVadose zone
characterization and monitoring. Hydrologists or soil
physicists generally assume that soil is homogeneous and
isotropic when they deal with unsaturated flow in most
field situations. However, several recent studies show that
soil hydraulic parameters could vary significantly in the
field.

The purpose of his work is to introduce a simple, single
step kriging routine that improves on existing methods used
with two dimensional electrical resistivity data and the soil
moisture data. A statistical analysis was subsequently
undertaken to explore the effects of spatial variability of the
electrical resistivity-moisture relation on the interpretation
of the change in water content in the Vadose zone, using
the change in electrical resistivity.

The experimental field setup was laid along a profile of 96
m with the electrode spacing of 2 m at site S1 at NGRI
campus (www.ngri.res.in). The Wenner-Schlumberger
array was used to survey the profile. A total number of 529
datum points were measured at 23 data levels, which lead
to the plotting of a pseudosection by the observed data sets.
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Figure 1 The tomograms after the rainfall events at Site S1.
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The acquired TLERT data (Figure 1) and soil moisture data
was collected from the field sites S1 within the NGRI
campus to investigate the spatial variability of the
electrical-resistivity moisture relation, which is the
outcome of the study. The Variography and block kriging
approach was developed as a practical solution to improve
the level of interpretation possible from measured TLERT
data.

The present application adds to an improved procedure of
estimating the variogram for determining the variability of
any parameter and calculation of the experimental
variograms with the desired number of pairs for each lag is
much more useful to the sparse datasets commonly found
in the field of groundwater hydrology. Experimental
variograms plot the average difference of pairs of
measurements against the distances interval (lag) separating
the pairs. This new invention takes care of the number of
pairs formed as a result of the distribution of measurement
points. The calculation of variograms by present approach
provides a reliable variogram as compared to the classical
approach. The entire calculation and plotting is done in
MS-Excel environment that is easily and globally
accessible (Figure 2).

A key factor that is fostering these calculations is the use of
Excel and spreadsheet analysis. We have embraced and
accepted the use of Excel to perform these above-
mentioned calculations. It has been customary to use the
spreadsheets for the analyses of hydrological datasets
especially for the pumping test data and for the analysis of
ground water problems. We have accepted the applicability
of Excel for calculating these experimental variograms with
the new approach of obtaining the ensured number of pairs.
All the calculations performed can be easily implemented.
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Figure 2 Showing the Flowchart for the calculation of the
varioarams for the TLERT datasets

On the basis of the above flowchart (Figure 2), the
vaiograms for each acquired dataset of resistivity (Figure 1)
were calculated. Figure 3 shows the calculated variograms
for the respective datasets of resistivity.
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Figure 3 Showing the calculated variograms for the resistivity data
acquired on the respective date as mentioned in the insat of the
figure. These correspond to the resistivity data (Figure 1) for the
site S1




References

Ahmed, S, 1985 , Analyse statistique de quélques
variables hydrogéologiques, D.E.A. dissertation (CFSG S-
184), Ecole de Mines de Paris, France.

Ahmed, S., 1987, Estimation des transmissivites des
aquiferes par methodes multivariables geostatistiques et
resolution indirect du probleme Inverse: Doctoral thesis,
Paris School of Mines, France, 148p.

Ahmed, S., 1989, Geostatistics in aquifer parameter
estimation: Some case studies: In proc. of Australian
Workshop on Geostatistics in water Resources, November
1989, v. 2, p. E1-20.

Barker R.D., Hatzichristodulu V.C., and J.H.Tellam,
2000, High Resolution Electrical Monitoring of fluid
flow through the Unsaturated Zone.
www.envdiag.ceh.ac.uk/documents/Rbarker_final4~1
.doc

Daily, W., A.Ramirez, D. Labrecque and J.Nitao,
1992. Electrical Resistivity Tomography Of Vadose
Water Movement, Water Resources Research, 28,
1429-1442.

Dutta, S., Krishnamurthy, N.S., Arora, T., Rao, V.
A., and Ahmed, S., 2004. Application Of 2D
Resistivity Imaging As A Potential Geophysical Tool
For Groundwater Investigation, Presented at 29"
Annual convention of AEG, Guwahati.

Loke, M.H, and R.D. Barker. 1995. Least-squares
deconvolution of apparent resistivity pseudosections,
Geophysics 60, no. 6;: 1682-1690.

Tanvi Arora, N.S.Krishnamurthy and Shakeel Ahmed,
2005. TLERT to decipher the Unsaturated Zone. Published
and presented in the International conference on
Hydrological perspectives for sustainable development,
held at 1IT, Roorkee, Allied Publishers Pvt. Ltd., vol. Il
846-852.

Zhou, Q.Y., J. Shimada, and A.Sato, 2001. Three
Dimensional Spatial And Temporal Monitoring Of Soil
Water Content Using Electrical Resistivity Tomography,
Water Resources Research, 37, 273-285.

Matheron, G., 1963, Principles of Geostatistics :
Economic Geololgy, vol. 58, pp. 1246-1266.

& )

o

“HYDERABAD 2008”

Acknowledgements

The authors are grateful to Dr. V.P.Dimri, Director NGRI
for his consent to publish this work. This study is funded by
CSIR, India. The first author is grateful to CSIR for
providing the fellowship to carry out the research work.



