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ABSTRACT

Tanks are prime surface water body, to support irrgation in Tamil
Nadu. These tanks are system and non-system tanks which are lotally 300040
exist in Tamil Nadu. Most of these tanks are now deposited with silt in turn
lost its storage and also recharge capacity. In order 1o improve the storage and
recharge capacity of the tanks, this project was undertaken. Two tanks were
selected based on the objectives and methadology of the prject with specific
criteria such as pon syslem tanks with command areg of arcund 40 ha with
openfbore wells. It is also expected that the Farmers should take part in all the
aclivities of the tank. Man ¥ tanks were visited in and around Chennaj and also
in Madurai, Finally one tank was chosen in the first order stream which is
located near the hills and second tank was selected in the third order stream.
First one is Ponpadi tank, near Tiruttan] and the other one is Sengulam tank in
Virndhunagar District. Two water years of 2007-2008 and 2008-2009 were
considered for the study. Behavious ol the tank and its ground water aguifer
system were studied with six stages,
I Hydrologic and H ydraulic characteristic analysis:
1. Tank bed characteristics and i recharge capacity evaluation study.
ii.  Ground water aquifer parameter evaluation study through well dilution
technigue;
W.  Tank and Ground water inter connection study (hrough resistivity
sUrvey;
V. Estimation of Tank's Secpage rate through tracer application in the
field,
vi. Tank and aquifer  interaction evaluated through  numerical

sumulsation,



v

In four stages such as permeable zone delineation, infiltration test, soil
lexture analysis and permeability test at various depth were framed and the
Sengulam tank bed was de-silted to an area of 1200 sq.m w a depth of (.6]m.
Tracer study was conducted to evaluate the impact of partial de-silling, This
project found that partial de-silting will delinitely improve the seepage rate
from 25 percent 1o 43 percent. In turn de-silted soil may be used for
strengthening tank bund, w improve soil fertility and also be used for brick
manufacturing, Tracer study and geophysical survey explicitly proved the
nexus between tank and ground water aquifer sysiem. Any tank which is to be
de-silted can follow the procedure given in this report,
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CHAPTER 1

INTRODUCTION

1.1 GENERAL

Irmigation in Tamil Nadu dates back to several centuries. Earliest
irigation works relate to small storages called tanks. Forming a low bund
across a shallow valley to hold the runoff from its catchment [orms a tank.
The stored water will be utilized to irrigate the command arca below the tank,
Tamil Nadu lies on the rain shadow area of Western Ghats. The southwest
monsoon has little effect over Tamil Nadu, But the northeast monsoon, which
is unpredictable, often accompanied by cyclones, pours heavily in short
spells. Under these geographical and climatic conditions, the importance of
rainwater and its conservations led 1o the evolution of tank irrigation in large
scale all over Tamil Nadu. In Tamil Nadu, there are about 39,202 tanks spread
all over the State, Nearly 30,000 of these tanks have been formed centuries
ago, These tanks receive watcr cither from its own calchment or from

rivers/streams through diversion channels.

Generally, a tank will have a specified command area as well as a
specified water spread area. Both of them, by and large, may be equal to each
other, For example, tanks with 100 ha command area may have around 80 to
|00 ha water spread area. This means that an area as much as the command
ared is required to store the required water. One of the major implications of

the large water spread arca is that of the heavy evaporation losses.

Tanks are extremely an important source of water supply for
agriculture. The purpose of the tank is to store the water required for the



irrigating the land hence the conservation of a specified guantum of water is
the main objective. Bul these tanks have been lost thewr purpose mainky
because of silting up of the tanks over years. In many sitoations, tank remains
the main sowrce of groundwater recharge 1o its command area wells,
Therefore it is essential to remove the silt by deepening bed and (o reduce the
water spread area. Deepening the bed makes the tank to function as a
percolation pond in which case the groundwater may be recharged, which

adds tovan effective way of conservation.
1.2 OBJECTIVES
The following are the objectives of the study

1 To study the hydrological characteristics of a tank system;

i To assess the capability of the tank in conserving the
maximum vield from rainfall over its catchments:

i To assess the recharge capability of the tank and develop a
relationship between tankwater depth and groundwater level;

iv  To find the impact of partial de-silting by deepening the tank
bed on the above factors;

1.3 CONTRIBUTION TO WATER RESOURCES DEVELOPMENT
The results from the study will help in evolving a strategy for the

de-silting of tanks in fotore, The results also would facilitate in deciding on
the noed and quantum of carth to be temoved from tank bed.

1.4 APPLYING THE RESEARCH TO USE

The idea is o deepen the tank bed and to reduce the water spread
area in order to avoid losses. De-siliing the bed may also make the tank 1o

function as a percolation pond in which case the groundwaier may be



recharged which would conserve more quantum of water. The removed soil
can he dumped in a conveniently in the suitable place so that the level can be
brought up to the tank bund. The space created can be utilized for other
purposes as public activity place such as play prounds, De-silted soil can be
utilized for strengthening the bund as well as for manufacturing bricks. Based
on its nutrient content, it can be definitely wtilized for agricultural lands.

1.5 CURRENT STATUS OF TANK IRRIGATION

After the independence, the canal irrigation was developed in a
massive way including in the tank irigated areas. The governmenl, even
under the Five years planning had not given due atiention 1o keep the tanks in
the state in good repair. Most of the public investment in imigation has gone
o major and medium canal irfgation. Accordingly, the public works
Department conducted a pilot study in Pulismpakkam tank and the CWR
conducted a pilot study in Padivanallur tank. The findings of these studies
evoked interest of the European Eeonomic Community (BEEC), now il is
called European Union. The EEC came forward in 1984 to assist the Govl. of
Tamil Nadu to rehabilitate 205 tanks in Phase [ with a grant of 25 Million
Euros. With the lessons learnt from Phase I, Ewopean Union provided
another 235 Million Euros in Phase I programme. Under this Phase II, 216
FWD tanks were rehabilitated. Due to the appreciation of the currency value,
additional funds became available. Hence ancther 148 tanks including three

chains of tanks were modemnized under this phase TT Extension.
Modernisation Components

Under the tank modernisation project, major thrust was on the

improvement of the physical system aiming at

¥ effective acquisition of water resource;



»  safe storage and surplus disposal;

»  efficient distribution of the acquired water resources for crop
production;

The components of [ank modermnisation were

(1) Catchment treaiment

(i) Improvement 1o tank feeder channel

(iif)  Tank bund, sluce and surplus improvement

(iv) Lining field channels

(v}  On farmm development works

(vi) Community well construction

(vii) Farmers association building

In addition to that, adoption of improved agriculural practices,

promoting. water managemen! with conjunctive wse of swface and

groundwaier, establishment of Farmers organisation were also contemplated.

1.6 IAMWARM PROJECT

This project was launched during 2007 which will be over a period
of 6 years with a project out lay of Rs.2567 Crore. Main objectives of the
[AMWARM project are

(i) Improving wmigation service delivery including adoption of

merdern water - saving irrigation technologics:

(1) Forming water users associations and involving farmers in

WRIST Fes0urces management;

(1) Agnculwre intensification and diversification;



(1v) Strengthenng instionons and instrument dealing with water

resources I'I'.I..u'.lﬂ.ﬂg'E']'l'lEl'Il;

{v) Stabilise and increase the area (hectares) served by irrigation

syslems in 63 sub-basins;

(vi) Increase in agriculural productivity and stake holder income
{nct benefits per unit of water delivered in RE-""[I‘IH};

(vii} Enhanced farm income adopting allied seclors through
inerease in fish production and livestock out pul;

(vili)Increase in marketable sorplus and commodity amivals to

markets;

(ix) Improved knowledge base and analytical capaeity

develapment for water resources management,

1.7 IMPORTANCE OF DE-5SILTING

This project concentrated on the main system of rehabilitaiion and
institutionsl reformations. [t has increased the imrigaed area w extent of
215830 ha and intensified the agriculture of 17 percent. [t was able to increase

the production of agriculture products of Rs.7. | Billion per year.

The de-siliing of the tanks had not been considered as a pari of
Tank Modernisation project as well as in the IAMWARM project as it
imvolved a huge transportation of removed silt. The number of tanks
modernized is very neghgible, compared with the total number of tanks in
Tamil Nadu. The modermized tanks arc the large sized tanks under the control
of WRO/PWD. But there are nearly 30000 small tanks with less than 40 ha
ayacut are in the state. With the [imited water resource and vagrant monsoon
rainfall. we have 1o conserve every drop of rainwaler. This research project
aimed to de-silt the taok to improve 1ts recharge potential as well as sworage
capacity., To de-silt the tank bed, one should decide where to de-5ilt7 What
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depth it is to be de-silted? Hence this project has been proposed 4 step by step
procedure (o de-silt the tank for the future need. Based on the ahove
objectives following chapters were written,

1.8 OVERVIEW OF THE PROJECT

Chapter 2 provides the extensive literature review og geophysical swdy,
infiltration rate, soil exture analysis, pumping test, well dilution techniques,
tracer study in groundwater and numerical modeling of tank and aquifer

NEXLS.

Chapter 3 concentraled on methodology and step by step procedure o attain
the goal,

Chapter 4 extensively analysed the hydrologic and hvdraulics of surfacewater
and groundwater system and their interaction.

Chapter 5 concentrated on delineating the permeable one through
geophysical study and paved & way for de-silting the tank bed,

Chapter 6 described on evaluating the aguifer paramelers through pumping
test and well dilution techniques,

Chapter 7 aimed to evaluate the tank and aguifer connectivity through
electrical resistivity method.

Chapler § estimated the seepage velocity and increase in groundwater
potential before and after de-silting.,

Chapter 9 integrated all the shove said work and simulated the tank and
aquifer system and evaluated the improvement in the groundwater potential
amd groundwater dynamics numerically,

Chapter 10 is the summary and conclusion of the project outcome and
limitations.



CHAPTER -2

LITERATURE REVIEW

2.1 INTRODUCTION

A literature review is a summary of previous rescarch on a lopic in
which project has been carried. Literature reviews can either be a part af a
larger report of a research project, a thesic or a bibliographic essay that is

published separately in a scholarly journal.

The purpose of a literature review is to convey to the reader what
knowledge and ideas have heen established on g topic and what are the
strengths and weaknesses. The literature review allows the reader to he
brought up to date regarding the state of research in the field and familiarizes
the reader with any contrasting perspectives and viewpoints an the opic,
There are good reasons fur beginning a literature review before starting &

research project. These reasons include;

. To see what has and has not been investi aated;

. To identify potential relationships hetween concepts and Lo
identifly researchable hypotheses;

. To learn how others have defined and measured key
COncepts;

. To identifly datn sources that other researches have usad:

. To develop alternative research projects;
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Several research works have been camried out on sediment
deposition, infiltration test, permeahility estimation, bore dilution techniques,
geopaysical survey and tracer study. Some of them are reviewed below under
respective headings,

2.2 GROUNDWATER EXPLORATION METHODS

Groundwater exploration can be divided into two IMEJOr groups, one
is geo-hydrological methods. This method invalves the actual drlling of a
bore well in the area, From the well log data, the presence of an aquifer and
variation in its thickness can be determined. Further the Geo-hydrological
methods are more time consuming and also expensive due to drilling costs.
On the other hand, geophysical methods of aguifer exploration is faster and
practiced successfully all over the world now a days. The following

information can be derived from the exploration using geophysical methods:

M Depth of occurrence and thickness of the aquifers;
i. Delineation of aquifer boundaries of a very large proundwater
basin:
iii. Dretermination of distinctly different water bearing layers:
iv. Quality of groundwater and the spread of the pollution zone;

Electrical Resistivity and Seismic refraction are geophysical
methods that have been applied in real field exploration. In addition,
cleciromagnetic methods are also in practice to indicate the presence of

conductive zonc.



13 DELINEATING PERMEABLE ZONE BY
ELECTROMAGNETIC SURVEY

Riberiro and Nunes (1999), have carried out a stedy to determine
Permeable zone by geophysical survey. This approach may be a very useful
tool for an aguifer parameterization when the available information is scarce,
The VLF-R profiles were made at 183 kHz. The Profiles were made in the E-
W direction, therefore it favouring the detection of structurss with an N-§
alignment. Electrode spacing was constant and equal to 5 m. The field data
collected was out of phase @ and apparent electrical resistivity p, in each of
the frequencies. The following heuristic relations between resistivity and

permeability were assumed,

Pa<33 £2m - high conductive fractures (very high potential
permeability)

33<py <110 £2m - less conductive fractures (high permeability)
110=p,=<220 £2m - small fractures (low permeability)

Ps=> 220 £2m - unaltered rack (very low permeahility),

Sharma et al (2005) carried out a study for delineation of
groundwater-bearing fracture zone, Integrated electrical and electromagnetic
surveys were carried out in hard rock areas of Purulia district (West Bengal).
The entire area was surveved in & relativel ¥ short time by the combined use of
resistivity and electromagnetic surveys. The efficacy of the combination of
VLF electromagnetic, DO resistivity soundings, and Wenner Profiling is to
map the fractures in a hard rock area. The anomaly obtained in VLF

measurements is an indication of the presence of conductive ZONE,

Metwaly er al (2006) have caricd out a stiudy to estimate the
amount of fresh water recharge from Lake Nusser. There it has been no
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information about seepage values, particularly in the northwestern part of the
lake, due to the complete ahsence of borsholes, The average porosity of the
Nubian sandstone aquifer is caloulated using bulk resistivities by applying the
Archie formuly, The void ratio is estimated from the calenlated porosiry, The
calculated void ratio is used to estimate hydraulic conductivity, Then Darcy's
law is applicd to calculate the seepage value of the Jake water in the adjacent
Nubian sandstone aquifer. The main resull of the study shows that the
anticipated water seepage value is 2.6 x 10° m per year. This value seems
reasonable in comparison with the total seepage value inferred from isolope

studies around Lake Nasser,

24 GROUNDWATER EXPLORATION BY ELECTRICAL
RESISTIVITY SURVEY

The resistivity measurements are normally made by passing current
into the ground through two current e¢lectrodes (Cl and C2), and IMeasuring
the resulting voltage difference at twa potential electrodes (P1 and P2), as

shown in figure 2.1,

Cl Pl P2 2

Figure 2.1 A Conventional Four  Electrode  Array  to
Measure the Subsurface Resistivity

From the current (I) and voltage (V) values, an apparent resistivily
(£} value is caloulated.



np=kV/I

where k is the geometric factor which depends on the arrangement

of the four electrodes. Resistivity meters normally give a resistance value, R =

Vil

The calculated resistivity value is not the frue resistivity of the

subsurface, but an “apparent” value which is the resistivi ty of a homogencous

ground which will give the same resistance value for the same eleetrode

arrangement. The relationship belween the “apparent” resistivity and the

“irue” resistivity is a complex relationship. To determine the true subsurface

resistivity, an mverse slope method is used.

24.1

(1}

iy

2.4.1

Methods of investigation

Resistivity depth probing or sounding is to deteet vertical changes.
Here the centre of the electrode spread remains fixed and the
spacing between the electrodes is progressively increased until the
maximum required depth is reached.

Electrodes separation in the raversing or profiling method is kept
constant for two or three values and the centre of electrode s
moved from one station © another to have the same constant
electrode separations. Traversing or profiling is used to detect
subsurface changes in horizontal direction or the lateral spread,
Profiling can be carried out along a series of parallel lines and a
resistivity contour map of the area showing iso resistivity lines can
be prepared. This will indicate areas of high resistivity and will be
useful in identifying aquifer formations,

Theoritical Foundations

For exploration of groundwater by geo electric methods the theory

and mathematical expressions are well established. Mathemarically, electrical



current flow (/) in a conducting medium is governed by Ohm's law, Similarly

groundwater flow in a porous medium by Darcy's law,

Both having similar forms of equations:

dv

== (2.1)
g =—-kZ (2.2)

A=

Whete, J, o, V , r, ¢, K. h are denoted respectively as current
density (amps per unit area), electrical conductivity (Siemens/m = reciprocal
resistivity, g chm.m or Q.m), electrical potential (volts), distance (metres),
specific discharge (discharge per unit area), hydrauhic conductivity (or
permeability, m/s) and hydraulic head (m). The analogy hetween these two
macroscopic phenomenon is widely accepted. Thus, the electrical method

provides a powerful analogue and ol for groundwater exploration.

For homogeneous and isotropic medium, electric current and

groundwater {low both satisfy the Laplace equation,

For electrical flow,

A7 2 dr
= gy Pk 0 (2.3)
and for groundwater flow,
d°k i &h :
2 T 9 (2.4)

For a point current source, the solution of Eq. (2.3) in a semi-
infinite, homogencous medium for (hemispherical earth) electrical flow ean

be written as:
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V= s {2.3)
and for hydraulic flow a similar equation can be written as:

h=—"Inr (2.6)

2T

Transmissivity of an aquifer of saturated thickness b is exprossed

r=Kb AT
The solution 1o equation 2.4 is,
h= :E;In r (2.8)

There are no direct relations between resistivity and hydraalic
parameters. Therefore, in this study, nonlinear relations between resistivity,

ransmissivity and permeability were established.
243 Types of electrode arrangement
There are mainly two commaon systems of clectrode arrangenment,

1} Wenner elecirode arrangement

i) Schlumberger clectrode arrangement
Wenner Electrode Arrangement

In the Wenner system, the electrodes are spaced at equal distances

and the apparent resistivity p, for a measured resistance R{=V/T) is piven by

Py = ZmaR
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and the field curve is plotted on a semi log paper ‘p, versus a °, p, being in

ohm-metres in logarithmic scale and metres in arithmetic scale.
Schlumberger Electode Arrangement

In Schlumberger system, the disrance between the two inner
potential electrodes ‘b is kept constant for some me and the distance
between the current electrodes(L) is varied. The apparent resistivity p, for a
measured resistance R(=V/1) is given by

O i L

e S T L>>b (2.9)
xyd .
pa = g, if L>5h (2.10)

and the field curves are plotted on a log-log paper p, versus L/2, p, being in
ohm-metres and L2 in metres, The Wetner electrade arrangement and
Schlumberger electrode arrangement are as shown in figure 2.2 (aand by,
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244 Inverse slope method

Sankara MNaravan and Ramanuja Chary (1967) showed that it is
possible 10 solve the field equations directly (o zel the resistivities and
thickness of the sub-surface layers from the field data, [nverse slope method
15 used for the Schlumberger sounding to determine the e resistivity of the
sub-surface layer. The inverse slope method identifies the thin layers, which

is not possible with the curve maiching/ inversion technique.
245 Relationship between geoelectric and Aquifer Parameters

Kelly (1977) correlated aquifer resistivities and hydraulic
conductivity obtained from pumping test results in Rhode Tsland, USA.
Heigold et al., (1979) found an inverse relationship between aquifer resistivity
and hydraulic conductivity in Central Illinois, USA. Niwas Sri and Singhal
(1981) in their analysis of the data concluded, that the relations befween
ransverse resistance and transmissivity are more meaningful in alluvial
aquifers than relations betweea lungitudinal conductance and transmissivicy.
They gave case stodies for alluvial agquifers in varying geological
environments of northern India by establishing relations to these parameters.
Frohlich and Kelly (1985) confirmed the applicality of relations between
apparent formation factor and hydraulic conductivity for granular aquifers and
transverse resistance and hydraulic conductivity in glacial aquifers in differen
parts of the USA, Shakeel et al (1988) used the method of co-kriging o
estimate the transmissivity from measurcments of specific capacity and
elecirical transverse resistance. In recent years, De Lima and Niwas Sri (2000)
have estimated these parameters for sandstone aquifers by using IP-resistivity
measurements and they concluded that the field and ealculated values are in

agreament,
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2146 Estimation of Aquifer Parameters from Geo-electric

Parameters,

Singh et al (2005) correlated non-hnearly, the observed
permeability data of fractured rock aquifers with electrical resistivity of the
aquifers estimated from resistivity sounding data. The empirical relations
between aquifer parameters and resistivity are established for transforming
resistivily distribution into permeability and transmissivity of the aquifer. In
this study srea, Schiumberger resistivity soundings have been assessed in both
alluvial and fractured hard rock aguifers for possible relationships with the
hydraulic parameters. Permeability is calculated from the published pumping
test data for the study aren. Then the resistivity values arc exponentially filted
with the permeability data. From the permeahility values, for the homogenous

aquiler, ransmissivily is determined,

Ratnakar and Singh et al (2005) carried out an integral approach of
subsurface exploration. They expressed the application of geophysical
methods in combination with pumping test at few sites, provides a cost
effective and efficient alternative to estimate aquifer parameters. A correlation
is established between apparent resistivity obtained through resistivity survey
and aquifer parameters through pumping test. They conducted this study in
Sukhinda valley, Jaipur District, Orissa. To determine the aquifer geometry
and groundwater quality, 27 VES with maximum of half current electrode
separation of 100 m have been carried out using Schlumberger clectuode
configuration system. Pumping test was performed in the five wells and
finally correlated the peophysical and aquifer parameters, The Dar-Zarrouk
parameters Longitudinal Unit conductance(s) and Transverse Resistance (Tg)
were caleulated for interpreted sounding layer parameters after tuking into
account only aguifer resistivities and its thickness, The value of formation

factor (FF) is calculaled using the aguifer resistivity (o) estimated from VES
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and water resistivity of the formation (p,) measured during the ficld
investigation using the well known Archie's law. The hydraulic conductivity
was estimated using the well-known equation T = K h. Using the caleulated
hydraulic conductivity (K) and formation factor (FF), a relationship was
established between these parameters. Using this relationship the K values for
remuining points were caleulated and plotted against FF. Then (he
relationship between modified aguifer resistivity and hydraulic conductivity
were obtained. The transmissivity of the study arca was calculated using the
equation hydraulic conductivity, transverse resistance and Tongitudinal
conductance. The relation between transmissivity and tansverse resistance
was oblained by plotting the respective values. In this study the calculated

aguifer parameters were well within the range of observed aguifer parameters.

Israil et al (2004) carried out a new method for groundwater
recharge estimation using a surface resistivity method and isotope technigue.
The data used for the study are 32 vertical electrical resistivity sounding
measurements at a station interval of 2 km. For the geological interpretation
of resistivity values, the interpreted resistivity valucs were correlated with the
known available borehole data in the study area. Tritium tagging studies wege
carned out at six sites selecied on the basis of the resistivity values and the
unsaturated soil layer of the study area, Ground water recharge was estimatid
by monitoring the vertical movement of the injected tritium and tha position
of the tracer is indicated by a peak in tritinm activity versus depth plot. The
suil samples were collecied at the time of injecting the ritium and after three
months and volumetric moisture content of euch soil sample was estimated,
The amount of recharge during the time interval of tritium injection and
sampling was estimated by multiplying the peak shift and effective average
volumetric content in the tritium peak shift region. Mathematically the
cquation for the estimation of percentage of recharge 1o groundwater is

determined. The depth of water table was also monitored from these sites and
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the linear relationship hetween water table fluctuation and recharge
percentage  was plotted. It shows that the vertical infiliration which

constitutes the net recharge in the study area.

Balasubramanian et al (1985) used the resistivity method along the
coastal aquifers of Tamiraparni Basin, Tirunelveli district, Tamil Nadu had
analysed by preparing the combined maps of iso-resistivity and iso-pach. The
results of an integrated approach using geophysical and geochemical
mvestigations o delineate the fresh-water salt-water interface and also to
demarcate the ground water potential - zomes.  Since the  individual
interpretations are site specific an iso resistivity mup of the area had been
prepared. The depth of bed rock, conductivity map below the prescat exposed
formations of the basin has been determined. lsochlor and Isolines map of

Na+K provides the information about the quality of Groundwater.

Kenneth R Bradbury and Robert W Taylor (1984) combined
Geophysical, Hydro-geologic data 1o evaluate the Lake-Aquifer relationships,
Water depth and sediment thickness are measured on high resolution acoustic
profiles at all sites. Sedimenl type inferred from offshore samples and
acoustic profiles. Plot of log leakance values versus log longitudinal
conductance values provide the relationship between these two variables. The
limited offshore geophysical and hydrogeologic dat show that a statistically
inverse relationship exists between the leakance and longitudinal elecirical
conductance. Leakance is 4 measure of the potential for hydraulic connection |
thus the longitudinal conductance values may he used to spatially map the

relative hydraulic connection between lakes and aquifers,

Sharma et al (1985) conducted Geoeleetrical investigations were
in a close grid pattern in 70 sq.kms.area around Siwana, Western Rajasthan.
Thineen Vertical Electrical Soundings of Schlumberger configuration were

conducted. Field data were interpreted using standard master curves. The
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lithology of a piezometer was also compared with the resistivity data. Based
on the results of the resistivity data and prevailing Hydro-geological features,
a general picture of groundwater conditions around Siwana was obtained.
Values of longimdinal conductance and transverse resistance help us
identify potential aquifer in the investigated arca. This gives an idea of fumre

exploitation of groundwater in the investigated arca,

Rewnhard Frolich et al {1989) related the electrical resistivity of the
unsaturated zone 1o pore-water resistivity, porosity, saturation, electrical
matrix conductivity and lithelogic constants. The bulk electrical resistivity
depends on water quality and quantily due to its dependence on pore-water
resistivity and porosity. There is a decrease in the saturation of the vadose
zone during the transition from late springs to the dry summer season, This
decrease was correlated with the trasverse resistance of the unsaturated zone
derived from an interpregation of geoelectrical depth soundings near the test
wells in the fine to medium sand of the glacial ourwash maenal, the surface

cenduction of the grains was found 1o negligibly small,

Sankar Kumar Nath et al (2000) carried owt long duration pump
tests at six locations, selected after detailed soundings o estimate
transmissivity and hydraulic conductivity, Transverse resistance is obtained
from resistivity values and plotted against transmissivity of the aguifer which
is found to be functionally analogous. The formation factor is obtained
through resistivity of the formation completely saturated with walter,
resistivity of the formation water obtained through the analysis of water
samples and plotted against hydraulic conductivity, It is concluded that
transmissivity is obtained from (ransverse resistance and can also be

computed from resistivity formation factor,
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2.5 ESTIMATION OF INFILTRATION RATE

251 Infiltration Rate at Various Slopes

Sharma and Singh (1983) had established relations between
eainfall, basin charscteristics and infiltration.  Field eXperiments were
conducted on a representative loamy sand sail for a period of six vears (1975 -
15950). Basin width was kept constant to 2 m, Plots with thiee slopes = 0.5, 5
and 10 percent, and five slope lengths - 5.12, 7.0, 8.5. 10.75 and 14.5 m were
used. With dry antecedent soil conditions, infiltration is governed by rainfall
depth, whereas with wet antecedent soil conditions, raindrop  impact
(intensity) which forms a crust over the soil surface is the deciding factor,
Also rainwater infiltration significantly decreases with mcreasing basin slope

and reducing the slope length,
2.52 Infiltration in Complex Lateritic Soil Profile

Bruprecht and Schofield (1993) had carried our a studdy on
infiltration characteristics of a complex lateritic soil profile. Large infiltration
ponds (10-15m") were used, in comjunction with a double Ang infiltrometer
and a well permeameter, o determine the infiltration characteristics of a
complex lateritic soil profiles. The infiltration ponds effectively measured the
conductivity of a subsurface lateritic duricrust which was found to have i
relatively high saturated hydraulic conductivity (Ks) of 2.7 meter per day
Removal of the topsoil identified large (about 1 m®) unfilled holes penetrating
the duricrust over about 6% by area. Measurements indicated that these large
holes” had a high Ks value (about 10 m/d), whereas the remaining duricrust
had a lower Ks value which is about 2 meters per day.



253 Artificial Recharge

Central  Groundwater Board (19973, South Weslern Region,
Bengaluru carried out a study on artificial recharge and stated that infiltration
tests results at percolation tank heds prior and after de-silting showed an
improvement in tank bed percolation. The infiltration rate ranged from (.17 o
2.4 em/hr prior to de-silling whereas the rate has increased in the range of 1.8
to B.8 cmv/hr afler de-silting al Errapothenahalli. At Manchiganahalli, it
ranged from 1.2 to 5.8 covhr prior (0 de-silting whereas the same was
observed to be in the range of 10 10 16.8 covhr after de-silting. The ground
water level data during post de-silting periods reveals a built-up in storege in
the order of 2 to 4.5 m on the downstream of the tanks.

Muralidharan et al (2005), explained a procedure w evaluae the
economically viable depth of de-siltation in old tanks to achieve a substantial
increase in percolation and storage. An old minor irrigation tank and a newly
constructed percolation tank were selected in a granitic terrain and infiltration
Studies were carried out with different thickness of silt removal. Tritium iracer
studics were coupled with the infiltration studies to follow the infiltrated
water and evaluated the effectiveness of silt removal in percolation. The study
indicated that in the case of irrigation tank, a steady state infiliration rate of 67
mmi‘h has increased to 350 mm/h with the removal of 65 cm sili showing a six
fold increase in infiltration rate, Infiltration rate was found to be reducing at
the depth of 25 ¢cm and 50 em respectively. The reason for such was due to
presence of clay at these depths, The study at percolation tank indicated that
the infiliration rate of 10 - 20 mm/h has increased 1o a maximum of 310 mm/h
with removal of 40 ¢m silt, The witium tracer migration study supported u
faster movement of percolated water at de-silted sites by showing a greater
dilution of tracer concentration and deeper penctration. The research study

strongly supports a necessity of carrving out infiltration studies at different
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places within the tank bed area with removal of varying thickness of silt 1o
decide the optimal level of de-siltation especially in the older tanks before

commencing the revival of tank system.

The study by David Rugh (2006) aimed to assess the role of
genlogic structure on groundwater recharge at the Fractured Rock Research
Site in the Blue Ridge province. Evaluating suspected recharge pathways for
this study required applying large volumes of saline tracers at the surface and
mentoring plume migration through regolith and fractured rock, Multi-level
samplers and a deep well were installed for cherical sampling along the
study transect. Physical monitoring of the unsaturated zone was performed
using time domain refleciometry logging and tensiometers to evaluate
recharge mechanisms at the site. The results of this study suggest that the
shallow saprolite aquifer and the deep fault plane aquifer exhihit distinet and
different recharge processes that reflect the underlying geology,

2.5.4 Infiltration Rate in Saturated Soil

Telis (2001) had carried ool o study to estimate the infiltration rate
of saturated soils. Soil infiltration measurements were made at 23 sites in the
Caloosahatchee River Basin in southwestern Florida. Tn secordance with this
designation by the South Florida Water Management District, 11 sites are
classified in the rock landscape group, 7 in the 1at woods landscape group, 4
m the slough landscape group, and | in the depression landscape group, Data
from 16 sites were fitted to Horton's equation by using a regression analysis o
estimate Lhe infiliration rates of saturated soils. Seven of the sites did not fit
the Horton's equation, The infiltration rate of salurated soils for these silcs
was estimated by averaging the data collected after the first 20 minutes of the
test. For all sites, the estimated infilteation rates of saturated soils mn ged from
9.8 w0 115 centimeters per hour in flat woods, 3.4 to 66 centimeters per hour

in rock, and 2.5 w 535 centimeters per hour in slough.



2.5.5 Infiltration Capacity during Summer and Winter

Diamond and Shanley (2003) had estimated the infiltration capacity
of the dominani component of major soil associations and evaluated the
rehabality of infiltration tesis. The objective of this study is to assess the
infiltration capacity of some extensive soils in Ireland and also its spatial and
temporal variability, Infiliration capacity was measured using douhle-ring
Infilrometer at one poorly drained, another impertectly drained and other
cight freely drained sites. The first series of measurements was performed lor
one day in summer. Eight vears later a second series was performed for two
days in winter and two days in summer at the same sites, There Was
significant relationship between infiltration capacity and the anteceédent soil
water content, which contributed o the seasonal effect. Capacities in summer

were 3.5 times of the winter values,
2.5.6 Infiltration Rate Before and After Tillage

Lipiec et al. (2005) had conducted an experiment on soil porosity
and water infiltration as influenced by tillage method. The cxperiment was
carned oul on brown alluvial soil with particles < 0.02 mm, water content
48%, and organic matter content 2.3%. Four treatments, with four replicates

arranged in a randomized block design, were as follows:

. Loosening o a depth of 20 em which is named as CT.,

. Loosening to a depth of 20 em every 6 years and 5 cm every
year which is named as S/CT,

- Shallow loosening to a depth of 5 cm each year which is
named as S,

. Sowing to the uncultivated soil (No-till) in micmo plot
experiment.
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A measurement of infiltration of water into the soil was determined
by the double ring infiltrometer. To analvse the water-conductin g pores
methylene blue solution was infiltrated from the soil surface on delimited
arcas. The tillage treatments significantly affected pore size distribution, CT
had greater percentage of pore volume for larger pore diameter (>100 um)
and lower pore volume of smaller pores (< 6 um) compared to all other tillage
treatments. The results indicate that pore system of conventionally tilled had
large pores compared to no-till,

26  ESTIMATION OF AQUIFER PARAMETERS
2.6.1 Hydraulic Conductivity in Unsaturated Soil

Hoom (1992) had camied oul a study to determine hydraulic
conductivity with the use of double ring infilrometer. To determine the
hydraulic conductivity of the various layers of a soil profile, one often
encounters a situation where the groundwater table is 2 to 3 m below surface,
In such cases the infilrometer method can provide a solution. The
infiltrometer can be wsed at successive depths in a soil pit (o estimate the
hydraulic conductivity of the various layers. According to the law of Darcy,
the infiliration rate of water in unsaturated soil under a cylinder infiltrometer

can be wrilten as:

For unsaturated soil

Vog, L22th
{2.11)
Where,
v = infiltration rate
Ky = hydravlic conductivity of the ransmission zone

suction al the betlom of the transmission zone

423
Il
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[
i

depth of the transmission zone below the infiltromeier

h = height of the water in the infiltrometer
2.6.2 Hydraulic Conductivity in Saturated Soil

Bodhinayake and Noborio (2004) had conducted a study  for
estimation of Field-Saturated Hydraulic Conductivity from Double-Ring
Infiltrometer Measurements. The objective of this study is to examine if
double-ring infiltrometer is suitahle for determination of soil hydraolic
properties on sloping soil surfaces, Experimental and numerical results of this
study suggest that double-ring infiltrometer is suitsble for characterization of

surface soil hydraulic properties in landscapes with slopes up to 20 percent.

Field-saturated hydraulic conductivity, K, was estimated for each
experimental unit from the one dimensipnal steady state infiltration rates
obtained from the double ring infilrometer ollowing the procedure outlined
by Reynolds et al (2002). The Ky is given by

By wr— - | (2.12)
{Eﬁ' 3 c?}] '{ lelcd+ :::,.:r.'l]j .

Where,

g - Steady state infiltraton rate
H - Steady depth of pended water in the ring
- depth of ting insertion into the soil
@ - radius of the inner ring
@ - inverse soil macroscopic capiliary length parameler

C - (L.316n and C; -0.184n are dimensionless quasi empirical
constants



2.6.3 Estimation of Permeability through Well Dilution Techniques

Leap and Kaplan (1988) had derived an equation for determining
the advection velocity from the single well drift and pump back tracer test
from the laboratory experiments. Jui et al (1999) had evaluated transverse
dispersion coefficient for tracer test conducted in 3 radially convergent flow

field by two well methods,

Atkinson et al (2000) had conducted s laboratory study and
concluded that Fluerscein had litle sorption on chalk and it was assumed that
the field results were unaffected by retardation. Three models were compared
and he has concluded the estimation of transpor parameter depends strongly

on the mode] employed, with six fold variation in dispersivity.

Kumar and Nachiappan (2000) explained the single well dilution
technigue by using NaCl and Tritium, When compared, the K values
estimated by the NaCl tracer are lower than those estimated by the tritium
tracer. Siace tritium is part of the water molecule itself and acts as g pertect
tracer of groundwaler movement, the results of the thtum dilution can be
considered as the standard ones. The relationship between the K values
estimated by the two methods is linear and is expressed by a simple equation.
The linear relationship can be used 10 obtain comparatively accurate values of
K for unconfined alluvial aguifers, when the NaCl tracer is used. In the single

well dilution technique only Darcy Velocity can be estimated.

Tonder et al {2002) had done pumping test and estimated the
aquifer parameter by using generalized Theis equation for fractured aquifer
written by Barker (1988). He developed a generalized equation for fractured
flow regime and recorded the video of borehole and they have identified the

number of fracture and their size. The flow dimension and the extent of the
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low region are applied to the genernlized equation. The cross arca for
dimensional flow given by half the borehole circimference. They had used
NaCl, NaBr and Uranium for their tracer siudy. Tracer study was conducted
by using single well injection, withdrawal and two well techniques, They had
used the generalized eguation for fracured flow regime and estimated
filtration velocity, seepage velocity, foreed velocity and dispersion coefficient
and concluded that the values merge estimated by using the peneralized
equatton for fractured flow regime is two times higher than the standard
equation. Because the flow behavior of a fractured aquifer can be deseribed
with a generalized model like the Generalized Radial Flow Model, which
accounts for the uncertainty in geometry, it is also correct to implement the
fractional-flow dimension for the estimation of transport  parameters.
Transport and transport parameters depend more on the geometry of the flow
system than the hydraulic properties of the aquifer.

Fank and Rock (2004) had estimated Jongitudinal dispersivity and
analytically calibrating Peclet type curves on measured breakthrough curves,
He compared the results with the two dimensional transport models for the

test field based on a transient groundwater flow model.

264 Estimation of Permeabilty and Specific Yield in an Unconfined
Aquifer

In areas of crystalline and basaltic rocks in India dag wells of larpe
diameter may offer the opportunity to test the hydrologic characteristics of the
shallow unconfined aquifer.  Jacobs or Theis method is wsed only for
estimating aquifer parameters in small diameter bore holes. Bui large
diameter dug wells are seen in the study area . Hence this method cannol be
adopted. For large diameter wells Slichter method is used to determine the
specific yield and specific capacity of the well.
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Slichter (1906) developed an equation to determine the specilic
capacity for the large diameter wells, Tt is based on the assumption that flow
is [rom the botlom, It is based on the drawdown as well as the recovery
performance. Specific capacity determine through Slichter's method depends
on the area of the well. The Specific yield is  determined through the
Slichter's method which s indcpendent of the area of the well
M.Kumaruswamy method is used to determine the permeability of the large

diameter well in the unconfined aquifer.
265 Tank water Balance Components

Effective water balance components of the tank cascade system
simulated by the cascade model, in stan tanks, which are normally located in
the upstream end of the cascade, the runoff fiom the catchment and rainfall on
the tank water surface form the inflow components. The outflow components
wclude evaporation of tank water, seepage through the tank embankment and
percolution through the tank bed which referred as tank secpage, waler issue

far irrigation and spillway discharge

In normal and confluence tanks, in addition to the runofl’ generated
in their own catchment and the rainfall on tank water surface, a fraction of the
outflow from the immediately upsiream tank(s} can flow in, increasing the
total available water in the 1anks. This additional inflow is treated as two
different components of return flow, due ta sccpage and waler issue, and
remm flow due w spillway discharge. In normal tanks, these flow
components oceur from the immediately upstream tank, whereas, in
confluence tanks, inflow from the immediately upstream tanks (more than
one) that are linked to the confluence tank which need o be incorporated.
But vutflow components of normal tanks and conflusnce tanks are similar (o
thosc of start tanks. In all three types of tanks, the fraction of ourflow can only
reach the immediately downstream tank as return flow.



29

The relevant information on the node-Tink syslem configuration
needs 1o be specified as part of the put to the model that describes the
physical system. Based on the survey data at each tank, mathematical
expressions representing (1) tank area (2) tank water volume as functions of
the tank water height and (3) ank water height as a function of tank water
volume need (o be formulated,

2.0.6 Simulation of Daily Tank Water Balance

The components of the tank water balance represent complex
hydrological processes associated with the tank cascade system. For example,
gencrating unofl from rainfall on a catchment s g complex process that
involves interaction of effective climatic, geologic and topographic factors:
vegetation characteristics; and antecedent conditions; of which the calchment
accurate simulation of these eomplex processes can impos¢ 4 substantial input
data requirement and a detailed mathematical representation of the physical
system and the relevamt process on the model. The cascade model
approximates the physical system and the effective water balunce components
with the use of several expressions and assumptions. Starting from the most
upstream end of the tank cascade, the model performs  water halance
computaions for cach tank on a daily basis, based on the processing
procedure illustrated in the flow chart, The model nput consists of
meteornlogical data and water release for irrigation on a daily basis and
mformation on the physical system. In the process of calibration of the model,
waler released for imigation measured in the field is used as the model inpul,
In using the model for predictions, the required water release needs 1o be
estimated considering the water requirements for land preparations and the
crop water requirements for land preparation during the growing stage, hased

on cultivation events of different types of crops in the command area. In
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either case, through the daily water balance computations, the model allows

release of the required irmigation water when the storage is adequate.

Ii the storage is insufficient, the model calculates the allowable
water release and it will be less than the measured water release for the day.
In addition o the allowable water issue, the model provides output ut the end
of each day including the tank water height, tank storage and information on
the tank water balance COmponents.

Runofl’ generation is a complex process influenced by several
faclors such as antecedent precipitation index, soil Lype. topagraphic slope
and vegetation. Slope and vegetation are the two paramelers used in the
model that need calibration. The model calculates the lank seepage hased on
the functions derived from an analysis of the chserved tank water loss during

the time perind of without rainfall,

Ponrajah (1984) expressed the wnk seepage 18 estimated as 50
percent of the tank volume per month. Tasumi et al. 1999 expressed the tank

seepage is 2.4 percent of the water volume per day.

Dekker et al used scepage bamels o measure seepage losses
through the bottom of small reservoirs, Seepage barrels is used 1o measure
seepage velocity. Tt is installad in such a way o gel a good representative of
the spatial variability of seepage. Experiments were carried out al - six
locations in the reservoir, Average seepage rate 18 1.12 mm/hr which is half of
the average evaporation in the region and is 1.26 times greater than the
reservoir storage capacity, Seepage in small reservoirs can reach values as
high as 24 mm/day representing a significant components of the water

balanece,
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Kevin Kahmark and Van Matt reviewed intensive literature fo
estimate seepage rate. Technigues identified in the literature include seepage
meter, infiltrometer or piczomeler installations, water balance methods, tracer
studies and numerical simulations. There are two methods that emerged with
potential application 1o the paper indusiry are seepage meter and infiltrometer,
Seepage meters would provide the best approach to measure the seepage of an
unlined canal. Field trails confirmed that modified scopage materials could be

a wseful tool in measuring the seepage.

Grismer and Mecullough-Saden studied the effects of salinity at the
time of ponding on estimated seepage from evaporation ponds using
infiltrometers. Seepage rales caleulated through infiltrometers proved to be
similar o seepage estimated by mass balance calculations. Gradual increases
in salinity had only a minor effect on seepage rates. Seepage rates irreversibly
decreased over time may be the impact of biological activity and deposition of
suspended matier,

Wallace et al. studied the sespage rate using Darcy's law

O = kia, (2.13)
Where,
= discharge quantity LT
K = hydraulic conductivity LT
I = hydravlic pradient L/L
A = areaof interest (L*)

The cross sectional arca of interest was the length of the basin

parallel to the river multiplied by the depth of the basin, Seepage rales was
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reduced over time due to deposition of fine organic material that fills up

available pore space.

Chescheir (1988) estimated seepage rates of stormwaler infiltration
bonds through mass balance approach. He used to develop an approximate
analytic solution for calculating 3-D pond seepage rates and compared the
results with numerical models,

Literature review on seepage rales, identified numerons technigues
including pre-construction methods, mathematical models, field methods or
laboratory studies. Laboratory studies under estimates the actual hydraulic
conductivity, Mathematical equations give a peneral understanding of the
possible mechanics involved in a system but are typically a simplification of
real world system. Pre-canstruction methods are completed prior to lagoon
flooding and therefore not accurate. In-situ field methods such as permeability
tests and infiltration tests can be more accurate than laboratory tests or
models, In general these methods almost completely replicate the actual field

condilion,

From the literature review, it is understood that once the
relationship between aquifer parameters and geo-clectric parameiers are
cstablished for a particular area, then aquifer parameters of concern area can
be estimated through empirical relationship without carrying out further field

study.
The following inferences can be obtained from the above studies:

*  Electromagnetic method is fast and suitable method for
studying the geology of an areq:

* The suitable method for delineating a permeable zone is
geophysical method;
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* Double ring infiltrometer is the most suitable method for
determining infiliration rate:

. Infittration test results of the percolation tanks after de-silting,
the value of infiltration rate increases considerably;

2.7 LITERATURE ON FLUORESCENT DYES

Fluorescent dyc tracing techniques are now widely uwsed mn
hydrology. In surface water they are commonly used for dye dilution -
ganging [Cobb and Balley, 1965] in particularly for the calibration of
structures [Kilpatrick, 1968] where current meter is difficull, for instance,
under an ice cover [Kilpatrick, 1967] or in steep rocky channels [Church and
Kellerhals, 1970]. Dyes are used lor time of travel studies [Buchanan, 1964]
for dispersion experiments in rivers |Yotsukura el gl 1970] and in marine
estuarine environments [Pritchard and Carpenter, 1960). The wacing of karst
ground water has been frequently carried out by using fluorescent dyes
[Drew, 1968; Brown et al 1969]; though application in other aguiters have
been largely limited to oil fizlds [Sturm and Johnson, 1950]. Dyes have also
been employed for point dilution studies in wells [Lewis et al 1966].
Reynolds [1966] reported the use of Muorescent dye for tracing soil water,
while Robinson and Denaldson [1967) had studied water uptake in plants,
using these tracer. There are also significant application of dye tracing
technique in engineering , for instant circulation studies in chlorine contact
chambers [Deaner, 1970] and infiltration measurements in foul Waler sewers
[Smith and Kepple, 1972].

OFf the commonly used {luorescent dyes, Muorescein (Colour Tndex
(CT) 45350) had heen used since in the end of the nineteenth century | Dole,
19601 It is visibly detected in low concentration but has very poor siability
mnder sunlight. Thus in the early 1960%s when workers in the United States
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and Japan were assessing fluorescent dve for quantitative tracing work in
surface waler, they adopted the egually fluorescent dye rhodamine B (Cl
43170 [Pricchard and Carpenter, 1960]). However it became apparent that
rhodamine B was readily adsorbed onto sediments and subsequently
sulphorhodamine B (CI 45100) was introduced. Although these dyes were
resistant to adsorption, it was comparatively expensive and was later replaced
by the cheaper dye rhodamine WT which was developed specifically Tor
tracing work. Reynolds [1966] used the green dye pyranine (CI 59040) for
tracing percolation water because il was very resistant to adsorption. Recently
a group of bBlue fluorescent dyes, known as optical brighteners have been
applicd w water tracing [Glover, 1972].

Feuerstein and Selleck (1963) investigated the behavior of three
[Muorescent dyes, including fluorescein, for use in surface water tracing (flow
rate) studies. The following parameters were found to affect the analysis of
the dyes: (1) temperature, (2) salinity, (3} PH, (4) background fluorcscence of
dye free sample, and (5) wrhidity and suspended solids. Fluorescein exhibited
high photochemical decay, and high levels of background fluorescence were
encountered when analyzing for fluorescein. The Muorescence of fluorescein
was seen 1o decrease at pH values below 5, The fluorescein was the least
adsorbed of the three dyes, investigated on suspended solids and algae,

Smart and Laidlaw {1977) discussed the use of cight fluorescent
dyes, including Rhodamine WT (RWT) and fluorescein, in surface water
tracing (flow rate) studies. The fluorescence of hoth RWT and fluarescein
was shown to be a function of emperature, The fluorescence of the dyes was
seen o decrease at low pH and was observed to be a [unction of the ions
causing the pH change and the buffering system, The presence of organic
matter in the waler samples produced greater background fluorescence for
flucrescein than for rhodumine WT. Pholochemical decay was obscrved 1o be
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significant for fluorescein (greater for sunlight than artificial light) but
relatively insignificant for rhodamine WT. It was observed that rhodamine
WT strongly adsorbed to organic and inorganic solid phases than fluorescein.
The organic phases (sawdust, humas, heather) were observed that more
adsorption than inorganic phases (clays, limestone, orthoquartzite) for hoth
rhodamine WT and flucrescein.

271 Effect of positively and negatively charged soil on fluorescent
dyes

Kasnavia et al (1999) discusses the importance of fluorescent dye
adsorption when selecting dve for racer studies. The effect of dye and media
properties on dye adsorption was evaluated using four fluorescent dyes
namely Auorescein, thodamine B, rhodamine WT and sulphorhodamine B
with two different soil component such 8% alumina and silica (net negative &
positive charges as neutral pH respectively). Fluorescent dyes are large
orgamic molecules that would not only increase the water solubility with its
ionic functional group, but also decrease the dye sorption due to hydrophobic

force.

Batch and column studies were conducted with four fluorescant
dyes for the experiment studies. The dyes were analyzed using spectro fluoro
meter, In column study 1 ¢m diameter 15 ¢m in length column was used and it
saturated slowly at a constant flow rate of 0.5 ml/min and here methanol was
used as conservative tracer for column study with alumina and bromide was
used with silica. The isotherm data were inlerpreted using the Freundlich
isotherm {KFR) and experiment eondueted on two pH of 7 and 9 on alumina:
Fluorescein which has only nepative functional groups adsorbed least on the
negatively charged silica but most onto positiviely charged alumina. The
Rhodamine dyes. with a permanent positively charged and nepatively charged
functional group adsorbed on both alumina and silica. Sulforhodamine B,
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with two strongly electronegative group adsorbed less on to negatively
charged silica than Rhodamine WT which has two carboxyl groups. They
concluded that the fluorescent dyes were subjected to sorption depends on the
dye selection which is based on their chemical properties, media

charactenstics.

Francisco et al (2000) explored the chemical characteristics and
sorplion behavior of tracer prade Rhodamine WT and EPA approved
fluorescent tracer that is structurally similar 1o several polar/inorganic,
organic  agrochemicals to develop a inlerrelationships  between the
environment behavior of rhodamine WT. This research provides a systematic
analysis of the composition and structure of tracer grade Rhodamine WT
constituent, a comparison affinity with the various subsurface materials such
as (1) fne grain sand (ii) iron oxide (i) aluminium oxide (iv) ron oxide
coated [ine sand (v) coarse sand treated with water by removing orgunic

conlents.

Batch experiments were conducted v examine the sorplion
behavior ax a function of dissolved RWT concentration, pH and time. The
Rhodamine WT isomers arc differing in structure with respect to the position
of the carboxylic seid group on the aromatic ring. The sand possesses variable
charges and the sorption isotherm could vary and depends wpon the sand
based material. The sorption in aluminium oxide is greater when compared (o
iron oxide, and sorption was grater on to fine sand than coarse grain material,
this was due to small particle size and high surface area. The greater extent of
sorpiion on the coarse prain sand, containing organic matter suggest RWT
isomers, interact with minerals and organic surface and was less in treated
coarse sand and concluded that RWT does not partition [o Organic malter
alone and also subject o hydrophobic compounds.
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Sabatini (2000) evaluated the somption of two fluorescent dyes
namely fluorescein and sulforhodamine B with two oppositely charged
consolidated aquifer materials such as sandstone and limestone. Fluorescein
which had an anionic carboxylic group experienced negligible sorption onto
negatively charged sandstone and sorbed much less than sulforhodamine B.
with its two sulfonic groups, on to positively charged limestone. The cationic
Charge on sulforhodamine B caused to adsorh onto negatively charged
sandstone. Sorption kinctic rates decreased with increasing particle size,
which is consistent with diffusion limited intraparticle adsorption, Tortuosity
factor were determined by fitting a diffusion limited intraparticle sorprion
mwodel 10 kinetic data for one particle size, Close agreement between
experimental data and model prediction gives intraparticle diffusion limited
sorplion as an important process. Diffusion limited adsorbtion can impact dye
transport in wnconsolidated grains having internal porosity or consolidated or
fractored media having dual porosity. The results demonsirated the
unportance of understanding both equilibrium and kinetics of dye sorption for

tracer studies.
2.7.2 Determination of Retardation Factor (R,)

Thomas et al (2003) reported that locating and characterizing dense
non agueous phase liquids (DNAPL) is one of the most important challenges
in groundwater remediation. Partitioning Iracers is one way to meet this task,
In this smdy, five fluorescent dyes were evaluated as partitioning traces for
detection and quantification of letra chloro ethylene (PCE): fluarescein,
rhodamine WT (RWT), sulfothodamine B (SEB). eosine, and pyranine, The
objective of the study is to evaluate best suitable tracer in water saturated
porous media with tetra chloro ethlene (PCE) using column study. Five
Huorescent dyes were tested and conducted at room temperature. Column test

experiment was conducted in Chromatography column by using Ottawa sand
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and the soil is allowed (o saturate for 48 hours. Its Weight was measured and
parameter properties such as column length, diameter, pore volume, porosity,
bulk density and water content were considered. The flow was pumped

through the columm vertically using peristaltic pumgp,
Effect of sulfonic group sorption

Mon et al (2006) compared the adsorption characteristic of four
triarylmathane dyes and investigated the suitability of column experiment for
measuring the sorption isotherms. Sorption isotherm determined with column
experiment using sandy soil. Baich experiment was conducted with ning
different concentration maximum up to 2000 mg/l, and dye adsorbed was
calenlated by mass balance equation by considering adsorbed concentration
and final solution concentration, Porosity, flow rate and bulk density. The
column breakthrough data were used to determine the sorpiion isotherm of a
chemical. The sorption isotherm can be derived from the desorption of
breakthrough curve as shown in Burgisser et al (1993),

The results of both column and baich studies show that €1, Food
Blue 2 and C.1. Food Green 3 were sorbed less than C.T Acid Blue 7 and C.I.
Acid Green 9. The main difference among these four dyes is the number of
sulfonic acid groups in their structures: C,1, Food blue 2 and €1, Food Green
3 contnin three sulfonic acid groups, while C.I. Acid Blue 7 and CJ. Acid
Green 9 contain only two sulfonic acid groups. It had been reported that dyes
consisting of more sulfonic acid groups tend to sorb less and have a better
mobility in soils than dyes with fewer sulfonic acid groups (Corcy, 1968;
Reife and Freeman, 1996).
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273 Dye Study in streams / rivers

Bawwens et al {1982) carried out travel time measuremeant in a rver
with alluvial sediment and orpanic material to study the influence of
adsorption of fluorescent tracer on the travel time determination, Three Lypes
of dyes, thodumine B, rhodamine WT, sulphorhodamine B were wsed in the
lahoratory and also in the field.

Laboratory Tests

Bottom samples were taken from the bed of the river soil contained
4.25 % clay and 0.7 % organic material. A solution of 00 ml with dye
concentration of 30 ppb was brought into contact with 150 gm of soil without
shaking and stirring. The change of concentration with time wis measured.
The exposed soil area was about 100 ¢m® and the pH of the solution was in
the range of 6.5% to 7.0% for all the tests, The loss in concentration after 40
min was about 72 % for rhodamine B and 11 % for rhodamine WT. A similar
experiment with a soil that contained only 0.5 % organic material and no clay,

showed values of 55 and 12 % respectively.

Rhodamine B is for more liable to adsorption than rhodamine WT.
The amount of clay and organic material present in the water, influence the
adsorption. Rhodamine B is a cationic dye and will be more prone 1o

adserption than the anionic one.,
Field Experiment

Comparative travel time measurements were carried out on the
river over & langth of 3.5 km. For the first test, 5.5 g of rhodamine B and
rhodamine WT were injected with a time interval of 2 hours, The time of the

concentration are delayed for the rhodamine B concentration curve with
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respect to the rhodamine WT curve. The curve of (he rhodamine B
concentration is much more asymmetsic than the rhiodamine WT curve, A
possible explanation for this phenomenon is the adsorption of rhodamine B on
sediment that moves slower than the water Approximately 47 and 38 % of
rhodamine B and rhodamine WT were lost respectively during  this

expenment,

Similarly rhodamine WT and sulpho rhodamine B was injected and
both curves of rhodamine WT and sulpho rhodamine B have the same form
and same lead front, peak and centroid velocily. About 25 and 34 % of the
rhodamine WT and sulpho rhodamine B were lost, respectively,

Travel time Measurement in the River

The length between the injection and the measurement point is
about 8300 m and the overal] slope 078 parts per thousand. Sulpho

thodamine B was used as a tracer.

Four measurements were carried out al discharge of about 5, 7, 18,
and 26 m'/s during the period of 15 January to 15 April, 1981, According to
Leopold et al, (1964)and Pilgrim {1976 and 1977) the relationship between
the velocity and discharge can be estimated by

V=aQP
For small river
b=10.39 w0 (.51
Experiment found b= 0,24
An empirical relationship between V and Q was
¥ =a0/1 +bQ
d=0285and b= (1299
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Experimental values of D, were compared with different values
found in the literature. The coefficient given by Elder (1959) is too low since
he did not take into account the lateral velocity gradient. Satisfactory
predictions are given by the equation of Fischer (1975) and Liw (1977,

Experimental travel time measurement in a river with a alluvial
sediment und polluted organic material showed that rhodamine B is not
rcliable tracer, especially when the time of the centroid of the concentration
curve 15 used as the travel time. Other tracers rhodamine WT and sulpho
rhodamine B can be used for travel time measurement. It showed that the

velocity tends to a Limit with increasing discharge,

suijlen et al (1994) measured the dispersal of 0.13 kg of water
iracer rhodamine WT in the Loosdrecht lakes surveyed during 19 months.
Solid phase extraction and liquid chromatography were used to measure the
very low concentration of rhodamine WT, The detection limit was
approximately 2x10™"" kg/m®, This dispersal was ussessed with g numerical
rode] that mimics the photolysis and dilution of photolytic water tracer on
relatively long time scales, for which the model was developed. Model resules
matched well with observation showing that rhodamine WT is well suited for
tracer expeniments on lirge time and space scales, provided that photolysis is
taken into sccount. Three model simulations were made. First simulation
shows the photolysis. Second wkes account only of the flushing of lakes. Both
are accounted for in the third simulation. The measurements and the

calculated concentration wera matched well.

Winfield Wright and Bravan Moore {2003) descnibed a tracer-
mjection stucies that were done in the fver witlershed w determine whether
the stream from the river infiltrates into the mine or nearby area, This study
was designed 1o determine it stream infiltration into the mine. Four separate

Lacer-injection tests were dope, by using lithium bromide (LiBr), optical
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brightener dye, and sodium chloride (NaCl) as tracer solution, Two of the
fracers were injected continuously for 24 hours, and one of ihe NaCl tracer
was injected continoously for 12 hours, and one of NaCl tracer was injected
overa period of 1 hour, More than 200 water samples were colleeted from the
mine, Increase in tracer constituents were detected in water discharging from
the mine, concluding a surface water and groundwater connection between the
stream and the mine. Different tming and magnitude of tracer breakthroughs
indicated multiple flow paths with different residence times from the stream
to the mine. Discharge measurements indicated that about 0.5 ft'/s may be

flowing into the mine.

Bala'zs Fekete et al (2006), widely used 1sotope lracers o study
hydrological processes in small catchments. but their use in continental-scale
hydrological modeling has been limited, This paper  describes  the
development of an isotope-enabled glohal water balance and transpart model
capable of simulating key hydrological processes and associated Isotopic
responses at the large scale. Simulations and comparisons of isotopic signals
i precipitation and river discharge from available datasets, particularly the
TAEA. GNIP global precipitation climatology and the USGS river isotope
dataset spanning the contiguous United States, as well as selected predictions
of isolopic response in yet unmonitored areas illustrate the potential for
1sotopes to be applied as a diagnostic ol in water cyele model development.
Various realistic and syathetic forcing of the plobal hydrologic and isotopic
signals are discussed. The test runs demonstrate that the primary control on
isotope composition of river discharge is the isotope composition of
precipitation, with land surface characteristics and precipitation  amount
having less impact. Despite limited availability of river isotope data at
present, the application of realistic climatic and isolopic inputs in the model
also provides a better understanding of the global distribution of isolopic

vanalons in evapo transpiration and runoff, and reveals a plausible approach
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for constraining the partitioning of surface and subsurface runoff and the size

and variability of the effactive sroundwater pool at the macro-scale.
274 Diye Study in Ground Water
Field Stndy

James F. Wilson used rhodamine family to0 measure the time of
travel, dispersion and stream flow. The primary purpose of this paper is to
describe the methodology and also to illustrate the versatility ol dye tracing
such as estuarine dispersion studies, herbicide racing, siream flow

measurements and ground water studies,

Time of travel can be estimated by the volume displacement
method. In a given reach of stream, the miean velocity of water is equal to the
ratio of average discharge in the reach to the average cross sectional area and
mean travel ume is the ratio of length of reach to the mean velocity, The dye
iracers are used o estimate mean travel time of solution. and also dispersion

pattern of the solute material.

Rhodamine B was used for the measurement of time travel. The
USGS measured on nearly 100 streams in approximately 30 states. the
amount of dye used is up 1w 1800 kg which depends on discharge, velocity
and reach length. Empirically determined in many studies that S0 g of
40 % of thodamine B solution for every kilogram of water in reach yield
maximum concentration of 5, 10 ppb at lower end. From the result of the
various field, it shows that there is no limit to the size and length of river,
which may be studied by dye tracing. Cumulative mean travel time for & sub
reaches were 182 and 254 hours at index discharge of 1.54 and 10.6 m'/s
respectively, indicating that time of travel varies with discharge, so this
objective is made to study at different discharge .
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The other applications, that are given in the paper are dyes such as
rhodamine WT similar to rhodamine B was used that have significantly less
lendency to be absorbed on solid which are preferred for dyve dilution
discharge measurement. Dyes undoubtedly are less suitable for ground water
studies than for surface water studics, but nevertheless have been used

successfully in a variety of experiment,

The authors Steppubn and Meiman (1971}, determined the waler
discharge rates at chosen instant of time and also measured the time of travel.
He wsed field component of the film system for detecting water horne
fuorescent tracer. Fluorescence was measured directly through a field sited
fuorometer or by hringing the samples o a laboratory. Two basic methods
are used in tracer dilution gauging: total recovery and constant rate methods.
Both methods involve the release of a tracer solution of known concentration
into & watler course and the samplings were done at a down stream, In the tota]
recovery method, a sudden release of the tracer inm the water, while a
continuous, steady release is employed in other method, From the total

recovery method the discharee rates are

[c2ar
oI

() is the instantaneous rate of discharge under the steady rate fow
condition.

V is the volume of tracer solution,
C; is the inirial concentration released suddenly into the water,
(3 is concentration of the tracer in the water afler complete mixing.

di is infinitesimal segment of total time,
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{ is constant rate of tracer injection into the water of & trager
concentration C,

tis the time required to pass the sampling puint,

Time of the travel of a stream refers to the average speed with
which a volume of its water flows through a given reach. Time of travel was
determined by timing the travel of Muorescent tracer through a known
distance stream reach.

The film system proved applicable to the production of water
discharge hydrograph. Tt was rested with a 12 pph thodamine WT dye
solution containing 2600 parts pet million {ppm) of suspended Bentonie
camposed of 76 % clay, 19 % silt, and 5 % fine sand. From this study it was
found that the quality of dye taken up was 2.5 % less than from 4 comparable
solution free sediment, using a dye strength of 10 ppb, suspended sediment
concentration of 1000 ppm, and measuring the Mucrescence of discrele licpuial
samples. they found 6% of dye loss by somption.

The use of fluorescent tracer 1o detect ground water movement has
not been universally successiul. Tt is suggested that these tracer would be used

mare in ground water and surface studies.

Stephen Hall e al cstimated gronmd water velocity and effective
porosity, Estimation of ground water velocity based either on Darcy's law or
on the single well drift and (ha pump back tracer method require prior
Knowledge of elfective porosity. This paper is based on the dara pathered
during aquifer characterization project, conducted for the purpose  of
designing an efficient well field for an aquifer thermal 2nergy slorage system.
Leap and Kaplan (1988) described 4 single well drift and pump back tracer

rest and useful for estimating ground water velocity,
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Unlike Darcy's law, test results were independent of gradient and
hydraulic conductivity. The test was performed by injecting 8 wacer solulion
it the test wells, by allowing the tracer to travel. Under the influcnce of the
natural gradient for a period of time and by pumping the test well, the racer
Was recovered. No monitoring well is required. The ground water velocity is
calenlated as a function of time, the ime reguired to reach the conter of mHass
of the tracer, the pumping rate, the aquifer thickness and the effective

porosity.

In this paper, the Darey’s equation and the equation for the drift and
pump hack test were treated as two simultaneois nonlinear equation having
two unknowns (i) velocity and {ii) effective porosity. By solving the equation
cither graphically or algebraically, a unique solution for these parameters
were obtained. This approach has been tested in the field and corroborated

using a dual well tracer test conducted under natural gradient,
Duarcy’s law including an effective porosity can be written as:
V=KI/n (2.15)

Where,

V is average linear proundwater velocity

K is horizontal hydraulic conductivity

Lis hydraulic gradient

n is elfective porosily

Drift and pump back test equation deseribed by Leap and Kaplan {1988 is
V=(Qt/xbn) "1 d (2.16)

Q is pumping rate during recovery of the tracer

Lis the time elapsed from the start of pumping until the center of the mass of
the tracer is recovered
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b is aquifer thickness

d is time elapsed from the injection of the tracer until the center of the mass of
the tracer is recovered by pumping (i.e. drft time plus ()

Equation (2.16) was derived for homogeneous confined aguifers
dominated by steady state horizongal advective transport and having a locally
constant hydravlic gradient. Equation (2.15) and (2.16} were rearranged o
yield algebraic expression for velocity and porosity,

Where
V =0t/ nbd *k1
n=nhi’Pd® /Ot

Thus wvelocity and porosity can he directly calcalated from
experimental results. This drift and pump back method was applisd at
alabama in the unconfined aguifer. Bromide was injected under natural
gradient for 3760 min from the midpoint of tracer injection. The bromide
concentration was approximately 1.4 mg/l just after pumping began and then
b0 zero after 5 minutes. There were twao spike ohserved. The dual peaks may
have been caused by the use of the fresh water chasar o force the bromide
solution out or the well bore and into the sediments. Dual well tracer test wae
it a distance of 80 1 directly down gradient from the test well, therefore serve
a5 8 momitoring well for a dual well tracer test conducted under natural
gradient.

If the transmissivity of a well and the local horizontal hydraulic
gradient are known, ground water velocity can be estimated using a drift and
pamp back tracer test. Tracer solution musi be concenirated than dual wel|
test because of dilution during pump back, The peak bromide ConceEntration
observed during pump back was less than 7 % of the concentration of the



44

injected tracer solution. In contrast. the peak bromide concentration observed
during dual well test was 24 % of (he mjected concentration despite
dispersion along the 80 fi drifi path. The error may be due to sampling (he
concentration through the bore of the monitori ng well.

Roy F. Weston, reporied the dye trace study used watcr-soluble
dyes that could be detected both visually and by measuring the fluoresceni
emissions resulting from ultraviolet light excitation. Roy F, Weston, (1991)
explains both qualitative and quantitative information about dye tracer study,
The author explains the basic design for the dye trace study was a two-dye
appmach consisting of injecting one dye into the outlet of the UVB system
(diverging test) and in jecting a second dye in well PW?2 (converging test), the
intermediate depth well from the well cluster nearest the UVB system. A two-
dye approach was selected 1o reduce the Hme required o demonstrate
circulation in the zone between the UVR sysiem and wells PW1 and PW2.
This information provides data that are used © demonstrate the hydraulic
interconnection between the UVEB system and wells PW1, PW2, and PW3,
calculate aquifer characteristics and indicating a high degree of groundwater
circulation within the system, Analytical methedolegy included both field and
laboratory methods. Field analysis consisted of visual examination of water
samples uwsing both ambient and ultraviolet lighting to examine for dye
presence. At low concenirations (approximately 10 pg/L), hoth dyes were
readily visible with these simple methods. Additionally, a scanning spectro
fluoro meter was used in the on-site laboratory for the analysis of fluorescent

CMISSIOns,

The author explained the following activities associated with the
dye trace study included, (1 coliecting background samples and evaluating
background flucrescence, (2 injecting the dye, (3) collecting carbon bugs and
groundwater grab samples, (4) qualitatively analyzing carbon bug samples to
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determine the presence or absence of dye, (5) quantitatively analyzing
groundwaler samples 0 measure dye concentrations, and {61 field and
laboratory quality assurance, quality control (QA/QC) samples, calibration

chocks o measure accuracy, precision, and instru ment performance.

Kelvin De Fosset, (2004) explained Econfina Creek flows from its
headwaters in  southwest Jackson County to Bay County; ultimately
discharging to Deer Poim Lake, the primary water supply for Bay County.
Along the middle portion of Econfina Creek in Washington and Bay counties,
thirty-nine known Floridan Aquifer springs exist, represented as both
individual springs and sprng groups. A fluorescent dye racer study was
completed as an initial attempt o demonstrate the existence of individual
spring sheds within the more general zone of contribution. established by the
earlier work. To accomplish this, ground water flow connections that exist
between areas of recharge to the Floridan Aquifer and springs located along
Econfina Creek was undersiood, Fluorescent tracer studies have proven
elfective in determining such connections in karst aquifer systems. Two Lracer
stutlies were completed during the course of (he study. Knowledge pained of
existing ground water flow conncctions and flow patterns allowed gz
preliminary understanding of individual springsheds that exist in the basin,
This information should aid similar future efforts in the basin, The ground
waler flow connections established by the two dye tracers provide an initial
understanding of the ground water flow patiern in the area, The results reveal
that in this portion of the basin, g dispersive ground waier flow pattern exists
hetween areas of aguifer recharge and springs located along Econfina Creek.
This pattern is demonstrated in the first rage by the recovery of dve at seven
different monitoring sites representing approximately 20 springs located along
one mile of Econfina Creek. Dye intreduced during the second trace was
recovered at three different monilorng sites representing 11 known springs

located along one and half mile of Econfing Creek,
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Reide Corbett et al (2000) monitared ground water tlow on an
island down field from waste water systems using artificial tracer technique
sulphur hexafluoride and fluorescein dye were used to determine ground
water velocity, hydraulic conductivity and dispersivity at selected sites on the
island, Monthly hydraulic head fuctuation is due 1o rainfall recharge and tidal
mfluences. The direction and magnitude of ground water flow has been
influenced by the tides with in 30m of the water heads. The resulis from this

study helps to develop a better Management plans o protect ecosystems,

The water level Muciuation in a well ig response to changes in sea
level may be used to determine certain  aguifer charactenstics. The
transmissivity of the aguifer was estimated using the time delay that oceurs
bBetween the high tide and low tide.

Aguifer’s transmissivity as

F=X5 (2.17)
dit

where

T is transmissivity (m’ day )

x is distance from tidal source (m)

3 is Storage Coefficient

L is period of tidal (Day)

Lis tme delay fo successive, maximum or minimum betwesn
surface water body and well {Day)

Hydraulic wonductivity was estimated by

T=kb

k is hydraulic conductivity (m day ™)

b 1s saturated aquiler thickness
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Aguifer thickness changes with respect Lo tidal action

Hydraulic conductivity varies from 20 - 180 myday, The largest 180
m/day and smallest 20 m/day were observed in the wells furthest inland and
shoreward respectively. Tracer studies nlea provided information about the
hydrologic characteristics dispersivity and hydraulic conductivity

Two tracer experiments were conducted st the site. In each case the
tracer was dissolved in 190 liters tap water from the site and the Muorescein
was then injected directly through a 5 em PVC into monitoring well and
sulphur hexafluoride (8F,) into the drain field by pass in the waste water tank.
The tracer was then followed by 100 L of tap water action and chaser wells
were monitored at least monthly down field from the injection sites over § -

| & months.

Fluorescein tracer appeared shove detection limits only in two
wells. The dye was never detected in five walls on either side of the injection
point. The horizontal transport range was .12 - 0.13 miday at one site,
Similarly SFs was only detected in two wells. The ground waier velocity werp
016 miday to 0.42 miday,

The results obtained from one site were similar o those observed
during the experiment site. There was very little dilution of the injected tracer
on the order of 3-5 times less than the injected values.

Aquifer characteristics were

Porosity was measured gravimetrically from the sample collected, The
average (v) ground water velocity was caleulated using the tracer results. The
hydraulic gradient changes dramatically. Estimated hydraulic conductivity is
4.3 to 75 miday at SP site and 2.7 10 7.1 m/day at JA site,
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Longitudinal and transverse dispersivity was estimated using Parr (1994
equation with the help of break through curves, Dispersivity was 67 m at 5P
site and 7 m at JA site,

Velocity is 66m/vear at SP site and 26 miyear al JA site. The two independent
approaches agreed very well with an estimated ground water flux from that

are in the range of 1 - 9%10° m® year ',

Scbastien Lamontagne et al. {2002) had developed & simple
method, i.e., point dilution test 1o estimate the velocity of ground water in the
riparian zones of stream, lakes and estuaries. Tt involves the loss by ground
water advection of a tracer added 1o a single well. Here a simple apparatus
was used in o shallow alluvial aguifers is described ogether with a graphical
method to estimate ground water velocities from the dilution curves. The
shape of the water table must be determined independently w know the
direction of ground water flow. Duri ng field trials the velocity varied from 0.5
o 3 em per hour. It was 40 co/hr during ebhing tides in the inter tidal zone of
estuary. Though, the test is done in the semi arid and sub tropical sand bed
rvers, the method should be applicable in similar riparian environments
adjacent to lakes and estuaries. The main technical difficulty associated with
the test design was the potcatial for the well mixing mechanism o increase

the rate at which tracer moves out of the well.

Smart and Karunaratne evaluated the environmental fluorescence
spectrum and the back ground (Tuorescence in a dye tracer depends largely on
the organic chemical bydrology of a region. These arc evident by the arising
peaks in the analytical equipments mimicing the pcaks of a tracer,
suggesting the acule contamination by dve mimic [the orange area is
resilient]. There may be fluorescence peaks, associated with runoff events, but

in no consistent manner, Powerful software and highly sensitive equipments
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may caplure imperceptible peaks but never 1o say the apl source (exlraneous)
and accidental events,

Hence retaining the raw serics of data will ensure due impaction
and consideration. The traditional solution (use of abundant qualities of the
tracer dyes) also would not be favoring the environment. Pre monitoring and
analog sites both have their own disadvantages and misleading. Using two
racers or a4 seres of injection would make the interpretation less analogous
and may be followed in a simple general way, Perhaps, evaluation of a dye
tracer W exceed background conceniration is largely based on the judement of
the operator and more sophisticated injection encoding, rather than any

objective protocol

Marisa, Cox et al (2003) eviluated (he interaction of surface and
hyporheic water along the Sants Clara River, Los Angeles and Ventura
counties, California by conducting tracer lests and analyzing water-guality
data under different flow conditions in Octaber 1999 and May 2000. The firs
Lype of tracer test was a shug mjection of rthodamine WT dye. lo determine the
travel times and to indicate when lagrangian water-quality sampling could be
performed at each site. The second was a constant rate mjection of sodinm
bromide at the water reclamation plants to evaluate the surface water and
shallow ground water interactions in (he hyporheic zone. Flow measurements
were taken at the sampling locations during the tracer tests o quantify gains

and losses in flow.

The differences between the thodamine WT dye and sodium
bromide travel times in the rver for gl reaches both the injections were less
than | hour. Within both reaches, there was a trend of increasing nitrate
concentrations and decreasing ammonia concentrations, indicating probable

nitrification,
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It is important to emphasize that the exchange of river and
hyporheic water ¢an oceur at different seales from the interaction Between the
river and the regional ground water system, river water may move into the
hyporheic zone within £aining reaches and hyporheic water may move inlo
the river within losing reaches,

Fank and Reck (2003) carried oul @ bacing experiment in
September 2001 at the ground water Feld of 400 % 300 m in the Mur valley
aquifer system, He used 75 kg of sodium bromide as a tracer and injected
during 20 min at the ground water table as a pulse injection. Due 1o the
density of the solute the tracer has beeq distributed over the whole adquifer
depth in a very short time,

For estimating  the longitudinal  dispersivity from tracing
cxperimenis the caleulation of Peclet lype curves was used. For one
dimensional tracer transport from injection point in ground water {Tow
direction normalized me-concentration curve was calculated and fitted 1o
Mmedsure tracer break through curves varying the Peclet number, longiudinal
dispersion coefficient was calculated by using the equation,

Dy =(V, = Dy/p, (2.18)
[, 15 longitudinal dispersion coefficient

V. is flow velocity

D is flow distance

P, is Peclet number

Longitudinal dispersivity {og)  was estimated  from Dy iV,
Transversal (wy) dispersivily was estimated by using 2D analytical modcl
calibration. In this experiment, 8, was in the range between 5 to 20 m and oy
ay were from 17:1 to 30:]
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The results of analytical modeling o determine, o and o were
used as initial condition for the calibration of a 2D horizontal numerical lracer
trnsport model. Measured break through was used for calibration of the
model. The calibration of the mode] was well done on the flow line of tracer
transport: with few modification of Tongitudinal dispersivity. The spatial
distribution of a; shows val ies between 2 m near imection point and 20 my gt
the end of test field in a flow distance of 300 m.

Although the result of analytical modeling as was miodified in some
regions to values higher than 3 m i was not possible to fit measured tracer
break through and numerical modeling results. The ftracer concentration

values are much higher than the measured oncs,

Chand et al (2004) estimated natural groundwater recharge using
tracer injection technique in the watershed. Environmental and injected tracer
fechnigues itritium) have been deployed for estimating the recharge on the
basis of piston flow model, This study involved geoeleciric soundings at 47
locations, estimating recharge al 36 locations using the injected iracer
technique besides water Javel monitoring at 110 ohservation wells, Tracer
profiles have been collected after ppa hydrological cycle and recharge has
been estimated. The soil samples of 10 em sections were collected up to a
depth of 2.5 m. Recharge estimated using tracer technique was found varying
from nil to 200 mm.

Olsen and Frederick (2004) designed and conducted in a tidal
freshwater wetland at west branch canal creek, Aberdeen proving grand,
Maryland. The objective to characterize solute transport and determine the
ground waler velocity in the upper wetland sediment, and 1o COmpose a
tonservative, ionic tracer (Bromide) to a volatile tracer (sulphur hexafluoride)
and 1o ascertain whether volatization could be an impertant process in

atllenuation of volatile organic compounds in the ground water,
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The inferred movement of bromide tracer coupled with the apparcat
loss of tracer maximum through out the test, shows qualitatively that in
addition 1o vertical low, there is a north ward horizontal component to
ground water flow in the area of the tracer array. As was the case with the
bromide tracer, sulfur hexafluoride also indicated that a nomthward horizontal
component of ground water flow was present along with the vertical
component. Because the sulfur hexafluoride tracer did not move as a discrete
pulse. it is difficult 1o accurately caleulate the magnitude and direction of the

velocity vector from these data.

As a result of comparison of tracers, the fluogescein showed much
less spreading than the bromide and sulfur hexafluoride after mjection and its
centre of mass remained near the injection point. This is because, fluorescein
participated in sorption with mineral surfaces and orzanic matter analysis of
break through data showed difference between the two tracer in almosi every
sampling level of the tracer array and 80 concentration contour plots for
bromide and sulfur hexafluoride also showed that the bromide pulse generally
moved away from the injection point more rapidly than the sulfur
hexatluoride pulse. However, at few specific sampling points in the middle
upper levels of the tracer array in which a portion of the sulphur hexafluoride
appeared o have outpaced the bromide.

O eoncluding,g fluorescein dyve proved to be a good tracer for
evaluating the hydrologic integrity of the array of piezometers that were used
in the tracer test. It was also useful as a non conservative tracer to illustrate

the effects of sorption on retarding the movement of solutes.

On the basis of the predominantly upward movement of the
conservative tracer and the outward movement in all direction from the
injection point, diffusion and advection are the major process responsible [or
the tracer movement. Dilution, possibly enhanced by intermittent interaction
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with the overlying tidal surface waler, likely decreased the concentration of
the tracer as they were transported upwards. Potential losses of sulfur
hexafluoride due 1o volatization from the surface of the water table could not
be measured in the tracer array because the wetland sediments had remained
saturated w land surface through out the tracer test

A portion of sulfur hexafluoride could have volatilized jnta ambient
bubbles of biogenic marsh gases at depth. This could expliin the early
presence of sulfur hexalluoride in a few sampling point in the upper levels of
the tracer array (because of gas bubble rise) and the retardation of the bulk of
the sulfur hexafluoride (because of gas bubhle wapping} in the lower levels of
the array, Methane was detected at depths of 6 - 42 inches below the land

surface, with the largest concentration in the shallowest levels,

Physical and chemical processes responsible for difference in the
ransport of lMuorescein and sulphur hexafluoride compared to0 bromide are
likely to similarly affect the transport of velatile organic compounds in the

upper wetland sediments in the area around.

Jeffrey Turner and Lloyd Townley (2005}, explained to understand
the groundwalter interaction with the coastal lakes and wetlands of the coastal
plain. The wet lands in the coastal plains are being impacted by groundwater
withdrawal. The tracer information is collected in the field in order 1o
estimate the geometry of groundwater surface water interaction. Data
collected in this project are depth of water in the lake, rate of inflow per unit
arca, rate of outflow per unit area, rainfall per unit areq, rate of cvaporalion,
solute concentration in the lake water, chloride concentration inflow inlo the
lake. Finally the authors concluded that there is the interaction between the
wet land along coastal plain and lake by amalyzing the sodium chloride

conceniTation variation,
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Charles and Greene planned and exccuted dye tracer test, If a dye is
injected and not detected, the investigation is faced with difficult and often
costly decision that may include whether or not to repeal the test, to change
the typc or amount of dye injected 1o use additional monitoring sites to
conduct monitering for « longer period of time. 1o evaluate the sensilivity of
the analytical method being used to delect the presence (or) conceniration of
the inmjected dye. Usually. the temporal changes in the hydraulic gradient arc
rapid, due to the flow velocities, and flow direction of typical many conduil
dominated karst aguifers, The resull oblained during the specific dye-tracer
test 15 strictly speaking, only one of the flow condition existing at the time of
the test. However, injected tracer dyes themselves may become oo diluted
and resurge in springs al concentration below detection limits, the increased
turbidity may interferc, physical access o dye monitoring sites may be
induced, and in site dye monitoring equipment may be damaged by flooding,
Hydraulic damming of conduits due w flooded stream may temporarily halt
or delay the resurgence of tracer dyes,

These are ensured by the proper determination of the amount of dye
1o be injected that the dye resurges at detectable but not unacceplible high
concentration. The concentration limits, may not always be achieved due to
unpredictable subsurface flow routes, field variahle affecting transportation
rates, dispersion and dye concentration discharged through conduits, Efficient
Hydrelogic Tracer Tast Design [EHTD] method by field (2003) includes a
tomputer program calculating the amount of dve needed for injection by
various forms of advection dispersion equation. The methods pruposed by
Worthington and Smart (2003)

M= 19(LQC) ™™ (2.19)
M= 0.73(TQC) ¥ (2.20)

whera
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M- Mass of tracer dye injected (g/m")

L - Anticipated distance between the injection site and the
anticipated primary resurgence sitz (m)

() - Discharge at the anticipated resurgence (m'fsec)

C - Peak tracer concentration at the anticipated resurgence (g/m’}

T- Travel ume determined from prior tracing test results(seconds)

In practice, dye injection is best accomplished at location that
provided rapid, direct transport of the tracer into conduits, thus minimizing
loss of dye through photochemical decay, sorption and other field conditions.
Open throated swallets in sink holes and the swallow holes of sinking streams

are ideal sites.

Error in dye detection in determining dye concentration in water 15
dominated by issues of ambient {background) fluorescence, the single largest
source of systemalic error in dye tracing, loss of tracer and improper sampling
[requency. Potential source of interference with tracer dves include humic and
fulvic acids, certain species of algae, petroleum hydrocarbons, optical
brighteners discharged in septic or treated wasie-water effluent, automotive
antifrecze chemicals and bundreds of other dyes and organic chemicals. The
duration and intensity of fluorescence can vary considerably depending on its
sources, during this period over which ambient fluorescence is being

monitored.

It 15 learnt from the literature, that many researchers apply an
arbitrary  [0:1 signal to noise ratio for fluorescent inmtensity or dye
concentration measured at the expected emission peak of the tracer dye as a
minimal threshold for repeating the positive detection of dye in a sample.
Evidence of dye breakthrough and detection is more conclusive if repested
positive detection 15 obtained
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Interpretation of complex or muli peaked dye breakthrough curve
may be difficult due w tracer dispersion which may include bifurcated
conduit flow paths, flow reversal in eddies and variability in conduit cross-
sectional areas, intermittent storage and fushing of hydraulically stagnant

zones and interconnected zones of higher and lower fracture permeability.
Mean tracer dye residence lime is estimated by the equation
t, = [rC 6y Quryde (2.21)

where
t - Time of sample collection
C (t) - Measured dye concentration of the sample.

Q1 (£} - Discharge measured at the sampling location

It is the length of time required for the centroid (gravity mass) of
the tracer dyc lo wansverse the entire length of the karst basin, thus

representing the average tme of the flow through the hasin.

Mean dye velocity represents the average raie of wavel of dye
through the karst basin and estimated by

Vu=l{1l5x)CQ(ya (2.32)
where

x — straight line distance between the dye injection and resurgence

sie.

1.5 — constant representing the conduit sinuosity factor.
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Laboratory study

Finkner and Gilley (1986) conductad a laboratory study to identify
the effects of sediments and dye concentration on absorption for selected
soils. Sediment and dyve concentration were hoth significantly affect
adsarptive dye loss of rhodamine WT, sulphorhodamine B and lissamine FF.

Three bench mark soils from different location were used. Particle
size analysis and organic matter concentration were carried out. It was found
that the clay particles ranged from 11.9 10 45.8 % and organic matter 1.61 io
2.55 % for the Caribou and Houston Black sails respectively. Third type soil
wis black Toam. The soils were air dried and sjeved through a 2 mm screen
prior to testing. For a given dye concentration soil was added o a 400 m
solution at the rutes of 2.5, 10, 40, 70 and 100 &/l. The samples were stirred
andd allowed 1o stand for one hour, Sediment was removed from the solution
by filtering. A Muorometer was used o determine remaining Nuorescence of

the solution which was carried out at a te mperature of 25 ¢,

From this experiment the author developed the multiple linear
regression analysis to determine the effect of sediment and dye concentration
on adsorption for each of the soils.

In the statistical analysis, the following cquation was evaluated,
Yo =0+ PiXy - Xy Bl X Xt Prill XKij- X0+ B X g XapTite, (2.23)
where

¥ 1s percentage of initial fluorescence { or " sail and i leve] of
sediment

u s sample mean
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[ 18 regression coefficient for sediment concenteation
X 1s sediment concentration

X, 15 mean sediment concentration

[l is regression coefficient for dye concentration

Xz 15 dye concentration

Xz 15 mean dye concentration

T, 15 additive error term for unexplained variation

Multiple linear regression analysis was used to determine the F
ratios in which the percentage of initial dye was concentrated. By using the
equation correction for adsorptive dye loss can be made for each soil.
Adsorptive dye loss was less for lissamine FF than for the other fluorescent
materizls. However the minimum delectability was much higher and linear

range much less for lissamine FF than the other two.

The minimum delectability for sulpho rhodamine B was five times
greater than the thodamine WT. Sulphorhodamine B and rhodamine WT
displayed similar dye adsorplive characteristics. Finally the author concluded
that the regression equation for sulphorhodamine B provided the best
statistical fit. Hence sulphorhodamine B was recommended as the dye of

choice for the given experimental condition.

David Sabatimi and Austin conducted rhodamine WT and
fluorescein limited the appearance of the atrazine and alachlor (the selected
two herbicides) in alluvial aquifer sand. The order was fluorescein, atrazine,
alachlor and rhodamine WT. The adsorption characteristics of fluorescent
dyes different from the pesticides showing adsorption levels in higher
mugnitude (divalent cations) than expected from the empirical relationship
based on K, and f,.. It was evident from the break throogh curves of
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rhodamine WT, which was not of the conventional sigmeidal shape. These

variation raise concerns to transfer the result to other sub surface media.

Omoti and Wild (1979), investigated the need of fluorescein as o
groundwater tracer utilizing loamy sand soil (85 % sand, 10 % clay, and 2 %
organic matter- foc = 0.012) and a pore water velocity of 2.44 cm/h, the K,
value was determined (o be 1.3 cm'/z. The corresponding value of K, is 108

cmfg,

Bencala et al (1983) used rhodamine WT as a water Lracer in a
mountain siream environment resulted in a Kp value of 5.6 cm'/z for the
buich studies between rhodamine WT and stream bed sediments, Trudgill
(1987) conducted batch experiments with rhodamine WT and a silty lnam soil
( fo of 0.034 10 (L053) resulted in a K;, value of 54 cm’/g. This corresponds to
a K, value of 1000 to 1600 em’fg for rhodamine WT,

Kasnavia et al (1999) evalvated the dyc sorption on media
properties by column studies. He tested with four dyes such as fluorcscein,
rhodamine B. rhodamine WT, sulphorhodamine B on two appositively

charged mineral surfaces alumina and silica.

Negative functional group fluorescein sorbed least onto silica but
most onto positively charged alumina. The rhodamine dyes with a permanent
positively charged and negatively charged functional groups sorbed onto hoth
Aluming and silica. Sulphorhodamine B electro functional groups sorbed less
anto negatively charped silica than rhodamine B which has two carboxyl
Lroups.

Equilibrium sorption, studies were conducted and the isotherm data
were plotied. Since these isotherms were conducted at a pH of T, which is

atlcast two pH units above the dye pK, values, the dyes predominantly
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exhibitzd their ionic nature. At pH 7 the alumina has a net positive charge and
Lhe silica has a net negafive charge. On alumina, fluorescein exhibited the
highest sorption while the rhodamine dyes exhibited lower sorption. On silica,
the opposite trend was observed. Fluorescein does not have a positively
charged group as rhodomine dyes, which reduced the repulsion on the
positively charged alumina surface and then increased the sorption. Hence
fluorescein appears 1o be pood tracer for negatively charged media. For the
rhodamine dyes. rhodamine WT has the highest sorpiion on alumina followed
by sulphorhodamine B and rhodamine B has only one jonized carboxylic
group and hence the attraction towards the positively charged alumina was
low, Sulpho rhodamine B has two highly electronagative sulfonic acid groups,
was expected 1o have higher sorption than rhodamine WT. It is due w the
presence of two rhodamine WT isomer in rhodamine WT, I showed more

sorption than many other rhodamine dyes.

For sorption dyes in silica, the order was rhodamine B > rhodamine
WT > sulpho rhodamine B. Sulpho rhodamine B sorption was lowest due to
the repulsion between the highly electronegative sulfonic groups and the
negatively charged silica. The results were consistent with the expectation,
based on electrostatic repulsion. Hence the dual cationic and anionic namwre of
the rhodamne dyes will get sorbed onto any mineral surfaces making il less

altractive as A CONServative racer.

On increasing the pH 9.0, alumina approaches a net nevtral charge.
Fleorescein sorption decrzased dramatically, while rhodamine dyes decreased
10 a lesser exient. The lesser sorption may be due to the dissolution [ attraction

of the mineral surfaces at higher pH values.

Dharani Vasodevan et al conducted batch experiments 10 measure
the sorption of rhodamine WT ono (i) fing grain sand, (ii) iron oxide, (iii)

aluminum oxide, (iv) iron oxide coated fine grain sand, (v) coarse grain sand,
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and (vi) HsO» treated sand, H-O; trestment is intended to remove organic
matier from the mineral surfaces. Rhodamine WT sorbed to a greater extent
onto aluminum oxide compared to iron oXide. This is due to higher surface
area of aluminum oxide (90,1 m*gm) compared 1o iron oxide (10.1m fgm)
sorplion was maximum on the fine grain sand, that is because of its small
particle size and high surface area untreated coarse grain sand sorption was
comparatively less. Sorption on treated coarse grain sand was minimum since
organic matter was removed. These findings provide evidence that rhodamine
WT does not sorb ont organic mater alone which s sorbed by the

hydrophobic organic compounds.

David Sabatini evaluated dye sorption equilibria and kinetics with
natural aguifer media, specifically limestone and sandstone materials.
Oberermuschel Limestone and the Rhaet Sandstone were the wo
consolidated aquifer media. Fluorescein and sulpherhodamine B were two

fluorescent dyes,

The data were evaluated using the Freundlich isotherm bhased on the

non-lingar data resulied from the eguilibrinm sorption isotherm,

g4=KC" (2.24)
where

(- clye mass absorbed per mass of soil

C- Equilibrium agueous concentration

Ky — Freundlich sorption co cfficient

M- Freundlich exponent

Diffusion limated intra particle sorption was assessed using Fick's
second law of solute diffusion from an aquecus phase into spherical porous

Eralins.
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Observing equilibrinm sorption  studies, SRE is highly anionic
sulfonic group adsorb strongly onto the positively charsed surface, while the
weaker fluorescein carboxylic groups sorbs  less strongly onto the same
medig. Fluorescein with one anionic charge, sorbs negligibly onto the
negatively charged medium, The permanent cationic charge on SRB causes it
to sorb with the negatively charged RhS, although to a charged OML.

CEREE T
i : ' By il e il

Figure 2.1 Breakthrough Curve (D. A. Sabatini ‘Ground Water',
September — October 2000)

The carliest breakthrough curve  illustrales  conservative
breakthrough. The latest curve demonstrates the impact of equilibrium
sofption on dye transport. The intermediate curve illustrates non-equilibrium
sorption and its impact on dye transport with increasing non-equilibrium, the
dye appears earlier but taken longer o approach complete elution (the tail is
longer). The earlier dye appearance duc to non-cquilibrium transport will
reduce the error in the ground water velocity estimate if sorption is nol
considered. The increased spreading caused by non-equilibriom transport can
be mistakenly attributed to hydrodynamic dispersion, resulting in artificially
high dispersion co-efficient. Non-equilibrium effect, which increases with
increasing diffusion distance, will be amplified for consolidated and fractured

media, with longer diffusion distance. These results thus demonstrate the
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importance of understanding both the equilibrium and kinetics of dye sorption

when designing and interpreting tracer studies,

From the above lierature reviews following information are
gathered and they are listed below,

. The fluorescence of dye was scen to decrease at low pH and
wits observed to be a function of the ion exchange cousing
the pH change. The presence of organic matter in the water
samples produced greater background fluorescence,

L pH effect on RWT showed that sorption decreased with
increasing pH, adsorption of RWT was much more
significant at low value pH and decrease at a value of pH
11.3

. Fluorescein which has only negative functional groups
sorbed least on the negatively charged silica but most ento
positively charged alumina, The Rhodamine dyes, with o
permancat positive charge and negatively charged functional
group adsorbed on o both alumina and silica.

. Adsorption is one of the main important factors that have to
he considered. Sorption was greater onto fine sand than
coarse grain material; It was due to small particle size and

high surface area.

. Sorption kinetic rates decreased with increasing particle size,
which is consistent with diffusion limited intraparticle
adsorption.

. Hydrocarbon tracer was proved (o be suitable tracer used for
field swdies. Perfluorokerosene that eliminate problem with
sorpiion, breakdown, volatility and toxic and also low water
solubility,
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- The dyes consisting of more sulfonic acid groups lend fo
sorb less and have a better mobility in soils than dyes with
Fewer sulfonic acid groups.

. The fluorescent dyes were subjected to sorption that depends
on the dye selection which is based on their chemical
propertics, media characteristics,

28 LITERATURE ON GROUNDWATER MODELING

Groundwater modeling is generally used to simulate the flow and
contaminant ansport process in the aguifer system hased on cerain
mathematical equations. The equations that describe the groundwater flow
and transport processes can be solved using differen lypes of models.
Analytical models give exact solutions to equations thar describe very simple
flow or transport conditions, whereas numerical models give approximation
results but solving complex field conditions. For the groundwaler modeling,
the primary data would be the observed field data Modeling result depends
mainly on the availability and accuracy of the field data,

2.8.1 Model Parameters

Muodel parameters include hydraulic parameters and solute UrANSport
parameters. Hydraulic parameters include hydraulic conductivity and specific
elastic storage. Solute transport parameters include dispersivity and porosity,
The most important model parameters are hydraulic conductivity and
dispersivity.

282 Water Balance Equation

Water halance equation for the groundwater system is based upon

inflows such as precipitation, return flow from the irrigation areas, return Mow
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from the canals and the outflows such as evaporation, abstraction dus to

pumping. Generally water balance equation can be stated as
INFLOW — OUTFLOW = CHANGE IN STORAGE
283 Mass Balance Equation

The equation governing the movement of dissolved constituents in
the groundwater by advection and dispersion process based on the

conservation of mass approach is stared as

S I+ PN Oo-FVI=%4

I = Input

P = Production

g = Ouipu

L = Loss

A = Accumulation

29 FLOW EQUATION

Modeling is translating the physical systeml into mathematical
terms. The governing flow equation for three dimensional saturated fows in

saturated porous media is

K E‘fi' ‘ .F ﬂ —lj:
ox o | 6‘1

Eh’i{.}? ki cil
cr

Kx, Ky, Kz = Hydraulic conductivity atong x, ¥, 2 axis, m/sec
h = Piezomelric head, m
Q= Volumetric flux per unit volume representing source

S5 = Specific storage coefficient
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t= Time, seo

210 GROUNDWATER MODELS

Models are the conceptual descriplions or approximations that
deseribe the physical system using (he mathematical equations. Models are
not the exact descriptions of the system or the processes, Groundwater models
describe the groundwater Mow and transpori process using mathematical
equations based on certain simplifying assumptions. These assumptions
typically involve the direction of flow, geometry of the agquifer, the
heterogeneity or anisotropy of sediments or bedrocks within the aquifer, the
con@minant  transport  mechanisms  and  chemical  reactions. By
mathcmatically representing the hydro - geological sysiem, reascnable
allernative scenarios can be predicted, tested and compared. The applicability
of a model depends on how closely the mathematical cyualions approximate
the physical system being modeled. In order 1o evaluate the applicability of
the model, it is necessary to have a thorough understanding of the physical
syslem and the assumptions vsed in the derivation of the mathematical
equations. There are several types of groundwaier models such as 3D —
FEMFAT, AQUA3D, CHEMFLQO, CHEMFLUX. FEFLOW, FLOWPATH,
MODFLOW. PEST, Visual MODFLOW, Visual PEST being vsed for the
groundwater stadies. The mostly used groundwater flow modsl s
MODFL.OW. PEST which is inbuilt in the MODFLOW is used io uplimize
the parameters using various optimization techniques like Genetic algorithm
elc.

101 Vispal MODFLOW

VISUAL MODFLOW is the Iniegrated Modeling Environment for
MODFLOW, MODPATH, and MT3D. Visual MODFLOW  provides
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professional 3D groundwater fiow and contaminant transport modeling using
MODFLOW-2000, MODPATH, MT3DMS and RT3D. Visual MODFLOW
combines the standard Visual MODFLOW package with Win PEST. It also
combines with Visual MODFLOW 3D-Explorer to give the most complete
and powerful modeling eovironment. This fully-integrated groundwater

modeling environment allows to;

I Design the model grid, properties and boundary conditions:

i, Visualize the model input parameters in two or three
dimensions,

i, Run the groundwater flow, path line and contaminant
lransport simulations,

iv. Display and groundwuter flow, path line and contaminant
transport simulations,

2102 Visual PEST

Visual PEST is the Figureical Model — Independent Parameter
Estimation and Optimization. Visual PEST combines the parameter
estimation capabilities of PEST 2000 with the Figureical processing and
display features of Win PEST. PEST2000 is the |atest version of PEST. PEST
has undergone continued development with the addition of many new features
that have improved its performence and utility to a level which makes it to
uniquely applicable to any existing model. PEST is now widely used for
automated model calibration and data interpretation in groundwater and
surface  hydrology, geophysics, peotechnical ., mechanical and mining

engineering,



2103  Genetic Algorithm

Gienetie algarithm is one of the optimization technique used for the
inverse modeling adopted by the PEST to estimate the parameters like
hydraulic conductivity and dispersivity. Genetic algorithms are 2 particular
class of evolutionary algorithms that use techniques inspired by evolutonary
hiology such as inheritance, mutation, selection, and crossover, General steps
involved in the Genetic algorithm (o find out the best appropriate solution are
given below,

(i} Ininally GA creates a random population of parent
individuals;
(i} ‘The quality of these individuals is then analyzed using a

specified numerical objective function normally called as
fitness function:

(11} In this smdy the objective function is to minimize the
discrepancies between the obhserved and ealeulated head

or concentration values:

Generation of initial population

In this step, initial population of the parameters is generated by the
random gencrator. In this study the main aim is o estimate the hydraulic
conductivity and dispersivity. Hence one has to penerate the initial population
for these two parameters by random generation,

Encoding the values

Binary coding method is used o transform the paramelers to a
binary string of specific length. All the parameters will encode in terms of 0
and 1. Each variable has its own length corresponding to the allowed

maximum and minimum values of that parameter.
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Simulation runs

After the encoding process, simulation process will be performcd
by the model for all the sets of parameter varizhles.

Computation of the fitness function

Once the simulation run finishes, then the [itness function of all the
variables with respect to the ohjective function should he analyzed. The
objective function is to minimize the error berween the observed valies from

the field measurements and calculated values from the moddel,
Selection of the best string

In this step, the best siring which has the least weighted square
error between the observed and calculated values has to be selected. There ara
several types of method for the selection of the best string which includesy

Rouletic wheel selection, Fitness- Proportionate selection, and Rank selection.
Computation with genetic operators

After the selection of the best string, operations such as cross over
and mutation has to be performed. In the cross over scheme, two members
from the population will be selected and the modification js performed by
swapping the two members at a selected position, In the mutation process, the
modification is perfonmed at the particular position in the selected member to

facilitate the early convergence wowards the vptimul solution.
Repeal Evaluation

After performing all the operations, again fitness funetion is
evaluated for the variable with respect to the objective function. If there is
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least error between the observed and caleulated head or concentration values

then the search process is said to terminate.
2.11 GROUNDWATER FLOW MODEL APPLICATIONS

Husam Baalousha (2002 developed the groundwater flow model
for the Ruataniwha basin, The results of the model were used 1o build the
transient model. The main purpose of the model is 1o simulate  the
gronndwaler conditions in the study ares under steady state. With the ransient
model, groundwater responds 1o the different abstraction SCEMArios were
studied, In this study, input data like rainfall data, river data were obtained
from previous records. PEST (Parameter Estimation) was used for the
calibration of the hydraulic conductivity and recharge. Observations from
nearby 47 wells were used for the calibration and another set of data Were
used for the validation. From the model results they concluded that major
amount of recharge was coming from rainfall. The contribution of the fiver 1o
the groundwaler recharge is less compared to rainfall, Sensilivity analyses
showed that hydraulic conductivity is the most important (actor that greatly
aflfects the model results.

RajaManickam et al (2010) developed the groundwater quality
modeling for the Amaravathi river basin which is at the downstream of Karur
Town is severely polluted due to the discharge of partially treated effluent
from the textile bleaching and dyeing units. Due to this, groundwater in that
region was affected to the greater extent that affected nearby agricultural
areas. Because of that impact they have conducted the study using Visuval
MODFLOW und MT3D models. Both the models were calibrated and
validated. For the calibration process PEST was used. The validated mile]
was then wsed for the simulation of the ground water quality for next 15 vears
under five different scenarios : (i) if the preseat system with 10.000mg / |
TDS discharge into river (ii) if the CETPs meet the TDS discharge standards
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of 2100 mg / 1 (iii) if the quantum of the discharge is doubled with TDS level
ol 2100mg / 1 {iv} if the dyeing units undergoes reverse osmosis plant for
recycling the entire effluent and achieve zero discharge (v) if the recharge
rates increase by 1.5 tmes . From the analyses they found out that there was
no improvement in the groundwater quality even if the effluents meet the
discharge standards for next ten years. They concluded that, there will he
improvement in the quality of the groundwater only if the units go for zero
discharpe.

Fank et al (2001) carried ou the tracing experiment in the
groundwater test field in the Mur valley aquifer system in the Sepiember
2001, In this study sodivm bromide was used s the tracer and pulse njection
method was adopted, Hydraulic and transport parameters of the aquifer were
estimated, For estimating the longitndinal dispersivity they used the Peclet
t¥pe curves. Transversal dispersivity was assumed s 110" of the
longitudinal dispersivity, The results of the analytical modeling were used as
the initial conditions for the calibralion of the numerical transport models,
Dnce the model was calibrated, they compared the model results with the
field results and they found there s good maich between the model values and
field values.

Kyle Thomas et al (2005) simulated the behavior of the nxidant
(sodium persulfate) under variows Injection scenarios. Model simulations
were performed o support the full seale application of the ISCO at the site
area. In-Situ Chemical Oxidation (ISCO) s the soil and groundwater
remediation technology that has heen employed at the site in the Northern
New York sile comtaminated with petroleum hydrocarbons, In this technology
sodm persullate was used as (he base catalyst, A three dimensional, finite
difference groundwater flow model Visual MODFLOW was used (o simulate
the groundwater conditions in the study area. MT3D a solute lransport model
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incorporated in the Visual MODFLOW was used to simulate the behavior of
the chemical oxidant in the groundwater. It was found from the results that the
model did not provide the accurste results due ko the insufficient information
regarding the conceniration of the mass mjected. The author suggested thal
reevaluation of the validation and calibration of the model by hetter knowing
the amount of mass injected, the madel can provide the relisble results,

.12 PARAMETER  ESTIMATION THROUGH GENETIC
ALGORITHM

Mingguang Wang et al (1996) used Genetic Algorithm for the
estimation of aguifer parameters under transient and steady state conditions.
In this study they used Visual Modflow for the flow simulation. They
calculated the heads in 50 da ¥s and 100days and under steady state condition.
Nine differant tests were conducted with the changes in quamity and quality
of the data. The impacts of data quantity and quality in the estimation errorp
were also studied., It showed that there was no change in the estimation error
with the decrease of observation points, There was also no Improvement in
the estimated error even with a second time step of 100 days. In the steady
state condition, estimated error was increased by five times than that of
estimated error calculated under transient state. From the resuli, they
understood that transient head data were much more sensitive to hydraulic
conductivity than the steady state head data. Then genetic algorithm solutions
were compared with the Gauss - Newton solutions and results showed that
genetic algorithm has the smaller estimation error than the Gauss — Newion
mithind,

Giacobbo ¢t al (1996) studied feasibility of wsing Genetic
Algorithm for estimating the parameters of a groundwater contaminant
transport model was investigated. In this study transporl of contaminants was
numerically simulated by an advection — dispersion model. The dispersivity
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and velocity was estimated using genetic algorithm, Genetic algorithm search
procedure was used to estimate the values of parameters. The goal of the
sdy was to find six parameters | Velocity Vi and Dispersivity Di) in three
layers which minimize the objective function. The results showed that the first
four unknown parameters were estimated with pood decuracy. From the
results they undersiood that model output was influenced more by the three
velocity parameters and one dispersivity and little influenced by the next two
dispersivities. They have concluded that genctic algorithm, besides estimating
efficienty the values of the parameters, this method also allowed us o
provide a qualitative ranking of their importance in contributing to mode]
outpul,

Evans et al (199%6) dealt with the uncertainty associated with
hydraulic parameters estimated during the calibration of a eroundwater flow
model, In the aquifer system where the hydraulic conductivity is Anisotropic,
the calibration process becomes mors complex. Preliminary attempts of
madel calibration using Jow dtusotropy ratios resulted in satisfactory match
hetween simulated and observed water levels. In this study, two dimensional
MHow and transport model was analyzed. For the two simulations, anisotwropy
factors of 3:1 and 30:1 were assigned in the model. For the Mow simulation, it
was noted that RMS emor increases as the amsotropy ratio { Kx Ky}
increases. In the transport model, even the hydraulic conductivity ratio of 11
provided the lowest RMS error, the velocities calculated using this ratio did
not satisfactorily simulate the flow directions observed in the fipld. But an
anisotropy ratio of 10:] provided the hest matching between the ohserved
water levels and caleulated water levels and also provided the velocities that
reasonably match the observed flow direction in the field. The results of this
analysis strongly indicate that se of water level data alone would not
adequately represent the site condition, Addition of plume data 1o the water
level data will improve the calibration process and resulted in more reliable
model.



8

Lakshmi Prasad et al (2001) demonstrated the effectiveness of the
Genetic algorithm  optimization model and suggested ity rrelerence  for
Inverse modehng, In this case study they, used Genetic algorithm 10 estimate
the hydraulic conductivity and zonal recharge of an aguifer. For the
estimation of hydraulic conductivity, nel recharge was estimated from water
halance approach. Then the aquifer properties and recharge were assigned in
the model. Range for bydraulic conductivity was taken between (20 10
00m/day). Estimated hydraulic conductivity from GA found good agreement
with water balance approach. For the estimation of net average annual
recharge, it was computed using empirical formulae. Range for the aquifer
recharge was taken between (0.00005 - 0.005). From the results they found
oult that estimated annual recharge using GA were well compared with water
balance approach.

The above literatores describe the basic concepis of the Numerical
groundwater modeling, MODFLOW software for modeling and the concepts
about the Genetic algorithm,

Extensive literaure review on such a infiltration percolation 3
seepage, Geophysical methods, tracer techniques and numerical methods Jead
10 proceed the project work in a positive direction.
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CHAPTER 3

METHODOLOGY

i1 GENERAL

Based up on the objectives and literatures, the methodology for the
research project was framed. It involved prmary and secondary data
collection, Runoff estimation from the catchment, esimation of aquifer
parameter,  hydro-geological investigation, tracer study and numerical
modelling of tank and its command area,

32 DETAILS OF METHODOLOGY

. Selectiom of Tanks
. Hydrological characteristics of a Tank system
= Hydro-meteorological characteristies
= Hydraulic particulars of Tanks
. Delineation of Caichment Area and Tank capacity
Estimalion
. Run off Estimation
. Tank Storage Estimation during Monsoon
. Hydrogeology of the Tank and its command area,
. Giroundwater flucluation and change in storage
. Pumping Rate Estimation
. Tank bed characteristics and its Recharge capacity

. Groundwater prospects

. Aquifer parameter Estimation
. Water Balance study

. Tracer study

. Estimating the impact of partial de-silting of tank bed
through field study and numerical stndy
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3.2.1

Delineation of Feasible Zone for Partial De-silting

@

l

Prellminary survey

ki

Geophysical Sursay - (T-VLF)

'

I3 - Resistvity Mapping

Cialineation of Feasible Zone for Panial Desilting

|

i
Infiltration Rate Analysis
- ]
Atsuface | | s0km below G.L 100 cm below
L G.L

'

!

Collaction of Spil Sample at Various Depihs

:

—

Soll Sample AnalyEis

¥

J Parmeability Analysis

¥

Establshment of Relatiorship betweean

| Infiitration Rate, Permeabiiity and Sail Textura
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$2.1 Estimation of Aquifer Parameters

o

Stuedy Area Sclection I

¥
Primary & Secondary Data Collection

'

Determination of scil Texture, Permeability & Ground water Quality

T ¥

Estimation Retardation Factor & Dve selection

L

Well Dilution & Dve Injection

B2

- single well dilution A
y - two well dilution
Pumping Test
Increase the concentration
* —*  No
Estimated Velocity v
& Permeahility w2

Observed Tracer Break through Curve

'L- 1 Observed Veloeity, Permeability & Dispersion
Co Coefficient I

Estimating Ground Water Quantity and Chaality




323 Tank and Aguifer Interaction

9

Secondary

]

Data
F
L
Primary Data
¥
F - lr
Pumping Resistivity Geochemical
Test Survay Study
Caollection of
Water Sample
Establishment of Empirical

Relationships Betwaen
Gacalectric Parameters
And Hydraulic Parameters

Estimation of Groundwater
Potential And Interaction

*| Between Tank And Aguifer




324 Estimation of Seepage Velocity
Tracer Study
L b
Laboratory Study Fiekd Study
: ,
= Dye Selection Dye Requirement caiculation
» Development of Standard Curve Dye Application in the tield
Dye concantration Analysis
.L Dye Recovery in the pumping
Batch Study wells
» Variation of Soil, Temperature Seepage velocity estimatian
salination on Dya concentration Halationship between Tank
Column Study water and Groundwater in the
« Adsomtion coefiiclent Estimation command areg
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3.2.5

Numerical Modeling of Surface water and Ground water Interaction

Moode! Concepiualizotion

L

Primary Data Collection
and Secondary Data Collection

¥

Fiow Input data

l

Caltwaiion

= | Parameter Estimation - PEST

Irput data (Solute fransport
paramelers)

]



B6

@

Calibration

Parameter Estimotion

i

Model! Validation

w

Pradiction of Surfsce water and
Groundwater Dynamics

In the forthcoming chapters various stages of methodology has been carried
out in the lab and field Lo evaluate the impact of partial de-silting in the tank. Tt includes
analysis of primary and secondary information, geophysical study, soil and water sample
analysis, tracer study and numerical modeling of tank and aquifer SyStem.
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CHAPTER -4

HYDROLOGICAL CHARACTERISTICS OF THE TANK
SYSTEM

The Study tanks were selected based on the objectives and
methodology of the project. One tank was taken in the first and second order
stream which is focated near the hills. Runoff depends on length, width and
slope of the catchment. Second tank was selected in the third and fourth order
stream which is located ot middle reach. Irrigation tanks located in the first
order stream might deposit sediments frequently and crode the bund of the

tank. Tanks located at third order stream are uniform and reliable.
4.1 CRITERIA KEPT FOR THE SELECTION OF TANKS

. System / Non system tanks with specific problem
. Sluice command area of around 40 ha

. Well irrigation {open / bore wells) should be practiced in the

command area catchment
. Command area with paddy / commercial crop

- The tanks should be controlled by Public Works Department
(PWD)

. Active Farmers Organization / Self Help Group o improve
tank efficiency

. De-Silting (to be commenced / commenced)
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. Active participation between farmers and Public Work
Department
. Site accessibility

. Within a radius of 60 Kim from Chennai

Many tanks were visited in  Madurai, Virudhunagar,
Kancheepuram, Thiruvallur and pear 1o Chennai. After visiting many tanks
and discussing with Water Resources Organization/Public Works Department,
two tanks one located near w Chennai and the second s far away from
Chennar were selected. The tank near to Chennai is Ponpadi tank, ncar
Tiruttani while the other is Sengulam tank, in Virudhunagar District.

OBJECTIVES OF THIS CHAPTER

»  Tostudy the hydrological characteristics of a tank s ystEm;

> To assess the capability of the tank in conserving the

maximum vield from rainfall over its catchment;

v

To assess the recharge capability of the ranks and develap a
relationship between tank water depth and ground water
level;

The Ponpadi village is situated 7 km from Tiruttani town, Ponpad:
lank which was taken for the research study is sitnated is about 0.6 km from
Ponpadi village in Thirovallur District. The latitude and longitude of the tank
are 13°13°58" N and 79°35°59” E respectively with an altitude of 99 m shove
M.S.L. The another one Sengulam tank is situated &t the end of Sengulam
village which iz at a distance of 15 km from Vi rudhupagar wwn in
Viradhunagar District. The latitude and longitude of the tank are 0° 38 33" N
and 77" 49" 47" E respectively with an altitude of 125,578 m ahove M.S.L.
The location of the study tanks is shown in the Figure 4.1, The Study area
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details and Hydraulic particulars of the Ponpadi and Sengulam  Tanks are
presented in Table 4.1,

RINER BARINS ';

Figure 4.1 Location of Ponpadi and Sengulam Tanks



Table 4.1 Study Area Details and Hydraulic Particulars

i

Tank Particularly Ponpadi Sengulam
Type of Tank Rainfed Rainfed
District Thiruvallur Virndhunagar
Latitude 13200 20" N 9" 38" 3245" N
Longitude 7932 20" E 77°49' 4724 E
IFTL 952 m 121110 m
MWL 95.6 m 21710 m
No. of Sluices | 3
A yacul 145.35 Ha 50 Ha
Original Capacity 1.61 M m’* 0.295 M m’
Present Capacity L.16 M m’ 0.270 M m®
Catchment area 11.75 km? 4.60 km®
[Average Rainfall 10084 mm TEOLAY mm
Southwest 464,49 mm 165, 9 mm
iHnﬂheasl 441.31 mm 410.2 mm
Winter 20.91 mm 40.6 mm
Summer 77.80 mm 164.2 mm
Dependable Rainfall 850 mm 604, Imm

4.2 PONPADI TANK - TIRUTTANI

Tiruttani lics in the Nanthivar basin which i5 one of the sub hasins
of Chennai basin as shown in Figure 4.2. Nanthiyar sub basin covers an ares
of 718 sgkm that originates

Singasamudrom in Andhra

from Puttur hill a1 an altitude of 582 m near

Pradesh. Then it enters Tamil Nado and feeds

Sholingur tank. Nanthiyar passes through Tirattani and Joins with Nagari

River and which empties into the Sathiyamoorthy Sagar reservoir in Poondi,
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Geolopy

Tiruttani is underlined by crystalline rocks of Archean age,
comprising granite gneiss, charmockite and associated basic igneous and
metamorphic rocks. The granite ocours as linear hadies in Fast and Southeast
of Tiruttani and Southwest and Northeast of Sholinghur. It is pink 10 grey,

coarse grained granodioritic composition.

Figure 4.2 Base Map of Chennai Basin

Hydrogeology

The occwrrence and movement of groundwater in hard rock s
heterogeneous in nature and Mow is restricted o the wedthered formation of
the top zones followed by fissured and Jointed zenes. Top portion of the
surface is u sandy soil which is a depth of 15 w 3 m [ollowed by highly
weathered formation of granite and granilic gneisses up © 7.5m followed by
fractured formation ar twe depths of 30m and T0m underlined by the bed

rock. Groundwater oceurs under water table condition in n weathered zone
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and acts as shallow aguifer which forms the water bearing zones. [n general,
the winter water level varies from 4.00 m 0 8.20 m and the summer water
level varies from 5,30 m to 940 m,

Aquifer Characteristics

The yield in hard rock ran ges between 45 and 220 fpm,
Transmissivity (T) ranges from 10 o 80 m* day. The Permeahility (k) ranges
from 0.5m / day to 2.5m / day. The storativity (S} ranges from 2.6 # 10 % 1o
3.6 % 10 % According to the depth of occurrence, the depth to bed Tock is
discussed under three general categories viz

1. Al shallow depth 11 - 45m bigl

i}

Al intermediate depth 45 - 75m bel
3 Al deeper depth > 75m bl

Shallow aquifer made up of weathered rock, moderate 1o deep
aquifer made up of fractured rock. Shallow dug wells are used at depths up to
1o 12m beyond which bare wells are in use,

4.2, Hydro-meteorological characteristics

MNearest rain gauge station is at Tirutting meteorological station for
Ponpadi tank. From the same station pan evaporation, relative humidity,
minimum and  maximum lemperature,  sunshine, wind velocity  and
evapotransportation were collecied (rable 4.2). The salient features of climatic
data are:

. The monthly average maximum temperature of the starion
varies from 23.12°C o 429]°%, The monthly average

minimum temperature of the station varies from 16,15°C o
35.02°C:
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The monthly average relative humidity of the station from
varies from 34% 1o 945 :

Wind velocity is an Important meteorniogical parameter
which has considernble influence on evapolranspiration
phenomena, Wind s direct impact on climate and
vegetation and is linked with circulation pattern of the
monsoon. The average monthly wingd velocity of the station
from (044 Kmph 1o 17 .45 Kmiph;

The monthly average sunshine hours of the station varies
from 2 hrs to 1117 hrs;

More than thirty years of monthly rainfall data (1972 _
2008) were collected from the Thiruthani rain gauge station,
Average annual rainfal] is 10084 mm:

Annual average of 1972 _ 1989 was 948 mm and 1990 —
2008 was 1066 mm, Average rainfall from January to May is
102 mm and from June 1o Pecember is 906 mm as shown in
table 4.3, Fifty and scventy live percentage dependable
rainfall is 960 and 850 mm PET Yeur respectively:

during Southwest and Northeasi monsoon, Ponpadi tank is
not gelting sufficient water as expressed by the farmers. Tt is
Tfound that last six years Tiruttani has got rainfal| more than
OO0 mm as shown in figure 4.3. However tank got filled 10
its fullest Cdpacity during Northeast monsoon of 2005 and
2008. Rainfall in the 2007 (1275 mm) was maore than in the
year 2008 (1052 mm). However the tank filled 10 its fuljest
capacity only in the year 2008 and not in the vear 2007, This
is because tank filling is function of rainfq] intensity rather
than annual rainfall, That is why tank filled  during
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November 2008 due to continuous thres days rainfall of 373§
mim (26/1 12008 1o 28/ 172008);

. Farmers expressed that one time filling is sufficient cnough
to meet two years demand of their agriculture. Since this
lank is the first tank of the cascade syslem which is affected
by the siltation problem both in the supply channel and also
in the tank bed whose catchment is part of a hill lying far of
from the tank as shown in figure 4.4. Slope from catchment
10 tank is relatively high. Hence cnormous quantum of silt
heing deposited into the tank. From the enquiry and also by

capacity survey it was found that the tank has lost its one
tourth capacity i.e. reduced from 1,6 M m* o 1.2 M m

Figure 4.3 Comparison of 2007 and 2008 Monthly Rainfall

4.2.2 Delineation of Catchment area and Estimation of Tank
Capacity - Ponpadi

Catchment area pf the Ponpadi tank is 11.75 km’ which was
delineated using survey of India foposheet of scale 1:25000, The same map
was scanned and digitized through Map Info GIS software package. Figure
4.4 shows the Ponpadi tank and its catchment, Engineering SUrvey was
conducted in Ponpadi tnk o estimate the present capucity of the tank, The
survey was carried out with the help of the Geophysical Positioning System
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(GPS) and Dumpy level, The reduced levels noed by the GPS were verified
by the Dumpy level survey. Both the data were used for the mapping and
analysis. Based on these, contour Midps were drawn which are shown in figure
4.5. The capacity of the tank was estimated as 1.16 M m’ which was 1.6]
Mm” thirty years before. It dead storage is 0.0738 M m” at 92.8 m ahove
Medn sea level. Tank surpluses at 95.8 m o which tank capacity is 1,16 M m®
which is shown below.,

i Components R.L wrt m.s.l () Remarks 1
Top of the Platform 97.55
00738 M m* Dead
Bottom of the Sluice 928 -
Storage
1.16 M m’ Tank
R.L. of the Surplus Weir u5.8 o
Surplused
Maximum De f th
o Pl 0 3 475 m At Sluice
Tank
L B
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Figure 4.6 and Figure 4.7 show the depth versus water spread ares and
depth versus stomge graphs respectively. Table 4.4 shows the cumulative water
spread area and storage of the tank against elevation of the tank, Maximum depth
of the Ponpads tank 15 4.75 m at sluice,

*  Water spread area at 3m above the sill level is approximately
280000 m” and the same is 300000 m” to a depth of 4.26m:

*  Storage below the sill level is 0.0738 Mm® which is a dead
storage. Up to a depth of 92.4m the incremental storage was 0.04
Mm’ resulting in a cumulative volume of 0,15 Mm". Beyond this

depth 93.4m, the incremental storage increases progressively
from 0.05 o (.15 Mm':

*  Heght of the surplus weir has been reduced in order to avoid the
submergence of the railway track passing through Ponpadi tank.
It is also one of the reasons for the reduction of the Ponpadi tank

capacity;
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Figure 44 Catchment Area of Figure 4.5 Contour Map
Ponpadi Tank of Ponpadi tank
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Water spread Area at Ponpadi Tank

. Figure 4.6 Elevation vs

& = L - B ¢
L ]

Storage at Ponpadi Tank

Figure 4.7 Elevation vs



Table 4.4 Ponpadi Tank Capacity Estimation

1l

Bl Incremental | Comulative Violuis Incremental | Cumudative eha
(m) Area _.I'u-El sy Volums 1-’1:1]“:3.2
(m') (m”) - ™M m') (M m?)

9] 2103394 Z10335.543 ) i

912 | 2105902 | 23139845 | 4417.4 | 0,004417379 | 0.004417379

914 | 2183002 | 25322867 | 4B463 | 0004846271 | 000026365

W16 | 2436178 | 27759.045 | 308.2 | 0.005308191 | 0.01457 1841

b1 8 3695865 | 3145491 | 59214 | 0.005921395 | 0.020403207

92 W | 36432613 | 67888 | 0005788752 | 0.02728 1980

422 8201778 | 44724391 | 81157 | 00081157 | Doss3oress

924 | 10687340 | 55411.729 | 10014 | 0010013612 | 0.04581 1301

926 | 13382380 | 68794.112 | 12421 | 0012920584 | 0.05783 1558

28 | 2550800 | 91345001 | 10014 | 0016013911 | 0073845797 Dead Storage
o3 25851.250 | 11719625 | 20854 [ 0020854125 | 009460002

932 | 31114470 | 14831072 | 26351 | 0.026530687 | 0.12125000

w34 34600 520 182920.34 | 33123 | 0033123106 | 0154373775

936 | 20441.780 | 21236211 | 39328 |0.0395282%5 | 0.19300107

93.8 | 31553760 | 24391588 | 45628 | 0085627799 | 02305307

a4 56219.810 | 28013568 | 52405 | 0.052405156 | 0.291934070

942 | 38382030 | 118817.71 | 59465 | 0.059865339 | 0351800065

44 | 49279580 | 367797.29 | 68631 | 00686315 | 0420431768

W46 | 64308890 | 43210618 | 79990 | 0.079990346 | 0500032111

U4R | 59210860 | 49131804 | 92342 | 0.092342421 | DszT6asE0

05 34902 000 aZ6220.13 | 101754 | D.01753817 | 0.604518340

952 | 27579950 | s53800.08 | 108002 | D.108002021 | 0.80252037

954 | 28797000 | 58259708 | 113640 | 0.113639716 | 0016160088

95.6 | 28558050 | 61115603 | 119375 | 0,119375311 | 1033535307

95R | DOR22600 | TI09TEe+ | 132213 | 0132203467 | 1 sTranEeg F”"Cr:ﬁﬂ:ﬁ"“ﬁ
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4.2.3 Runoff Estimation - Ponpadi

The rainfall during the vear 2007 was 1275 mm which was measured
at Tirultani Raingauge Station, It was also ohserved that even il there is rain at
Tiruteani, some times no rainfall took Pplace at Ponpadi. Runoff takes place only
during continuous rainy days that too at high intensity of rainfall, This situation
was observed in the year 2007,

Year 2007 and 2008

From April 1o August 2007, Ponpadi had 511 mm rain which produced
very very less minoff to the tank. Sufficient inflow to the tank was observed from
3" Septernber 2007 (51 mm rainfall on 03.09.2007) which was followed on 14*
of Scptember. It contributed abowt 0.1 M m®. Rainfall during the month of
October and November, contributed 0.28 M m* which was followed by the
December 2007 rainfall that increased the storage capacily to (.44 M m’ against
its full capacity of 1.16 M m® as shown in fgure 4.8, Even after the rain stopped,
the runof was observed for next ten days (hat can be ohserved in the table 4.5,
The total runoff from the catchment was 0.24 M m’, Volume of water fod to the
tank through direct rainfall was 0.13 M m’. Maximum storage in the Ponpadi
was 0.43 M m” which was observed on 30™ December 2007, Since power supply
to the farmers is free, no water from the tank was discharged. All the neads of the
crop mel out by pumping. Hence the tank storage was decreased by seepage,
evaporation and by sluice leakage. It becomes completely dry during March 2008
which s very clear from the figure 4.8,

Total ramnfall during the year 2008 was 1053 mum. Even though the
raifall during 2008 was less than 2007, the rainfall wtensity was very high
which was 378 mm in three days of November 2008, Actually rain was staried
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on 26/ /2008 which continued for thres days, filld the tank, Tank was fall il
91 272008 and started decreasing as shown in figure 4.8 and 4.9. Photograph 4.1
shows the tank with its full capacity during December 2008, It was surplused for
many days as shown in photograph 4.2, Wesaker portion of the tank breached as
shown in photograph 4.3 which were arrested with the sand bag packing. The
arca of cultivation during December 2007 was only 50 acres since the tank has
ol one third of its capacity, But in the year 2008, the area of cultivation was
initially 72 acres which increased to 205 acres as shown in tahle 4.6 to 4.8 which
wan also be seen in photograph 4.4,
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Figure 4.8 Monthly Tank Storage for Twe Water Years



Table 4.5 Ponpadi Tank Storage Estimation

Runoff

I'.li.rm Water ﬂnnﬂu
from the | Rainfall Evaporation Actunal in
Date delineated | over the Tre':d Iy Storage stormge,
catchment tank 1 {m’) ('} AS
(") (m") Lot ()
19-Dec )7 2815040 [
20-Dec-D7 | 42703 59011 01 246 2711 324900 434017
Z1-Diee-0¥7 6l7l2 TO3RT 333302 ElE ] 372400 47535
22.Deci7 JR034 b b 333230 30k 370300 GEGS
23-[hes-07 A0Es9 RECLAT] 3062 FH2O00 Fr48
24-Dhee-07 174 345621 i JROS00 7549
_ﬁmc-mr 14327 157941 3221 06700 17158
2t-Dhec-(i7 Bel10 T 3339 24400 17720
I7-Deg-li7 6346 373620 1354 426400 2iWn
28-Dec-07 | 6346 374228 1368 428400 20K
29-Decd? | 4211 17487) T4 4292000 A0 |
W-Dec07 | 4539 377444 3397 432400 3200
| Total 240261 132953 34550

T s e |

-_H-!Ih“

Figure 4.9 Daily Tank Storage during Two Water Years at Ponpadi Tunk
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Photograph 4.1 View of Ponpadi Tank during December 2008

Photograph 4.2 View of Surplus at Ponpadi Tank during December 2008
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Photograph 4.3 Sand Bag Packing to Arrest the Breach at Ponpadi Tank
during December 2008

Photograph 44 Cultivation at Ponpadi Tank Command Area during
December 2008
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4.2.4 Ground Water Potential

The water table represents the ground water reservoir level and
changes in its level, represent the changes in the ground water in siorage. The
rise or fall of the water table in g specific time interval was prepared from water
level data of wells. A decline in the witer table represents ground water
abstraction in excess of recharge, while a rise represents groundwater recharge in
excess of abstraction. Water level fluciustion is due to rainfall recharge,
hydrologic influences such as flucteation of surface water bodies and man made
disturbances like application of rigation water, artificial recharge and with with

drawls from wells etc,

In arcas with well defined seasonal rainfall, the water whble rises and
falls follow annual cycles, the nise corresponding to the rainfall period and the
low stage corresponding to the dry period. The water level rise does not
commence immediately with the onset of the rainy season as the inifial rains
have to satisfy the soil moisture daficit which is at maximum level at the epd af
dry spell. The fluctuations are caused by evaporation and transpiration of
groundwater by phreatophvte  that  dissi pates  considerable  volumes of
groundwater, The high losses afier midday, usually with strong sunlight, cause 3
decline in the water table, followed by partial recovery during the nights when
the losses are low, The recovery is attributable o the feplenishment of storage
losses {rom adjacent areas withdrawal of groundwater by pumping wells causing
decline in water levels. It reflects the cumulative effect of natural recharge and
discharge condition, During the period of operation of the pump, there is-a draw
down in the water levels followed by recovery when the pumps are shut off. As
long as the pumpage does not exceed the recharge, water levels recovers fo
original levels during rest periods. Prolonged overdevelopment of ground water
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n a heavily pumped areas results in a downward trend of the water table due to
the draft exceeding the recharge.

425 Groundwater Scenario at Ponpadi Tank

The command arca of Ponpadi tank is 1.45 square kilometer (1435 Ha)
which has more than thirty open dug wells and twenty dug cum hore wells,
Before selecting wells, Ponpadi tank farmers were met and discossed abowt the
tank’s charscteristics such as number of fillings, number of times the tank
surpluses, tank’s capacity, well depth, pumping rate, the land area each well
supports ete. The photographs 4.5 and 4.6 show the Ponpadi tank’s farmers.
Initially five open wells at the right of the sluice and seven open wells at the lefi
of the sluices with respect to flow direction which are named as Rl to RS and L1
o L7, respectively were considered for the study (o collect ground water levels.
At later stages some more open wells and bore wells were chosen to study the
ground water movement. Pumping wells are represenied as P1, P2 et as shown

in figare 4.10
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Figure 4.10  Pumping wells Location at Ponpadi Tank Command Area



Photograph 4.6 Farmers Participation a1 Ponpadi Tank

4.2.6 Well History

Extensive information aboyl pumping wells and cropping patiem were

collected which are given in Table 4.6, Table 4.7 and Table 4.8, The land holding
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by farmers ranges from 2 to 20 acres and some farmers are landless alsa Muost of
the big farmers arc living in Tiruttani Town, Small and landless farmers arc
fiving in a Ponpadi village, Farmers had concentraied on coltivation when the
lank has sufficient water. Once the Ponpadi tank gets water with capacity to s
[ull, or more than fifty pereent of its capacity, the farmers are cultivating two
times in thar year. Mostly third crop will be a dry crop such as groundnut, corn,
etc,. Even though the Ponpadi tank gels filled 1o its full CAPACILY Once In fwo
vears they are ahle 1o cultivate for rwo vears continaously using groundwater,
This was stated by farmers, The total comimand ares is 145 hectares (364 acres),
It was found that 72 scres were under cultivation during November 2008, Maost
of the wells gre dug cum bore well or bore wells, from which pumping of 3 o 6
m’ per hour was ohserved During January 2009, about 147 acres of land were
under cultivation. Most of the crops are pieddy and sugarcane. One of the farmers
Yasothamma cultivated 15 acres of casvarinas and cucal ypivs during January
2009 which is given in Table 4.7. Extensive cultivation of 205 gires was foend
during February 2009. Entire Ponpadi command area was filled with paddy and

sugarcane during February 2008 as shown in photograph 4.7

Photograph 4.7  Cultivation ai Ponpadi Command Area during February
AWK
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427 Groundwater levels in the Ponpadi Pumping Wells

Groundwater levels were observed monthly from August 2007 1w
August 2009 in the pumping wells itself as shown in figure 4.11 a_ b, ¢ Crpen
well R2 was dry for the entire study period,

. The water levels in all the wells on either side of the sluice
observid were far below the measuring point, Open wells R,
RI, R4, RS, L1 and L2 wepe completely dry during August 1o
October 2007 even though there was 1 sufficient rainfall of 125
+ 182 + 205 = 512 mm. The rain wes continued during
November and December 2007 that increased water level in the

open wells,

- Water levels were suddenly increased in all the wells due
heavy rainfall from 26/11/2008, ( This rainfall made the Ponpadi
lank at maximum level which was surplused also). Water levels
were almost closer o the ground surface which can he seen
from the figure 4.11 a, b, c.

The chservation of the two years indicated that continuous down pour
of rain especially during northeast mansoon alone can fill the tank. Then only the
wells are getting recharged, otherwise most of the rain gets lost in meeting soil

moisture requirement.
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Figured4.1ta  Ground Water Levels in the Pumping Wells of R1, B3 to RS
at Ponpadi Tank

Vabter Lovad
oREEE AR

Figure 4.11b Groundwater Levels in the Pumping Wells of L1& L2 at
Ponpadi Tank
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Figure 411c  Groundwater Levels in the Pumping Wells of L4, L6& L7 at
Fonpadi Tank

Fumping Details from December 2008 — May 2009

Pumping patiemn at Ponpadi command arca was observed from
December 2008 1o May 2009. Tank water was not released from the tank since
electricity is free and farmers pag use groundwater at free of cost. Farmers stated
intense cultivation of paddy and Sugarcane after rain was started on 26/1 /2008,
This rain filled the tank to its fullest capacity. Farmers used 3 HP, 5 HP and
rarely 7 HP motors 1o pimp the groundwater. They operated the pump set four to
ten hours depending upon the electricity availability. Most of (ke pamping was
observed in the second deeper aquifer which ranges from 45 m 1 75 m depth,
Yield was observed as three o six cubic meter per hour. Pumping deails from
December 2008 1o May 2009 are shown in Tabla 4.9,



Table 4.9 Pumping Details at Ponpadi Command Area
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Ohbserved Monsoon Pumping |Observed Non Monsoon Pumping
Manths (m™ Months (m"
[ Decs B105 Mar-09 9605
Jan-09 11444 Apr-09 9759
Feb-04 15820 May-(19 061
Total 35369 24425

4.2.8 Net Draft at Ponpadi Tank Command Area

From the monthly groundwater flucmiation data, net draft from the

Ponpadi command area were estimated. Net draft is the algebraic sum of the
recharge and discharge of the arca which was 0.1 Mm” in the year 2007 — 2008

and .15 Mm” in the vear 2008 - 2009, Monthly net drafts

showa in figure 4,12,

for two years are

. But total pumping may be 0.76 Mm® in the year 2007 -
2008 and 1.65 Min” in the year 2008 — 2009

. Monsoon pumping is 20% of the monsoon recharge and non
Monsoon pumping is more than 75% of (he NON. NGNS
recharge;

. Farmers at Ponpadi were wailing for a tank to get water theq

they started cultivation. It was ohserved that cultivated area
during November 2008 was 72 acres, Janvary 2009 was 177
acres and February 2000 was 205 acres:;
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Figure 4.12  Net Draft at Ponpadi Tank Command Area
4.2.9 Seepage Rate at Ponpadi Tank

Seepage rate can be caleulated as 50 percent of the tank storage of the
conesponding months and also 2.4 percent per day of the tank storage. Tank
storage is observed once in a month, it was considered as 50 percent per month
that is given below,

Month Tank Storage Mm” Seepage Rate Mim
Mec’07 0.22 0.11
Jan'08 0.32 (.16
Feb'(8 (L12 0.06
Tatal .66 0.33
Dec'(8 1.2 0.66
Jan'09 0.75 0.38
Feb' 09 0.60 0.30
Mar* (19 0.35 0.18
Apr'o9 0.07 0.04

Total 290 1.49



Rainfall in the year 2007 — 2008 was mome than 2008 - 2009, However
tank got filled only during the second wet year due to very high rainfall of 40
mm in three days. This tank had one fourth of Hs capacity during January 2008
and 1.2 Mm® during December’ 2008,

42.10  Relationship between Tank Water Level and the Well Water Level
at Ponpadi Tank

Itis observed that the tank influences the command area groundwater
storage. Main source of the aduifer is the tank recharge. Giraph between tank
water level and well water levels were drawn. Hence it was planned 1o develop
refationship between the tank water level and well water level Using this
relationship if @nk water level is known the ground water level can be

determined.

There is no specific trend was obseryed, Open wells are behaving
different from deep bore well water level. Open wells ar= R1, R2, R4, L1, 1.2,
L4, L6 and L7 in which tank water varies quadratically with groundwater levely
as shown in figures below, Empirical relatipnship for the open wells were given
below,

Well B1 - 13932+ 25T x— 11747
Well R2 - 1218 X'+ 225 x - 10316
Well R4 - 1336 %"+ 247 x - 11335

Well 1.1 - 023x+44.6%- 2032
Well L2 - 0456 x"+ 84.87 x - 3851
Well L4 — D073 %" - 1286x + 6321
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Variation of tank water level, water
table of open wells and piezometri
surface of bore wells o
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Bore wells L8 and L9 and L15 and L16 varied similar, Their analytical
relationship s given below.

L& ¥ =1777x-73.5]
Lo Y=1771 x-752%8
L15 Y =0.566 x + 39,50
Lit Y =0482 x + 49130

4.3 SENGULAM TANK - VIR UDHUNAGAR

Virudhunagar distriet is divided nto eight Taluks, It lics between
Vappar River and Gundar river hasin, All the rivers are seasonal and CAITY
substantial flow during monscon period. The chisf irrigation sources in the areg
are the tanks, dug wells and tubes bore wells,

The Seogulam tank is sitvated ar g distance of 15 km from
Virdhunagar town in Virudhunagar District, The latitude and longitunde of the
tank are 9" 38" 33"N and 77° 49' 47"E respectively with an altitude of 125578 m
above m,s.l.

Geomorphology

A major part of the district constitutes g plain terrain with 2 gentle
slope towards Ease and Southeast, except fur the hilly terrain in the West, The
prominent geomorphic units are flood plains, bazada pediment, shallow g deep
buricd pediment and structural hills,
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Soil

Soil in the area have been classified into deep red loam, black soil and
red sandy soil, The majority of the study arca is covered by black soil. Black
soils are very deep and generilly occur in the depression adjacent to hilly areas.

Hydrogeology

The Virudhunagar district is underlain by both porous and fissured
fotmation, unconsolidated formation and weathered. The imporant aquifer
systems in the district are in fissured and fractured crystalline rocks. The
thickness of the weathersd zone in the district is 4 1o 15 m. The depth of dug
wells ranged from 10 10 15 m bgl. The yicld of large diamecter wells in the
weathered mantle ranges from 40 to 110 lpm and are able to sustain for 2 1o 6§
hours per day, The specific capacity of large diameter wells in the crystalline
rock ranges from 6.26 o 183.8 Ipmim of draw down, The yield of bore wells
drilled down 10 a depth of 40 to 70 m for domestic purpose ranged from 10 to
2530 Ipm. The depth 1w water level in the district varied between 0.67 and 12,12 m
bl during pre monsoon and varjed hetween 0.49 and 8,78 m hel during post

MOOSO0T.
431 Rainfall and Climate

Virudhunagar receives, rain under the influenee of hoth Southwest and
Northeast monsoon. The Mortheast monsoon chiefly contributes to the rinfall in
the district. Most of the precipitation oecurs in the form ol cyclonic storm caused
e to depression in the Bay of Bengal. The Southwest monsoon rainfall is mote
regular compare to Northeast monsoon
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Kavalur is the nearcst rain Zauge station for the Sengulam tank and is
considered for the rainfall analysis. Annual and seasonal rainfall analysis was
carried oul from 1974 10 2000, Thirty five years average annual rainfall is 780
mm as shown in table 4.10. The Average southwest monsoun and northeast
mansoon 166 mm and 410 mm respectively as shown in table 4,11, Filty percent
dependable minfull in 721.6 mm which otcurred during the year 1992 ang
seventy five percent dependable rainfall in 604.1 mm which oceurred during the
year 1991, Rainfall in the year 2007 was 1011 mm and in the year 2008 was
1073 mm which are shown in figure 4,13,

Sengulam has a subtropical climate, The peaod from April t June is
generally hot and dry and the weather is Pleasant during the period from
November to January, Usually momings are more humid than afternoons. The
relative humidity is on an average between 65 % and 85 % in the mornings and
between 40 % ond 70 % in the afternoons. The annual mean minimum and
MAKImum temperature are 23.78°C and A3.95°C respectively, The day time heat
is oppressive and the temperature is as high as 40.2°C. The lowest lemperature
recorded is 19.3°C,

Figure 4.13 Comparison of Rainfall during 2007 and 2008 at Kavalur
Raingange Station
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Table4.11  Seasonal Rainfall for the Period 1974 - 2008 at Kavalur
Raingauge Station
Seasonal and Annual raiufall imm) i Eavalur Faingauge stalion N
T Southwesy MNorthe Winter Su
Pl | Yoar LJun-Sept) mm I:lktnxn;:m th-F:hll mim Mhr-ﬁmu ot
I | 1974 1510 358.4 0.0 166,0 6758 |
2 1o 2313 195,1 175 93,7 5378 |
3 | 1978 150.0 353.0 0.0 1767 679,7
T 2254 56,9 37.5 2196 1079.0
5 [io78 428 1775 220 6.6 4089
& | 1919 154.4 §99.7 60,5 86.5 13011
7 | 1980 vg.5 198.6 0.0 1313 5195
8 | 1981 166.1 4150 215 3.4 686.0
o | 1952 1.5 2916 0.0 65.0 448.1
10 | 983 1150 4671 0.0 6.5 6426
1| 1984 | 3023 209, M3 157.0 8687
12 | 1083 104.6 2512 44 1120 562.2
13 | 1988 182.6 282.1) 144.0 256,10 B4
14 | 1987 13%.6 6E1.4 (1X1] 144.0 1010.40
[ 15 | 1oss 2960 254.0 6.0 187.2 8442
16 | 1989 3820, 3129.0 0.0 238.7 950,6
17 | 1990 136.5 2.2 192.0 94.0 784.7
18 | 1991 164.1 231.5 0. 1105 04, 1
19 | 1992 1208 374.0 0.0 1268 7216
20 | 1993 1292 5914 27.0 120,0 4880
21 | 1904 b7 215.2 213 598 367.0
22 | jous 174.8 177.0 32 3313 6863
23 | 1995 153.0 3310 12.0 2114 434
4 | 1997 480 V20 0.0 2070 1157.0
25 | 1998 2330 556.0) 0o 270 16,0
[ 26 | jows 154.5 6153 2410 1914 9857
27 | 2000 150,00 1806 118 3.0 655.4




2% | 200 194.4 419.0 13.0 2330 BS0.3
e 20)2 I39.0 3204 4510 127,49 niz3
0 | 2003 1522 344 4 4.0 | 9%, 8 6974 |
31 | 2004 ai, 2 339.9 2.0 137.2 578.3
32 | 2008 60,0 360.0 20 103.0 B25.0
[ 33 | 2000 102.6 737.3 6.8 2110 1057.7
4 [ 2007 1R2.0 491.6 19.4 2012 1011.2
35 | 2008 832 43R.6 16.6 144. 1082.5
Average 165.9 410.2 06 1642 | 7809 |

4.3.2 Delineation of Catchment and Tank Capacity Fstimation of
Sengulam

The catchment area of the Sengulam tank is 4.60 km® Figure 4,14
shows the catchment fap of Sengulam tank, It has both intercepted and free
catchment. Main supply channel is from free catchment and the other one is from
ntercepted catchmen, This tank has got three sluices and one surplis weir gs
shown in Figure 4.14. The Photograph 4.8 shows supply channel from the free
catchment to the Sengulam tank. Photograph 4.9 shows the Sengulam tank when
it was full during December 2007, Photograph 4.10 shows {he scngulam tank
during November 2008, Photograph 4.11, 4.12 and 4.13 show the structure of
Sluice 1, Shuice 2, and Sluice 3 respectively. Photograph 4.14 shaws the surplas
weir at Sengulam tank, The surplus water from this tank js directed to the next eri
(tank) called Muruganeri a5 shown in figurc 4.14. The Photograph 4.15 shows
the crop cultivation at Sengulam tank command arcq during December 2007,
Photograph 4.16 shows one of the pamping activitiey from the open wells 4
sengulam command ares which was taken duging June 2007.
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Top seil was 3 m depth at Sluice 3, 7 m depih at Sluice 2 and 10 m
depth at Sluice 1. This Top soil is undedained by weathered rock that is shown in
Photograph 4,16, Totally Twenty four Pumping wells were found ip the
Sengulam command area as shown in figure 4,15,

Figure 4.16 shows the depth versus water spread area of the Sengulam
tank. Through GPS the reduced level data capacity of the Sengulam tank Wis
estimated a5 0.278 Mm” as shown in figure 4.17, Table 4.12 gives information on
waler spread area and storage at different depths. Siuices 7 sill level is at 119.5
above the mean sea level at which the Sorage is 0.1 M m’, Hence, only when
tank storage is above 0.1 M o, water can be conveyed to the command area
through Sluica 2, However water may be discharged through sluice 1 which is
located ar a depth of | 19,98 m above (he mean sea level al which storage is (0,143
M m". The reduced levels of Sluices and Surplus weir are given helow.

e Above Mean Sea Level | Storage |

| {m) | _{Mm}} _|
Sluices 1 | 119,98 | s
Sluices 2 119.50 0.1
e TTYT % 004

! Surplus weir 121.18 | Tcupar;ities r
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Photograph 4.8 Suopply Channel to the Sengulam Tank
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Photograph 4.9 Full Tank view of Sengulam during December 2007

Photograph 4.10  Sengulam Tank during December 2008



Photograph 4.11

Photograph 4.12

Sengulam Tank Sluice No - 1

Sengulam Tank Sluice No - 2




Photograph 4.13  Sengulam Tank Shaice No - 3

Photograph 4.14  Surplus Weir at Sengulam Tank
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Photographs 4.15  Sengulam Tank Command Area during June 2007

Photographs 4.16  Pumping Open Well at Sengulam Tank Command Area
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Figure 4.15 Location of Pumping Wells at Sengulam Tank
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Figure 4.17 Elevation Vs Storage at Sengulam Tank
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Table 4.12 Water Spread Area and Storage Capacity of Sengulam Tank

Elevatiog | Areaof | Cumulative Vohuine Comulative
) contour Area M) Volume
(km) (ko) (M m")
117.584 0.006 0.005% 0.0002 0.0003
117.684 0.006 0.0119 0.0006 0.0008
117.784 0.008 0.0195 0.0009 0.0019
117,854 0,009 0.0284 (L.0014 0.0033
117984 0.009 0.0373 0.0019 0.0052
118084 | 0008 0.0431 0,0023 0.0074
118.184 0.008 0.0527 0.0026 0.0101
118 284 0.007 0.059 0.0029 0.01303 |
118.384 0.007 0.0672 0.0033 0,0164
118.484 0.008 0.0753 0.0038 0.0202
118,584 0.008 0.0836 0.0042 0.0243
118,684 0.009 0.0922 0.0046 0.02895
118,784 0011 0.1031 0.0052 (1.03411
118,884 0.011 0.1146 0.0057 0.0398
| 18.984 0.017 0.132] (1.0066 0.0464
119,084 0.023 0.1551 0.0078 0.0542
119.184 0,017 0.1723 0.0086 0.0628
119,284 0,008 0.1807 0.0090 0.0718
119.384 0.007 0.1881 0.0094 0.0812
119484 0005 0.1934 0.0097 01,0909
119.584 0.005 0.1982 0.0009 0.1008
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119,684 0.005 02031 | 00102 0.1109
119,784 0.006 0.2089 0.0104 0.1214
119.884 0.006 0.2149 0.0107 0.1322
119.984 001 02246 | 00112 01,1434
120,084 0.012 0.2365 0.0118 0.1552
120.184 0,006 0.2422 0.0121 0.1673
120284 0,003 0.2449 00122 | 0179
120384 0.002 0.2470 0.0124 o918 |
120,484 0.002 0.2489 0.0124 0.2044
120,584 0,002 0.2508 0.0125 02160
120,684 0.002 0.2526 0.0126 0.2296
120,784 (.002 (.2547 0.0127 0.2423
| 120884 | 0.003 0.2573 0.0129 0.2552
120.984 0.008 0.2652 0.013 0.2684
121.072 0.007 02719 | 00103 0.2787

433 Runoff Estimation - Sengulam

Runofl estimation was carried our using Soil Conservation Service
methaod,

Year 2007 and 2008

Initial storage in the Sengulam tank as on 30//2007 was 0.05 M m’
which was far below the sill level of the sluice 2. Northeast monsoon was sel
during 13.10.2007 which was continued till 29.10.2007 which produced a rainfall
of 243.2 mm. This rainfall produced a runoff of 0.412 M’ which made the tank
to surpluses for many days. Rainfall of 70.8 mm and 177.6 mm dunng the month
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of November and December 2007 respectively, produced a runolf of 0.0136 M
m’ and 0.1245 M m" as shown in lable 4.13. Inflows from the two supply
channels were measured before estimating the nnoeff. Runoff coefficients were

evaluated from the inflow rate,

[nitial storage in the Sengulam tank as on 29.9 2008 was (L0052 M m'.
Norheast monsoon was set during 12" October 2008 that increased the storage
capacity up to 0.1552 M mr’, Subsequently Sengulam was blessed with 1793 mm
rainfall during November 2008 which increased the tank storage upto 0.2295 M
m’. But the tank storage was reduced to 0,1322 M m’ because the rainfall during
December month was only 20.4 mm as shown in ligure 4,14

Tahle 4.13 Rainfull, Runoll and Storage of Sengulam Tank

Ny | Rainfall[Runoff Volume|Tank Water Level| Tank storage
Day { Month 3 i 3
{ mm ) (Mm’) above MSL (m) (Mm')
31" October, 20607 2432 0.411886 121.072 0.2787
30" November, 2007, 708 00136 120.235 0.1795
31" December, 2007 | 177.6 01245 120,655 (0.2294

Table 4.14 Comparison of Tank Storage during Northeast Monsoon

between the Year 2007 and 2008
‘ 20007 2008
Day / Month Rainfall Tank storage | Raiofall |Tank storage
( mm ) (M m") { mm | (M m”)
October 2432 02787 | 2389 0.1552
November 0.8 0.1795 179.3 0.2295
| December 171.6 0.2294 0.4 01322




144

Table 415 Monthly Water Level of the Sengulam tank with respect to msi
and its Storage for the Period June 2007 to May 2009

|
Tank Water Level Tank Sto Rainfall

Dl . (m) M) (mm)
un 07 119.30 0.072 69,4
Tuly '07 118,90 0.040 11.8
Aug 07 120.20 0.167 714
Sept 07 119,10 0.054 36.4
Oet 07 121.10 0.279 2432
Nov '07 120,24 {J-iﬁ!] T0.8
Dec 07 120,70 0.229 1776
Tan '08 120.50 0.204 :
Feh ‘08 120,50 0.204 5
Mar 08 120,70 0.230 2758
Apr ‘08 120.20 0.167 76,6
May 08 119.80 0.12] 63.6
Jun ‘08 117,80 0,002 (0.4
July 08 119.00 0.052 1013
Aug '08 118.90 0.040 1472
Sept'08 | 18,80 0.034 38
Ot '8 ' 120,07 0.155 2389
Nov 08 120,66 0,230 179.3
Dec ‘08 119.93 0.132 20.4
Jan 09 119.14 0,054 16.6
Feb 09 118,34 0.013 :
Mar ‘09 119.30 0.072 148.5
Apr09 119.00 0.046 816
May 09 118.00 0.005 114
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Figure 4.18b  Comparison of Tank Storage before and after De-silting
434 Groundwater Scenario at Sengulam Tank

Groundwater occurs under phreatic condition in the weatherad
formation and is being developed by means of dugwells. The water bearing
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properties of formation lack of primary porosity. It depends on the extent of
development of secondary inter granular porosity. The occurrence and movement
of groundwater in these rocks are generally confined 1o such spaces. These
aquifers are highly heterogeneous in nature dug 1o vanation in lithology, texiure
and structural features even with in the short distances

The thickness of weathered zone in the district is in the range of 4 to
I5 m. The depth of dug wells ranged from 10 to 15 m hgl. The yield of large
diameter wells in the district, tapping the weathered mantle of crystalline rocks
ranges from 40 to 110 Ipm that are able (o susiain pumping for 2 to 6 hours per
day. The specific capacity of large diameter wells ranges from 6 10 184 Ipm f m
of draw down,

Pumping Tesi

Pumping test was carted out in the well number 1 and 5 during
December 2007, Tn an open well (W1), the top <oil has a depth of 10.13m and
weathered rock to a depth of 7.9 m have been encountersd. Fotal depth of W1 is
18 m. This well i5 g pumping well which is being used extensively for pumping
daily, that was used for pumping test analysis (o estimate the aquifer parameters.
The static water level during pretest was 6.75 min. below measuring point and
water level during post test was 6.69 min, below measuring pomt for a discharge
of 6 Ipm. The discharge from the pumping well was maintsined uniform by and
the draw down was also the same. The fest was carried out for 62 minutes until
the draw down reaches steady state. Hence the observed well data was plotied in
a semi log graph and the aquifer parameters are estimated, The esti mated
parameters are given in table below,
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Well 1 Well 5
Hydraulic conductivity 4.37 m / day 3.08 m/ day
| Specific vield #'5% 1 5

435 Groundwater Level in the Command Area of Sengulam Tank

Most of the wells in the Sengulam tank command area are open wells,
All the wells are used for irrigating the agricultural lands, Water levels were
measured in the pumping well itself. All the existing pumping wells were chosen
for the project as shown in Figure 4.15. Their distance from the bund, depth of
the well and their reduced Joy els arc given in Table 4.16, Water year is
considered as June of the year o May of the next year, The water level is with
respecl o mean sea level which is considered fog WD consecutive waler years
{(June 2007 - May 2008 and June 2008 - May 20097,

Monthly water levels wera measured in the pumping wells tha
fepresent the pumping and recharge  hehaviors. Pumping, direct rainful
techarges, seepage from the tapk. irigation returmn ow are responsible for
groundwater fluctuation,

. Water level in all wells showed an mereasing trend from June
2007 w May 2008 as shown m figure 4.19 4, b, c. This
increasing trend had started during October 2007 during that
time there was a heavy rainfall of 2432 mm that made the tank
to get surplused. Tank had sufficien water {i.e. two third
capacities) during February 2008, Due Lo heavy rainfall during
March 2008 tank had 0.23 M m” of water as shown in Table
.15, From the tank storage had started reducing and reached o
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dead storage. The ground water level started falling down from
Jane 2008 which continued il August 2008,

There was a litle risc in (he groundwater level during October
2008 which had 238 9 mm rainfall This rain brought 0.15 M
m’ of water to the tank. At the end of November 2008 there was
@ heavy rainfall of 179.3 mm brought 10,2285 M m” of runaff
the tank thal rejunuvated the wells in the command areg a5
shown in figure 4.20 &, b, ¢. This situation made the farmers o
go for increased cultivation of Paddy and Sugarcane during
January to April 2000,

Due to increased cultivation and pumping, groundwater level
started falling during January and February 2000, During this
lime the tank hud only dead storage.

Suddenly there was an ample amount of rainfall (145,50 L)
during March 2009, This brought a 0.072 M m’ runoff 1o (he
tank which helped the groundwater level to rise in the following
wells. W1, W2 W3, Wa, ws, W6, W7, W8, W2, Wi, W1e,
W17, W21 and W24 as shown in figure 4.19, At the same time
this increment was not observed in the wells W I, W12, W13,
W14 and W22 which can he secn from [igore 4.19¢ and 4,204,

Most of the wells hehaved more or fess in o similar magper
1ud1’cali|;g Very good response 1o tank water level, If there is
water in the tank, ground water leve] rises and falls when thers
18 limited water:



Table 4.16  Pumping Wells Details ai Sengulam Tank

144

| Distance | RL l}'“.hm BattsnayE Thickness' Bottom of | Thickness
Well l'.r'-Il.'n'l:ll g m"m“,"‘g t,hE ! of the T (the IT layer| of the 11
No ank | point wrt | Layer wrt Yy e ) Laver
bund msl msl .
(m) (m) (m) {m) {m) (m)
Wi 49 12155 | 111411 | 1043 | 103479 | 7932
W2 | 153 | 12059 | 112257 | 833 106.53 5,727
w3 | 164 11992 | 11338 | 654 | 107397 | 5983
We | 68 | 12048 | 110929 | 935 | 103892 | 37 |
W5 30 11943 | 109492 | o904 103.85 5.642
W6 | 131 12125 | 111021 | 1023 | jos.sm 4.52
W7 | 2| 12| 112081 | 902 | 106283 | 3708
W8 | 152 119.23 | 110532 | 869 | 107.021 | 3510
WO 66 11990 | 111821 | BOR | 107553 | 4268
wWin | &2 11961 | 112891 | 672 | 108.545 | 4316
Wil | 50 11955 | U3108 | 644 | 110.047 | 298]
wiz [ 109 11993 | 113941 | 599 | 111020 | 2010
W13 | 198 119.54 | 113973 | 557 | 109041 | 4832
wi4 | 38 11940 | 114451 | 494 | 108278 | 6173
WIE] 28 | 11943 | 110667 | 876 | 105024 | 5643
WI7| 367 | 1875 | 12248 | 630 | 103742 | 6506
WIB | 288 | 11881 | 110826 | 798 | 106470 | 4347
wio | 407 11850 | 112531 | 637 | 108443 | 4083 |
W20 459 | 1875 | 112923 | 583 | 105364 | 7559
w21 | 402 L1930 | 113308 | 3599 | 1o6.3sg 6.95
w22 | 257 | 11941 | 12461 | 695 | 108147 | 2312
W23 | 255 | 194l | 111654 | 775 | 106817 51037
W4 | 261 12073 | 116273 | 546 | 106.413 0.86
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Figure 4.19c  Ground Water Level in the Pumping Wells of W11 to W14 at
Sengulam Tank
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Figure 4.20a  Ground Water Level in the Pumping Wells of Wig & Wi7
at Sengulam Tank
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Figure 4.20b  Ground Water Level in the Pumping Wells of W18 & w22
at Sengulam Tank

Figure d.llllr: Lmuml “"ﬂtﬂ' Lew] in the Pumpmg
W21 at Sengulam Tank
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Figure 421  Ground Water Level in the Pumping Wells of W23 & W24 at
Sengulam Tank
4.3.6 Net Draft in Sengulam Command Area

Met draft in Sengulam command area was calculated as follows.

. The difference in the water levels for two successive months for
each well was taken as change in head (Ah)

. The contributing area for each well was calculated by Theissen
polygon method as shown in figure 4.22

. Specific yield ranges between 0.02 and 0.16,

Change in Groundwater

Storage = (Area * Specific vield) * {Monthly Change in head)

(or)
Met Drafil = S5, ¥A¥Ah

- Using above formulac, change in groundwater storage or net

draft was calculated for each well forev ery month,
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. This net draft added algebraically, which provided monthly
change in groundwater storage at Sengulam for the two water
years 2007 - 2008 and 2008 — 2009 which are shown in figure
4.23.
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Figure 4.22 Theissen Polygon Areas at Sengulam Command Area

0.3

=
[

=

i
“Tanit Storeges (MM ) ~

3

:

Figure 4.23 Monthly Net Dralt for Two Water Years at Sengulam Tank
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4.3.7 Seepage Rate at Sengulam Tank

Monthly Seepage rale at Sengulam tank was caleulated as 50 percent
of corresponding month tank storage and also estimated through a mathematical
expression Darcy’s law as given in table 4.17,

Table 4.17  Comparison of Secpage Rate between the vear 2007 - 20408

and 2008 - 2000
Month Tank Seepage Rate Seepage Rate
Smraﬁe 50 percent of Darcy'slaw |
(Mm Tank Storage Mm”
(W)
Jun '07 0.072 0.036 0.039
Tuly ‘07 0.040 0,020 0.054
Aug '07 0.167 0.084 0.083
Sept 07 0.054 0127 0.045
Ot 07 0.279 0.139 0.124
MNow 07 0,180 (1,080 089
Dec 07 0.229 0.115 n1ss
Jan 08 0.204 0.102 0.124 |
Feb 08 0.204 0.102 0,106
Mar 08 0,230 0.084 0.077
Apr '8 0.167 0.084 0.094
May '08 0.121 0,065 0.074
Total iLY83 1.064
Tune'08 0.002 0.001 0.0138
Tuly '08 0.052 0.026 00511
Aug '08 0.040 {020 0.0332
Sept '08 0.034 0.017 0.0396
Okt '08 0.155 0.078 00640 |
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Nov '08 230 0115 ' 0,106
Dec '08 0.132 0.067 (0.0323
Jan 09 0,054 0.027 (10403
Feb 00 0.013 (.007 _ -0.0015
Mar (% 0.072 (L.036 0.0279
Apr 09 0,046 0.023 0.0602
May 019 0.005 0.003 0.0476
Total 0.43 I 0.51

418 Groundwaler Potential

The commonly used method for estimating groundwater storage
available annually is based on

(2 = (Area} x (Depth of Auctuation in Groundwater Tahle) x (Porosity)

The area in the equation is the area of influence of the well in the
comunand aren. This s obtained by Thiessen polygon method. By this method.
the command arca is subdivided into polygonal sub areas using the wells as
todes. The Thiessen polygon around each well permits the assignment of
weights on the basis of the relative areas of the respective polygons. The sub
areas were used as weights in estimating the average dapth of fuctuation for

each well.

The dynamic reserve has been computed by measuring the net change
in storage of the phreatic aquifer. The siorage of the groundwater in the aquiler is
dependent upon the input components such as precipitation, seepage and retum
Mow of irrigated water during various seasons, The uctuation of groundwater
depth over the study period was analysed 1o vnderstand the behaviour of the
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aquifer. High variations in annual recharges to groundwater body were observed
between monsoons. Annval groundwater recharge was estimated using watcr
level fuctation method. The fluciuation of groundwater level is taken as the
difference between highest groundwater level of the second season and the
lowest groundwater level of first season was used for esfimating the recharge
vitlues for two years 2007 — 2008 and 2008 — 2000,

The groundwater fluctuation over two years were analysed. Tt showed
a depletion and subsequent recharge of groundwater BYErY year. Year 2008-2004
had high recharge due to the high storage space available as o result of the
lowering of water table due to delay in the rainfall. Groundwater storage during
2007-2008 and 2008-2009 were .77 Mm" and 0.495 Mm’ respectively. Further
it was found that the groundwater storage received bulk of the recharge from
monsoon precipitation and seepage from the tank.

4.39 Relationship hetween Tank water level and ground water level at
Sengulam tank

Relationship between the tank water level and groundwater level were
drawn for individual wells which are grouped later based on their behavior
Wells below the sluice and farther away behaved differently. In the graph, x axis
represenls tank water level and v represents groundwater level,

Group I : WI, W2, Wa, Ws
I group wells variations are shown in figure 4,24
W1 Y =0.302 x"— 69.99 x + 4162
w2 Y =0.505 %"= 117.8 % + 6973
W6 Y =0.229 x*- 52.37 x + 3096
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Y=0.343 % 7957 x + 4721

Il group W3, W4, W5 below sluice 1

W3

Wi

W35
I group

W17

Y = 0.603 x°— 161.6 x + 9529
Y=0612%" 142.5x% + 5393
Y = 0.57 x* - 133.1 x + TR41

Y=0552-11.03x +6432

IV group below siuice 2

W7 Y = 0369 x"— 85.8 x + 5102
Wy Y = 0.167 x>~ 38.28 x + 2308
WI0 Y =0.058x"-36.16 % + 2178
Wi6 Y =0350x>-§1.43 x + 4841
V group Immediately helow siuice 3
Wwi2 Y =0.175 x* - 40.71 x + 2470
W13 Y =0.138 x"~ 31.85 x + 1940
W14 Y =0068 x'— 15.30x + 085
W1l ¥ =0.560 x°— 131.2 x + 7794
WIE  Y=0505x"-1181x + 7014
VI group away from slaice 3
W19 Y=0011x"- 1.96 x + 19451
W20 Y=033x"-7793 x + 4661
W2l Y =0.144 x*~ 33.43 x + 2048
W22 Y=0.292 x"- 68.19 x + 4D82
W23 Y =0.006x" - 0.617 x + 96.26
W24 Y =04059x"-95.55 x + 5692
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Figure 4.24 Variation of Tank Water level and well water level {continued)
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Figure 4.24 Variation of Tank Water level and well water level (continued )
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Figure 4.24 Variation of Tank Water level and well water level (continued)
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Figure 4.24 Variation of Tank water level and Well water level

In general almost all the wells behaved similar excepl some wells,
However some wells like W3, W4 and W5 and W17 were not responding to tank

water level. Even if the tank water level rises, above said wells water level was

not increased,

Off all wells, wells below sluice 2 W12, W13 and W14 and
W19, W20, W21, W22, W23 and W24 are highly responding (o
tank water levels which are very effectively used for pumping;

Even though W11 and W ¥ are below sluice 2, their response is

poor;
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Well W17 is not at all responding to tank storage, 1t is surviving
with direct rainfall recharge and groundwater storage. It seems
as if separated from the tank shows different zone of influcnce:

Figure 4.25 shows the praph between tank water level and 23
wells groundwater levels;

The response during non moon soon is different from monsoon
period. During non monsoon period even for higher tank water
level, groundwater level is lower than monsoon period,

It is observed that the wells in the Seagulam command area
were getting recharged at threshold rank water level of 119 m.
Below that level response is relatively less.
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Figure 4.25 Comparison of 23 wells water level and Tank water level

4.4 TANK VOLUME DAYS

Equivalent tank volume days means as number of days water cxist in

the tank per year that iz given in the table 4.18,



Table 4.18 Tank Storage and Tank Volume Days

Month |Tank Storage  (Mm’) T“'“;;;:ﬂ?“d‘:r;}mﬂ
Jun 07 0.072 2.16
July '07 0,040 2.4 5
Aug 07 0.167 7.41
Sept '07 0.054 522
Ot 07 0.279 13.17
Nov '07 0,180 11.01
Dec '07 (1.229 14.10
Jan '08 0204 14.52
Feh 08 0,204 15.72
Mar 08 0.230 17.70
Apr 08 0.167 17.01
May 08 0.121 1683
Total 123.54
Jun ‘08 0002 0.06
Tuly 08 0.052 1.62 =]
Aug "0 L0430 L32
Sepl U8 0.034 1.2
Oct '08 0.155 4.89
i Nov '08 0,230 T2
Dec ‘08 0.132 431
Jan (9 (0,054 204
Feb 00 0.013 BT
Mar '09 0.072 27
Apr 09 (L0465 11.98
May '09 0,005 0.81
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Figure 4.26  Comparison of slope of a line hefore and after de-silting
(Continued)
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Figure 426  Comparison of slope of a line before and after de-silting
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Figure 4.26 Comparison of slope of a line before and after de-silting

Graphs (figure 4.26) were drawn between Tank volume days and
individual well water level for the year 2007-2008 and 2008-2009. Slope of the
line before de-silting is less than slope of the line after de-silting as shown in
table 4.18
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. On studying the graph, almost all the wells have higher water
level with very less volume days than the volume - days before

de-silting;

. W2, W3, W4, W6, W7, WA, W9, W10, W14, W6, W17, Wig,
W18, W24 had High steep slope;

- W3, W8, W11, WI2, W13, W21, W22, W23 had Medium steep

slope;
. W20 had Flat sieep slope;

- Most of the wells showed steep incrzasing trend after de-silting,
This steepness is attributed o the partial de-silting of the tank.
Higher water levels with lower volume days after de-silting was

attributed to increased recharge from the tank,

SEEPAGE VELOCITY

seepage velocity was calcalated using Darey’s law
V =ki

= Kug hr=hy/D

Kag = krvky /2

ky =Tank hydraulic conductivity L/T (m/day)
ks = Aquifer hydraulic conductivity L/T (m/day)
hy=Tank water head

ha = Aquifer water level
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D = Distance between tmnk st sluice 2 and individual well

Graphs were drawn between Time in months in x axis and seepage
velocity miday in y axis as shown in figure 4.27.
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Figure 4.27 Comparison of seepage velocity before and after de-silting
(Continued)
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Figure 4.27 Comparison of seepage velocity before and after de-silting

Seepage velocity was higher during 2008-2009 than 2007-2008, that
too during September to December, 2008, This is observed from the figure 4.27,

4.6 Summary

Ponpadi tank's present capacity is 1.2 Mm’ which supports
groundwater aquifer system in its command area. Here the aquifer is multilayer
which are recharged through seepage [low from the tank and vertical movement
of water lcakage from one aquifer to other aquifer. Area of cultivation depends
on the ahove quantum of water that tank contains for a particular time. Based on
the ghove information, farmers are planning and cultivating their lands. Ponpadi
tank supply channel has to be properly maintained and the tank bed has to be de-
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silted in order io increase its capacity and also recharging capacity. The
Sengulam tank capacity is 0.3 Mm® which gets filled two to three times in 4 year.
Hence the groundwater potential is under steady state thal supports two crop in a
year, Here all the wells are open well, construcied in a weathered zone. If the
tank bed is dessilted, periodically there is a possibility lo improve s
groundwater potential. Based on the hydrologic and hydraulic analysis of the
Ponpadi tank system and Seagulam tunk system, it was very well understood that
tank and groundwater aquifer in the command area are very well interconnected.
Hence a detailed study on the tank, command area and their inierconnectivity are

analysed were carried out in the forth coming chapter,
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CHAPTER 5

TANK BED CHARACTERISTICS AND ITS RECHARGE
CAPACITY

This phase of the project concentrates on the delineation of the
highly permeable zone in the tank bed in order 1o improve the recharging
capacity of the tank which is one of the objectives of the on going INCID
(Indian National Committes on [rrigation and Drainage) Research project. In
that project two tanks were selected already whose hydraulic and hydrologic
characteristics were studied.  In order to locate the place for de-silting in a
tank bed in the selected tanks a preliminary survey was camed out inside the
tank. Methodology adopted for this ohjective 15 shown in Figure 5.1. A four

stage methodolopy was formulated which is given below.

. Geophysical Survey
. Infiltration Test
. Soil Texture Analysis

. Permeability Analysis

Each step of the methodology is explained in detail the following
sections, Delineation of permeable zone in the project sites and 1s so1] lexture
classification, permeability and the mfiltration rate 15 discussed In the
following chapter.
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Initially geophysical survey is conducted to dentily the permeable
zone.  After idenifving the zone infilration test is conducted at different
depths to identify as to what depth the tank is to be de-silted. The soil samples
collected at different depths and locations are used to estimate the tank bed
characteristics and also analysed in the laboratory to estimate the co-efficient
of permeability. The permeability values were also estimated by using a
hydraulic properties software, which were compared with the laboratory
values. Based on the above analysis the recharge behavior of the tank bed 15

esimated and the suitable zone for de-silting was delineated.
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Figure 5.1 Steps followed to Delineate the Feasible zone for Partial

De-silting
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5.1 GEOPHYSICAL SURVEY

Geophysical survey refers o the systematic  collection  of
seophysical data for spatial studies. Generally two methods of investigation

are employed in the electrical resistivity method of traversing.

(1) Surface geophysical methods called profiling

(i1) Subsurface geophysical methods ealled depth sounding
5.1.1 Surface Profiling and Subsurface Depth Sounding

Surface profiling is used w detect subsurface changes in horizontal
direction is carried out along a series of paralle] lines and resistivity contour
map of the arca showing iso-resistivity lines can be prepared which waill
indicate high permeable or high resistivity zone that helps to identify the
aquifer formation. Here the zlectrode separaiion 18 kept constani and the
center of the electrode spreed is moved from one station to another station to
have the same constant electrode szparations. As such the resistivity and
seismic methods are widely employed and are relatively cheap. Subsurface
depth spunding is to detect vertical changes. Here the center of the electrode
spread remains fixed and the spacing between the electrodes is progressively
increased until the maximum required depth 1s reached. Electrical resistivity
surveys are generally wsed for preliminary exploration of larger areas. The
interpretation based on such survey 15 confirmed by test drilling. There are
mainly two common system of electrode arrangement ong is Wenner system

and the other 15 Schlumberger system,

In this project electromagnetic technology based instroment called
Terra Very Low Frequency system (T-VLF system) made in France has been

used. In the case of electrical methods, current 18 injected directly inlo the
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ground, while in electromagnetic methods, currents are induced in the ground
by the passage of eclectromagnetic waves. A smple example of an
electromagnetic instrument 1s a metal detector, which is able to detect highly
conductive metal objects buried at shallow depths. The same principles are
used on a larger scale involving more powerful, well-calibrated instruments to
map more subtle contrasts in electrical conductivity from the surface o depths

of tens, hundreds or even thousands of melers.

5.1.2 Terra Very Low Frequency (T-VLF) System

The T-VLF (Tema Very Low Frequency) is the most widely used
systern which makes use of the energy of distant powerful radio transmitters
in the 15-25 kHz range that operate in different countries. In radio technology
terms these frequencies are known as VLF. The T-VLF (Terma Very Low
Frequency) source is operating al a single well-defined frequency. It is
lightweight and fast to use by a single operator (Figure 5.2}, However the
method is sensitive o effects of variations in the near-surface resistivity (i.e.
within the top few meters) which can lead t© pumerous measurements of

apparent resistivity.

Figure 5.2 T-VLF System



178

Figure 5.3 shows the behavior of electric and magnetic ficld from a
VLF radio antenna in which E, and E; are the electric field components and
H, is the magnetic field component. This technique 1s especially useful for
mapping steeply dipping structures such as faults, fracture zones and arcas of
mineralization. The tme needed for one measurement s only 1 min, and one
person can survey several line-kilometers in a day, It has basically a
disadvantape because the apparent resistivity obtained cannot give

information about layenng.
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Figure 5.3 Behavior of Electric and Magnetic Field from a VLF
Radio Antenna

513 Principle of Operation

VLF techmques measure the perturbations in a plane wave radio
signal (15-30 kHz) emanating from one of several world-wide radio
rransmitters used for submaring communications. VLF falls in the broad
category of electromagnetic (EM) methods of geophysics. The primary field
(the transmitted radio signal) cavses eddy cuments to be induced in
conductive geologic  units  or siwwsctures.  Faraday's  principle  of
electromagnenc imluction tell us that any oscillating magnetic ficld (e.g., the

radio wave) will produce an clectric ficld and hence an electric current in @
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conductive media. Those eddy currents in turn create a secondary magnetic
field which is measured by the VLF receiver. The secondary or perturbed
field may be phase shifted and oriented in a different direction than the
primary field depending on the shape or geometry of the conductor, the
orentation of the conductor, and the conductivity contrast with the

surrounding material {e.g., the host rock).

The instrument measures both the primary and sccondary ficlds
together. All VLF instraments measure two components of the magnetic field
or eguivalently the “tilt anpgle™ and elasticity of the field. Some instruments
also measure the third magnetic component and the electric field The
electrical field is measured by inserting two probes in the ground, spaced
about 10 meters apart, and measunng the potential difference at the
transmitter frequency. The electric field provides additional information about

the overburden thickness and conductivity.

5.1.4 Limitation of YLF

VLF is used primarily as a reconnaissance ool w identify
anomalous areas for further investigation. Weaknesses of the method include

. VLF measurements are sensitive to “interference”™ from
pipelines, utilitics, fences, and other linear conductive
objects.

. Interpretation is generally qualitalive in nature, guantitative
modeling requires a high data density and a well constrained

model.

- VLF transmitters are subject o outages [or scheduled or
unscheduled maintenance. Unfavorable conditions may

compromise the quality of the data.
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51.5 Delineation of Permeable Zone

Terra Very Low Frequency (T-VLF) survey was carmried oul at lwo
study places namely Ponpadi tank and Sengulam tank. At Ponpadi tank, T-
VLF survey was started at 25 m from the tank bund to a distance of 220 m at
an interval of 10m longitudinally. Similarly resistivity survey was carried out
paraliel 1w the previous one. [ts apparent resistivity was powd and
documented. Here, its depth of penetration of magnetic field is 5m.The total
surveved area was 2400 square meter. It 1s found thal apparent resistivities in
most of the locations were zero o three as shown in Figure 5.4, Resistivity
contours were drawn to find out the highly permeable zone. Similarly the
sarvey was conducted at Senpulam tank bed from sluice two to Sluice three to
a distance of 200 m. Al every U m inlerval apparenl resistivily was noted.
The total surveyed ares was 3200 square meter. Figure 5.5 shows the

longitudinal variation of resistivily at Sengulam tank bed,
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Figure 5.4 Longitudinal Variation of Resistivity at Ponpadi Tank Bed
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5.1.6 Iso-Resistivity Mapping

The data of the electromagnetic survey was used for the preparation
of the iso-resistivity map of the Ponpadi and Sengulam tank bed lso-
resistivity map display the lateral variation in the subsurface geology of the
area, The area with low resistivity value indicates the occurrence of relatively
sood conductors while those with high value indicaie poor conductors. The
isc-resistivity map details the distribution of resistance at five meter depth.
Figure 5.6 shows the iso-resistivity map for Ponpadi tank where the apparent
resistivity lies between 0084 Ohm-meter to 1.78 Ohm-meters. From the [so-
resigtivity map and the observed litholog of nearby wells the geology of the
area is decided in which less than one Ohmemeter indicates highly weathered
and saturated genesis and greater than one Ohm-meter (1 Chm-meter o 1.78
Ohm-meter) indicates the sundy laver up to a depth of five meter below the
tank bed. Hence the area of permeable zone st Ponpadi tank for de-silting 1s
calculated as 1910 square meter, out of surveyed arca of 2400 sg.m. Similarly
for Sengulam tank the Geology of the area is decided from the lso-resistivity
map and the observed litholog of nearby wells. Figure 5.7 shows the iso-
resistivity map for Sengulam tank where the spparent resistivity lics between
0.04 Ohm-meter 10 2.92 Ohm-meter in which greater than two Ohm-meler
indicates Rock out crop (Hard rock); less than one Ohm-meter indicates
unweathered granite with water filled joints and between one Ohm-meler o
two Ohm-meter indicates the sandy layer up to a depth of five meter below
the tank bed, The arca of permeable zone at Sengulam tank for de-siling i
calculated as 2353 square meter out of survey area of 5200 sg.m. Hence the
apparent resistivity between 1- 2 ohm-meters 15 considered as the parmeable

zone for conducting infiltration test.



|82

Lagmid
[ ETREEE
[ [FEERITE]
-
B
I
IE
I
- T
A - TR

Figure 5.6 lso-Resistivity Map of Ponpadi Tank

%

Legend
| T
| [T
| R
| EELES
Scale
[ g I L e T
0 4EDG UAm L=F

Figure 8.7  [so-Resistivity Map of Sengolam Tank
£2 INFILTRATION RECHARGE SYSTEM

Infiltration is the process by which water enters the soil. Tt separates
water into two major hydrologic components - surface mnoff and subsurface
recharge. Infiliration rate uspally shows a sharp decline with time from the

start of the apphcation of water. The constant rate approached after a
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sulTiciently large time is referred © as the Steady-infiltration rate, [nfiltration
Capacity is the maximom amount of water that is being absorbed by the soil.
Infiltration capacity reduced by Surface compaction, fines blocking pores and
frost action which is increased by cracks and fissures. Figure 5.8 shows the
formation of a recharge mound below a recharging bagin. Infiltration test was

carried out with the help of Double ring infilirometer as shown in Figure 5.9.
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While in Sengulaom tank bed, the infiltration rate is low at surface as
compared with the infiltration rate at 50 em depth as shown in
Figure 3.13. The average infiltration rate is 0.50 cm per hour
surfage. 1.32 em per hour ai 50 cm depth and 1.42 em per hour at
100 em depth. Below 100 cm depth out crop of rock is seen.

The catchment area of the Sengulam tank is agriculture land, Hence
there is a chance of mevement of black cotton soil into the tank. Al
surface of Sengulam rank clay is the dominant factor and st 50 cm
depth clay loam and sandy loam are detected. Hence Sengulam tank

needs removal of 50 ¢m silt to increase recharge capacity of (he

fank.

Figure 5.10 Infiltration Test at Surface

Figure 5.11 Infiltration Test at 50 cm Depth below Ground Level
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52.1 Infiltration Rate Analysis

In order to decide 1o what depth one should de-silt the tank bed, the
nfiltration test was conducted at different locations and depths. The same was
carried out at surface, 3¢ cm, 100 cm and 150 cm depth below the tank bed at
both the project site with the help of Double Ring Infiltrometer. Figure 5.10
and 5.11 show the infiltration test at surface and 30 cm below ground level,
Figure 5.12 and 5.13 show the infiltration test location at Ponpadi and
Sengulam tank, Table 5.1 and 5.2 shows the infiliration rate of Ponpadi and
Sengulam tank bed.

. In Ponpadi tank bed infiltration rate is high at surface in all the
locations considered as compared with the infiliration rae at 50 cm
depth below tank bed as shown in Figure 5.14. The reason is
calchment ares of the Ponpadi tank is surrounded by hill hence
during mensoon period surface flow takes directly from the hill
towards tank .Hence there is a chance of settling of coarser particles
in the tank. At the surface of the Ponpadi tank silty clay is the
dominant factor while in 50 cm depth clay is the dominant factor.
Generally infiliration rate is high for silty clay as compared with
clay. Hence the surface of the Ponpadi tank has high infiltration
rate. It was found that the average infiltration rate of Ponpadi tank
15 (.82 em per hour at surface, (L.22 ¢m per hour at 50 ¢cm depth and
1.08 cm per howr at 100 ¢cm depth.

. It was found that there is change in soil profile from 50 cm depth to
100 em depth whose infiltration rate 15 1.08 em/hr which was
reduced to 0.08 cm/hr at 150 cm depth below tank bed. It is
concluded that there is a permeable formation at 100 cm below tank
bed. Hence Ponpadi tank needs removal of 100 cm silt © increasa
recharge capacity of the tank.
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Table 5.1 Infiltration Rate of Ponpadi Tank Bed

Infiltration Rate (cm/hr)
Location lSurfaue 50 cm depth | 100 em depth {150 em depth
1 | 0.78 0.23 : :
2 081 0.12 1.08 .08
3 1.25 (.04 2 ;
4 0.39 (L18 - -
BE 064 | 0.2 :
f .I 109 0.34 ,
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Table 5.2 Infiltration Rate of Sengulam Tank Bed

[Lnﬂlr.raticm Rate {cm/hr)

|Luc—atinn Surface |50 cm depth 100 cm depth
| 17 3.25 180
2 (058 | 292 -
3 (.93 oy -
4 1.18 (.6 -

‘ 5 0.23 113
6 0,20 Rock -

- 7 (.54 Rock -
] 0.85 (.6l
9 0.16 1.81 .05

5 10 .20 .11 -
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Figure 5.14  Infiltration Rate at Various Location and Depth of
Ponpadi Tank
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Figure 5,15  Infilication Rate at Various Location and Depth of
Sengulam Tank

53 SOIL TEXTURE TRIANGLE

Soil texture is a soil property used to describe the relative
proportion of different grain sizes of mineral particles in a soil. Soil texture
classification is based on the fractions of soil separates present in a soil. A soil
texture triangle as shown in Figure 5,16 is used o classify the texture of a
soil. The sides of the soil texture triangle are scaled for the percentages of
sand, silt, and clay. Clay percentages are read from left to right across the
iriangle. Silt is read from the upper right to lower left and Sand is read from
lower right towards the upper lelt portion of the triangle. The intersection of
the three sizes on the triangle gives the lexture class. For example, if we have
a soil with 20 percent clay, 60 percent silt, and 20 percent sand it falls in the
“silt Toum”™ class. Soil texture analysis was carried out by the use of quartz
plass jar s shown in Figure 5.17. The percent sand is the depth of the sand
divided by the depth of the total soil. The percent silt is the depth of the silt
divided by the depth of the total soil. The percent clay is 100 minus the
percent sand plus sili.
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Figure 5.17 5Soil Texture Analysis
531 Soil Texture Analvsis

Three kilogram of soil sample was collected in a polythene bag at
each location on both the tank bed where the infiltration test was done which
15 shown in Figure 5.18. Soil texture analysis was carried out by the use of
quanz glass jar. Table 5.3 and 5.4 shows the soil texture at different location
and depth of Ponpadi and Senguiam tank.

Table 5.3 indicates top layer is having silty clay at three locations,
sandy clay at one location and clay at two locations. At 50 cm depth in all the
locations it is clay, but at 100cm depth it is sandy clay and at 150 cm depth
sail is 64 percent clay, Hence soil texture also confinms de-silting is needed
for 100 cm at Ponpadi tank.
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Table 5.4 indicates most of the soil texture al surface in the

Sengulam tank is clay and it is sandy loam and clay loam at SUcm depth

which 1s a favourable layer for de-silting,

Figure 5,18 Collection of Soil Sample at Various Location and Depth

Table 5.3 Soil Texture of Ponpadi Tank

PONPADI TANK
Location Layer Depth | Sand Silt Clay Soil Texture
bel (m)} | (%) | (%) | (%)
| | il 1428 | 4286 | 42.86 silty clay
2 0.5 3932 | 1103 | 49.65 Claty
1 ] 0 1574 | 41.02 | 43.24 siltyely
2 0.5 [2.36 | 15.19 | 7245 Clay
3 1 |mm| o | sz sandy clay loam
4 1.5 3435 | 165 6d Clay
3 1 0 18,75 | 4097 | 4028 sty elay
2 0.5 345 | 8409 | 1236 silty loam
4 1 0 3275 | 1.5 il Clay
2 0.5 3885 | 6.53 | 5462 Clay
: 1 0 2245 | 2955 | 48 Clay
2 0.5 32.15 | 2093 | 4692 Clay
L I | L 5545 | 1343 | 31.12 sandy clay loam
2 | o5 | 4546 | 962 | s4m2 samdy clay
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Table 5.4 Soil Texture of Sengulam Tank

SENGULAM TANK
Depth  |Sand |Silt  |Clay
Location |Layer |bgl{m} |(%) [(%e) |[(%) [Soil Texture
1 l 0 3913 | 13.04 | 47.83 Clay
2 0.3 7832 | 5.14 | 1654 Sandy Loam
3 63.33 | 13.33 | 23.34 | Sandy Clay Loam
2 | 0 22,34 | 17.84 | 50.82 Clay
2 0.5 73.67 | 249 | 17.84 Sandy Loam
b I 0 |2334| 404 | 3626 | Clay Loam
2 0.5 | 4542 | 512 | 49.46 Sandy Clay
3 1 Rock
4 1 th 20 3085 | 40,12 Clay
2 0.5 30.79 | 2096 | 39.25 Clay Loam
3 Rock
3 | U 40.25 | 1229 | 47.46 Clay
2 0.5 42,12 | 23.88 34 Clay Loam
3 Rock
&) | 0 425 10.1 | 47.65 Clay
2 0.5 Raock
3 Rock
T I 0 24.32 | 17.34 | 58. 0 Clay
| 2 0.5 Rock
3 Rock
8 I 0 23.32 |1 3943 | 31.25 Clay Loam
2 0.5 345 | 23.55 37 Clay Loam
3 l Raock
9 | 0 4045 | 732 | 5233 Clay
2 0.5 3325 | M1 | 3265 Clay Loam
3 1 47.26 | 2046 | 32.28 | Sandy Clay Loam
i 1 il 41.26 | 892 | 4982 Clay
2 0.3 5245 | 172 | 4583 Sandy Clay
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54 HYDRAULIC CONDUCTIVITY

Saturated hydraulic conductivity is a quantitative measure of o
saturated soil's ability 1o transmit water when subjected 1o a hydraolic
gradient, Inininsic permeability (&) 15 a quantitative property of porous
material and is controlled slowly by pore geometry. It is the soil's hydraunlic
conductivity aller the effect of Nuid viscosity and density are removed. It is
calculated as hydraulic conductivity (K) multiplied by the fluid viscosity
divided by fluid density and the gravitational constant. Figure 5.19 shows the
relationship between Mux and hydraulic gradient. The sandy soil vields a
higher flux (is more conductuve) than the clay soil at the same hydraulic
gradient. The soil with the steeper slope (the sandy soil) has the higher
hydraulic conductivity, Hydraulic conductivity (or slope "K") delines the
proportional relationship between flux and hydravlic gradient. Hydraulic
conductivity (K) is the slope that defines the relationship. The dotted lines

show that at equal hydraulic gradients, soils with higher conductivity have

higher flux.

L . B, B e |
e e 1

FEpdemahies gradiant (/)

Figure 5.1% Relationship between Flux and Hydraulic Gradient

54.1 Estimation of Coefficient of Permeability

The experimental setup is shown in Fizure 5.20. It works under the
principle of falling head Permeameter. The advantage of the falling-head
method can be used for both fine-grained and coarse-grained soils. The soil
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sample 15 first saturated under a specific head condition. The water is then
allowed 10 flow through the soil without maniaining a constant pressure head.

The coefficient of permeability is given by

2.3al Iy
skt | i 51
p ngm[ h ] (5.1)
Where
K = Coelficient of permeability
a ! cross sectional area of stand pipe
A = cross sectional area of soil sample
L = length of the soil sample
t = time taken to head falls from by to b
hghy = initial head, final head
._.__I'_'im-idtli{lhll
f AIEW = &
Woalisr loviel ml Baprinniing o 1es1 -
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Figure 5.20 Falling Head Permeameter
54.2 Ohserved Hydraolic Conductivity

Saturated hydrautic conductivity of the Ponpadi and Sengulam tank
bed soil was estimated with the falling head Permeameter in the laboratory as
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shown in Figure 5.21. It was found that in Ponpadi tank the average saturated
hydraulic conductivity is 0.42 ¢m per hour at surface 1.83 cm per hour at 50
cm depth and 0.91 cm per hour at 100 ¢cm depth. Hence saturated hydraulic
conductivity is high at 100 cm depth of Ponpadi tank bed as compared with
50 ¢m depth as shown i Table 5.5. While in Sengulam tank the average
saturated hydranlic conductivity is 0.42 cm per hour at surface, 1.83 cm per
hour at 50 cm depth and (.91 cm per hour at 100 ¢cm depth. Hence the same is
high at 50 ¢m depth at Seagulam tank bed as compared with the surface as
shown in Table 5.6, In Sengulam tank rock is visible at two locations in 50
cm depth and-at eight locations in 100 cm depth.

Table 5.5 Permeability of Ponpadi Tank

Permeability{em'he}
Location Surfuce Slhem depth | 100 cm depth 150 cm depth
| 172 0.29 - -
2 2.58 0.64 492 | 008
3 3.9 - - -
i .24 017 - -
L1 L83 0.7 = =
b A.21 0.8 - -

Table 5.6 Permeability of Sengulam Tank

FPermeabilityicm/hr)
Location Surface 50 cm depth | 100 em depth
| .27 .96 1.0
7 0,84 405 .
3 I.0% .21 =
4 1.0 0184 :
3 0.19 a1 =
6 | ox - -
7 .33 - -
L) 002 (.48 -
9 Q17 1.1 .82
10 (10 021
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Figure 5.21 Experimental Setup - Falling Head Permeameter
5.5 COMPUTED HYDRAULIC CONDUCTIVITY

Pedosphere has developed software to estimate the saturnted
hydraulic conductivity obtained from the soil texture of the soil. Figure 522
shows the hydraulic properies software. The software works on the principle
of Saxton er al. (1986) equation (Hand book of hydrology, second edition).
The percent of clay and sand are entered in the software 10 obtain saturated
hvdraulic conductivity. The sawmated hydraulic conductivity obtained {rom
hydraulic properties software is compared with the values obiained from the
falling head Permeameter. It was observed that the difference was
approximately 30 percent between the observed and computed hydraulic
conductivity. This is because the soil taken from the bed is different from Lhe
one which is used to develop the software. The tank bed soil is changing
every year based on its land use pattern in the calchments, raintall Lntensity
and the position where the tank lies. It means some tanks lie next to the hilly

region or may be in the middle or tail reach,
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Figure 5.22 Hydraulic Properties Software
5.5.1 Analytical Method

Saxton er al. (1986) developed soil texture based relationship is
given in Equation 5.2, His equation is based on soil texture and degree of
saturation, Based on the equation he developed hydraulic conductivity curves
as shown in Figure 523 to estimate saturated hydraulic conductivity.
Limitations of Saxton's eguation is which applicable only for soils with a
clay conient between 5 percent and 60 percent by weight and sand content of
more than 3 percent by weight, Hence to suit the equation for a tank bed soil,
saxton et al equation was modified so that the difference belween the
observed and computed values will be within a limit.

Saxton et al equation is
K =%k [exp [B +y(sa) + (& + £ (sa) + Dicl) + A (el /)] (5.2)
Where

2.778 * 107" mis

-
Il

p = 12.012
-[.0755
-3.895

_\{
]
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0.03671

§

i -0.1103

X = B.8546 * 10
K

saturated hydraulic conductivity
sa = percents by weight of sand in the soil

cl = percents by weight of clay in the spil
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Figure 5.23 Hydraulic Conduoctivity Curves Classified by Soil Texture
553 Muodified Saxton Equation

Saxton et al (1986) equation was modified with respect to
percentage of sand and clay present in a soil sample eollected at various
locations and depth in Ponpadi and Sengulam tank bed that is given in
Equation 5.3,

K=exp| SA-CL-6.5(CLY Jem/r (5.3)
Where
SA = percents by weight of sand in the soil

CL = percents by weight of clay in the soil
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While developing the egquation thirteen observed permeability
values were used to calibrate the equation. The same equation was used o
compute permeability for the remaining permeability data. It was found that
in most of the locations observed and computed permeability was dilfered.
Hence Equation 5.3 was again modified as given in Equation 5.4 which is a

function of percent by weight sand and silt present in the soil.

K= [exp {51] +33(SA)" - 24(5A) +3.5] em/hr (5.4}
Where
SA = percents by weight of sand in the soil

S1 percents by weight of silt in the soil

Equation 5.4 was used to compuie permeahility for the entire 34
samples collected and compared with observed permeability as shown in
Figure 5.23. It was found that the regression coefficient (R”) was 0.7712,
Hence sandy clay loam data were removed and a graph between nhserved and
computed permeability was drawn for the remaimng soil type. The regression
coefficient was increased o 0.9334 as shown in Figure 3.24. Hence it is
concluded that Modified Saxton Equation 5.4 is not applicable o sandy clay
loam and sandy clay type soil. It indicates once soil texture is known its
permeability will be estimated using Modified Saxton Equation 5.4,

A compuater program (C++) was developed for computing saturated
hydraulic conductivity by the use of modified equation in which one can
easily obtained samirated hydraulic conductivity by entering the percent of

sand and silf in the program as given below

H*To find the value aof K#*if

#nclude<iostream.hs
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ffinclude<math.h>

Void main ()

{

Float si,5a,k;

cout<<"Enter the value of si;™;

CIN>51,

cout<<"Enter the value of sa:";

Cin>>g,

K =[exp {s1] + (33%sa%za) - (24%:a) +3.5];
cout<<"Result k 15 "<<k;

}

Ok e ped Prsoemsta ity dcandlarg

Figure 5.24  Validation of Modified Saxton Equation for all the
Samples Collected
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Figure 525 Validation of Modified Saxton Eguation for all the
Samples Collected except Sandy Clay and Sandy Clay

Loam

5.6 ESTABLISHMENT OF RELATIONSHIP BETWEEN SOIL
TEXTURE, PERMEABILITY AND INFILTRATION RATE

[t 15 aimed to establish a relationship between observed
permeability and observed infiltration rate for the different soil texmre which
was mken from two project sites Ponpadi and Sengulam lanks. Figure 5.25
shows the graph between observed infiltration rate and observed permeability

for different soil texture.

me + Kt T ——Lnear K 1)
=
1 =21
-
(]
1 -
4 os K = 04201 + 0.2266
o 1 A® = 0.826
o e i
o 1 H] = el L ]
e Hllrll.iul'l.n'.-h {ens'le)

Figure 526 Relationship between Infiltration Rate and Hydraulic
Conductivity
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Empirical equation for computing infiltration rate if permeability is
known is given in Equation 5.5

f= (K —0.226) (5.5)
0.4201
Where
f = Infiltration Rate (cmv/hr)
K = Coethicient of Permeability (cm/hr)

Abave empincal equation 15 not suitable for sandy soil. Since most
of the tank bed soil is dominaied by clay and sill. Two relationships were
established one is Modified Saxton equation (Equation 5.4) and the other one
is permesbility 1= a fonction of infiliration rate (Equation 5.5). With the help
of above said two equations one can estimate permeability and infiliration rate
if the soil texture of the soil is known, Equaton 5.5 is nsed to esumate
infilration rate. This computed infiltration rate 15 compared with obscrved
infiltration rate whese R’ value is 0.9659 which is shown in Figure 526, In
addition the infiltration rate data collected during June 2009 is plotted in the
same graph as shown in Figure 4.18. Infiltration rate is approximately three
limes higher than the inliltration rate observed during September 2008 which
15 shown in Figure 5.26. Hence the sandy clay loam soil is not suitable for

compuling infiltration rate from soil texture.

w  Hepde i SCHIH Lksla = g QMY e
Lirmsar (Jeoisrm b 200 Deis] —LinEar {June 000 Dein]

L - - - - - - .
o3 T L] 1 e e el AT . -

T H e ] BT v | vy Wi i mradToar

Figure 527 Comparison of Observed and Computed Infiltration Rate
of Clay, Silty Clay and Clay Loam
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From the above discussion one can conclude no need to do
infiltration test al different locations and different depths of the tank bed and

also no need to do permeability test m the laboratory. Once the soil lexture 15

known for a tank bed then with the help of modified Saxton equation

Permeability can be estimated. Substituting this computed permeability into

the empirical relationship as given in Equation 5.5 infiltration rate can be

esiimated for different soil texture. Computed permeahility and infiltration

rate can he cross checked with one or twa places of the tank bed.

5.7 STRATEGY FOR DE-SILTING

il.

vi,

vii.

The deepest portion of the tank is to be selected where the
waler stays for a longer period of time in which sillation is

Mmore.

Geophysical survey is to be conducted in the deepest portion
of the tank to delineate the permeable zone.

In that permeable zone infiltration test is te be carred out at
different locations and depth,

o1l samples are 1o be collected 1o determine permeability
and soil texture.

Based on the soil texture, infiltration rate and permeahility
the depth of de-silting can be decided.

If the filiration rate i1s very less at 30 cm and 100 cm depth
below tank bed level, then bore whole test has to be camied
out with the help of hand auger.

Collect scil samples at different layers and carry out soil
sample  analysis to determine the soil fexture and
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permeahility in which one can easily determine at whal
depth the soil profile 1s permeable

viii.  If infilwation is less even at 100 cm depth, recharge pits can
be a viable option, water can be diverted o these pits and

recharge capacity of the tank can be enhanced effectively.
5.8 PARTIAL DE-SILTING OF SENGULAM TANK

Based on TVLF survey and Infiltration test the area for partial de-
siliing al Sengulam tank was demarcated that 15 shown in figure 5.28. The
partial de-silting work was carnied oul using one JCB and three tractors as
shown in photograph 5.1. The work was scheduled for five days during 23 1o
27" September 2008 comprising of 44 working hours. The area of de-silting
was 1395 Sq. m and the average removal depth was 0.61 m. The volume of
silt removed was 846 m’, The silt thus removed was used in raising the level
of the bund between sluice 3 and sluice 1 and also used for strengthening the
side slopes of the bund especially at weaker portions between sluice 2 and
surplus weir. Certain portion of the silt was taken by the farmers for their

agricultural lands.

Figure 5.28 Partial De-silting Portion of Sengulam Tank
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Photograph 5.1 Partial De-silting at Sengulam Tank

5.9 SUMMARY

Artihcial recharge of groundwater is the movement of water
through soil and aguifers provides a2 means of geo-punfication of waker. An
integrated study covering the aspect of tank bed recharge s a crcial
requirement of the present day. The present work is an atempt in this
direction. Apant from geo-physical survey, the study also takes an aceount of
infiltration  test. soil texture analysis, and  permeability  analysis oo
identification of suitable sites for tank bed recharge, Tn this study, an attempd
it made to provide a frame work for the characterization and mapping of
athsurface profile for delineating highly permeable zone. To obrain detail
information on these subsurface profiles, apparent resistivity data were
geguired along the two tank bed which runs parallel and perpendicular to the

axis of the tank bed.

The acquired data were processed with Arc GIS sollware and 150-
resistvity maps are created, Highly permeable zone was delineated from the
iso-resistivity map and infiltration tests were conducted in these highly
permeable zone. This is to ascertain that 1o what depth the de-silting has 1o be

carried out. Soil samples are collected from these places and soil texrure and
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permeabilily tests were carried oul in the laboratory, Saxton equation is used
t compute the permeability which was compared with the observed
permeability. Since the match between the observed and computed was not
good Saxton equation was modified 1o suit to the tank bed soil. It is observed
that the modified Saxion Equation is suitable for all be types of soil except
sandy soil. An empirical relationship hetween the infiliration rute and the
permeability was obtained in which permeahility is a funetion of infiltration
rate. With the help of modified Saxton Equation (5.4) and empirical
relationship (3.5) one can compute permeability and infiltration rate if soil
texture is known. The conclusions derived after detailed analyses ure

presented in the following scction,

The primary conclusion drawn from this study is summarized
below

= From the geo-physical survey it is observed that in Ponpadi
tank the area of permeable 2one for de-silting is about 1910
square meter, in Sengulam tank the area of permeable zone
15 about 2353 square meter,

. In Ponpadi tank infiltration rate is high at surface (0.82
cmvhr) in all lecatiuns when compared with infiltration rate
al 50 cm depth (0.22 cmvhr). It is found that there is a change
in 501l profile ar 100 cm depth.

. In Ponpadi tank, clay is found ar 50 ¢cm o 100 cm depth,
below 100 cm depth sandy clay is found, hence il can be
further concluded that de-silting has o be carried out up 1o a
depth of 100 cm in the delineated highly permeable zone.

- In the case of Sengulam tank il is observed that the
infiltration rate is low al surface (051 em/hr) as compared
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with the mfiltration rale obtained at 50 cm depth (1.50
cmv'hr).

In Sengulam tenk, surface layer is dominated with clay and
suhsurface i1s dominated by sandy loam and clay loam is,
hence it can be further concluded that de-silting can be
carried out up to a depth of 50 cm in the delineated highly

permeable zone.

From laboratory permeability tests it 1s observed the value of
permeability is higher for soil samples collected at 100 cm
depth (4.92 cmvhrlin Ponpadi tank. Whereas in case of
Sengulam tank it is observed that permeability value is
higher for soil samples collected at 50 cm depth (1.83
cmv'hr),

It can be concluded that the methodology adopted in this
study is an effective way for delineating the permeable zone
of tank bed.
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CHAPTER 6

ESTIMATION OF AQUIFER PARAMETERS THROUGH
WELL DILUTTON TECHNIQUE

6.1 GENERAL

The most commonly adopted method for determination of aguifer
parameter is ime consuming that reguires specific setup. Tracer tests are used
to twrace the path of flowing water. Conservative tracets are used for
groundwater studies which moves with the same velocity as the groundwater
and its concentration is affected only by hydrodynamic dispersion. Tracer
tests are generally regarded as being the most reliable and efficient means of
gathering subsurface hydraulic information. Tracers are useful tools for
defining aquifer parameter necessary for groundwater studies characterization
and remediation such as recharge rates, well capture zone analysis, preferred
flow path, volume and quality of water and susceptibility (o contamination.

6.2 REQUIREMENT OF GROUNDWATER TRACER

A groundwater tracer can be any substance which is naturally,
accidentally, or intentionally introduced into a groundwaler sysiem. Some
tracers are more effective than others under certain conditions and there is no
one universally accepted tracer that can be used under all conditions.
Therefore, a wacer must be selected which will meet the most imporiant
requirements of the study objective and usually reguires a compromise
between study objective and tracer selection. The choice of a particular tracer

depends upon the property that needs elucidation. Il waler is to be traced, then
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a conservative solute is the best choice. The general requiremenis of an ideal

tracer are listed as follows:

i,

iv.

Vi,

vil.

A tracer must be capable of quantitative measuremenl al very

low concentrations,

A tracer’s introduction to the environment and its subscquent
withdrawal musi not medify the naturally occurring transport

phenomenon;

A tracer should be inexpensive and readily available, and
analytical costs should he reasonable;

A tracer should not be presemt in appreciable background

concentralions in the natural water;

A tracer should not create a health hazard or interfere with
later investigations;

A tracer must be capable of transporting in the environment Lo
which it is introduced in the same manner as the naturally
pocurring water;

A tracer must not be sorbed by the material through which it is

coming in contact;

The use of tracer has substantiafly increased our understanding of

groundwater Mow and transport mechanism. Well dilution technigue that has
definite advantages over the above methods has been under-used in Indian

subcontinent, Ohjectives of this chapter is to estimate groundwater velocity,

hydraulic conductivity and dispersion coefficient by using tracer and pumping

test analysis. The goal of this chapter was achicved through following sleps

that is shown in fow chart,

i
ii.

i

Well Dilution Studies
Soil Analysis
Permeahility Test



6.3 WELL DILUTION TECHNIQUE

Two types of well dilution techniques were adopted in the study
area to estimate the aquifer parameter. They are single well dilution technique

and two well dilution techmigues.

6.3.1 Single well Dilution Technigue

The hasic theory and expenmental details of single well tracer
dilution technigue are well established. The technique invelves introduction
of known gquantity of tracer in a suitable well and monitoring of (racer
concentration over a time period. Diagrammatic representation was shown in
Figure 6.1. The filtration velocity can be estimated using the following
relationship using the Equation 6. 1.

gr. €

V=g lak (6.1)
Where

v, - Filtration velocity in m/day

I - Internal radius of the well in meter

Coand C - Tracer conceniration at time t = 0 and at time t

a - Correction factor to eliminate the distortion of

the ground water flow lines caused by the
presence of well
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The horehole distortion [actor betwesn (1.5 and 4; and 2 for an open
well. By knowing the hydraulic gradient the permeability can be calculated by
using Darcy’s Law using the Bquation 6.2

Ve=KI (6.2)
Where,

K - Hydraulic Conductivity in m*/s

I - Hydraulic gradient in metre

From the above experiment the concentration at various ime was
known. Graph of C/Cy versus 1, was plotted, The valoe of ¢ at C/C, was 0.16
and (.84 was noted from the graph. The filtration velocity was estimated from
the above Equation 6.1. Finally the dispersion coefficient was obtained by the

Eguation 6.3.

1 {!“l_"tn.:l.a] ’ (I'ﬂu.mJ F

— (6.3)
B | Joae + T0.B4

D=

Dy -  Dispersion coefficeint in m™/day,

Z - Dislance at which dispersion was measured in metre
ty 16 @nd Lyge — ime at concentration at CiC, = 0016 and CC =084

V — Filiration velocity in m/day
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Figure 6.1 Diagrammatic Representation of Single Well Dilution

6.3.2 Two well Dilution Technigue

The two well dilution techniques were injecting trmcer in one well
and monitoring in the other well at downstream of the injected well by natural
and forced gradient.

MNatural Gradient

Two well dilution technigques by natural gradient in monitonng the
tracer concentration in the downstream well. The Iracer moves in s natural
grachent and not by pumping. The tracer break through curve was obtained.
The concentration at various tme intervals was noted in the well al
downstream. Analyzing the resulting tracer break through curve, dispersion

coefficient and dispersiviry was estimated by Equation 6.4,

C‘(nl]:—;'_ =P |- (:ﬂ (6.4)

Where,
M - Injected mass of tracer per unit section in ke

v - Veloecity in mfs
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- Longitudinal Dispersivity in metre

B - Aquifer thickness in metre
f - porosity
x - Radial distance between two wells in metre

Dp -  Longiwdinal dispersivn coefficient in m™s

Forced Gradient

The Method consists of injection of the tracer into one well situated
within the drawdown cone caused by pumping well and subsequent
measurement of the tracer concentration in the water abstracted from the
neighboring well as a function of time. Diagrammatic Representation was
shown in Figure 6.2. The wacer break through curve was monitored till the
end recovery, Analyses of the resulting tracer break through curve yiclds
dispersion coefficient and dispersivity. The one dimensional Dispersion

equation was given in Equation 6.5 and 6.6.

) it | [ \.1}:
clrtl= T L l* e I {6.5)
D'L =0y ¥ (6.6}

Where,

AM - Injected mass of tracer per unit section in ke
V- Velocity in mis

o - Longitudinal Dispersivity in meter

Dy, - Longitudinal dispersion co cfficient in m>/s
Q - Pumping rate of the well in m*/s

r - Radial distance between two wells in meter
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Figure 6.2 Diagrammatic Representation of Two Well Dilution

6.4 INSTALLATION OF BOREHOLE IN THE FIELD

To conduct tracer study seven bore holes as shown in figore were
installed in seven location at the depth of around 2.5 m. Figure 6.3 shows the
block diagram of the horehole location. Experiments were conducted with
Sulpho Rhodamine-B  and NaCl 1o estimate filtration velocity, permeability

and dispersivity were calculated from Nltration velocity.

L1, 10 m Lk* wm L5
E

L_;
p - BTN

3w

L7

Figure 6.3 Block Diagram of Borchole Location at the Depth of 2 m



6.4.1 Single Well Dilution

A Known quantily of organic dye or chemical racer was injected
instantancously into  the borehole and the borehole was monitored
continuously. Four experiments were carried ot with Sulphorhodamine B

{orgame Tracer) and common salt NaCl (Chemical tracer).
Experiment 1 Single Well Dilution with Sulphorhodamine B

Experiment | was Single well dilution study with SRB was done by
two trials. One was with the conceniration of 2500) ppb of 1000 m! and other

was with 250 ppb concentration of 100 mi.
. Trial |

The solution of 2500 ppb concentration of one litre was posured
instantaneously in the borchole L4, The water sample from the borchole 1.4
was collected from the time = O o the time t days until the background
concentration was attained, The concentration of the water samples collected
from the borehole L4 was measured using the Fluorescent Spectrometer. The
details of the single well dilution in borehole L4 was shown in Table 6.1, The
conceniration of Sulphorhodamine B in L4 was reduced to 39 ppb in 8580
mun. The initial concentration C, was 465 pph. By using the Equation 6.1 and
6.2 average filtration velocity estimated was 0.06 m/day and permeability
estimated was 5.02 m/day.,



Table 6.1 Details of Single Well Dilution in L4 hy SRB

| A
Date H;;E:;m Time '{'({min) E““’E;‘h’;‘“““ F:Ei?’
= (miday)
09-04-2011 | 10:30 0 465 :
09-04-2011|  15:00 270 437 0.05
10-04-2011 | 09:30 1410 364 0.05
10-04-2011 | 15:35 1775 347 0.04
11-042011| 1030 2880 311 0.05
1-042011]  15:00 3150 270 0.05
12-04-2011 | 10:00 4290 216 005 |
12-04-2011 | 13:30 1470 196 0.05
1342011 09:30 5670 165 0.05
13-042011|  15:00 6000 51 0.06
14-042011]  09:00 7080 101 0.06
14-042011|  16:00 7500 86 0.08
15-04-20011 | 10:00 3580 39 0.06

Figure 6.4 shows the graph for C/Cy versus € lor single well dilution

i L4 using Sulphorhodamine B as tracer explained in experiment 1, wial 1.
From the Figure 6.4 at C/C;, = 0,16, t = 7800 min and C/C, = 0,84, 1 = 900
min. By using the Equation £.3 the dispersion o efficient estimated was 0,28

m’fday and the dispersivity estimated was 7.1 m,
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Figure 6.4 Single Well Dilution in L4 by SRB
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b, Trial 2

The solution of 250 ppb concentration of 100 ml was poured
instantaneously in the borehole B1. The water sample from the borehole Bl
was collected from the time = 0 fo the time  days until the background
concentration in attained. The concentration of the water samples collected
from the borehele B1 was measured using the Fluorescent Spectrometer. The
details of the single well dilution in borehole B1 was shown in Table 6.2, The
concentration of Sulphorhodamine B in Bl was reduced o minimum of 36
ppb in 1448 min, By using the Equation 6.1 and 6.2 filtration velocity
estimated was 0.05 m/day and permeability estimated was 4.9 m/day,

Table 6.2 Details of Single Well Dilution in B1 by SRB

, " ati
Date gl;uplf ,t:';;"i; C“““:'S;"“““ F:Ell;ut‘;rn
taken (m/day)

11-02-2011 | 17:37 0 203 i
11-02-2011 16:30 53 192 0.05
12-02-2011 8:00 823 02 0.04
12-02-2001 | 09:00 923 87 0.04
12022011 | 09:25 948 34 0.04
12022011  10:00 983 80 0.04
12-02-2011 | 1030 1013 77 0.04
[ 12-02-2011 11:10 1128 74 0.04
12-02-201 1 11:38 1188 67 004
12-022001 | 1210 1248 61 0.04
12-02-2011 | 12:30 1268 56 0.05
122022011 | 13:30 1328 19 0.05
12-02-2011| 1438 1396 45 0.05
12022011 1530 | 1448 36 0.5
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Figure 6.5 shows the graph for CAC, versus t for single well dilution
in L4 using Sulphorhodamine B as tracer explained in experiment |, trial 2,
From the Figure 5.12 at C/Cq = 0,16, 1 = 5000 min and C/Cy = 0.84, { = 250
min. By using the Equation 6.3 the dispersion co efficient estimated was 0.3

m*fday and the dispersivity estimated was 7.5 m.

1} i HLEi] [RIi 2iliv
| Thiinw i idia §

Figure 6.5 Single Well Dilution in B1 by SRB
Experiment 2 Single Well Dilution with NaCl

Experiment I was Single well dilution study with NaC| was done
by two trial. One was with the concentration of 400 g of NaCl was diluted in
the water sample and other was with 200 g of NaCl was diluted in the water

sample,
a, Trial 3

400 g of NaC'l was diluted in the water sample from the study area
and it was poured instantaneously in the borehole 1.1, The borehole 1.1 was
monitored  continuously until the background was obtained. The water
samples were collected from the borehole L1 at different times. The electrical
conductivity of the water samples are measured in the laboratory, The details
of the single well dilution in borehole L1 was shown in Table 6.3, The
concentration of NaCl in L1 was reduced to background concentration of
1990 psfem in 10865 min, By uwsing the Equation 6.1 and 6.2 average
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filtration velocity estimated was 0.04m/day and permeahility estimated was

3.36 m/day.

Figure 6.6 shows the graph for C/Cy versus ¢ for single well dilution

in L1 using NaCl as tracer explained in experiment 2, trial 1, From the Figure
6.6 at C/Cp = (.16, 1 = 9400 min and C/Cyy = 0.84, t = 350 min. By using the

uation 6.3 the dispersion co efficient estimated was 0.45 m*day and the
Fy P )

dispersivity estimated was 1.5 m.

Table 6.3 Details of Single Well Dilution in L1 by NaCl

Filtration
Dt Time at T:me Concentration Velocity
sample taken | 't'(min) | EC (us/cm) (m/day)

20-03-2011 15:45 0 7,100 ]
20-03-2011 16:15 30 7,100 0.02
21-03-2011 12:40 1255 6,360 0.02
21-03-2011 16:40) 1495 5,300 0.03
22.03-2011 09:45 1520 4,950 0.03
22-03-2011 12:45 2700 4,900 0.04
22-03-2011 15:45 2880 4,850 004 |
23-03-2011 09:50 3965 4,620 0.04
23.03-2011 12:00 4685 4110 0.04
23-03-2011 16:00 4925 3,890 0.04
24-03.2011 09:00 60165 1,620 0.04
24032011 15:00 425 3,390 (.04
25-03-2011 09:00) 7505 2,900 0.04
25.03-2011 16:00 7925 2710 0.04
26-03-2011 09:00 8945 2,580 0.04
26-03-2011 16:00 0365 7,440 0.04
27032011 | 09:00 10385 2,110 004
27032011 16:00 10865 1,990 0.04
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Figure 6.6 Single Well Dilution in L1 by NaCl
b. Trial 4

200 g of NaCl was diluted in the water sample from the study area
and it was poured instantaneously in the borchole L6, The borehole L was
monitored continuously until the background was obtained. The water
samples are collected from the borehole L6 at different times. The EC of the
water samples are measured in the laboratory, The details of the single well
dilution in borehole L6 was shown in Table 6.4, By using the Equation 6.1
nd 6.2 average filtration velocity was 0.04 m/day and permeability was 3.3
miday.

Figure 6.7 shows the graph for C/C,, versus € for single well dilution
in L6 using NaCl as tracer explained in experiment 4. From the Figure 5.14 a8
CiCy = 0,16, t = 5672 min and C/Cy = (.84, t = 650 min. By using Equation
6.3 the dispersion co efficient estimated was 0,31 m!.frjﬂ}r and the dispersivity

estimated was 10.6 m.
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Table 6.4 Details of Single Well Dilution in L6 by NaCl

Date Time at Time | Concentration EC Filtration
sample taken | 't'{min) psfem Velocity (m/day)
[21-03-2011| 1128 0 5,320 -
21032011 1225 57 5,290 0.05
20032011 12.53 85 5,250 0.05
21-03-2011| 1325 117 5,270 0.04
2032011 | 13:55 147 5,240 0.04
22032011  (09:52 1344 4200 0.04
22032011 13:00 1532 4,120 (.04
2.03.2011| 1600 1712 4,080 0.03
23.03-2011] 1000 2792 1,700 0.03
23.03-2011| 1600 3152 3,420 0.03
24032011 10:00 4232 2,820 0.03
24-03-2011| 1500 4532 2,510 0.03
25.03-2011|  10:00 5672 2,100 0.03
25032011 15:10 5982 1,850 0.03
1.70
100 +
080
L.? &0
o 0an |

020 |

] 10440 2oon 00 4000 TOE RO TO00
T ime{min}

Figure 6.7 Single Well Dilution in L6 by NaCl

The groundwater tracers such as SRB and NaCl are used to
estimate the ohserved velocity using the single well dilution technique, The
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filtration velocity was estimated by using the Equation 6.1. The permeability
was estimated by using the Equation 6.2, by using the hydraulic gradient
0.011. The details of the average filration velocity and average dispersion
coefficient obtained by the single well dilution technique were shown in
Table 6.5.

Table 6.5  Estimated Filtration Velocity, Dispersivity and Dispersion
Coefficient by Single Well Dilution Technigue

Sulphorhodamine |
- Groundwater Tracer r 3 NaCl
Filtration Velocity
on Yelocin 005 B
mfday
| Permeability m/day 4.76 .52
Dispersivity in m 11.5 10.6
Dispersion coelficient
2k 0.45 0.31
m"/day

fr.d.2 Two well Dilution

Two well dilution was carried out by tow methods such as natural
gradient and lorced gradient method, NaCl was used as # chemical tracer o

esiumate dispersivity and dispersion coeflicient

Experiment 3 Twe Well Dilution by Natoral Gradient

200 grams of NaCl was diluted in the water sample in the study
area, The solution was poured in L6 and the bore well L6 and L7 was
monitored. The distance between the bore wells was 30 m. The L7 was
located downstream of L6, It was assumed that constanl linear velocity for a

uniform saturated groundwater flow field exists and that (he tracer was
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conservative. A hreak through curve was obiained in the L7 bore well. The
tracer break through curve was shown in Figure 6.8, The detail of the break
through curve was shown in Table 6.6. The time to peak in the break throngh

curve was 4300 min and the time of first arfival was 1470 min.

Table 6.6 Details of Two Well Dilution Technigue by Natural Gradient

Date T"’“’;;j;’“"f“ Time 't'(min) | €1 (mg)
19-D3-2011 10:15 0 2452
19-03-2011 12:33 138 2 460
19-03-2011 14:44 269 2,460
19.03-2011 15:37 322 2460
19-03-2011 16:15 360 2462
20-03-2011 | 10:45 1470 2,463
20-03-2011 12:52 1597 2475
20-03-2011 15:58 1783 2486
21-03-2011 11:53 2978 2,514
21-03-2011 12:20 3005 2,520
21-03-2011 12:56 W4 | 252
21-03-2011 | 13:28 3073 2,527
21-03-2011 13:58 31003 2,529
22-03-201 1 09:55 4300 2.593
22-03-2011 15:55 4660) 2,568
23.03-2011 10:00 5745 2533
23.03-2011 15:00 6045 2,519
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Figure 6.8 Two Well Dilution Technigue by Natural Gradient

By using the Equation 4.8 and 4.10 the dispersion co efficient and
dispersivity was caleulated. The dispersion co efficient was 0.43 m*/day and

the longitmdinal dispersivity was 13.5 m.
Experiment 4 Two Well Dilution By Forced Gradient

Borehole L5 was used as (he source borehole whereas L4 was used
as the abstraction borehole. Water was abstracted from L4 at a rate of 1.5 Ipm
for 2.5 hour {until a steady-state gradient existed between L4 and L5). The
distance between the two bore wells was 9 m, 500 gram of NaCl was diluted
in the water sample in the study area and it was poured in the source bore well
L3. Bore well L4 was abstracted from the time t = 0. The tracer Break through
corve was obtained and the peak was oblained at 120 minutes. The time of
first arrival was at 50 minutes. The details of the Two well dilution at forced

gradient was shown in Table 6.7. The Break through curve was shown in

Figure 6.9,
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Table 6.7 Details of Two Well Dilution Technigque by Forced Gradient

Time in Minutes | Discharge Q (LPM) | Cl(mg/)
0 0 2,207
2 5 2,227
5 12,5 2,227
10 25 2243
20 50 2,269
0 100 2,385
50 125 4,121
60 150 4,780
30 200 7,003
100 250 8,499

120 300 9,002
130 125 8,320
140 | 350 6,996
154) 375 5152

By using the Equation 6.5 and 6.6 the dispersion co efficient and
dispersivity were calculated. The dispersion co efficient was 0.61 m™/day and

the longitudinal dispersivity was 15.3 m.

T
400
150
T iH
o
5 = [Hl
150
| D}
.50

1 a5 54 15 100 i35 150 1% |

TURTL kn Hiin

Figure 6.9 Two Well Dilution Technique by Forced Gradient
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i

By analysing the tracer break through curve in two well dilution
technique by natural gradient and forced gradient dispersion cocfficient and
dispersivity cstimated was shown in Table 6.8,

Table 6.8  Estimation of Dispersivity and Dispersion Coefficient by
Two Well Dilation Technique

| Groundwater Tracer Break | Natural | Forced
through Gradient | Gradient
Velocity m/day 10.05 108
Diuspersivity in m 1355 | 15.31
Dispersion coefficient m™/day | 0.43 0.6]

6.4.3 Permeability Estimation at Lab scale

The soil samples were collected from the command area and the
permeability was estimated by falling hand permeameier, particle size
distribution and pumping test.

{i) Falling Head Permeability Test

The diameter of the mould was 0.1 m and the length of the mould
was 0127 m. The svil samples collected from the study area was filled in the
mould in three layers and compacted. The mould was connected with the
falling head permeability apparatus s shown in Figure 3.8, The permeability
estimated from the falling head permeability test was 3.45 m/day.

{ik} Particle Size Distribution

Particle size distribution study was carried out in the laboratory.

The Dy size was obtained as 0,074 mm. Grading curve of aquifer was plotted
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mm Figure 3.9. The permeability estimated from the particle size distribution
was 4.65 m/day.

(i) Pumping Test

The pumping test was performed in the wells locaied in the smudy
ared. It involved the measurement of the draw down with respect to lime.

From pumping test data the aquifer parameters were calculated.

As a result of pumping test data, the following aquifer parameters

were obtaned.

1 Permeability.
i) Specific yield.

i)  Specific capacity,
6.4.4 Permeahility

M. Kumaraswamy method is method used for estimating the
permeability  for large diameter wells located in hard rock area, unconfined
aguifer of the study area. M. Kumaraswamy mathematical equation defining
the inflow into a well in hard rock areas to determine permeability is,

o
L+d,/D _\ [I+d/D
a Yl-d /D \i1-d,/D
W=—
I T
Where,
W = Hard Rock Permeability(m/day)

a = Cross Sectional Areaim®).

D = Stic Water Column{m)

d; =  Water Column when pumping stopped.(m)



dy

I

Water Column at |, minutes{m)

Time Taken For Recuperation {min)

6.4.5 Specific Capacity

A formula of Shchter has heen wsed o deiermine the specific

capacity based on the recovery performance of the dug wells, Slichter's

formula is expressed as a linear funchon of tme and a logarithmic function of

drawdown. The formula given by Slichier o determine specific capacity is.

€' =2.308 £ log;; = (m? fh)

£ - specific capacity( ™ /™)

A - cross sectional area of the well (m-=)
I - time afler pumping stops (hr.

31 = drawdown al ime pumping stops (m).
N2 - water level o be recuperated.im)

6.4.6 Specific Yield

The formula given by Slichter to determine specific yield is,

a1 -
52

A 51
3 - 52
specific vield

cross sectional area of the well (m-).
tirne after pumping stops (hr).
drawdown at ime pumping stops (m).

water level to be recuperated.(m)
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64.7 Aquifer Parameter Estimation

In the command area six wells were szlecied for pumping test (o
determine the permeability, specific yield and specific capacity, The principle
behind the pumping test is to pump the water from the well at constant
discharge and the drawdown in the well has to be measured. The recovery is
also measured after the pumping is stopped. These measured data were
substiiuted in an appropriate equation to calculate the hydraulic characteristics
of an aquifer .

Before carrying out pumping test preliminary studies are carriad oot
by elecinical resistivity survey, secondary data which involves the geological
formation of the subsurface type and thickness of the aguifer zones. The
pumping test were carried out in the well 5, well 6, well 13, well 14, well 15,
well 17,

Diameter of the well = Tm.

Area of cross section of the well(A)= 38.4m°

Duration of pumping = 348 minuies.

Drawdown in the well when pumgping stopped(51)= 2.81 m.
Duration of recovery test(t ) = 120 minutes=2 hr

Residual draw down at time 't" when pumping stops=1.38 m.
Water level to be Recuperated(52)= 1.5m.

Specific Capacity
The formula given by Slichier to determine specific capacity is,

! 2 303 ’ﬂ -'1-
1'.' = Amn i
$ F1a 3

38.465
¢ = 2303 — logy;

3
(e

i
4|

= 12.06(m" /hr)
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Specific Yield

The formula given by Slichter to determine specific yield is,

2.303 r 51
€= 190 <7
2.303 .8
L _‘2_ 0810 1_

=0.31m’ Mhr/m” fper metre drawdown,

Permeahility
Diameter of the well=7m.

Cross sectional area of the wellia)=38.4 m".

Static water column{D)= Tm.

Water column when pumping stopped(d, )=4.1 m.
Waler column at tg minutes{d- }=5.5 m

Time taken for recuperation = 120min.

| +5.5/7 1+4.177

i 8 P I S L i

e 3841 5547 i—4.1/7
T 120

= 26.18 m/day,

During pumping test in well 16, two near by wells were pumped.
While the pumping test were carried out in the other walls | the pumping in
the near by wells may influence the pumped well. This may be the resson for

the increase in the Hydraulic conduetivity of the pumped well,
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Table 6.9 Aquifer Parameters Calenlated Through Pumping Test

Well 13 | Well | Well | Well |Well | Well
14 17 5 16 (1]

Diameter of the 7 g 0 8 7 8
wizll{m)
Area of cross section | 384 615 63.5 50.2 8.4 50.2
of the well(m™)
Duration of 451 190 |48 [260 348|220
pumping{min}
Drawdown in the 33 1.8 29 2.1 2.8 1.7
well{m)
Duration of recovery | 152 120 120 130 120 120
tesl(mn)
Water level 1.6 0.5 R 0.7 1.3 1.0
Recuperated at
£ mindim)
Water column when 4.6 ol | 4.0 48 ! 4.1 5.2
pumping stops (m)
Water column 6.37 5.6 36 b P 55 59
Recuperated at
£ infm)
Specific ) 100,035 10,33 11,79 1939 12.06 | 2227
capacity(m /hr )
Specific yield 26 % 16 % 18 % I8% |31% |44%
Hydraulic 4.64 4 K9 5.82 461 £.55 573
conductivity (m/day)

In well & it is observed that the specific vield and specific capacity
Is high. It is inferred that the well 6 is located in the highly weathered or

fractured zone obtained through pumping test is higher than the Hydraulic

conductivity of weathered rock. This may be atiributed by the presence of

fractured 2one below the weathered zone might have contributed some

portion of water to wells (rom the second fayer,




a3
SUMMARY

The hydraulic conductivity estimated by the three methods shown
in Table 6.10 were in the same range of 3.5 (0 5.5 m/day, Hydraulic
copductivity given by the public works department was in the range of 0.5 to
2.5 mfday. Average specific capacity and specific yield of the squifer are 12.7

m’ per hour per unit draw down and 26 percent,

Hvdraulic conductivity is a quantitative measure of a saturated soils
ability to transmit water where subjected to a hydraulic gradient It is the
property of the soil with which the pores of a saturated soil permit water
movement. Hydranlic conductivity is an important property becanse if is nsed

to calculate the flux in a groundwater aquifer for any hydranlic gradient.

Table 6.10 Hydraulic conductivity Estimated by conventional Methods

Method Hydranlic Conductivity
3 my/day

Well Dilutions Method 1820 4.76
Permeameter test 345
Partils size distrbation 465 _
Pumping tesi 4610 6.5
Public Works Department 051025
Eeport
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CHAPTER - 7

ESTIMATION OF TANK AND AQUIFER INTERACTION
THROUGH GEOELECTRICAL STUDIES

7.1 GENERAL

Geophysics has reached a place of vital importance to the scientific
development and protection of the world's precious, groundwater supply, this
method provide rapid and effective technigues for groundwater cxploration
and aquifer interaction. The resistivity of the material depends on miny
factors such as groundwater quality, saturation, aquifer lithology and porosity.
This technique is widely used to determing depth, boundaries and location of
an Major limitation aguifer, when groond in of this method is when
subsurface formation exist with homogeneities and anisatropy, Although
various geophysical techniques are being applied o explore groundwater
resources, the electrical resistivity method proves the most powerful and cost
affective. This chapter aims to know the interaclion betwesn tank and the
groundwater aquiter of the command area as shown in the flow chart
Ohbjectives of this chapter are

i To evaluate 1ank and surrounding aquifer charactersistics:

2. To establish relationship between geo-eleciric parameters
and aquifer properties;
3 To evaluate tank and aquifer interaction,

Above said objectives were attained through following steps
i Resistivity Survey to measure aquifer resistivitics in the
command area;
li.  Establishment of relationship between geo-glectric and aquifer
hydraulic parameiers;
il Collection and analysis of water samples;
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12 RESISTIVITY MEASUREMENTS

The apparent resistivity values are measured and true resistivity
transverse resistance, longiwdinal uniy conductance are calculated as

explained below,
7.2.1 Apparent Resistivity

The apparent resistivity for a measured resistance is given by,

A Ry
po=mn————Rg, L>>b

=

pa = =&, if L>3b

1.2.2 True Resistivity

The apparent resistivity value is interpreted to oblain the tme
resistivity of the sub-surface layers by the inverse slope method, The linear
plot is done between (AB/2) on X-axis and [(AB/2)/pa) on Y-axis. Then the
plotted point is joined with the best fitting straight line segments, Each
segment represents one subsurface layer. The Inverse Slope of each line
segment  directly gives the true resistivity of the subsurface layer, The
intersections of the line segments is multiplied with (2/3) to get the depths to

the interfaces.
7.2.3 Longitudinal Unit Conductance

It 15 the ratic between the thickness of the aquifer (m) and the
resistivity of the aquifer (o).

S=hip
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724 Transverse Resistance

It is the product of the thickness of the aguifer (m) and the
resistivity of the aguiferp)

TR =hig
7.2.5 Formation Factor

It is calculated using the aquifer resistivity(g) and the water

resistivity of the formation( pew) ssing the Archies law({ Archie, 1 042
FF=pi p_ p_= resistivity of water

The water resistivity will be calculated using the following

equation.
@, = 10000/ electrical conductivity of water,

The aquifer hydraulic parameters hydraulic  conductivity,

fransmisivity are estimated from resistivity measurements as explained helow,
73 Geoelectric Parameters Estimations

The geophysical investigation employed in this study was electrical
resistivily survey. This study used ABEM resistivity meter SAS 1000 using
the inverse slope method true resistivity values were obtained. The true
resistivity values were used lo interpret the lithology of the subsurface
formation with the support of litholog information which was collected from
institute for water studies, Public Work Depariment (PWD),
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73.1 Electrical Resistivity Survey

The electrical resistivity method adopted in this study was

Schlumberger amray. In this Schlumberger array four electrodes (€, €., P, P.)

were placed along a straight line symmetrically over centre point. £. and o
are the current clectrodes. P, and P, are the potential electrodes. The
separation between potential clectrodes was kept small when ca mpared to the
current electrode separation. In this study the maximem  current electrode
spacing kept over a point O is 100m and the maximum potential electroce
spacing kept over u point is 20m. The corresponding  current and potential
electrode spacing followed in this study is presented in the Table 7. 1.

Table 7.1 Corresponding Potential and Current Electrode Spacing

Patential electrode Current electrode
spacing over a point ‘0Q° spacing over a point ‘0"
0.5m L5m-10m
2m 10m=50m
3m S0m-100m
1 0m 100m
|
732 Inverse Slope Method

The Schlumberger sounding apparcnt resistivity values were
interpreted using the inverse slope method to get the troe resistivity values of
the sub surface lavers. The linear plot was drawn between (AB/2) on X-axis
and {{AB/2)p,] on Y-axis. Then the plotted point is joined with the best
fiting straight line segments. Each segment represents one subsurface layer.
The Inverse Slope of each line segment  directly gives the true resistivity of

the subsurface layer, The intersections of the line segments is multiplied with
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(23) 0 get the depths 1o the interfaces. while interpreting the apparent
resistivity values, negative slopes are encountered near by the locations tank
bund 2 and inside the tank 2. The apparcnt resistivity values were interpreted
by the inverse slope method that js presented through follewing figures 7.1 ©
T.17.

T

e = e

L] = - s -

Figure 7.3 VES Resistivity at Well Location §
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Figure 74 VES Resistivity at Well Location 6
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Figure 7.5 VES Resistivity at Well Location 8
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Figure 7.6 VES Resistivity at Well Location 9
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Figure 7.10 VES Resistivity at Well Location 13
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Figure 7.17 ¥VES Resistivity at Location Inside the Tank 2

The instrument is traversed over a certain distance in the well
staion 1. When the potential electrode rpacing ie.(AR/) is kept at a
distance, then the depth of penstration is generally taken as one third of AR,
Similarly che AB/2 distance varies and also the depth of penetralion also
varies, Froan U inverse slope method | following tue resistivity valees are
obtained for three layers in the well station 1. Similarly it is also obtadned for

various other VES locaticos in the study area
733 Muodel Calcukativn lor Calixelating Troe Resistvity for Well 1

The inverse slope method adopted al the well location lis
calculasd as follows,

[ segment = ‘5“.11 = -ﬁém = 57 .0 ohm-m.
ax 13

Il segmenl = T_iz = m,‘%ﬁ = 144.8 ohm-m.
iz 10

I segmant = é: 'm;'m= 5412 ohm-m.
il TATE
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The resuits indicates that thres layers of formation exict which was
found throngh inverse siope method. The resistivities and depih io interfaces
of threc layers are 57,1, 144.7, und 342.6 ohm. m and 3.3, 6.7, and 23 3m
respectively. Total depth of the weathered zone is almost 30 1w 30m BXCEpT At

twa lacations wel] 9, well 13. It ¢an be seen from the inverse slope graph tha

thexe 15 oo ambigwity iR joining the points that is evidsnt in the figures 7.1 to
figure 7.17, 1t is noted that the negative slope in the point of tank bund 2 and
inzide tank 1. I1 mmay be due 1o the inhoniogeneties in the subsurface layers.
The above menbioned procedure is followed or oller well locations and thar

arg piven in table 7.2,

Table 7.2 Sammary OF True Resistivily Values And Layer Thickmess

[ Location | Layer resistivity ‘¢ in ohme- | Layer thickness ‘b s Bed Rock
m chimsm depth [m)
M| B P 1 h h3 b4 H
Well 1 57.0]144.7[542.6 — 33 Tes? (233 | — 333
Well 2 14.28]187 615882 — |33 |467 (233 [— 1333
well 5 12.1[74.5 7300 - |53 [467 133 | 33.3
Wel, & 29013973220 — 26 734 235 = 133
Well & 53.3]91.9 T248.1 — 486 |53 (166 |- 266
Wall B 2031629 5380 - 1403 |66 300 [ 400
well 10~ [24.3](15.1]418.% - [33 a6  [253 |- 333
Well 12 {14.3[108 529965 — 33 66 223 | 333
Well 13 1341171412159 ~ |40 [60  [300 |- N0
Well {4 [33.9]14.3[306.5 —~ |23 |66 (233 - 313
Well 16 [40.3) 1022[260.4 — [53 [0 200 |— 533
Well 17 [43.3(126.9[3069 - |33 (26 [253 |- 133
Tank pund 14897 [ [475.4 — |26 (73 |00 |— A0
1
Tank boad|22.8[63.3|Negavive  [3823[53 [446 |- 1667 |00
i slope
Tank buad|31.3(83.4 (3229 — 33 (a6 (200 |— 0.0
3
[nside teaik|[26.1|615 4204 206033 46 (53 (333 165
i
Inside rank|66.2[ 10001721 555040 [S0 76 1667|333
2 I
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734  Geo Electrical sections along AA’ , BB and CC*

Giec-slectrical sections from north to south were cared out as
shown in figure 718, This helps to conceptualize the aquifer formation in the
sncly arca. Geo electrical sections along AA' BB’ and CC are thown in
figures 1,19 to 7.2{ mspectively.

Al " L =
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Fig T.18 Wells lies along the straight line

Figure 7.19 Cross Sectional View Along The Line AA°
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Figure 721 Cross Sectional View Along The Line CC*

The resistivities of ditfereat subsurface layers in the study area are
cncountered during invesligalion that are inlerpreted as follows,

Top soil= 65 shm.m

Highly and semi-weathared srapitic genesis- 70120 ahm. m
Fractured and jointed pranitic genesis-180-500 ohm,m

Hard massive bed rocks 500 ohn.m

The second leyer and third layer is identified as the aceumulagon of

groundwater. The open wells are constructed jn scoond layer and the third
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lavar, The results obtained throwgh the pumping lest were tound to be sirular
to the data obtained from the Lnstilute of Water Studies,

7.35 Geo=clectrical Parameters Estimation

The fundamantal paramerers to describe a geo-slectric section are
its tme resistvity ( p) and its Cuckness (hy. In mulilaversd cases. the
individual resistivities am! the thickness of the layers are represented by
£, Po Py and iy, He and hy respeclively. From these fundamental
parametars, other secondary pec-electric parameters namely lopgiudmal
condustance($ ). transverse resistanced TR} and anigoropy are obrained.

{a) Longltudinal CondoctanceS).

TLis the ratio of the resistivity values and thickness of the respective

layers.

.44 gy
5 = o =0.0585( Siemens)

A6T ) _
Sa = m-l}.[}ﬂﬁiﬂ:ﬂlcumlm

Sy = g, =00420(Siemens)

"The wotal lonpitudinal conductance is,
S'=.';1+~'.i.1+55p

S=(L05E 340046040, )425= (. 147 2 Semens)




(h} Transverse Resistance(TR)

It is the product of the vesistivity values and ihickness of the
aquifers,

TRI =hypy TR2=hyp,; TR? =hypu;
TRI=3.33%47.096=190.12 ohm.m?

TR2 =10"144,71=965.21 chm.m®
TR3=23,334).0429=12658.8335 chm.m’

The total wonsverse resietance is,

TR ="TRI+ TR2+ TRI
TR =190.12+965.21 +12658.885= 13814.25{0hm.m?®)

() Formation Factor
FE=pfpo
piu= resistivity of water,
oo = 10000 elecirical comdoet vicy of water,
2=687.3] chin.am
Electrical conductivity of water= 1310 psfom.
S m T0O0 1310
Forpaton factor for well 1 = 4873 1/7.6355 = 90,01( no.unit)

For the calculation of Formation facwr the second and thirg lyyers
ore considered to get the aguifer resistivity. The summary of longitudinal
conductancs, transverse resistance for all the threa layers is presented below
the table 7.3 and table 7.4 respectvely,




Table 7.3 Summary of Longitudinal Conductance
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SL. Wells Longitodinal Conductance(S}siemens)
Ne- Layer 1 | Loyver2 | Laver 3 | Layerd | Total
1 Well 1 0.05%3 | 00460 | 00429 | - D472
2 Well 2 0.3581 | 00248 | 0.0396 | - |0.4225
3 Well 5 0437 | 00626 | 0.0319 | - [0.5315
1 Weil € posld | 00525 | o2 | —  [oz2is
5 Weli 0.0873 | 00580 | G067 —— 2124

[ & Well 0 0.1961 | 00368 | 00556 | .- |D.28B51

7 Well 10 01367 | oodn | oosd | —— [pa3m

3 Well 12 02328 | 00614 | 00778 | . 0372

o Well 13 01171 1 O | 00247 = 31747
10 Well 14 00986 | 00639 | 00760 [ —  [oz701
3 Well 16 0.1321 | 00782 | 0.0888 | — |0.2701
12 Well 17 0.1229 | 00210 | 00819 | —— |nr2s8
12 TankBand 1 | 01792 | 00755 | 00420 | .- [0.2067
14 Tank Bund 2 G233% | Q0285 | 00397 | 00435 | 03456
T TaokBund 3 | 0,1060 | 00799 | nos1o | —— | 0.2478
16 | InsideTank 1 | 0,1273 | 00785 | 0.1239 | 00150 | 034471
17 | InsideTank2 | 0.0604 | 00495 | 0.0445 | D204 | 01838




Tabe 7.4 Summary of Transverse Regstance
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5L No.| Wells Transverae Resistance (ofrmr. mij
Layer1| Layer 2 | Layer3 | Layerd Total
1 [welll [190]  [9552 116588 |- 13814.2
2 pwell2 [793 8703 196057  |-— 20561.3
3 |wellEd &9 348.1 170539 |- 174471
4 (welle 773 10257 (75337 |— 3636.2
g Jwell B 24581 45140 41333 - 48728
5 [weell 9 T o lelees - 172250
T |WelllD |81.0 0210 1396390 .. L4D66.0)
g |well12 [476  [ma1  [e9917 - 77635
o |Well 13 [I36.5 LO2ET 384173 -— FTEEDS
10 |Well 14 {1130 [&358 171550 - TU61.0
11 |Well 16 (21510 2176 ‘53138 e 6GE46 4
(2 |[Well 17 [231.1  [3300 78254 - 83055
13 |Tank 394 T3 O508.6 -— 10261.3
bund 1
14 |Tank 1215 (7638 2784 63T |TERTE
bond 2
15 |Tank 1045 (5562 04534 .- T112.2
bond 3
16 |Ineide 7.1 2873 2201 7347 13383
tank 1
17 |Inside |264.9  |S08.0 13184 Q4279 [115162
tank 2

Tt iz noved thal the loagitndinal conductance is seams to be unique

through out the study area. High longitadingl conductance values are noted in

well 5, and well 2, The transverse resiséance i3 not unique throughout the

sty area and it vanes widely. High wansverse remistance is noted in well 2,

L e —
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well 5, well @ and well 13, The formation facter which is cbtained from water
resistivity is presented in Table 7.3,

Table 7.5. Summary of Formation Factar for Wells

Well Name LElectrical Water Formation
Condyctivity(psfom) | Restseivity{ehoum} Facloy
Well 1 1310 1.6 .0
Well 2 1800 3.5 1306
Wall 5 2120 4.6 172.3
Well & 150G 5.2 LR
Well § 1390 71 472
WellY 1730 3.7 1225
Well 10 1690 3.9 M2
Well 12 1450 6.8 5.1
Well 13 2120 ' 4,7 2934
Well 14 22540} 4.4 424
Well 16 1890 ' 5.2 74.2
Well 17 1270 1.8 55.3

The formation factor i noted 1o be high 1 well 2, well 5, well &

and well 13 where transverse resistance is alsa fonnd o he high in this wells.

7.4 ESTABLISHMENT OF EMFPIRICAL RELATIONSHIP
RETWEEN RESISTIVITY PARAMETERS AND AQUIFER
HYDRAULLC PARAMETERS

Step=1 The reIatinnéhip was established berween the formation
factar and Hydraulic cosductivity ;

Step-2 The relationship was established between the aquifer
resistivity and Hydruolic copduclivily |

step-3 with these reladonships, aquifer paramelers 2t unknown
location was dedueed. Then these parameters were validared;
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Fomping lests were cammed oot in six wells which were wsed for
esiablishing the empirical elationship.

74.1 Relatinnship between (reo-eleciric parameters and Aquifer
parameters

In the smody ares the relationskip 12 established batween gen-electnic
parameters and aguifer parameters, The pumping ests have been carried oot
for 6 wells in the sudy area. The relationship between peo-electnic amd
aguifer paaimeters are established for 3 well data and | well data ars utitized
for validalon purpose. With this relationship if e resistivity valusy of the
area ars known then the aquifer parameters can be oltained.

e e e e ey
. _— - m . ——— '
- B -0, CHRSEF + 015 !
E e - JRatrirets :
——— i
5 e e et e e T e e e e . !
- : s |
4 e oo A m emem e ot e}
§° 5:’
i z ————— . i
H
1 ;

1 PP

1] S0 i} 1iLC Hua el L] )= anmg

Fu rnieflon Fochor i

Figure 7.21 Relationship Hetweens Farmation Factor and Hydraulic
conduciivity
Valldation

Obsarved Hydraulic conductivity  for well 6 through pumping test = 5.73
m'day.

Calcolated Hydraulic conduoctivity for well 6 from the linear relationship
obtained =  5.23 miday.

The observed Hydraulic conductvily  and the calcolated Hydrawmlic

comsluctiviey are [ound w be identical,

—————
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T2 Relatioushlp hetween Apparent Resistivily and Hydraolic
Conductivity

Similarly the relationship is alsc established between the apparent
resistivicy(p} aud Hydraulic conductivity (K). Well 16 data is used for the
validation purpose, The empinical relationship between formation facior and
Hydraulic conductivity is shown in the figure 7.22
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Figure 7.22 Relatlonship Between Resistivity and Hydraukie ronduetivity
Yalidatlon

Observed Hydraulic conductivity for well 16 through pumping test
= 5.723 mfday,

Caleculated Hydraulic eonductivity  for well 1§ from Lhe linear
relationship chtained = 5.069924 uu/duy.

The observed Hydraulic condustivity throuzh pomping tost and the
caleulated Hydranlic conductivity from the linesr elationshig  are found to
be identical.

1.5 Lreochemical Analvsis

Water samples were collected from the tank and the wells every
ot and snalysed for hardaess, TDS, Caleram and Chlonde to varfy the
hydraulic connection between (e Lunk and surrounding ayuifer system, This
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connectivity was compaeed with the interaction obained throwgh aquifer

hydraulic parsmeters. The geochemical analysis daca are shown in (able 7.6

Tabbe 7.6 Geochemical Analysis of Water Samples

Electnical condwetivity TDS Chloride (mg/l)
(ps/cm)

Well | 1310 Big 4 25404
Well 2 1800 1152 4223
Well 3 1540 117756 442.3
Well 4 1750 1184 434 8
Well 5 2140 1365 6 3273
Well & L1900 1216 J102
Well 7 1170 T48 8 25049
Well 8 1304} £39.6 2724
Well O 1750 1120 52T.3
Well 10 _ lavo 10816 | 3848
Welll1 1620 10368 3723
Well 12 1450 028 324
Well 13 2120) 13568 497.3
Well 14 2250 1440 5823
Well 15 1950 1242 3
YWell 16 158540 1209.6 3848
WWell 17 12710 #2124 2444
Well 18 1250 5192 Z2T 4
Tank; 1340 £39.5 ALY
T.6 Tank and Aquoifer Interaction

The geophysical survey has been carried onl inside the Lk and in

the command arca downstroam of the ank. Same geclogical sening exisis all

ovet the study area, There is a confinuity in the geological formation af fhe
tank and its downstreain aguifer. Since ihere is a very pood connectivity the
aquiter has been recharged a3 soeb a8 tank gets filled up Geochemical

parameters such ws TDS and CL were also showed similar values ineide and

downstream of  the wnek. There i3 nof much varanon in the amount of
chloride, TDS in the water ingide and in the command area. Thus the
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continuity between the bk and aquifer were also confirmed by the
geachervical studies.

1.7 SUMMARY

Verlical Elecirical Sounding (VES) were camied out in 17 Jocation
both inside the dank and in the command arza. Twelve VES were carded out
in the command areq, three closer proxintity of ihe tank bund ared tw inside
the tank. All VES data showed similar readings throughont the stdy area
EXpecl one or two places that may be due to the inhomopeaties of the
subsurface s0il laver. From the VES data ang information the geolcgical
formation 33 contiougus from whe tank 0 the groundwaier aquifer in the
command erea. Ficst laver is the soil, the .accﬂnd and third layors are
weathered and fractwred aruifer which are. patential 2ones fro aroundwater
apping. The mesistivities of the second and third laver mnges 45-180 ohem
and 180-504 ub-m respectvely. Open wells were dog io the second and third
laver. Empirical relationship between geo-eleciric parameters and aquifer
paramelers were established. From the relationship unknown location aquifer
parameters can be determined at detail swdy on the tank, agquifer i ihe
command area and their interaction were evaluated throngh Elactro Magnetic
survey {TVLF), Geophysical Survey, Well dilution method and conventional
methods such as pumping s, soil texoure wnalysis and permearneter test,
These studies provided qualitative information on tank-aquifer nexus. To get
exact quantitative information zhout seepage rate feem tank 1o aquifer that
was studied through tracer study before and after de-silting in the next
vhapier.
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{HAPTER - §

EVALUATION OF SEEPAGE RATE THROUGH TRACER
STUDY

A mwacer 15 a matter carried by ground water which will give
information conceming the direction of movement, veloeity of the water and
potential contaminants which might he mansported by the water. The study of
razer can help to determine hydeakic conductivity, porosity, dispetsivity,
chemical disttibotion coefficient and other bydro peologic parameters. A
iracer ¢am be entirely narral such as the heat carried by hot spring water, Tuel
oil from i cuptugsd siorage tnk, A wacer shoukd ravel with the same velocity
and direction as the water and does aot interact with solid material; o wacer
should be non foxic. It should be relatively mexpensive, easilv detected with
widely available and simple technology. The tracer should be present in
concentraticn well above hackpround concentration of the same constatuent in
the matural system which is being studied. Finally the tracer itself should not
modify the hydravlic conduclivity or othet properties of the mediom being
studied.

Artificial tracess are different environmental tracer. Environmental
tacers arz substances that ocour navrally in the environment or are released
in advenantiy (o the eovionment Gwough human actvites., In subswrfave
hydrology the most commonly used, environmonial wacor are isotopes of
Hydrogen (°H and *H), Oxygen 200 and Chlutine (**C1 and *CI), bat many

other wwotopes and synthetic chemical bave been used as well,
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Obviously an ideal wacer does oot exist Because of the complexitics of the
naural system topather with the large number of requiraments for the eacer
themeelves, the selection and use of tracer i$ almost an art. The numbers of
possible wacer which can be wsed in groundwater are thousand in nungber if
all wacer constiments together with slable isowpes and radicnuclides are
considered. More practieal tracers arc water temperaturs, yeast, bacteria,
Lycopedivm spores, ions, organic acids, dyes and radicactive tracers. All
racers have srengths and limitation that affect their usefulness in specific
situation. Multiple wacers are frequendy used simultanenusly to overcome
these Limits and salisy practical objectves,

3.1 . TYPES OF ARTIFICTAL TRACERS

Many different (ypes of human apphied fracers called artificial
tracers, afe ussd in tho subsurface hydrology and are reviewed and compiled
in several publications. For completencss, a brief summary of thass fracers are
sumrmarizad below in the Table §.1

Tahle 8.1 Artificial Water Tracer Analytic Technlgues, Advantages,
Disadvantages, and Pertinemt Refarences (from Boron
Isodnpes as an Avtificial Trocer, 2006)

Tracers Analytle Advantages | Dikoadvantages Reference
Technique
Ihorganiz Jons {2z, |Ion Incapensive, High Bchrens o
Bromide, chlorkde, |chvonwuatoprapky,  [zasily backprownd,  [al {2001
boton, vhers Atomic absprpion, (obimnable, ease [toxicity, density |Falben at
ineselechvity; of sapling and | flow, coagulate |al{ 20HIH
electiede, liration, |analysis, clay minerals,
electrical conzervative, ceducing
cotduetivity stable aquafer
permuzabilily




Drves [eg wanine,
wasin, rhodamine
WT, lucrescein,
and eihers)

158

Fluotimahic
treethods (F:lter
fluocometer,
spoctrafluciinieter)

Inerpensive,
easiy
obtainable, low
background, case

of sampling

Largs mass
Taquuired,
dogradation,
sorplion,
densily flaw,
foxiciny,

periting

Behrens et

al (2001}

Juolbert £

AN 2000}, Pang el
al, (1998

Biological (eg.
bacteria,
basteriophagos,
wvirlLses)

Micrigcope, colony
Counbbg

Tnexpensive, ko
backgound

Specinl zample
zollection end
prepatat.od,
LeCay, Sorption,
and pore size
exclusion,
Quahny
assurancefgualit
¥ comrol

Keswick ot al
(1%82), Pang ot
al, (1993}, Rossi
ot al( 1988)

Difluocobencoales

High perfommance
liquid
chromatagraphy, 100
chromatograghy,
Fas
chromatography,

[expensive,
casy detection

Inlcricrcocs
TTOTN iorgati
anions and
areganic
Eonslitnenls,
loxiciiy,
PETLILILNE,
BOTpLicn,

degradation

Plumneer et al
(2000,
Jayoes 19943

Eadionuclides ‘e.p.
H. He, Ar. K1, T,
51, Sr, and others)

Mable gases (ep.
Ke Me, Ar, He and
Er

Mass spectrometry,
scittilbation:
counting

Datingof old
ground waker
(100 years},
Inirinsic, stable,
N Borplica,
anthropogenic

mout

Expensive,
specialized
analytic
techniques,
heal[- Live: > 1
to 100 of
vearsh lirpe
sample

Plummer ot al
(HMKY), Smethie
et al { 1992

volumes, inital
values probicm, .
peromiling,
radiaticn
hazards

Mass spectomerry,
Eas chromarapgraphy

Stab.e.
n-:|nl'|:Eu:l:i‘r"l:1 no
sorption, cXCoEs
dit [orniation

Pxpensiive,
large sample
volemcs, fow
laborstories
capabls of

Cank and
Herczeg (2000,
Davisson el al
(1008)

analysis,
mioderate

samphng

coumplexly
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Siable isotopes (2.8, Relartvely Speoialized Cook and
Boron-10 and Maes spectrometry  |inexpensive, low |analvtic Herczeg (20000,
Boron-11, oxygen - analytic technique. Plommer et al,
18 and dewterivm, detzction limils, {2000y Drver and
sulfur -34, aod intrinsic of Capram {1%97)
athers) artificial, case of

sample

collechon

3.1.1 Teaperatwre

well injecoon of water with & lemperatore different from the
ambient water ternperature allows delection of the thermal pulse with spatially
andd Lemipomally resolved temperatmee measursments. Temperature tacing is
wseful for Jocating high-permeabilicy zoves w an aqeifer, previding the
tempetature differzpees berveen injected and background water are small o
avoid significant changes in dansity and viscosity of the fluid.

B.12 Izotopes

Common sotopes wsed as vacers in subswface hydrology arc the
stable isotopes *H, "°C. N, "0 and ™5 and the radivactive-isotapes *H, *'Cr,
oo, ¥R, and '), Radioastive isotopes are superior to other tracers because
at very small concentralion it can be measured. Tt requires very special
aquipment for their determinagon. All process is complicated. It is rather
axpensive, specialized techniques ah:i tdiation hazards, Cwirently wsed short
lived isotopes are & with 3 half life of 119.7 days. Dewerium {*HxO) at low
copcentration is considersd s the most ideal water tracer. It needs

sophistcated instrueriation for chemical analysis and guantification.
B.13 Inorganic Anions

In addition to deuteriom, €1 ond Br are considered almost 1deal

conservative bacet for water movemedl. These anions rarely sorb o soil
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particles, and often chloride and bromide move fasier than the average water
moleculs. Anions like POL* or F sorb to the s0lid phase by ligand axchange
and are less affected by anion exclugion; but, because of strong somplicn, these
#ions are uosuileble as hydrological racers. lodide sorbs to some degree to
soil minerals, has a kow oadalion polental and oxidizes under acrobic

condition, linuting its use as a water tracer.

Compared with F, CT, [ and NOy the bromide ion is the mosi
suitzlrle human applicd tracer in fizl stndies. Nitraie is subjected 1o chemical
transformations, and CI occurs n large quantities in soils and agnifers. The
concenirations of beomide in natoral waler are approximately 300 times
smaller than those of chlotide. The toticity of bromide ig low and onless an
BKCEssive amount is applied, oo toxicological problem should arise. On the
basis of bromide toxicily data, proposed a quality criterion of lmg L ™ of
proud water, Below this conceniration, chronic toxicological effects on
aquatic organism should be nonexistent.

14 Fhwrocarybon

Chlorofluergcarbens (CFCs), which have been released o the
environment by hwman activitie: since the 1940°s, are classified as
environmoental cacers. CPCs were also proposed as burnan- applied tracers
and were considered yweful becauwe ey wers nunreactive, weps resistant to
breakdown, and hed low toxicity, however, CFCs were linked o the
desttoction of the stratospheric ozone layer, and therefore they should not be
uzed as human- applied hydrological tracers anymore.

8.1.5 Sulfur Hexalluoride

Sullur Hexaflvoride (8Fq) can be wsed as a gas phase and ligmd
phage tracer. 8F, i a pontozic, colorless, odorless gas with densily of 6602 g/




18]

1, melting point of -50.75°C, vapar preseure of =1000 kP for temparaturs >
0°C, and watzr solubibty ranging from of 33.2 mg/ at 29.6°C t0 74.0 g / 1 at
i

Anthropozenic emission of 3F; 1o the environmental began in
1953, Because of its persistcnce and stability in the environment, SF bas
been o useful enwironmeotal tracer in atmospheric investigation and
groundwater dating

3.1.5 Ethancl, Bemzoale, and Fluosrabenzoates

Ethanol and benzoate (benzoic acid) wers found to he usaful
comservative tracers for ground water movament. In 2 series of recharze and
infeclion  experiments both organic compounds mowved like bromide.
Benzoute, particularly bocause  of  its  excellemt  sensilivily W
rpectophotometry, was recommended as an exeellent proandwalcr tracer.
- Benzoate and benzencsulfonic acid have aleo been used as geathermal ground
waler tracers.

Diflurobenzoates are  nenreactive and  are  associated  with
inexpensive anulyses and low detection limits, However inorganic anions and
organic constitucnts com interface with analylic techniques and little oaicily
information is availabie, [n summary, benzoates and fluorobenzoates are
useful tracers that migrate onder most p° conditions fourd in solid and
aquifers, sinularly to bromide. Under low pH condiions maobility usnally
decreases. Sorpton and transport of fluorcbenzoates can be atfacted by

organic carbon, ¢lay and iron oxide content,
3.1.7 Spores amd Particles

solid and colleidal particles have been used freguently as acers,
patticulaly to investigats the hydrology of Karst regions. Chaif has been
reported that spores were one of the earliest hydrological tacers, Clubmoss
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spores have also been used as iracers in karstic regicns. The spores of
Lycopodium clavatum are nearly spherical, have a diameter of Aprproxi mate]y
30 wm, and have a density slighlly higher than that of water. Spores can be
dyed with different colors and can therefore serve as multiple tracers,
Sampling and detectica of the spores is, howevzr, rather cumbarseme becase
watzr sample must be Fikered and spores must be guantified by mlcrusoopy.

Syothetc colloidal particies are teed to investigate colloid transpornt
and colleical process in porous media. Synthelic micruspheres are available in
& verlely of sizes and surface propertics and can be stained with fluorescenr

dyas.
8.1.8 Microorganisms

Yeast, bacleria, and viruses have been proposed and used as
hydrological tracers. Some decades ago, bacteria and vinses were considerad
CONSErvVANYe tracers; however, rescarchers mow know thal microcrgdnisms
interact with the 20lid phase in aquifers. Nevertheless, bactoria and viruses
can serve ag indicators of ground water contamination, o karshic TEEIONA,
Microorganism can serve as useful tracers for detecting flow pathways and
tlow  conrections, Biological tracer bacteria require  special sample
preparativn and experience decay and/or sorption. Some larger bacteria may

cxperiencs pore size exclusion relarding transport.
819  Dyes

Dyes have proven to he powerful tracems. Dyes can be direcily
abserved or indirectly detected by & water sample analvsis, The minst
commonly used dyes in ground water hydrology are flucrescent, allowing
detection at very low concentralions. Dyes consist of telatively large organic

molecules and, as such interact to sume Jegree with the solid mattix in soils
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and aquifers, A variety of dyes are available ak hydrological tracers. 4
particular dye is chosen based om the specific purpeose of the tracing

experiment. Yarions classes of dye racers and its cheracteristics are discossed
below,

82 CLASSIFICATION OF DYES

Dryen are vsnally classified gither by thair chemical structure or by
their method of application. These two grouping svslems are referred o as
¢hemical and colerisuc ¢lassification, respectivaly. The most comprehensive
catalogue of dyes is the Color Index, which ligte information on several
thowsands of dilferent dyes, including chemical stroctures, selected physical
and cherical propertics.

0Ol the commonly used flworescent dyes, (luorsscein was widely
uscd earlier in nineteenth centry and U s visibly detcowed in Jow
coneéntration but has very poor stability under sunlight. In Unied states and
Japan were accessing fluorescent dye for quankilanve bacing work in surface
water they adopted the equally fluorercent dyve Rhoda mine B, In the vatious
types of dve the most widely nsed dyes for groundwater studies are orange

flotescent dye,

Subsequently Sulpho Rhodamine B (C1 45100% is inlrodoced which
is allhough resistami to adsompiion, it is comparadvely expensive and is later
teplaced by the cheaper dye Rhodamine WT which was developed
specifically for wacing work Reynolds (19460) used the green dye Pyraning
(C1 59040} for tracing percolation water beciuse il was very resistant (o
adsorption. Blus flworcscent dyes Pyranine, Lisamine FF and Amico G acid
are also used for water tracaog. Mames of the dyes, colour Index no, peneric
name are given inthe table 82 (Smart and Laid Law, USGS repott),
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Table 8.2 {reneric Name, Excitation Emisslon Maxima, Minimam
detectpble Concenfrations of the tracer Dyes (from
P.L.Smart and Laid law 1977)
Name of | Cninur | Generic | Maximom | Maximwn | Backgroon | Minimom
dyas Ihdex Mame | excitation | Emdssion | d reading, | | delectabilit
e (xm), (nm) geale units | 3,3 (pph)
0 - 100
Blue
Fluorescent
Dyes
Amino G 355 310 445 10.0 51
acid
Photine CU I M5 435 {455 19.0) (.36
flucecsce
11|
brightene
r15
{Zrean
Fluarescent
Dyes
Fluorescein | 4%350 | Il acid 490 520 20.5 029
vellow
73
Lissamine FF| 562035 . Clacid 265 (.20
yellow 7 42 25
Pyranine 53040 | 455 (405, 515 265 f.0%7
o vent
green 7
Orange
Fluorescent
Thyes
Ehodamina 45110 | I basic 555 FE0 1.5 .01
B -4 viglet 19
Ehodaminz 555 SED 1.5 013
wWTh
Sulphorboda | 45100 | Clacd | 365 590 1.5 0.06]
ming B red 52

e
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Fluorescent dyes are arganic chemicals that absorb light from the
uliravieler part of the spectmim are modecwlarly energized and emit light af a
longer wave length rance. Each dye has different excitation amd emission
wavelength, Table £2 gives excitation and emission wavelength of the
varivus Jyes and also its Generic Name. It is also found that orage fluorescant
dyes are least detected io the backgroud.

Figure 8.1 Excitalion Specira of Amino G acld. Liscsamine FF, and
Ehodomooe WT

Fipure 82 Emission Specira of Amine G acid, Llssamine FF and
' Rhodamine WT

p—— m. L L TEE ANAALI LR "3 m arr
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Figre 8.1 and Figura 8.2 gives excilation and emission spocira of
amine G acid, lissamine FF, and Rhodamine WT. When the tracer dye is
applied ia the field for groundwater studies, the loss of dve may ocour due (o
adsotption with sail, reaction with chemical such as oxidation of dve by
chlorine or oxygen.  Adsorption is one of the limiling factors [ur the
shitability of = dve tracer. It is very frpoctant (o evaluats the adsorption
character of the dye in the soil.

£21 Factors Affecting Dye Floorescencs

Many factors such as remperatore, pH, Salinily, Chlosine,
Suspended solids, Sediments and Background fluorescence are affecting dve
concentrations thet are discossed below.

(1) Temperature

Flucrescencs intonsily varies inversely with temperanre though
this rate dépende on the dyc. The oxperimentel data, consising of
finorescence reading at a number of different temperatires wers filted by &
curve of the form. The flucrescence of the rhedamine dyes and photine CTI
are significantly affected by temperatwe variation, and cotrection may
therefore be necessary in quantitative stucies. It will often be simpler o
prepare a calibration curve at a selecied room temperaturs and conlinue o use
this room temperature for all analysis when continnows moniloning work is
being carried our in the field itis relatively simple to take accasional digerete
sample for dater laboralory analysis. These may be wed 1o check the
contnuols record and also w comect for the both machine and sample

temperatore diffcrcoce {rom the valve used during calibration.
(i} pH

The fluorcscence dyes vary with respect 1 change in pH. No
aignificant problem with ligsamine FF and sulpho thoduning B, thodamine B,
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rhodamine WT flunrascence is affected to significant exient below pH of five.
Anino 3 acid, fluorescein and phorine CY) are sffected below six. Some
correchion shounld be considered in waier with a pH lower than these vilues.
Pyrawne shows excessive varietion io {luorsscence with pH changes in the
range normally encountered tn nacural weaters. Thete are 1wo possibie reasons
for the response of {luarescent dyes to pH changes, ionization and struciural
changes. The dyes cxamined are anionic (excopt thodamine B which is
cationic) and as pH decrtases, the acid functional grovps become protanated.
This affects the degree of resonaace in the molecole and rednces the amovnt
of fluorescence. The change will be instantaneous and directly related to
dissociation constant of the dye. For carboxylic group’s dissociation ocours
Between pH four and six compared with pH six to seven and half for phenolic
group and below pH five [ur sulphonste groups. Thus the dyes having
sulphomate acid group remain fworescenl o dower pH o valbes, as s

exemplified by lissamme FF and salpho thodamine B,
(iii) Salinity

High salinities affect tracar's performance. Fewerstein, and Selleck
{1963} repored that sulpho rhedamine B, rhodamine B were only slightly
affected by chlorosities of up o 18 g/l bat that there was o marked ffect Tor
flupreseein, Furthzrmore the effect of the salt was oot instantaneous, a gracual

decay pooureing over a period of up to 300 howrs.
{iv) Chlorine

_ There was a progressive loss of fluorescence which was
independent of dye concenirmion and most rapid @ high chlorida residuals,
though no single rate could be obtaincd for & given residual because of (he
continwous loss of chlorine from the sample. Por short duration tasts at nortmal

chlorine dosage theve will not be a significant reduction in the Auorescence of




268

Rhodamine B or Rhodamine WT but for duralion over two hovr appacent dye
losses must be taken inte consideration.

(v} Background Flwrescance

An spparent or real fluorescence background in water sample taken
for dye analysis can canse several problems in tracer studies. It inay mask
very low concentrations of the macer or cause apparent racoveries to be in
excess of 1004 in quantitative work. The two major source of hackground are
taturil and suspended sediment and natural {fluorescence,

vh) Suspended Sediment

The presence of suspended sediment raiscs apparcne background
fhicrescence and reduces the effective dye fluorescence because of Tight
adsorption and scatiering by sediment particle, Tt i8 reported that there was a
recluction in fluorescence of 2 dye solution for sediment concentration of up to
1000 mgsl above this conceniration, adsotption of the tracer onto the sediment
may become an experimental problem. The effect was found to be
independent of dye concentration. The blue emission warelength is clearly
aftected raweh more than the green and orange. Finc white sediment may in
fact incresse apparent floorescence ever at seciment concenradon which is
very turbid, while this i never the case with dark-colored sediments. In most
cases, if the spspended sediment is allowed to settte our for a periad of 10- 20
hourg, substantially correct dye concentration may be obrained.

{vil) Natural Flunrescemee

The ¢aose of natural fluerescence bas fogquently been WIONElY
describad by the flunrescence of algae, especially chlorella, and to other
natural plant pigment. The majority of algae and phytoplankton contain the
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green pigment chlorophyll, which has a stiong red fluorcscence peaking at
630am. Clearly this will cause vary little fluorescence interference even when
e crange filker combination is wsed. Some red algae dn contain
phycoerythnn which bas a fluorescence maxinwem at 580 om coincident with
(he: chodamice B cmission peak. Howeyer, it has beem widely recognized tha
the background flooresconce at gieen wava band is many times srobger than
that at the orange, which s rarcly a major problem. There [ore it may be
concluded that the algae pigment are pot an important cawse of backyround

fluorescence.

Most natural water contain dissolved and collcidal mater which
when it is sufficiendy concentrated produces o marked yellow or brown
coloration. This material consists of complex polymeric hyrdroxyl-catboxylic
and aromatic acid, which frequently contain known floorescent structuces,
Emission maxima occur at wavelength from 420nmt to 520nm for natural
waler and at 400nm for pulp mill effluent, in all cases the fiuorescence wag
strong. In recenl work has shown that the tonal organic carhon (TOC)
concentration in g range of pollufed and pawal correlated Lnearly with

Tluoreecencs measured over a wide wave band between 400 nm and GO0 s,

The blue aod preen bachyround values are much higher than the
orange, The variation is due to both Delween site variulion caused by
differznce in the water source and temaporal variation al a site caused by sturm
(low. Highly variable valoes are found for soil water surface run off from clay
soil and rivar receiving sewage or agricoltural effluent, whilz lower values are

obtained [Tom greundwater bodies sample in pemping wells and springs.

Becanse of the high backgronnd at the green and bloe wavelengths
the sensiivity of the analysis for these dyes has been reduced, The apparent
increased diseomination of a high sensitivity filler combination is negated hy
the corresponding increase in the variability of the backgroumd Attempts o
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separate hackground from dys fluorescence by physical and chemical
techoicue have proved unmecessful becaunse of the chemicat siratlarity of the
compound producing the background to the dye itself. Thus a through
knowledge of the range of background variatien is required when oyeen and
blue flnorescent dyes are being used. This is rarely necessary For the orange
dyc because of the mucl) lower backyround reading,

{vili) Non Adsorptive Dye Loss
a. Photochemical Decay

When compound absorb light edcrgy, the moleculs becomes
excited and raised o a higher energy state. Fluorescencs is caused when the
molecule revert o the lower energy stale by the emission of light. The high,
eneTgy stait will also take part in chemical reaction more readily than the bage
ilate; thus as compound flucrescence they oftenm decompose owing 1o
oxidation and ather chemical changes. The rate of this decay will depend on
the encrgy of the Incident Light beam, Thus photochemical decomposition is
dependent in both light intensity and wavelength, UV Tight CHUNLLY [KNE
tapid decomposition than longer wavelangth.

It 15 very difficult w obtain photochernical decay cales which have
direct application o field condition beeause decomposition is dependent on
dye concentzstion and light intensity, Photochernical decay i expresecd in the
formm F = Fyexp ' where F, is the inidal fluntescence at Lime o and k 14 the
decay coetlicient. The decay rates are very high for flucrescein, which rapidly
lozes its Morescence under bright sunlight condition. Sulpho Rhodamine B is
less affected Uem chodamine B bur lissanune FR appears 1o be an order of
magnitade better than lhese two. The me preserted probably represented
maxioem values For fickl condilion, where water deph and ey will

congiderably reduce the avemge light intensiey.




71

Ihe very fast decay of photine CU under all Light conditions
precludes its use as a quantitative water tracer. This alio applies to
flucrescein, which was previously thought to be reasonably stable, The crange
floorescent dyes exhibit low photochemical decay rates such that no
comeclion will be reguired for Lesis of up o one week in a dwration. Tt is
significant thet the diffcrence between the decay rates for a six hours exposure
to sunlight and six hows exposure to arcficiol light becomss progrcssively
higher for dyas absarbing ar shorter wavelength, The ratiz vanes from three to
four times for the orange dyes to over 40 times for blue dyes, as would be
expected gives the much greater nltravioler abdsorpion of hlue dyes together
with the sighificant oltraviolet contenl of sunlight. Amino G acid has a low
photechermical decay rate corpared with other blue Tuorescent dyas.

b Chemical Decay

Chemical decay vignrous agitadon of dye solufion may cause
reducuon in fluorescence even under dark condition. A sysiemanc smdy of
tus effe¢l experienced considerably experimental difficulties,  Finally
concluding thar thodamine B was more susceptible than rhodamine WT or
sulpho chodaine B o this type of decay, No significant loss for the dyes
over a three day period of aglation or after a similar period with oxygen
bubbling throngh the sample,

C. Biv Degradation

The susceptibility o biodepradation of the tracer dye is significant
in biologically hostile emviconmenis, like activaied sludge system. Bic
degradation was small in a high rate sewage oxidation pumd effluent, vver the
ong howr pericd used for cquilibrotion. Rhodamine B in a sample which
contaned A largs algae population showed no measurable deerease in

fuarescence nver a peried of four days. Experiments on the biodegradation of
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theze tracers using biologically ncetive material are difficalt to conduct becanss
the relative magnitudes of adsorplion and biodegradaton losses are nct
knewn. Forthermore the populations present are not stable through tine and
very high background valies may be enccuntered. Dats For adsomption en two
different componeats of a mixed liquor, sub samples of which had been
stcrilized before addition of the dye. Tt macked dillerence between the chrve
for the sterilized and live sub sample indtcatcs that tere was a significant non
adsorplion loss, which properly represent bicdegradation of the dve, Certainly
ather dyer are known to be biodegradable in both aseobic and non asrobic
system incloding optical brightensrs similar o photine CUF. Therefore for
Tasmg workt i system with large population of micto organism it is that
odegradation will ba 2 slgmflcam cause of dye loss. In the majority of
surface waler it will h-E winecessary 1o considar bisdssradation of the wacer
dyes becanse bacterial population will be very much lower than those used in
these axperimenls,

() Adserptive Dye Loss

Consequently z large numbet of laboratory experiment, such as
batch technigue eluion method and a coluonn methad have been reparted,
because of the variation in dye concemration eyuilibration Gme. Adsorption
of dye onto sediment surface is mainly irmeversible and therefore a high
resistance to adsorption is of paramount important for a dye tracer. However,
becausa of the variation in dye concentration equilibration time, experimental
t=chnique andl the sediments used, it has proved Jifficult to extend the pagylt

of one study ko those of mers recent studies on newly introdoced tracer

» Adsorption of dyes at high sedimenl concentraton is
considerably less than at low sediment coacentration.
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. They also conducted axperiment on arganic and inorganic
sediments. Organic phases such as sawdust, humus, heather
were tend o adsorb more than inorganie phases such ag
clay, limestone, orthoguatzite for both chodamine WT and
fluprescein. Sulphorbodaminz B was observed 0 he mors
resistani b adsorption oo orgame materials.

» Adsorption loszes were found on the glass boftke which was
nol encountered in the dve thodamine WT. Since rhodatine
B is cationic which is anracted by the mast solid swiface,
[Icnce samples are to be stored in polythene botles.

{x) Toxicity

Two aspects of dye wadcicy are important. First pogsible daleterions
effect on aquatic and marine life, Second the bhmitation which should be
convidered where human consumption of the labeled warer is 2 possibility.
Rhodamine B conceniration sulficiznly high i be a problem ane so mansient
under netmal ficld application, because of mpid dilution follewing injection
that the dyve will not cause any ill effects to aguotic Lfe,

&3 FLUORESECENCE STECTROSCORMY

Fluorescence  spectroscopy 15 4 type  of  eclectromagnetic
spectroscopy which analyse fluorgscence of a sample. It involves using a
beam of light nsually Ultaviolet Tight that excites the clectrons in molecules
of sertain compounds and cause them to emit light of a lower energy. Devices
that measare fluarescence ate called fluorometers. In a hypical expariment, the
different frequencies of flucrescent light emifed by a sample are measured,
holding the excitation light at a constant wavelength, This is called an
£MiSSOn Spectum. An excitation specimum is measored by recording a
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pumber of emission specira wsing different wavelengths of excitation light.
There are two general [ypes of instuments exist which are Filwer floorometer
- The filer based o isolate the jncident lipht and fuorescent fight.
Specurulluonemelcrs—Dillracion praing monochrematsxs used o izglate the
weident  light and fluorescent ligh!.

Working Principle

In both types, the light from an excitation sootve passes throtzh &
filter of owencchromators and stnkes the samplz. A porhon of the ucident
light 15 absorbed by the sample and some of the melecules in 1he sample
fluoresce. The flworescent light pesses tiough a sccopd [her or
monochromators and reaches a deteeror which is wsualfy placed at % w the
incident light beam to minimize the tisk of transmiead or reflected wcident

light reaching the detector,

Various light source may be wsed as excitation source, including
lasets, pboio dindes and lamps; Xenorn arcs and mercury vapor lamps in
particular. A laser only emirs light nf high irradianee ab 3 very opacrow
wavelength ioterval, typically vader (.01 nm. which makes an excitation
monachremators or filter wnnecessary. The disadvantage of this methedd is
that e wavelenzih of a laset cannol be changed by much., A mercory vapor
lamp is 4 line lamp meaning it emits light neay peak wavelenglh. By contrast,
xenon are has a continuons croission spectrum Wwith noarly constant intcnsity
mm the mnge from 303 200 nm and a sufficient itradiance for measucements

down 60 jost above 200 nm.

Filters andfor mwenochromators may be wsed in flworimcters. A
nonochromator transmits light of an adjustable wavelength with an adjustable
wisrance, The most coromon tvpe of monochromator utilizes o diffraction

grafing, that 15, collimated light illuminates a grating and exile with a different
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apgle depending on the wavelangth, The menochromator can then be adjusted
t select which wavelengths to tansmit. For  allowing ANISOHO Py
measurement the addition of two polarization filters ara necessary: One after
e excilation monochromators of filter, and one before the emission
mencchiomators or filler, As mentioned before, the flucrescends i4 moast often

measured at 8 507 angle relative L the excitaion Tight as shown in fgure §.3

- -.._l\.-.r:.l_ - .-:u._.-\.':_l\i_q_-q,.ﬁ?:.:.--_\f_...
e Tl

Figure 8.3 Schematic of a flucrometer with 9%0° geometry
wiilizing a Xenon light source (furin Fluorescence
Spectroscopy, 2009)

This geometry is nsed instead of placing (he sensor a. the line of
excitation light at & 180° angle in order to avoid wntcrference of the trapsoni led
excitation light. No monochromators is perfect and it will ronsmit sofme stray
light, whick s light with other wavelength than the tacgeted, An iteal
monochromaters would only transmit light in the specified range and have a
high wavelength independant transmission when measuring at o 90° anale,
umly the light scaitered by the sample causes stray light. This resulk in A helier
signal to noise rativ, and lewers the detection limit by approximately
wavelength as the incident Lght, whore as in Faman scatlerimg light changes
wavelength usually 10 longer wavelengths. Raman scattering is the resnlr of
virtial electronic state induced by the axcitation light. From this virual staic,
the molecules may relax back o vibwational lavel other than the vioration
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ground state, In fluorescence spectra, i€ is alweys seen at a constanl wave
aumber difference relative 1o the excitation wave nwober eg. the peak
Appears at a wave number 2600 cm ' lower than the excitation Light in water.
Dither aspects to consider the inner filer effects these includs reabsprption,
Reabsorption happens because another mulecule or parl of a macrotwEscule
absorbe at the wavelcngths at which the fluerophere emit radiations, The
result is that the intensity of the excifatnon Light is sol constant through out the
sofurion. Resulting, only a small percentage of the excitation light reaches the
fluorophores that are visible for the detection gystem. The inner filter effect

changes the specirum intensity of the emitted light and they must thersfore be
| cotsidered when analyzing the emission specoum of fluorescent Light.

Fluorescence Spectrophotometer

Model F 2000 flnorescance spectrophotometer containg a Xenon
lamp and {illed with a pas which is at aboul %atm af ordinary temperahore and
Z0atm afier ignition. Applisd voltage o the Xeoon lamp is about %9 V while
the powet switch is kept OM and a high voliage of 30 KV o the moseht
LAMFP START buiton is pressad.

After cotdpletion the coarse and fine adjustment, the performances
of the insiument were checked o Bar the msoument normal cpetation the
senilivily is w0 e checked. Aflter power up the fotlowing performance were
cammicd cut for morc than 30 mioutes. This iostrument 1s capable of
stz matically measunng 2 Baman spectrmn of water ond detznnining nojize at
a Poman Peak and calcelaling the sensinwity, An excitation wavelength of
350 nm 1% measured automatically, ancd the neise ar & peak wavelength in the
Raman spectmum js t» be checked. Fer this complere measurement,
mstruments take the dme of about 12 minates. It either of above allowalle

limits are execeded, following steps ars 1o be followed,
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. If the cell is cootammated and produces backgrounyd
emission, sengitivity cannot be checkad cortecely, The cell

st be handled carefully.

- If digtilled water containg impunties, the Famen specirutn

- -

1
may he deformed as exemplified m figure 3.4, I it 12
impossible (o oblam an /N o of 2000 or high=r m such
A Ccage, we measure the spectrum ooce again with distilled
waler having higher purilty

1. SN ratio is degraded if the Light souree 13 not adjuated 1o its
aplimuam position

3 Ear T R L T
RSN i'"'ih'-_fl-.:-- iy :

Figare 8.4 Raman Spectrum Affected by Impurities (from
Instruction Manual for Model I - 20H Flaoréscence
Spectrophotometer)
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Figure 8.5  Opdical System E{rnﬁguraﬁmns { I’rﬂm lmlmﬂmn Mamml
for Model F - 2000 Fluorescence Spectrophotorneter}
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Figure 8.5 shows the optical system configuratdon of the model F
2000, The radiation coming from the Xe lamp is converped at antrance skt §1
of the excitanon mobochrotmators through lenses L1 and L2, Only the light
dispersed by (e excilulion concave grating (excitation be:mﬁ] goters exit alit
52, The excitation beam (o exit slit $2 is reflected by concave mimer M1
and the slit into two by the beam splitter B3, O one of two excilalion beam
goes to the monitor delector for its measurements, And the other beam {most
rf excitation) passing threugh BS is converged to the sample cell (uough lens
L3.

The fluorescence coming cut of the sample is restricted Into
enrance slit 53 of the emission monochmmators through lenses L4 and LS.
The fluorescence dispersed by the emission concave grating passes through
exit slit 54 and is eonverged at the pholomultiplier via concave mirtor M? for
ilensily measurement. The emission slit serves also as & shutter to protect the
photomuoltiplics. [ amwomatically closes upon opering the lid of sampie
compartment.

84 SELECTING DYE FOR INJECTION

Selecting a particular dys for water tracing is based on the quality
of water drining underground, nawre of background concentrations of the
racers amd (he szparability of dye [rum the background fluorescence,
detzetability and voxizity at low concoobiaticons, availability or complexity ol
equipment heeded lo detect the dyes, availability and cost of a particular dye.
Generally, no dye is 100 percent conservative, sither they are sovbed onto clay
or lost due 10 chemical decay, Thus, [oss dug 1o sdsnchtion ean influence the
selecion of a dye. The lavel of background flunrescence canm effect the
selection of a dye. Inftact, determination of background levels needs to be
wdopled ax the first step in most traces because this provides a standard for

coaparison of dye recoverad,
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Becouse some flunrascent dves decay on exposure to ultraviolet
light, the dyss ara less than ideal if the water being traced repeaiedly sinks
and rises and flows along the surface, Smert and Laidlaw (1977} reporied tat
the photochemical decay rates are very high for fluorescein, which capidly
loses its Muorescence woder bright sunlight conditions. Cuinlan (1957%a) alse
reported that optical brightences and fluorescein are very susesplible to
photochemizal decay especially in low concentrations, An evahiatinon of cost
and availability of a particular dye involves factors that can be unique o a
particular nser. Therefore, these factors are not discussed heze.

After poing through Hierature on dyes, it is found that

. Lissanine T is exteemely stable and rosistinee o adsorpion losses
which 15 & times more expensive than rhodamine WT. This dye 14
supetior and is recommended as the best quaniitadve tracer of the
theeg greet dye

* Blue and gresn wavelanaths finorescence is significantly presenl in
the nature. Hence multiple igections ot accded to over come the
background fluocascence, Therefore orange dye such as thodaming
B, rhodamine WT and solphe rhodamine B are preferred.
Ehodemine B and thodamine WT are three times as [luorescent as
sulpbe rhodamine B and will therefose label a larger volume of
water per unit weight, Rhodamine B suffers enommous osses due o
adsompiion on many surfaces. Rhodamine WT exhibit moderate
reristance. Sulpho rhodamine B is not readily sdsorbed by humus,
it suffers significeni losses on minecral surfaces.  Although
thodamine B appears t0 he most economical tracer bhecanse of its
very large (0.7) adsorption losses it 15 less preferred. Rhodamine
WT the second cost effective dye has mo sericus disadvaolages

alfbough it was oot the most consarvative macer of those examined,
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Sulpho rhodamine B is resistamt o adsorpdon but it 15 more
expendive than rhodamine WT.

- Even throwgh shodimine WT and sulphe thedamine B oare
advantageous, it is expensivc and not available in the market.
Hence in this project chodamine B dyes was used whose colour
index number is 45170 whose exciladon wavelength is 555 nm aod

ermssion wavelength between 570 and 380 nm. To over come the
adsorption losses more amount of thodamine B were applied more
than required.

8.3 SELECTING QUANTITY OF DYE FOR INJECTION

Having selecled a particular dye, tbe neal step is o selzct the
uplionun quantty of dye for injection, The quancity of dye to be injected is
seleeted o order 1o provide a detectable amoimt of dve ot the recovery point,
but the conpentration should remain below vizible levels. The quantity of dys
ueed for injection is penerally based on the estimated flow conditions, the
distance of the frace, and the peak dye concenteation expected at the recovery
paint. To some extent, the quantity of dve will vary depending on the nalire
of the inection point. For example, if the dve can be added to water draining
diré-:tlg.r inio an open swalled, less dye will be required Uan i the dye musl
infilatc through scil and vnconsolidated material in the bottom of the
aquiicr.

Selecting the oplimuam ameunt of dye (or qualitaive iracing is a
maiter of expenence. The amounls may be adjusied 10 depending on the
initial results. Quantom (13700 supgested for gualitstive irocer wnder
moderate fTow condition, one pomds of flaoreszein per straight line mile of

racer up to 8 maximom of five pounds. Alley and fletcher (1976} present a
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manograph for selecting the gquantity of fluorresein to be injected. I the
ground water flow system is in fractured zones, and then the equation i3

wd = 1.478 DGV

Wd  weight of Aluorescein dye in kg 0 be injecicd

D straight ling distance in km from injection poifit [0 tecovery point
Q) discharge af the resurgence in cubic meters pet secand, and

V  esttmated velocity of gronnd water flow in meters per hour

For this equalion, the velocity of ground water flow is the mosl
difficult to extimate because it depends om the nature of the conduits and the
hydrologie eondition at the time of the racer. There fore, iniugl dye tacing
needs to be attempled woder rmedium base flow condition For a siudy area,
subscanent tracer undar extrems flow condition are needed 10 betrar define the
flow condition are needed to better define the flow variation, Other wethids
was Dsed W guanlily dye reqoiremeni by EPA (1.595) was given below. In
this formada a target concentration of 10 micrograme per liter (ppb) was
assumed in the circulation c¢ll and dye cecovery of only one percent. A
consarvalive estimate of dye loss of 99 parcent {1 percent recovery) were used

ta account for adsnrption, attengation and degradation of dye in the aquifze.

The equation for caleulaion of dye volume is

{Final concentraljop) * {Water volume to be Dved)
Dye voluma = {Dye concentration) (Dye speciliv gravity)

Assume volume of water dyed is 1699 cubic meter and final
concentration i 10 micrograms per liter. The specific gravity of rhodamine
WT, 20 percent solution i3 1,19 the specific gravity of fluorescein, 7.5

peroent solution is (o U0,
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For rhodamine WT 20 percent solution

(1*10% (1,699,200 ljp)
Drye volume required = (0.2 (1.19)

= (L0714 liters

$ince only one percent recoverad:
100 * dve volume = 100 ¥ 0,07 14

=7.1 litres of Rhodamine WT 20 percent solution is required

For ftuorescein 7.5 percent solution
(1*10™) {1,699,200 Lit)
(0.075) (L.0SY)
2158 litves

Drye volume reguined

Ml

)

Since enly one percent recovered:
(00 * dye volume = 100 = (5,.2]158

=21.0 litres of flunrescein 7.5 percent. solution js E2cmired

Henee for a 1,699 m® of water, the minimum required quantity of
dye s 21.4 litres at fluorecein and 7.2 livres of rhodamine W,

851 Dye Hatrdling Procedures

In grder to simplify dyve injeclion when using powder such as
Rhodamine R, especially during windy comditions, the powker can be mixed
with water before geing Lo Feld. The dye solution s dircctly poured inio the
tang in order to lessen dye loss due 10 photochernical decay or absorplion by
urganic debriz at the surface. While mixing and imjecting the dye, exieme
care meeds Lo be waken 10 avoid contaminating the area around the injaction
point. Such coptamingtion can lead to a false positive frace and erroransous

i:iterpremtinns. To lessen the possibiliny of contamination, long sleeve rubber
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or disposable, plastic gloves needs to be womn during all handling operations.
[deally, care needs 1 be taken (o ensore thay dve collechon devices are not
handled by the same person that handled previcusly the dye. Differect people
need 10 handie each task. The tracer nesds 1o be stored and transported {o the
injection site safely and carefully.

Rbodamine B tormally comes from the mannfacturer as a 20
Percent coucentration in containers. Overtime, some dye may sefile out of
soluion, werefire before the dye is withdrawe from the container, the
contents necds o be thoroughly mixed o ensure thar the dye 13 appropriaiely

mixed.
2.0 LYE RECOVERY EQUIFMENT AND PROCEDURE

The dye may be recovered by passive dve detactors consisting of
packsts O activated charcoal stspended in all ground water sampling poities.
The detectors or packet of activared coconut charcoal are Left in places tor | to
3 days. Carbon bugs are retricved and sealed in a plasuc bag and retumed to
the labotatory in a light gght case. This is keeping in refrigerator 10 decrease
bacterial action that could reduce Aucrescence. The charcoal is clutriatsd in
an alcohol solution end visually checking for the concetn dve cokur. The
maximum colowr intensity develops almost immeadiate] ¥ upan ackdition of the
eluriant and then slowly decreases. Dye concentration ¢an be confirmed by
instromental analysis uf the elutriant, This provides qualitarive information of
dyc delection.

861 Calibration Proceduire

Filter flucrometer of fluorescence spactro Auommeter measire the
intznsity of light at a selecled wavelength from a water sample conlaining a

fuorescenl substance, The imemsity of fearescence is propartienal 1o the
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amount of fusrescent subslance present. The fluorescent spectm flnorometers
are [0 be calibrated for a dys recovery data acceptable for quantitative
analysis.

The preparation of calibration standards i3 basically the DrOCEESES
of slep by step reduction of the dye solution wntl conceniration that are
cxpected during dye recovery are reached. This reduction is 2enerally known
23 senal dilufion. Procise measwements of the initial volume of dyes and
added dilvent in each step of the procedure are RECessary v prepare 3 set of
standards. for an accurate calibration of the instrument. For rhodaygine B, 20
percent soluton, dires seral difutions are required to obtain concentration on
the order of 1N ppb. In cach stzp. the preceding concentration becomes the
new mitial concentration. This chird dilution 100 pph needs to be reained in
guantity =3 a working solution and is vsed for further dilution if standards
below [00 ppb arc peeded. The use of the working solution eliminated the
necessity to perform complets sedal dilution each time the LNELNent 18
calibrated o long 2z the same dyz lot is being used. The same working
soluon naeds to be wsed through out an invastigation as lonz as all dye wsed
trom same dye lot. The working snlution needs o be sealed and stored out of
lighl when not in vse. Disallad water is vsed for calibrating the jnstrument
Zere background. The mstment is to be checked with tempetatiire
equilibwated solution before the final megsurement for all dye samples,

Five mg of rhodamine B powder was mixed with one ‘iter of
distilled wuter to get a working solution of 1 ppm or 1000 ppb concentration,
100 ppb worldng solution was prepaved framy 1000 PPl solutdon 10 mi of
1000 ppb diluted with 90 ml of <lisiilled waler 1o get 100 ppb. In the same
manner 1, 2, 4, § and 10 ppb thodamine B working solution wers prepared.
These known conceniration dye samples were kept in a instament which
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provides intensity int nm. Using above concentration and intensicy calibration

curve is Crawn as shown in figuie §.6
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Figure 8.6 Calibration Cuive tor 1- 180 ppb

The best fit curve gives an equation o
Concentration that iz taken from e fielg

Best fil equation

[ntensity () = 00076 4+ 0,0139
Whose R’ = 09954

X represent concantration in ppb
¥ [epresantd intensity in nm

ntens) = 1.
L0076

39
Concenir:tion (x) =

celeulate unknewn

Fs

Similarly | ppb to 1000 ppb best fit calibration curve were drawn

as shown in figore 8.7
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Figure 8.7 Calibraiion Curve for 1 — 1004 pph
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‘The regreszion equatzon for the above said valnes is
Intensity (v = 00076 + 0268

R = (.947

% - Fhedamine B concentraticm in pph

¥ - lntensity in am

When ever the ground waler samples were analvsed in the
instroment, b instrument will be calibraled then unknown sample inleosity
wore measured and then thodamice B concentration were calculmed from the

TegTession equation.
8.7 QUANTITATIVE DYE TRACING

Quantitative dve tracing coosiet of the injection of a known
quaniity of dyt and the measurement of the concenmation of the over lime, at
a particular ground water discharge poiwt suck as a spring or well,
Determination of dye recovery requires measurerenl of both dye content and
groumd  water discharge. These measigements are made au each dye
reRrgence site that was identified az being hydravlically connected to
jection location by previouns qualitative tacer tesis. Water samples were
collected and the dye content of each sample js measured with properly
calibrated fluorometer o flooreseent spectrometer. These data are plotted
against time w produce a dye recovety break trough curve (time
concentration}. Typical dye recovery curve is shown in figure 8,8. This figure
was taken from USEPA report October 1988, N ropresents the dye injestion i

a sinking stream and sampled at 10500 feat from the injeclion site.




2497

"
5 i, i 4
{ ! = :
N i
4 "
# !

1 1 ;
e wr e -

|-_ Pre. .cEl Rmarm by ]

H " I e, 4

[ . i Pl .
=] Iﬂ-|-| - S e : AR e el e —h A el

fer 2 FL
s Bt W Lmas E

Figure 8.8 Typical Dye Recovery Curve

Quanntative dye tracing ¢an be performed to determine potantial
conlaminan vansport characteristics, such as persistence, dispersian rate and
concontraton. Quantitative dyc lacer esis are more laboe imensive and
required more sophisticarcd cquipment and technigques than qualitative dye
tracing becanse the objectiva is o define dye concentration variation during
passege of the dye eloud rather than simply o deternone if the dye appeared
al a particular spring or well

The shape and magnitudz of the dye recovery curve 1z determined
by (1) the quantity of dye injected (2) the characteristics of the dves (3}
discharge at the resurgence (4) rate of dispersion of the dve and (5) the cross
sectional mining of the dye before arzival at the sampling point, The apparsnt
shape of the dye recovery curve can also be affecizd by the sampling inlérval.

Analysis of he dye recovery curve provides insight into the flow
characteristics of the aquifer such as the oftective time ot travel berween 2
swallet aod the resurgence and the velociny of groundwatzr flow, Addiional
analysis of the recovery ¢urve wnd discharge measuremen may be used to
provide estimates of penk concentration dugation and disporsion. Because
these dats may be related to the velocity and dispersion of a poteniial
rroundweater pollutant.
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Bhodamine B is one of the maditional fTuorescant watat tracing dya.
It is relatively cheap. I is detacted visually and measured by appropriate
fluorometric equipment, Visually the dye appears as a bright dark red b
magenta. It has the lowest rates of decomposition. fis Auorescence yield is
temperalure dependent. Its solubility s 50 g1, However, Lhe solubilily io
acetic acid solution ix + 400 g, Chlorinated tap water decomposes rhodamine
B. Rhodamine B solutions adsorb on to plastics and should be kept in glags.
Rhodamine B s suspecied w0 be carcinogeric in California, But in Meaw
Jersey, it was stated that there is limited evidence of carcinogenicity in
laborulory animal and no evidencs at all in bumance, Rhodantne B &xciation
and cmission spectra are shown in figurs §.9

— — —
o
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Figere B9 Excitation and Emissions spectra of Rhodamine B dye

HEEEERETREEER.

3.8 APPLICATION OF RHODAMINE B IN FIELD

After calibrating the fluorescent spectrophotometer sod studying
the beliavior of the thodamine B, it was decided to apply the rhodamine B in
the project wrea Semgulam Tank at Virplhunasar and Ponpadi Tank ar
Thituthani. Rhodamioe B was applied in the sengulam tank doneg March
2008 which was nol applicd in (he Ponpeuli tank during 2008, Since
rbodamine B dye was not available in the market. Bul in the year 2N,
thodamine B war applied in both the tanks during February 20609 which
explained below in depih.
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kKhodarmige-B - powder was mixed with water and Imown
concenitxtion solution (stock solution’, were prepared and checked for its
ermission wavelength in the fuorescent specttophotometer. Tt was excited at
555 nm and the rhodamine B flucresence was emited between 571 0 373 nm
wavelengths, The lowet most detectability of (he inslrument is 0. Ippb and
miaximum 1700 ppb.

3.48.1 Rhodemine B application in Sengulam Tank - Year 2008

Rhodamine B study was comucted during February 2008, During
thal time the tank storage was1 54000 m", Initially it w2z planted to ase very
I concentratlon (5 ppb) of ehodataine B in the Seogulam tank water, For 5
PPh concentration vokime of dye requined is given below

5% 107 = 0,154 *10° 1t
Volune of dye = 200 groglet
3550 liters
~al0 gm of hodamine B

800 gm of rhedamine B powder was mixed with 1600 Liters of lunk
water aid poured through our the tauk in order 1o have unitorm disteibotion of
dye. Then with help of stick it wa: mized very well with tonk water. Tank
waler and groundwiter samples were collactad for ten days before sddition of
dye G delermine back grownd {luorescencc. On an average natoral
flucteseence of B ppb were dolected between the wave length 619 and 615
tun. This may be dus to presence of algae and phiytoplagkion in the sample
reported by Feverstein and sellack (1963), Similarly samples were collectad
daily after addidon of a dye i a tank. Tank water bad rhodanine B
fluorescence for some days that oo at very low conceotration, But cven aftcr

five dlays, thodamine dve ions were not detacted in the pumping wells which
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were consdered for the stody. Hence it was planned , ry at 16 ppb
cencentration of thodamine B dve on Sth March 200k,

16 * 107 « 154 # 30°

Volume of dye required =

= 12320 lit

200

~ 2500 gm of rhodarmne: B

This 2500 gm of chodamine B was mixed with 5000 liters of tank
waier which was sprayed over the tack water surfice, Water sample were
collected from che tank and pumping welis. The gehedule of dye applicaton
and recovery were given in table 8.3.

Tahle 8.3 Schedule for Dye Stody in the year 2008

Daration Sample Callection Purpose
HF10R to Collection of tank water and well  [To study natursl
1552108 wilar fluorescence exislenue
1% m Rbodaming B of 500 gm applicd | To estimate the groundwater
with 1600 Kilers of ok warer velocify
1?"2.1'[!3 ta gﬂenfiui‘n a;:{f tank water ang Dye was pot Jetecied
5106 Rhodamine B of 2500 gm spplied |Re application of thadanine
with 5000 Liters of tank water |B
SR 1 _ 'Rhndmmm: B was detected
LAV Waler sumple collzcted daly ﬂ?lr;e day io most ¢f the
Rhodwnine B wag detectad
till 18. 2,02, Aftor that
18/3/08 10 Water sample collectsd oree in rwo hun:urai tlnoreseence was
244008 days abole Jelected dus to
contindus raining of 217
| mm fron 15,308 10 23.3.08
FF4A08 1o Werer sample collected once jn Natural fluwescence alons
L 2R three days wad delecied

May, T, July

Waier sarnple collected oncs in |3

days

Matural floomscenee aluge

WS cetecied
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Since chodamine B was emitted at 571 = 573 nm wavelength range,
e fluorescent specirophotometer was adjusted for photomelry opdon in
which calibration corve was saved which provides directly rhodamine B
fluoreseence. For every day sample aualysis emission wavelength was
verified and then the ectirc sample werce analysed. Sampley wers collected for
2f days from 6.03.02 to 3.07.08 while doing sample analysis; there was a
mudden raise in fluorescence in the tank water on 16.03.02 and in the well
water on 23.03.08. Then it was found thar this peak fluorescence emitted at 4
wavelength 521 i0 627 mn. This change in fluorescence and wavelengrh was
Jue @ continuous rainfall during 15.03.08 to 23.03.08 that amoonts e 217
mirm that 35 given below in table 3.9,

Rain water was analysed for its fluorescence and wavelength. Tt
was found that rainwater had [ 10 ppb 1o 153 Prb emired at 554 nrn w0 630
am wavelength. Hence after 15.03.08 dhodamine B fluoreszent was not found
in rank water and grovnd water. Therefore 1be graphs are drawn betwesn
£.03 02 to 15.03.08 and discussed below,

*  Took patwal fuurescence was 124 ppb before thodomine B dye
applicalion which was cbserved al 614 nm wavelength. It was
ahserved that the iodaming B Auorescence in the Sengulam Tunk was
25.1 pph one day after the dye application. It was decreasing steadily
as shown in figure 8.10. P to heavy rainfall of 217 mm, rhodamine
B was lostin the tank water after " day of dve application.

» After 9" day, it was found that ne thodamine B was found in the Lk
water. It had only natural floorescence which was emined at 614 o
617 nm wavelength which was eacluzively due to rainfall. Namral
fluorescence variation s shown in Gigure 8.1
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Table 34  Rhodamine B nnd Natural finorescence at Sengulam Tank

water daring 2803
Radnfall
DATE (o) Dwy | Tank weter RF (pph) at 571 v Tank watar NF (ppb)| Remarks
- 1 29,1 12.4 ""‘LE}‘*
OIS 2 268 1]
037308 3 223 Q
D973 4 26,1 i)
¥4 5 377 n
1113408 L I1e 1
124308 T f.5 )
134308 % 5.5 0
1445408 9 12 0
15308 68 | 10 - -
1WIAR| S04 1l 0 2.9 ﬁLE‘?l
197008 18 12 - -
1873008 462 | 13 1] N
L9308 194 | 14 - -
IWN0R 154 | 15 - -
21/308] 526 | 16 - -
SHINE 192 | 17 - -
2338 & 1} D 231
LEfE 2t 1] 207
J0¢3708 25 0 181
G/ 24 1] 122
ra4ma 3a 1] ELY
1M30K 3 i 6.9
144008 40 { 1%.7
175004 43 [ [LLR]
FOH0E 44 | 0 107
24031 1] 1] 14
2 T 53 L 6.8
rafwUE a5 L 48
AN5AIR i1 n 10.5
08 59 o 4.4 ]
LIXTL ] } 14
Totad | Z16.8

¥ RF — Rhodamine I fuorescence NEF = Najural flnorescenee
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i Rhodamine B flusrescence was datected in most of the well in one day
after dye application except the wells W1, W2 and W3 which lies

balow the sluee 1 as shawn in ehilc B.5.

. Tirst day amrival conceniralion was minimum compare 10 the break
thromgh concentratio,

» Avezage breuk through concentation was 3.7 ppb which were detected
betvwasen 2 and @ days as shown in tahle 8.5.
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Figure 3.10  Rhodamine B fluwrescence in the Sengulam Tank during
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Figure 8.11  Natural fluorescence jm the Sengnlam tank duoring 2008

after rainfall
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. After 18.3.08 (13" dav) rhodamine B was no¢ detected in any one of
the wells, But natural floorzscence were found at 614 12 517 om in all
the wells frum 23.3.08 {13% day) as shown in figure &12. Naturel
fluotescence was ranging between 12 ppb and 3.3 ppb

Nl |l et o s

= u K B 2 F =5

h
ey
Dy i il ] —m— TR

Figure 3.12  Comparison of Natural Husrescence in Sengulam wells
during 1003
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Yelocity Determination

Groundwiter velocity wag caleulalzd based oo the well dstance
fiom the tank bund and the bregkthrangh concentation ag given below,

Yelority = Distance from the tank bund / Day of Break through
Concenization

v=x/1miday

Wells were classificd with respect 10 distance from the tank bund
such as 150 m, 300 m and 430 m which may be expecied o belve similar.

. Cven though the wells W1, W4, W5, wo, WE We, W10, W11, wiz
and W4 are lying at prodimity of 130 m which had different relocity
a8 shown in table 8.5, For examplc wells W1 and W11 are having
different velocity of 2.2 and 109.1 m/day cven theugh both lic sane
distance from the tank hund.

Tabk 3.6 Wells in the proximity of 150 from the hund

Well No | Distative from tank bund| Break through cone.Velocity[Velocity
{na} {pph) (m/day} {¢m/sec)
W5 Y 4.0 | 59 0007
W4 a8 4.5 L 45.7  0.055
Wl 40 40 8.2 | 0.009 |
Wil 50 1.8 W0 | 0126 !
W9 56 a0 73 | G.ons |
W4 53 29 70 | o079
W12 L% 1.3 158 | 0229
WEo 22 1.3 523 | 0003
W6 131 L6 131 | 0152
Wi 152 5.8 16y | D
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. Simularly wells W23 and W22 had very high velocity of 36,5 and 1287
m/ilay a3 shown in table 8,7

Table 3.7 Welks In the proximity of 30Um from the bund

Distance from lank biund [Bregk through cone, Velocily | Velouity
Well No "
{In} {pph) (m'day}| (cmssec)
W2 153 I8 255 U.E!E
W3 164 54 75 | 0.03]
W13 198 3.4 248 | 0023
W23 255 1.3 365 | 0.H2
W22 257 5.7 1287 | 0149
W4 261 4.8 653 | 0.076
W7 23] 1.6 46.9 0054
W18 284 12 30| 0037
W16 298 N | 4246 | 0.047
L At the same time, ground watsr velocity was examine 201 m'day in
the well 20, even though it lies at 460 m from the tank band as shown
in table 8.3,
Table 8.8 Wells in the proximliy of 450m frem the bund
Well No Distanee from tank bund |Break through cone, Yelocity ‘b’e]{r{:itﬂ
{m) {pph) {mSday) [{cmisec)
W17 367 3.1 2879 | 0.333
W2l 402 38 1287 | 0.14%
Wi 407 3L 3.6 | 0.076
W20 460 4.1 200.9 | 0233 |
> Average number of day's rhodamine B detccied ™ 8. days

Average first concenirafion detection

15 i:-ph
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Averape breakthrough day 4.7 days

Average break chrough concentraton = 3.7 ppb

Average seepage velocity 7T mfday / 0.09 cmisec
£8.2 Rhodamine B application in Sengulom Tank - Year 2009

In the year 2002, background flunrescence was measired for more
than fificen days belore application of thodamine B. Background fluorescence
wag found at 613 0 614 o in the range of 3 10 4 Ppo which is given in
table £.9

Table 8.9 Naturel flunrescence & TDS in Sengulam Tank during 2009

e M e "Tiam = Eime——

Intensit
Well No Wavelength (pph) ! TDS
(T} (ppin}
Wi 613 2 98 917
W3 613 2,06 831
Wi G613 3.3 311
W 613 338 503
Wa &14 1.42 4540
Wo ald 3. 18 Errl
W7 514 311 461
WE ar1d 118 74
wWo 14 306 217
Wi Bi5 3.07 214
W1l | 14 3.22 248
W12 ! 614 324 258 _|
W13 ! 6]4 3.31 384 |
Wid 14 1.8 244 !
Wis alil 5.3 113
Wl 413 45 397
W17 cld 4.33 HE
wig 617 1.7, 340 |
W19 617 107 157
W2 #14 3.04 60
W21 614 316 1)
L Wiz bl4 3.4 370
! Wl £14 3.573 1070 -
Wi 613 3076 1240
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Bengulam tank stormge was approXimately  caleolsted from the
deprh versus storage cucve .09 Mm® ie 000G m?* on 21.02.09. In the year
2005 very less thudaming B fluprescence with limiied pumber of days wepe
detected. Tt wae thought that it may be due (o lesser quantly of rhodamine B
application ie 16 ppb. Hence in the year 2009 it was planned to apply
approximately at 30 ppb rhodaming B fuotescence

Hence
10T 000 1
Yolume of dye required © = p\if)
= 13500 1it
= 2700 gra of thodamine B powder.

Dye applicaion was carmied ouwl on 21.02.09 a 330G pm oat
sengulam tank. To be on higher side 3000 a2m of rhodamineg B was mized
with G000 liters oF tank water which was poured over the tank water af mure
than M) locations. Water samples were collected from the tank and analysis
schedule in shown i table 3.10.

As Sengulam Tank was poursd with 2000 gm of thodamine B, it
had 75 ppb rhodamine B fluorescence afier 1% day of dye apolication as
shuwn in figure 8.13 which was slowly decreasing and becomes 2ero on
13.03.08. This was due to rainfall of 14%.5 mm from 12.0% .00 1o 16.03.09 a¢
givet in che table 8,11, From 13.03.09, namral fluorescence was emiked at
wavalength 540 0 560 nm whose values weps very high as shown ia figure
514,
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Table 4.10 Schedule for dye study in the year 2000

Durption Sample Colleciou Pucpose
GHL09 1o [Colkection of tek water and Well water | To study natura] Micrescooce axistence
2 1503
2L g JREodamine B of 3000 pm applisd with Ta estimate Groundwater velocity and zone of
330 pro 00 Liteys of tank waler influence of the fank on command ares wells
224020310 |warer samples collected daily Rhodamine B was detected m 6 wells an 2RTH9.
2E0H Rhodamine B was detected in 12 walls diring asrly
days.
Rhodaming B was detected in & wells on 4/03,79,
Rlrdamine B waa dereoted continuonsly gl 130309,
G258 o |Water sarnples colkscted once in iwo days | Rhodamine B wag continoous’y detecied in ozl of
SA)3A]D th« walls
Whter samples callected once in three days |Riodamine B was deteced Gl L3030, On 13030
LTV 1 ther was a heavy rainfall was there which was
PN cortinued till L6AXI09, Due to this rainfal of 149 um
e tank waler was dibuled and rhodamane B was ot
thedlecied in the lank waler angd wall waler
ZEON09 o (Water samples were collested oncs in a Natural fluorescence wene alona detectad at 540 1o
LSS | waek S60) num
2NN o | Water samples werm collecsed once in Hatvral Avorescoixe were aloe deteced al 540 1o
W8 Hiftean days 560 o
4106409 Woer samples were collected monthly once] Natueal fhkorascence were alone dedected at 540 to
350 nm
= 1]
% o
aj}
nl
e
]
E "
o]
Figure 843  Rhodamine B fluorcscence in the Sengulam Tapk in the

year 2000
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Figure .34 Natwrzl fluorescence in the Sengulam Tank in the year 2009

Tabie 3.11 Rhodamine B and Natural Auorescence in the Sengulam
tank daring 2009
Date | Rainfall ||m Tank water RF {ppbj ur | Tumk watsr NF {pph)
i (Him; 571 um
W i 74,7 i}
23200 | 2 'H.L_I_ B F
242209 3 5.7 i)
2512009 4 19,1 0
6L 5 419 D
17y | 6 249 0
N 7 226 i
DI | 11 112 0 |
05349 12 10,1 0 4'
(9509 16 | 7.3 0
L 17 95 i
133400 B7.2 m 0 50.4
144309 273 21 - -
15300 16. 22 0 4561
163409 17.2 23 : :
[ 13300 4 ) | : ]
1473400 25 0 ' 5952
T 26 { o s
214308 D a 06
1A H 0 333
e [ 35 0 0.1
HH0G 37 0 705
064/ 46 U 20,6
1344409 51 0 1228 &

— i — e &
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16410 5 | ) 11816
TN &7 & 242 1
A 72 | { 156.2
054502 74 7 A0:2
155000 3 I 528
245505 91 [ 553
0160 10 { 436
Total 148.%

* RF - Rhodaring B Muorescence NF - Nataral Huoresterice

Table 8.12 Firs| Petecion Dy of Rhodamine B

Wells Day of Detecilon
W4 and W10 L™ day
Wil 1 day with 0.1 ppb
jost detevted oo 2™ day with (1,1 and
W3 and Wil 0.4 pob
W1, WO Wid, wig, m
and W2 3" day
W 5, m,:ésd, WIS and 7™ day
W2, Wé, Wi, W22
and W33 1]t day

E

Even though rhodamine B of 3000 £m wag pored which was imwore
than the year 200¥, delayed dye delection was found It is dye 1o very less
storage which Jid not provide enugh head o drve the thodamine B to the
comumand erea wells, Most of the wells recejved rhodamine B after 7 days
that too sedden increased pwnping by the farmers in the sengolam tank
command area wells, Thiz heavy pumping developed wough in the wells
which might have invited the rhodaming B o e the wells alter 7 days a8
shown in table §,12

Rhodamine B was not dotected afier 13,03 .06 Very high natural
fluorescence were found in the wells as shown in figore 8.15 which wers

detected Delween 540 1o 560 nm wave length. This natural Auorescence may

[
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be due to seil and plant extracts washed ot by the rainwater and tank water
after tainfgll. Table 813 gives the information about th: rhodamine B fnst

arrival clay

and coneentration, break throngh day, break throy £h concentratian

and ground water velovily.

o

40
o -

:
jézx N =] Y
j __

(o

el | —— —m— Wl g
- - Wl 1 —— W1 00

Figure 8.15  Comparlson of Nntoral Auorescence in Sengulam wells

during 2pp
Tabie 3.13  Analysis of Rhedamine B Naorescence detection in the
Sengulam Tank during 2009
e IR g of Dot Parof | prrival | Datoor townes | Pk |y
WELLS bund Coamritwtion| *7¥*# EBk-B ::.1 Con., Hrenk “:: Come, docily
w | sk [ SR peeq | mral | gk | OB pphy | {midax)
{ ) didertion on (s Doy Doy}
WL | 9.1 B0 | 7 [aEAel s o7 | T x4 | 240
w1 1529 AR S T I T EN D 16 23 .55
Wi 1636 Cwy 7 x| 2 ] B3/ il 6.5 447
WA 610 ooy | 5 TN [ 23 141 Il 45 6.1%
W4 207 | e BT 2.4 05/3400 12 1.5 3 4R
W 1318 | 0.0 N [ T 6.4 - EE 14 10,97
WY 1.2 T o) 7 IR T |3 LD 17 74 4.3
W4 152§ 015 I EEC B 23 1339 | = 5.4 1.5]
g Bt TR £ pLAe 4 1o T3 17 55 138
Wil 223 T T U3 1073400 17 5.5 434
wil | 4v7 001z 6 |0 | 11 27 308 | 1T | &6 297
™ 1,1 {014 4 |Bemr| 2 id eeame |12 %.1 9,09
Wil | 190 007 A [ITEAD| & 13 1074 17 4.1 1065




Jod

W1d .3 134 R E G 12 | dsovme 11 3.7 1Y
Wic_| 284 {018 & | 22080 I 01 | e 11 a3 2457
R ERE C.0%6 6 |27ze | 6 IR BT 35 | 3ol
Wig | e 0,023 e e T T 40 | 27
wis i) L1 7 2ERNG 4 LA 10Ma 17 &6 g
wHx 4300 | (hose f 261240 3 28 [[FRL) i7 35 27,01
| Wa | 4015 T oo 7__|zeael 01 ) oy | 1 |89 | 364
Wiz | 2571 D01 I [wsamw| 18 13809 T 20 | 22 12.87
Wi | 2484 0,024 S 2T L | 5o | 12 23 n.24
Wid | 2617 0.7 R EE I 12 mane | 12 15 2.7
Tolal 1478 1330 | s ew 1300 | Wi

Averape 4 Ig 1.7 144 | 57 4

Ehodamine B detection wag entircly differemt during 2008 and
2009 which is expliciily seen in the figure 8.16a 1o 8.16w and also |g (he ablz
B.14

Majer Findings of Rhodamine behaviors in the Sengularn tank:

. Nawmal finorescence was detevied a1 613 nm ducing 2008
ind 2009 before dye application;
" Alter rainfall natural fMucmescence was detected ar 6172 -

627 nm during 2005 and 540 - 560 o durin B 2008;

. Fluurcan.um of rainwater was dstacted gr *54 — 63 nm
wavelengih;
» Deteciion of shodamine B is not o function of (he

distavce of the weli from the -spurca alone. Ir is dependent on
type of soil, distibution of {tactyres, Mamily 1t deperds on tank
water head and pumping pattern in a comnpuapd area wells.
Rhodamine B was detectad in ane day duting moat of the wells
during 2008. At the same time ir was detected 7 to 11 days in
most of the wells during 2609, This is becayge 2008 sorage
duting dye application was 0,154 Moy and 0.00Mn° during
2009, This is also very claarly seen in velocity of groopd waesr
during 2008 and 2000




* Average velocity during 2008 was 77 my'day;

. Average velocity during 2009 wu

14 myday;

. Nt day thodamine B was detscted with injecred conceniration;

Average break throogh rhodamine B detection in the year 2008 was
3.3 ppb out of 16 ppb and in the vear 2009, 5.4 pEb out of 32 ppb. Dye

recovery wus 22 percent in the year 2008 and 16 percent in the yaar 2009,

Rhodarvine B was st mainly by soil adsorption. Jome losscs
tmight have raken by sunlight adsorptiog, vartarion in temperatere Rhodavame

Was least resistunt to soil sdsorplion,

. More no of davs, deteciton was found in the year 2009 than 2004
gince 3K gms for 0.09 Mm* and 2500 zm For 0,154 Mm® during

the year 2009 and 2008 respectively.
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Figure 3.14a  Comparison of Rhodamine

& 2009 jn Yall 1

112 13 3 10 1M 17 18 13 20

B fuorescence between 2088




]
o

L e

= - L] & = I m

| fgf\}ma F} ﬁ\ :EE
‘ J.f‘# 1_15!1'_'; \‘E/ \/?Yk f JT7L u:i

1 2 3 a 5 g 7 a o0 9 1213!1151::1:'1&1921]

[= Y
| —a Wisit 2 atie e e 22008
Figure 8.16b Compatisen of Rhodamine B Ouorescence between
2008 & 29 in Well 2
o ————— e —
] A )

A7 — ffﬂ f
1 PSR S S N W SR U A

1 2 3 o & m 7 | | 9113111':13141.51!%111311:-#1

A=

T
E
F 5
- 4
k-
2
1
i

A B il oyl

i | -—a— it @ 200e e red 3 000
Figmre 8.16¢c Comparison of Rhodamine B Muurescence hetween

2008 & 2000 jn W 3

1 2 8 4 » @ ? anmnmmummumman

| o e [ v a0 —e— Wi 4. 2008
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Comparison of Rhodamine B flewescence between
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£8.3 Rhodsmine B application In Ponpadl Tank - Year 2009

Before applyieg rhodamize B in the Ponpadi tank, background
samples were collected from the tank and wells over two weeks, Far thiz
about 31 wells were considered which contain hath open wells, shallow and
deep bore wells.

Natural Fluorescence

Natural flunrescence were found which wite dotected al differenl

emission wavelengrh

. Duting September 2008, natwral (luorescence were detecied 4t
613 - 616 nm wavelength whose fluprescence were 10 1o 15 ppb;

. hameal fluorescence was 3 > 4 ppb at 614 nm wavclength were
detected duning Ocrober 200%:

+ Daring November 2008 it was 2 ppb at 614 nm wavelzngth;

. After (rainfall) monsoon j=. during December 2008 the natural

fluorescence wete detected at 560 om wavelength. Its fluorescence
ranged between 7 and 13 pph;

. Before the application of chodamine B the samples were collectad
contimously for fifteen days. In which no rhodamine B was
detzcted. Natoral fluorescence was detected at 550 1o 560 um
wavelengihs which are given below,




| w olls Tntensice Natural fluorescence TDS

) {pph) {ppm)

|  RI 0636 29 423
B3 003 2.1 414
R4 0.02¢ 1.47 2
RS 06132 2.57 Al
L] 0,028 1.84 54
L2 0.026 L.é 561
L 0.03 2.1 70
L6 0.033 2.5 563
L7 0049 4.6 710
L3 0.034 2.6 224
Ly 0.034 249 26
P1 0.3 2.1 433

37

With this hackoround information thodamine B applicution was
conducted al 3 pm on 15.02.09 after discussing with the farmers to get their

coneent. During thal time the @ank seorage was 028 Mm? approximaicly
which was one fourth capacity of tha tank Initially it was tried for 5 ppb
conceniration in the tank., For this 1400 gm of rhodaming was mixed with
2800 bitcrs of rank waler and poured info taok &t various locarions, On the
same day of dve application 15.02 .09, samples from the tank were collected

from the tenk at varione locations and analyzed for thodamine B flucrescence
which was ahowt 34.9 ppb Samples ware collected daily from the taok which

are mved in table £.15
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Table B.15 Rhodamine B Fluorescenice in the Poopadi Tank in the
First Trial
Date Concentration
(ppb}
1 5200 34.9
16402475 2291
170200 11.6
L 502NN 6.2
19020 5.9
200200 4.1
23702409 w1

After 23 of February 2000 the rhodamine B fluorescence was
below detection level in the tank water. Similarly samples were collected
from the wells; no wells received the rhodamine B except fow wells R1, R3,

K4 and B3 that too with very less fluorescence of 1 to 3 pph. Samples were
cillected daily from 16.02.09 to 20508, Rhodamine B was not detected in
iy of the day except few wells very closer 1o the tank. Thiz made us to re do

the exercise on 203,09, Approximately aboul 4500 gm of rhodamine B was
triXed with 90K liters of water and pourcd into ik on 3.03.09, The sample
from the tank was collected on the same day (2.03.09} of dye application at
for locations which were show 86.9, 73 3, 114.6 and 81,7 ppb. The schedule

of the riodamime B application and collection were shown in table §.16
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Table §.16 Schedule of rhodamine B sindy at Ponpadi tank during 2042

Sample
Dwration Puwrpose
Collection L
LAD2A0 o Sample was Nalnrdl Quorescencs ware
15/02401 collectad from the detected af 555 to 550 nm
tank and wells wavelsngth
15402409 Rhodamineg B of Dy applicagon ar 3.00 pm
1400 gm applied
16402400 Waler sample Rhodamine B was nat
were collecied detected in the wells
from the tank and
wialls
L&A o Water sample Rbodamine B was dotected
LA wlection In very few wells BRI, B2,
B4 apd RS
30309 4500 pim of Dye application
rhodamine B wag
applied
SAZAD by Sample wara - Rhodanmuine B was detecied
23059 collected ence in it varkons walle all 21534000
two or three days - from 21703408 10 4100
s of the wells received

- After 8/04/09 o wells
were Jetected wilh
thodamite B

Initial concentration of rhodamine B in the tank was high 47.1 pph,
O 4.03.09 which was pot mixed and started reducmng as shown in Fgnre
8.12. After 37 days (22.03.09) of dye applicaton, rthodamine B Aoorescence
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had become kil in the tank. From 13.04.00 natural Muorescence wera detectad
a1 355 o 560 o wavelength which is shown in the Rgure 8,18
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Figure 8.17 Rhodamine B fluorescence in the Panpadi Tank durlng 2009
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Figure £.18 Natural fluorescence in the Ponpadi Tank durlng 2009

From next day (4/3/09) of shodaming B application samples were
eollected from the tak and slso from the selerted wells such ax R1, B3, R4,
R5 L1, L2, 13 14 L5 L6 L7, L8 Lo L12, L15, L1g, LI7,L21 PI, P2 P3,
F4.F3, P6, P7 and P11

- Well: B1, R3, B4 and RS received rhixlamine B [irst day after dye
applicktion and contioued o be detectad for 20 days which ranged
between 7 ppb and Ippb as shown in figure 5.19, Ahove said weils are
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Iying very close to the tank o a distanes of 54 to %5 m jn which
puniping was usually very Jess.

Similarly thodamine B was detected in one day in the wells L1 o L7
which were also open wells which are iving 120 m and %5 m from the
tank bund as shown in figure 3.20 pumping in the wells L1 and L7 were
45 mday during February and 25 mday during February and March
200% respectively as shown in czblz .18

Rhodamine B was detected oo 3% day in the wells L4 and L6 which lies
233 m and 158 m from the rank bund 22 shawn in figure €21,

[n the wells 1.2, L12, L15, and L16 rhodamine B was detected on Sih
day whose distance from the tank bund was 422, 451, 452 and 473 m a5
shown in figure .22,

Rrodamine B was detected on 3™ day in the wells L7 and L9 which is
at a distance of 616 and 633 m from the tank bund as shown in figure
223

In the case of a well L17, the rhodamine B was detecterd on 9% day
which lasted for fow days with very Iess (uorescence well LI7 is af a
distance 866 m from the taok bund as shown iz In the well L21,
medamive B was detected on 5 day as shown in Figure 8,24,

Wells PL. P2, P2, PS5, P6, P7 and P11 are Iving 231 m to 631 w from
the tank bund whose well depths are 50 m (o 105 m. Bven though
Puping in these wells wete more, rhodamine B wes detected only
after 19 days that oo for few days with very less fluorescence. Dive was
ot at all detected in the bore wells PS5 and P11, P5 and P11 are degp
wells which ars located a1 a depth more than 100 m as shown in tabila
8.17

Table 8.18 mves information sbout rhodamine B first acrival day and
comentration, break through day, break through concentracon and
ground water velociyy,
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Figure 8,1%  Rhodamine B Detection in the Qpen wells of Ponpads
tank command area bn the year 2009
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Figure 8.20  Rhodamine B Detection in the shallow bore wells L1 8 L7
of Ponpadi tnk command area in the year 2009
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Figure .23 Rhodamine B Detection in the shallow bore wells L8 &

L% of Ponpad] tank command aren in the yeur 2000
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Figure 8.24  Rhodamine B Detection in the shallow hore wells 117 &

L21 of Ponpadi tank command ares in the year W




Tabie 8.17 Rhodamine R Detection i the Dieep Bore wells
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Date | Dayz | Pt P " P4 P? P5 | P11
230308 19 1.7 i
2400349 | 20 13 | 11 | o2 | oe |
260009 22 | 18 | 07 | o3 | 725 |
W0H0S| 26 | 13 05 | 07
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Table 818 Awalysin of Rhodamine B flmoressence Dretection im the

Poapudi Taogk dorisg 2009

‘E ) . — E — -
N E g . |3 g h’ﬂ:é §ﬂ g 5 | E %
5 g |FE & =& “E ,...? EE- s =
“1430 5T 3y 55 EE| B | g
1% 2 |2E) ae |, 123

RI | 9460 | 54230 | 16 | 4aA0 | | 60 [0dAxe | 1 ' & | %46
B3 8080 6200 | 14 [mamae| 1 24 |0I8A9] 3 | 6 | 264
R4 |8860 | 63940 | 12 [oaAme| 1 | 28 |namd| 7 | o5 | 27
RS [ 5430 84120 | I6 | d3A9| 1 38 (uzae! 7 1 ss | 78
L1 | 1295 %9280 | 12 |aBaw| 1 35 (04809 L | 35 | 1293
L3 14222 ) 11050 | 15 | lovssiw | & 32 LIRS | % | 63 | 603
4 [2338] 12070 } 15 [omsae | 3 24 |omwo| 3 | 14 | 779
L6 [ 1583 | 45840 | 12 |o7nme | 3 30 o 3 |31 | na
L7 |9se0| 65080 [ 10 | | 08 |wrane| 3 | a1 | se
L3 |6163] 13902 | & |conme| s e (1| o |62 | eis
L9 (6332 14000 | (5 | 0800 | & 21 (nam| 7 | 47 | wes
Ltz (4508 | 1w [ 15 | w09 | 29 |zame| 15 | 56 | 252
L1 4527 ] 37082 | 15 Jovnme | 3 s6 |mam] v | 5 199
Lig|473.7| 37660 | 1 (wai@) 6 | 24 | 138AR] 9 | 47 | 518
L7 | 8659 28730 | 7 13w | o L1 Mt e [ 26 | ses
121 [ 24 | 19460 | 8 [100am | & 83 A0 7 | 56 | 399
PL | 23| 9720 | 2 26080 | 22 18 (26409 22 | 18 | 105
P2 | 4146 | 10634 | 3 24349 | 20 LI |2ame| 20 | 11| 207
P4 [¥7a7] 6900 | 3 [2anmm | 20 02 (26508 2 | 25 [ 170
PS5 [so6s| 138%0 |t | _ il N |
PS | 7090 65260 | 3 [23300 ] 10 17 |msios] 9 |7 [ 37
r7 [ #713) 182 | 1 [mae| pe |29 20 [ oo | 136
P | 6614 | 32080 | M Nil Nil

Towl | 211 1600 | 541 1960 | 349 "1084.9

Avarage | 100 .6 26 95 | 40 [ 518
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As the wells BL, B3 B4 and B5 ape yery closer [0 the tauk
bund it has recoversd rhodamine B with in onc day. Even
though pumping in these wells wers nor there.

Ciber wells have L1, L2, L4, L6, L7, LE L2 L1215, Lls,
LI7 and L2] received thodanine B depending upon jis depth
with respect io tank elevation, distance from tank bund xod i
pumping rate. U pumping is mare those walls have received
the dye with in one dny a5 shown in the table 8,19

Pumping was carried oul in (he vpen weids R4 and RS only
during Janmary 2000 a¢ shown in tablc 8.20

Deep bore wells P1, P2, P4, P5, F&, F7 and P11 have meeivad
thodarine B for limited days may be due to its depth

Since entine Punpadi tank water was releassd on 1.04.09 by
the: ficher man, tank had very very litde witer.

Even after release of water from the rank some of the wells
were with rhodamine B flusrescence which maY ba due to the
presence of thodamjne B in the command area which gels
citenlated with i it.

Actual recovery in the wells ara Eiven in dhe table §.71.
récovery Of thodamine B was Corparatively high- 38 percent
in the open wellss R1, R3, R4 and E3, Shallow botewalls L1
b L21 wape 27 pereent and in decp borewells 16 percent,
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Table 819  Pumping rate at Ponpedi bore wells during Febroary -
April 2009

[~ DistauceL Fehruary |I March April
Wells| ()

mYday |days/m’/day days | m*/day [days

L1 130 45 |19 285 |15 23 | 13
L7 a5 43 21| 25 || 21 |
L4 233 34124 3 | 20| 33 |23
L3Lé] 158 53 | 24| 34 3 26 | 24

L2 422

4 122l 26 (2| 15 | ¢
L12 | 432
LIS 453

293 114 | 206 |15 15 1{
Lis | 472
Ls | 616 | 60 |20 38 [20] 30 | 20
Lo 633 68 | 23| 46 | 24| 31 23
Li7|) &6 | 53 |21] 23 [21| 24 |21
PL | 231 [ 483 [ 23| 28 [21( 24 | 24
P2 | 414 | 47 [17] 24 |17 16 | 0o

P ) 375 | 41 (16| 32 [22] us 22
PY | 506 | s7 2| 3 [24] 29
(B6 | 1 | 45 Tl 25 T2 21 |23
| P7 " arr s Tas| 25 Taof 25 | 3
I

Pl est [ et Taz] 44 wm| w w0
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Table 8.20  Pumping Rate at Ponpadi Open wells daring Februvary -

April 2009
Well: | Distance im} | February Marvh April Retmarks

Rl 0% Lpen Well * Open Well | Open Well | Mo pumping during

) February, barch, Agpril
B3 g1
Rd 3¢ Rore Well  Rore Well | Bore Well | - Pumping wes foc § ie
10 hrs dunog Janoory
205

R5 3 | - M pumping doring
| | February, March, Apeil

Table 8.21 Fercent Recovery of Rodamine B from the Porpadi Wells

Wells | Recovery Remarka
Rl 38
2 35 OUpen wells: Cottparatively bigh percentage of recovery

R4 41 sverage Recovery was 3R pareent

E3 33

L] 2

Lz 39

L4 21

L 13

L7 L3

L3 g Cpen walls e shallow Boge I.J-'e]].al: Madintn reeovery of thodamine

L9 2 ANETHEE PeCOverTy wis 2T percent

L1z A3

Lt 3

Llé 23

L17 1%

Lil 35

F1 Il

r2 7

B3 16 | Poap Bure wells: Lewst recovery of rhodamine B
Average recovery was 10 percent.

Pé T

P! L
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5.54 Findings from Dye Study

Mast of the studies recommended to use at least three or more dyas
to evaluare which is highly suitable for particular soil and water due to non
availability of other dyes in the Indian market, Rhodamine-B alone vsed for
groundwater racing at both the study area sengulam Tank and Ponpadi Tank,
Recovery was very less due 10 adsorption of dye vn the sgil mamix- Hence
with the kelp of rhodamine — B shudy it was able to cenclude that for different
head of waler in the taek, different 2oa* of influcoce was obeerved In order

1o have better results following steps are to be followed in any dy¢ study,

There arc five cntical ohservations to sucecssful groond water

racing.

{1} Selection of appropriate dyes and adequate guanlities uf dyes and
water, The dyes and their performance ape dramatically different
from one another. {Never assume that a pound of one dye equals a
pound of anothet),

b ) Pnimary sampling eeliance shonld be on activate carbon samples
rather dan on waler smnples,

{1} Procedures should inswre that oo dye lost in samples prior to
analysis,

{iv) Sample analysis instruments and nethods should quantify dye
concentration, distinguish among dycs and adequately deal widh
tluctuation in background and interference fluorescence.

(v} Good  sludy  designe reguire sclection of  appropriate  dye
mntroduction paoinis,

Thomeas Aley {2002} forraulated 11 basic rules for pround water
tracing studies called as “Rules to Dye By~
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Stesessiul groundwater irRcing can be conducted in 2 wide range
of hydrogeologic seltlings. Bench test of dye performance under the
conditione to be cocoumtered are strongly recommended:

Background sampling and quantitaive analysis of the sarpples is aun
impottant cotoponent of moost professional grade groundwaier
traces. Many tracing mvest gations should have two or mora rounds
of background sampling prior to any dve intreduction. Smdy should
allow o change the type and guantity of dyes based upon Lhe
results of background sampling.

In most cases fluorescein is the most effocive groundwater tracing
dye. Ensine and rhodamine WT are commonly vary sffsctive and
can be wsed concumrently with fluarescen  inmany  cases.
Fluerescein should be wsed (0 encounter the most adsorptive
surfaces. Rhodamine WT should be nsed 1o chconnter the least
adsorphive surfaces.

Use enough dye enough water and dyes which are appropoote to
the conditios likelv to be encountered. There are no peneral
equatiot which will give quantity of dye. One seldom recovers
mosl of the dye incoduced because of losses 10 sdsorprions,
biological decompositions and other processes,

Use dye intreduction points whick arc appropriate to the questions
0 be addresced by the investipation in the case of surface water
Itacing. Dalize monitoring wells for dye introduction only when
they are clearly ﬁppmpﬂatc.

Sample all the points al which the dye might discharge. Do through
lekd work prios w0 dye inlroduetion.

Samiple tor an adequate peried of bime. Doz approack for denling
wilh sapling duralion is o recognize that acer dyes a 0ost
affective in assessing praferential flow routes. Such flow routes
provide relatively rapid water and dye mansport; it such Toutes exise
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between the dye introducnon point and sampling staticns then one
should be able to estinale that vne or more dye recoveries should
ocour prios to the and of a projecied siudy peniod. Failure 10 recover
the dve in that perind should be view a3 evidence thar the
bypothetcal prefersnbial flow routes either do not exast or else are
not integrated into a przferential flow sysigm,

For most strdies primary celiamee should .be on sampling witk
activatzd carbon samples and secondary reliance on grab samples
of watzr. The uge of both kindz of gamples should be considerad
and will enhance the value of investigalion.

Collect samplers and place new samplers at intervals fregueni
engugh to ensors that dyes are not missad apd that nost or all of the
dye recoverad at 4 sampling slation is not limited © only one
sampling period In most cages weekly intervals are adeguate; more
fraquent sampling can he desirable during the first week or twa
after dye miroducton consistent sapling intervals charing e study are
desirable,

CGio0d analysis for the twacer dye is essential for professional
groandwatsr racing. Thus study imust 2slablish. Credible detection
threshelds for the varous dyes based uwpon the analytical
insment, field experience and sie specific leach groond
sanipling, Detecrion thresholds should be peithet wo hagh nor too
lons

Groundwaler tracing is Mundsmentally simple, yet it wauld hops
that the persen doing the work had expericnce has cxperience.
Hence for future study fluorescein, Lissamine FF, Rhodamine WT
and Sulpho rbodamine B are planned to buy. Until now it was came
1 kuew through Thomas Aley, OUL tbat one pound of Rhodamine
WT cost Rs.
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Through Fishers Scientific company
1 Giram of Sulphorhodamine B costs Re.2700¢-
1 Gram of Lissamine FF ¢costs Re, %700/

Above said dyes will be bought and studied its behavior om
Bangnlarn and Poopadli tauk soil and water thowgh column study in the CWR
laboratory.

R0 ADSORPTION CHARACTERISTICE OF THE ORGANIC
TRACER DYES

While using the dve for groundwater stody, cpe of the major
problemn is adsorplivn which is a lmiting factoer leads w loss of fluorascence
dye. Due to sacption the recovery of dye at the final outcome is very low than
the expected conceniration. It i3 important to evaluate the adsoaption
characteristics and behaviour on subsurface. Batch study and column study
were conductsd with twe different ¢ypes of soil such as sandy soil and clay
soil. Batch study was carried oul W evaluate the behaviour of dye by varying
the poramcter such az dye concentration, soil, temperatre and salimty,
Column study was cartied out, 1o analyse the dye adscrption and to determing
adsorbed concenteation in soil for all the three cypas of dves. This section
CONCetutraied on

i. Tu curmpare the adsorplion character for two widsly used dye
with diffcrent soil,
il. To determine the parameter respansible for adsorption;
Steps followed are given below
+ Soil Semple Analyeis
¢ Selection of Dye
¢ Paramelers Varation
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* Batch and column study
+ Dye Eecovery
«  Adsorption Ceefficient Evaluation

Three different dyes such as Rhodamine B, Sulphorhodamin: B
and Fluorescein wets chosen and used it in different soil that wore collected
from variaug placer and also at sengulam tank bed. Sandy soil and clay soil
were considered for the bateh and columin study

3.5.1 Calibration corve for Ehodambve B, Sulpho-Ehodamine B aod

Fluorescein

The calibration curve was prepacd by measuring the know
concentration that varying feom lppb, L0 ppb, 100 ppb to 1000 ppb in
fluorescence spectmophotometar for Sulphorhodamine B and Fluorescein. For
rhodamine B the concentration vary from | ppb to 200 ppb. The Tahle 8272
shows lhe wntensity values for 2ach concentration. Figures £.25 1o .27 shows
the best fit graph for all the three dyes that has been taken for Lhe study. These
graphs weze used o find (be unkoown conventrativn from the known valve

conceniration,

Table 5.22  [ntensity value for Sulphorhodamine B, Khodamine B and

Fluorescein
Copcentration Intengiiy
prb
SRE Rliodssmine Fluor esoebin

1 (2 (.0RK 043
2 (.04 0. 156 Tl
4 0,053 D104 1006
G {0.07% 0456 1Ll
& 0.0%4 L6123 1.261
10 0116 .76 1,502
M 0325 1.253 1T




4 0.557 24K9 5518
& 0915 2.844 G938
0 L1119 3.639 9.454
100 1.426 4,246 11.35
pl. ) 2.123 6845 2055
100 3345 ¥i.91
e LU 4523 46,38
200 4,359 5405
JLLIA] 113 6286

o Ao 4= me aig
Ut Yrag DLELA: ”'%ﬁ%}ﬂﬂE

Figare 8.25 Standard Graph for Rhodamine B
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Fig 326 Standard Graph for sulforhodamine B

e s BEEREESET

S

Rt T L TR R L T

L1= = LE ]

oo Ol + e
LEER-E- - -]

Fig 8.27 Standard Graph for Fluorescein
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§.9.2 Batch styudy

Eatch stody was a preliminary study that conducted to evaluate the
behaviow: of dye undar vanious parameters such as different water and dye
concentration, decay chemical decay and sediment concentration wsing dyes.
The concentrations varied from 100 ppb to 100G pply for a.ulphurhudarmne B
ard Fluoreszin and 20 ppb (o 200 ppb of Rhodomine B.

il Photockemical Decay

A dye loss has increased in surface water dus to jncrease in waler
wimperatore of degradation by photochemical decay. Diffarent concenization
of 100 ppb to 1000 ppb was prepared io a beaker and placed in direct sunEght
for five hours betwsen 1100 am to 400 pm.  Then the fluorascence
magnitude was measured in spectrophatometer 1o identify the dye loss and it
was shown m Figore 8.28 and 829 for recovery of dye concentration for theee
types of dyes. Due to photochemical decav the dye logs of dve for
concenlralion of 200 ppb was shown below, the dye Joss was up to 5 to 15%
for Sulphorhodamioe B, [ur Flsorescein 10 to 20% for 1000pph and for
thodamine B 12% for 200 ppb. Of the three dyves Muorescein were highly
affected by the sunlight.

Ihyes Reduclion dye boss at 200 pph
Fhodainine B 12%
sulphorhodamine B 4%
Fluorsscein S
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Figare 8.28  Photochemical Decay for Sulphorhodamine B and

Flnorescein
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Figure 8.29 Photochemical Decay for Rlindamine B
it} Chemical Decay

Feuwerstein and Selleck (1963) and Watt (1965) have reported Lbal
vigorons agitation of dye solutions may cause reduction in luoresconco.
Hence the dye solution were agitated For five days for different concentrution
amvd the graph was drawn far the a{rcmgc of five days and shown in Figure
4.3 and 5.31. It shows that there is no stgnificant loss of dves. The table
slwwy the percent of dye loss at 200 ppb.
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Tryea " Reduction dye loss at 200 (ppb )
Bhodamine B D%
Sulphierhodamine B &%
| Fluorescein L
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Figure 830 Chemical Decay For Sulpherhedamine B and Flworescein
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Figure §.31 Chemical Decay for Rhodamine B
1ii) Salinity

When ‘racer are

being used in manoc cavironment or in wacle

water, high salnities will be cocountered which may affcel iracer
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performance. Wasle water and tab water were used 1o evaluate the impact of
salinity on dye concentration thar preparad from 100 ppb 1o 1004 ppb. Waste
water and tab water salinity were tawped from 380 mg/ and 450 mg/l and
TDS of wastc water was [250 mg/l. Reduction of Sulphorhodamioe B,

' Fluoreseein and Rhodamine B dye by waste water and tab water were shown

in Figures 8.32 th &.35. The figures indicate that if salinity was more, dye loss
wae more. In addition dve loss was more for lower concentration. The table
shows the reduction of dye loss at 200 ppb,

. —
Reduction dye loss at 204 uction dye less
Dives at 200 ppb for Tah
pirh for Waste water
Waler

Ehodamine B 205 _ 23%

Sulphorhopdamine B % 11%

Fluotezcein 7% 5%

Rea oy Uolentalion (e}
2

20} 2] 4] & G (ot

rraraa

Figure 8.32 Batch Study with Waste Water for Salphorhodamine B
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Figure 3.33  Batch stndy with Tap Water for Sulpherhodamine B and
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Flgure 3.34 Batch study with Waste Water for Rhodamine B
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Figure £.35 Batch study with Tap Water for Rhodamine B




v Sediment Concentration:

smart and Laidlaw (1977) were found a marked decrease jn tha
percéntage of dye loss to adsorbing maerials with increase in dye
concentrilion. Batch study was conducted by varving the sediment welght for
100 pgb solation and tried for wo different tvpes of soil such as sand and
clay. It showed thar the fluprescence was affected ux the clay concentration
increases when compared with sand, When compared i Rhodamine E,
Sulforkodamine B and Flucrescein had good resistance to adscaption in the
sandy soil, as shown in Fignre §.36.

Figute 837 the Fludrescein had pood resistance to Msarplion of
dye in clay soil when compare to other dyes such as sulphorhedamine B and
medamine B, The percentage of concentration recovery for 100pph was
shown in the Tahle 8,23,

e
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Figure 8.36 Batch study by varying the Sond Weight in gram
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Figure 8.37 Batch stndy by varying the Clay Weight In £TAM

Table 823 Reduction of dye Joss due to Salinity

Dves Rednction dye loss at 10z | Reduction dye loss at 10y
; of Samdy Seil of Clay Soil
Ehodamine B 30% TR
Sulphorhedamine B 45 2%
Fluorescein 2% i%

£.9.2 Batrh Smdy Results
The result of balch study that condocted was summarized below,

» Flnorescein was sffected by photochernical decay when O Lo
thodaming B and Sulphorhodamine B, Rhodamine B shows had gued
resiatance to photochemical decay.

- There is no significant loss doe to chemicyl decav. The dye loss was
rainimum for all three dyes.
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" The dyes were affected due o salinity. if the dye swdy condueted in
waste water then e reduction of dye loss will accur. Fluoreseein had
better resistance when compars 10 other dyves.

* Rhodamine B dyve was highly adsorbed to scil when compars
Sulphochodamine B and Flupresczin Fluoresczin had good resistance io
both the soil when compars 1o Sulphorhodamine B.

3403 Soll celomn Experiment

After the batch study. the ¢olumn sxperiment was carded out Two
columns were Eabricatzd and filled with two types of soil sand and cloy.
Figure (fig 8.38} is the column setup for the experi mental study.

T
Colleeting Tay e

Figure §.58 Soil Column Design

The columns were made with Acrylic and Bad 2o inoer dismeter of
6 ¢m and one melre leogth, Columns were provided with out lets 1o collact
sample at the bottani and alsa it was equipped with sampling ports af ditferent
depth to obtain recovery soil and water sarnples. Two colwrmns were filad with
3 em gandy and clayey soil which were not compacted. The column was
saturated with distiled water initially 0 remove suspended sediments threc
types of dyes were used at differant dye concentration. The d¥ye concentcation
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smch a3 20 ppb, 200 ppb and 400 ppb were prepared and powred o the
colwnn manually at different time interval. Experiment was conducted for a
period of fow hours and samples were cullecled and analysed in the
spectrophotomelar,

i Adsorption of Rhodamine B

* Rhedarmine B was readily adsorbed w sonl which was about 90 percent
(18lppb was adsorbed} of 200 ppb concentration and 69 percent (X735
et was adsorbed) of 400 pph and 80 percent (16 ppb) of 20 pph in o
Sandy sodl.

. Similarly 200 ppb Rhodamine B dye was passed through the clay soil
colomn. The rccovery was very minimum and adsorplion was
maximum that leads to clogging soil and ne dye was recovered,

» The column was washed out with distilled water to determine the
recovery was 121 ppb in the 200 ppb dye concontraion and very litle
was recovered 20 (o 30 percent in the 20 pph Jye concentration which
are shown in figura £,39 and figoree 5,40,
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Figure 8.39 Recnvery of Dye Concentration for 200 ppb
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Figure 8.40 Recovery of Dye Concentration for 24 pph

i) Adsorption and Recovery of Sulpho Rhodamine Dye

. Here SR-B dye concentration of 1000 pph, 100 ppb and 20 pph was
prepared and passed through sandy soil column al discrete time interval
of ten minutes for four hours, [nitially the dye adsorption was more
than B0 percent in all the three dye concentration then stowly reduced

which are shown in figure £.41 1o figure 8,43
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Figure 8.41 Percemtage of Adsorbed Dye Concnetration for
Sulphorhodamine B in sandy soil for 1000pph
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Figure 843  Percentage of Adsorbed Dye  Concnetration  for

sulphorhodamine B in sandy soil for 20 ppb

The adsorption of sulphorhodamine B to the sandy soil was relagively
less compare to rhodamine B dye, Sulphorhodamine B had good
resistance Lo adsorption sandy soil,

*  Similarly SR-B dye of 1000 ppb, 100 ppb and 20 ppb were poured
imto the column filled with clayey soil for 8 hours. Recovery was
carried oul for five days to determine the recovery and retention of

dye. Initially adsorption of 1000 ppb dye was 99 percent and
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recovery was very minimum. Adsorption and recovery of SR-B dve

were shown in figure 8.44 1o figure 8,46
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Figure 844  Percentage of Adsorbed Dye Concnetration for
Sulpherhodamine B in Clay soil for 1000 pph
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Figure 8.45 Percentage of Adsorbed Dye Concoetration for
Sulphorhedamine B in Clay soil for 100 pph
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Figure 8.46 Percentage of Adsorbed Dye Concnetration for
Sulphorhodamine B in Clay soil for 20 pph.
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Adsorption and Recovery of Fluorescein Dye

The problem that eceurred with fuorescein dye was that it exist in
soil and  water naturally. Hence (o determine  background
conceniration of fluorescein, the sandy soil column was with
distilled water and the samples were collectad at different interval
and measured background Flucrescein of 2 to 5 ppb was detectad at
508 mm wavelength. Then 100 ppb and 20 ppb fluorescein dye
solution were passed at constant flow rate through the sandy soil
column, The recovery of dye concentration was higher than poured
that is due to background fluorescein.

"

» The fluoresein dye was not adsorbed onto the sandy soil and
it showed good resistance 1o adsorption,

Figure 8.47 and ligure 8.48 show the reca very of fluorescein dye of
100 ppb and 20 ppb, These figures indicate that Muorescein was
highly subjected 1o background. Fluorescence as it shows TECOVErY
concentration higher than initial concantrations.

2 3

Concaaitutian reorary (%)

e o &5 2% 2

@ o an -] = 1] T

Tazes Ivtervid §oun | M H gt

Figure 8.47 Recovery of Dye Concentration of Floorescein for 100pph
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Figure 8.4% Recovery of Dye Concentration of Fluorescein for 20 ppb

. Fluorescein dye was poured into the clayey soil column of 30 cm
depth and constant flow 60 cm. Was mamtained w drive the dye o
pass through clay seil. As the driving force was high the recovery
of dye was also high. Clay sl is highly subjected to background

fuorescence. Its recovery was shown in ligure 8.49,
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Figure 849 Percentage of dye concnetration recovery for Fluorescein

8.9.4 Adsorption Isotherm

Adsorption is usually described through isotherms, that is, the
amount of adsorbate (dye) on the adsorbent (s0il} 45 a function of its pressure
(il gas) or concentration (if liquid) at constant lemperature, The quantity

adsorbed is normalized by the mass of the adsorbent (o allow comparison of
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different materials, An adsorptive on isotherm for 4 single gaseous adsorplive
on a solid i3 the function which relates g constant temperature the amount of
substance adsorbed a equilibrium to the pressure or concentration of the
adsorptive in the gas phase. The data were fitted to freundlich adsorption
isotherm were caleulated and discussed. Freundlich Isotherm was explained

below,

(i) Isotherm

Adsorption izotherm eXperiments were carried ol by varying the
sediment weigh lor a concentration of 100ppb of 100ml solution. The amount
of dye adsorbed onte the suil Q. (pa/e) was calculated using the following
equalion:

g= ;{:‘_I.!"i“'ﬂf
M

where C; and C, are the intial and equilibrium dye concentration
(pph} of dye respectively, V is the volume of the solution (L) and M is the
weight of the sediment used (). The percentage of dye removal (R%) was
calculated using the following equation

R o=C-C.* 100
)

1

The effects of dyve adsorbance at various siluations were analyzed,
The sediment weight was varied by keeping the dye concentration constant
&nd the amount of dye adsorbed wis measured by isotherm study.

* By keeping the dye concentration, the effects of dye adsorbed by
varying the sediment weight were analyzed. The amount of dye
adsorbed was measured by isotherm study,



350

#  Rhodamine B was adsorbed more on o soil when compare to

sulpborhodamines and Fluorescein

Rhodamine B (L5 10 3.5 mg/e

Sulphorhodamine B 210 1.2 mgle

Fluorecein <(0.04 mg/p

. Percentage of dye adsorbance was ncreases 4s the adsorbent dosage

mereases, When the sediment weight was 80g the percentage of dve

adsorbed was

Rhodamine B 98 4%
SR-B BA %
Floorescence 1%

# Therefore Fluorescein showed good resistance to adsorption

. The effect of initial concentration adsorption was investipated by
varying concentration ranging from 10 ppb to 100 ppb

Adsorption of 10 pph 100 ppb
Rhodamine B Q8% B8
SR-B UR % RE
Fluorescein ] 7%

(i) Freundlich lsotherm

Adsorption wag wsually described through an isotherm that was the
amount of adsorbate (dye) on the adsorbent (501l) 45 a function of its pressure
Of concentration al constant temperature. The quantity adsorbed was
normalized by the mass of the adsorbent to allow comparison of different
materials. An adsorptive on isotherm for g single gaseous adsorptive on 4
solid was the function which relages dl constant temperature the amount of
substance adsorbed g equilibium w the pressure or concentration of
adsorptive in the pas phase. The data were fited Freundlich adsoption
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isotherm were caleulated and discussed. The Equation 4.3 for the Freundlich

Isotherm was given below.

iuguil—iugkdﬂ- lfning Kk

Where,

X = Quantity adsorbed in g/|

) - Mass ol the adsorbent ip g/l
= - Equillibrium concentration g/l

ke and n are empirical constant for each adsorbent and adsorbate
pair at a given temperature, which will be ohtained from the intercepts and
slope of the linear plots of log &/m verses log C.. Retardation factor was given
by the Equation 4.4.

Retardation factor =1+ E'l’;-fi’

Where,

Pa - Bulk mass density is in the range of 1.6 to 2 gfec
n - Porosity

Equilibrium baich studies were conducied with clay soil as a
sediment for isotherm study. In isotherm study three dyes Rh-B, SR-B and
Fluorescein with 100 pph concentration wis used as absorbate. In which the
weight of sediment was vared from 10 g, 20 g to B0 g for 100 ml of dye
selution of 100 pph concentration. The dye solution with sediments were
shaken for several hours and dye concentration were measured for different
time interval and were contigued unti! the dye concentration reascls
equilibrinm. The initial and equilibrium concentriation was measured and the

mass of dye adsorbed was determined. Similarly the dye concentration varied
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form 10 ppb, 20 ppb to 100 ppb at constant sediment of 40 g and media blank
were measured for each isotherm study.,

Based on the non linear data resulting from equilibium sorption
isotherm, Freundlich isotherm constants Ky and n were evaluated for three
fluorescent dyes. The data log x/m and log C, for different sediment weight
and concentration were plotted in & graph and fitted to an isotherm eguation.
The constants n and K were determined from the slope and intercept values
of the plot that shown in ligure 8.50 ab,c which represent the SOrplicn
isotherm for all the three dyes with varying media properties.
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Figure 8.50a  Plot of Log Ce Vs Log x/m for Rhodamine B dye
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Figure 8.50 b Plot of Log Ce Vs Log x/m for Sulphorhodamine B dye
Sediment vary from 10 to S0g
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Figure B.51 a, b, ¢ show the isotherm curve for different

concentration rhodamine B, Sulphorhodamine B and Fluorescein dye.
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Concentration

Table 8.24 and 8.25 shows the n and k values for the three types of
dyes that taken from the slope and intercept value of graph,

Table 824 n and k Values for Three Types Dyes at Different Sediment

Weight
Dyes ' Slope I [ntercep ' fi i
Rhodamine B | 1062 -1.386 (1.42 0.0411
'Sulphorhodamine B 0.957 -2.01 LO45 | 000977
Fluorescein 0.657 | 287 | 1522 | 000133

Table 8.25nand kK Values for Three Types of Dyves at Different

Concentration
Dyes Slope Intercept n K
Rhodamine B 1.237 -1.937 0.808 00115
Sulphorhodamine B [.043 -2.380 0.95% 0.004 |
Fluorescein 0.633 -2.805 1.579 00015
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Table 8.24 and 8.25 shows the n and k values for the three types of
dyes. The author Sumanjit (2008) referred that the values of n greater than
unity indicated that adsorption was less for the dye. The adsorption coelficient
K value was minimum for fluorescein and Sulphorhodamine B when compare
to rhodamine dye. Fluorescein had good resistance to adsorption for which the

adsorption coefficient was minimnm,

8.9.5 Characteristics of Soil properties Before and After the column
study

The clay soil properties was tested before and after the column test
with Rhodamine B and Sulphorhodamine B in which the adsorption was more
to observe the cause of adsorption in soil and identify the changes in the soil

properties and the result were shown in the Tablc 5.3

Table 8.26 shows the soil properties of clay soil that used for the
columa study. The pH of the rhodamine B clay soil was less when compire (o
Sulphorhodamine B clay soil. Bor Jier Shiau etal (1993) represcinted that
adsorption decreases with increase in pH. Sulphorhodamine B adsorb less
When compare to rhodaming B but greater than original clay soil. The other
metals were less than the original clay soil. The author Jari M mentioned
hydroxyl group of dye also responsible for adsorption. If the dye had more
number of hydroxyl group then the adsorption will be more, The adsorplion
was less for fluorescein dye which has one hydroxyl group and similarly
Sulphorhodamine B has two hydroxyl group in which adsarption was less but

greater than fluorescein.
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Table %.26 Soil Properties of Clay Soil Before and After the Column Test

Soil properties Unit | Orgsoil| RBsoil |  SRB sail
| Organic content in soil & 0.40 (.33 0.35
Sotl pH 7.06 7.65 8.45
Sal EC mS/cm 0121 | 006 0.03
Cationic Exchage Capacity|Meg/1002| 18,33 16.32 14.97
[ron Available Fe ppm 4,52 4.96 3.78
Copper Available Cu ppm | 294 272 2.56
Magnese Available Mn ppm | 14.59 10,09 434

R.0.6 Summary

This chaprer concentrated to estimate seepage velocity through
tracer study. Initially the various types of tracers and detection methods were
studied. Then rhodamine - B applied in the sengulam tank, viruthunagar
during February 2008. During that time the tank storage was 0.154 Mm',
Initially it was planned to use very low concentration (5 ppb) of rhodamine B
in the Sengulam tank water. Hence 800 gm of rhodamine B powder was
mined with 1600 litres of tank waler and poured throughout the tank in order
to have uniform distribution of dye. Tank water and groundwater samples
were collected daily. Even after five days, rhodamine B dye were not detected
in the pumping wells which were considered for the study. Hence it was
planned 1o try at 16 ppb concentration of rhodamine B dye on 5™ March 2008,
similar to earlier trial 2500 gm of rhodaming B mined with 5000 litres of tank
water and sprayed over the tank water surface. Water samples were collectad
and analysed. The rhodamine B concentrating in the tank was 29.1 ppb after
24 hrs of dye application. Aflter 9 days, rhodamine B concentration in the tank

water concentraton was below detectable level.
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1, Rhodamine — B fluorescence was detected in most of the wells after 24
hrs of dye application except the well W1, W2 and W3 which lies
below the Sluice I;

i.  Average break through concentration was 3.7 ppb which were detegcied
hetween I and 9 days:

ur  After 13 days of dye application, thodamine B was not detected in any
one of the well.

iv.  The seepage velocity during March 2008 was (0L007 cm/fsec to (1.333
crnfsec;

v.  Wells which were away from the tank received rhodamine B earlier
than the nearer wells. This 1s atributed w interconnectivity of the tank

and the aquifer and also low much pumping had carried out.

Sengulam tank had 0.04 Mm” on 21.02.2000 on which 3000 gm of
rhodamine B at 30 ppb concentration prepared and poured on the surface of
tank and samples were collected and analvsed, Fven though higher
concentration of rhodamine B was poured during the year 2009 delayed dve
detection was found. Tt is due o very less tank storage that did not provide
enough had to drive the rhodamine — B to the command area wells. Most of
the wells received rhodamine B after 7 days that too due to sudden and
several pumping by the farmers.

. Rhodamine B detection in the wells were after 7 to 10 days in most of
the wells during 2009:

. Average secpage volocity was 14 miday which was less than the year
J008:

Tank study was conducted at Ponpadi tank on 23/02/2000 at very
low concentration most of the thodamine B lost by adsorption. Hence 4500

gm of rhodamine B mined with 9000 litres of tank water was pored into the
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tank and mined well in order o have uniform distribution of dye on

030372009, Average seepage velocity was 52 mfday.

Major lindings are

i,

1v,

Movement of rhodamine B 15 not only depends on the distance of
well from the tank that depends mainly on tank water had and
pumpiig pattern in the wells;

No day rhodamine B was detected with injected concentration; This
15 atinibuted 1o soil adsorphion plus sunlight adsorption and
[emperamne:;

seepage velocity estimated through tracer study was developed by
datum head, forced hydraulic head due 1o pumping in the command
Areq.

Tracer study was able to conclude that for different head of waler in
the tank, differem zone of influence was ohserved.

In addition, this chapter concéntrated on adsorption of dyve on the

soil through batch and column study 1o evaluate the isotherm constant. This

study has been done to decide how muoch gquantum of dye is needad in he

injected to get the targeted dye concentration in the observation point highly.
Both Rhodamine -B and Sulpho Rhodaminne-B were adsorbed on to clay soil

than sandy soil. The amount of dye adsorbed was very mummum for

NMuorescein. Hence Fluorescain was the suitable dye for groundwater tracing,

However most groundwater studies used Rh-B and SR-B because il is

available in the Indian chemical market and is also relatively cheaper,
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CHAFTERY

EVALUATION OF IMPACT OF PARTIAL DE-SILTING
THROUGH NUMERICAL MODELING

9.1 GENERAL

In the earlier chapters the seepage rate from the tank, groundwater
velocity, tank and groundwater nexus were evaluated through analvtical
methods and tracer studies. This chapter aims to evaluate the impact of partial
de-silting on tank water seepage, groundwater velocily and groundwaler

potential through groundwater modeling,
9.2 GROUNDWATER MODELING

Groundwater modeling 18 the process of simulating the
proundwater basin system which constitutes a groundwater model that is
mainly mathematical in nature. Groundwater simulation can be defined as
reproducing the essence of the system without reproducing the system itself,
In the numerical groundwater modeling, a discrete solution is obtained with
respect o both the time and space domains by using numerical
approximations ol the partial differential equation, Vanous numerical solution
techmiques are bemng used in groundwater modeling. Among them, the most
used three approaches in groundwater modeling are Finite Difference Method.,
Finite Element Method, and the Analytical Element Method. All the
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technigues have therr own advanlages and disadvantages with respect w

availability, costs, applicability and required knowledge of the user,

9.3 APPLICATION OF GROUNDWATER MODELING

The objectives which can be achieved with the groundwater models
for the opumum preduction and management of groundwater resources are

such as

. To forecast water levels and effects on aguifer storage
conditions with respect o space;

. To increase natural replenishment by selective pumping in
the aguifer domain;
. To evaloate the mie of decline in groundwater Lable under

the current withdrawal condition:

. To plan the best cropping pattern from a cost benefit point of
View:

. To predict the spread of contaminants in polluted aguifers
for the present SCEnarios;

. To determine the efficacy of the various remedial aguifer
strategies:

. To estimate aguifer parameters involving transmissivity,
hydraulic conductivity, storage coefficient, specific yield |

longitudinal and trunsverse dispersion coefficients and zonal
recharge in the flow domain;

. To assess the buildup of the groundwater head due o the

construction of an aguifer barrier;

. To predict the sca water intrusion in coastal aguifers and
planning of remediation strategies;
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. To investigate the optimal well spacing for withdrawing

groundwater from heterogeneous anisotropic aquifers;

9.4 TYPES OF MODELING APPROACH

There are (wo lypes of modeling approach based on their input and
output variables, They are forward flow and transport model and mverse flow
and transport model. In the forward flow and wansport model the input will be
the aguifer parameters such as hydraulic conductivity, dispersivity, storage
and recharge and the ourput will he the head and concentration values. In the
inverse flow and transport model the input will be the observed head and
comcentration values and output will be the aguifer parameters. The flow chart
representing the forward and inverse flow and transport model is described in
fig 9.1 and fig 9.2

AQUIFER FORWARD FLOW WATER HEAD AND
PARAMETERS AND TRANSPORT CONCENTRATION
MOOEL *» VALUES

Figure 9.1 Forward fow and transport model

OBSERVED WATER HEAD INVERSE FLOW
AND CONCGENTRATION AND TRANSFORT | AQUIFER
VALUES MODEL ¥| PARAMETERS

Figure 9.2 Inverse flow and transport model

924.1 Inverse Modeling

A groundwater flow model is a forward problem that predicts the
unknown state of the systcm by solving the appropriate governing equation,
An inverse model is the model which determines the unknown physical
parameters and other conditions of the system by finding a good match
between the observed and simulated variables, Inverse modeling is applied 1o

estimate the hydraulic conductivity, transmissivity, storage coefficient,



62

specific yield, porosity, dispersivity, and aquifer recharge with adequate
reliability. Tnverse modeling can substantially improve the guality of
groundwater models and yield results that are not readily available through
trial and emror methods. It alse reduces the time required for obtaining the
optimum value of the parameters. The benefil of inverse modeling is ils
ability 1o compute optimal values of the parameters, which produces the
closest fit between the observed and simulated aguifer heads or solute
concentration in the flow region. The inverse problem may result in Jess
useful solutions due to an improper conceptual model, incorrect discretisation

and poor convergence of the minimization algonthms.
9.5 STEP BY STEP PROCEDURE OF MODELING

The methodology for the project is shown in Fig 9.3, Various singes
of the methodology are listed below,

i Model Conceptualization
il Primary data and Secondary data Collection
iii.  Input Data
- Aguifer Properties
- Initial and Boundary condition
- Recharge and Discharge Rates
iV, Calibration and Validation
V. Parameter Estimation

vi. Scenario Predicoion
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Figure 2.3 Methodology to Estimate the Impact of Partial De-silting
925.1 Model Conceptualization

Model conceptualization is the process in which data describing the
ficld conditions are asscmbled in a systematic way 1o describe the
groundwater flow and contaminani transport process at a site. The model
conceptualization aids in determining the modeling approach and also helps to

select the software to use. The model domain in shown in the fig 9.4



Figure 9.4 Model Domain

9.5.2 Primary and Sccondary Data Collection

Primary data such as monthly tank water level, groundwater levels
have to be collected from the field, The hydraulic conductivity and specific
vigld or porosily have been taken from the field evalustion and alse from the
Public Work Department. Monthly Rainfall data from nearby raingauge
station and monoth discharge rates from the farmers, Through GPS survey and
reduced level survey the tank bed levels and wells levels were collected
Geologic and hydro-geologic information were collected [rom the department

and in the field.
952 Inpui Data to the Model
The input data given for groundwater modeling are as follows

) Elevalion of the different lavers in (he aguiter system.

{ii} The bottom elevation of the model was assigned based
on the weathered thickness.

(i) Different boundary condition such as recharge boundary
and constant head boundary and concentration boundary

were given for the model which is shown m Fig 9.5.
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v Water head valoes and concentration levels of the

chlanide observed in the observation wells for all time

perids.

(V) Pumping rates from all the pumping wells for all time
periads,

(i) Properties such as hydraulic  conductivity, storage,

tongitudinal and  transversal dispersivity, initial heads
vitlues. Hydraulic conductivity assigned for the layers is
shown o Fig 4.6.

(i) Initially longimdinal dispersivity of the model was taken

as (.31 m.

{ viii) The water level for all the wells collecred during the first

month was assigned as the initial head condition,

{ix) The concentration levels cbserved from all the wells
during the first month were given for  inifial
i E

concentraon condibion.

(x) The size of the grid for the entire area is based on the

total surface arca of the siudy area

Figure 2.5 Schematic Diagram for Recharge Boundary
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Figure 9.6 Schematic Diagram of Hydraualic Conductivity

954 Flow Model Calibration

Ihe purpose of model calibration is 1o establish that the model can
repraduce field measured heads and flow, Calibration was carried oul by trial
and crror wdjusiments. Model calibration consists of changing the values of
model input parameters in an attempt to match the ealeulated values with the
observed field conditions within some acceptable criteria. Model calibration
requues that field conditions ar a site should be properly characterized. Lack
of proper site characterization may resull in a model calibrated 1o a el of
conditinns that are not representative of actual field conditions. Bath sready
stiate and tansient state model calibration was performed. For the model
caltbration, first year data (2007 — 2008) of both water head values and

concentration valugs were used
Steady State Calibration

Steady stale conditions are usually taken 1o be the historic
conditions that existed in the aguifer hefore significant development has
occumred. (e | inflows are equal o outflows) and there is no change in the

aguifer storage. Hydraulic conductivities estimated from pumping tests that in
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the range of (0.00009 — 0.0001) were used as initial values for the steady stae
simulation. By trial and error. all the input parameter values were increased
during many sequential runs until the match between the observed and
simulated water levels were obtained, The steady state calibration were shown
in the Figure 9.7
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Figure 9.7 Calibration Graph for Steady State Condition
Transient State Calibration

Like Steady State Condition, model was calibrated to transient state
from June 2007 to June 2009. Since data of water levels were available for a
period of 2007 to 2009, simulation was performed for that period taking the
2007 water levels as initial condition and then simulation was carried out
ander transient state conditions. Monthly time step were considercd from June
2007 — 2009. The initial hydraulic conductivity values of the steady state
model that is the mnge between (000000 — (LODOTmsec) were also used as
the values of the hydranlic conductivity for the transient stale model. During
the calibration process several zones were marked and each was assigned with

different hydraulic conductivity within the range which is shown in figure 9.8,
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Model run was executed and resolts were analyzed. The calibration graph for

the transicnt state condition is shown in the Fipure 9.9

Figure .8 Calibrated Zonal Wise H Ydraulic Conductivity
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Figure 9.9 Calibration Graph for Transient Condition

Then in order to provide reasonable match between the observed

and caleulated head values, several changes have been made in the input

pirameters within the range Among the twenty three chservation wells, only

twelve wells were sensitive 1o all changes in the input parameters and the
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remaining twelve wells are not at all sensitive to any changes in the inpul

paramelers. So that those twelve wells has been chosen for the further

calibration process. The changes done in the calibration process are:

(i)

(i) Varied hydraulic conductivity values
(i) Changing the recharge valics

(i) Changing the boundary condition of tank as recharge
boundary to constant head boundary

{iv) Changing the pumping values of all the pumping wells,
Varied Hydraulic Conductivity Values

Initially the entire siudy area has been assigned with same

hydraolic conductivity wvalue. First, that hydraulic conductivity value is

increased and decreased in the percentage hase and the model run was

performed, Since there were no notabls changes in the results, the model

domain is separated with several polygenal areas and different hydraulic

conductivity values were assigned within the range of about (D.000009 —

0.0001m/sec) and the modal run was executed and the results were analyzed,

The best fit and time serics graph for this calibration is shown in the Figure
9.10 and Figure 9.11.
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Figure 9.11 Time Series Graph for Changes in Hydraulic Conductivity

(i) Changes in Rainfall Recharge

In the model domain, recharge values were assigned in the form of
polygonal zones. There were totally 15 recharge zones. During the calibration
process, recharge values was inereased by 5%, 10%, 20%, 30%, 50% and the
model ron s performed and results were observed. Finally cven with
increment of about 50% RMS of about 6.469 was obtained. The table
showing the variation of RMS with increase in recharge is shown in table 9.1
The best fit and time series graph for changes in recharge values of 50% were

shown in the Figure 9.12 and Figure 9,13

Table 9.1 Variation of RMS with Increase in Recharge

Increase in Rainfall Recharge Root Mean Square
() Error (m)
3 10.456
10 9683
- 20 9,156
I 30 8,325
50 6.469




Figure 9.12 Calibration Graph for Changes in Recharge Values
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Figure 9.13 Time Scries Graph for Changes in Recharge Values
(i) Changes in Tank Recharge

Initially, recharge boundary has been piven for the tunk on the
upstream side of the command area, For the boundary condition of recharge
boundary the calibration results thus observed was satisfactory by comparing
with the field conditions and in the calibration graph most of the points were
out of range from the best fit line which is described in the lgure 9.14. Then
during the calibration process recharge boundary is changed into variable
head boundary. For the variable head boundary, the water head values which
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was observed from the well located in the tank is given for every month, Then
the model run is performed and results were ohserved. After this change the
calibration resulis thus observed was much better than the previous condition
but the RMS thus observed was not satisfactory. The best fit and time series

graph for the change in boundary condition are shown in the Figure 9.15 and
Figure 9.16.
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Figure 9.15 Calibration Graph for Changes in Boundary Condition
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Figure 9.16 Time Series Graph for Changes in Boundary Condition
{iv) Changes in Pumping Rates

In this calibration process, pumping rates were changed and model
was executed for several times. Pumping rates of individual wells monthly
collected from the field which was wsed in the model initially. During
calibration process pumping rates were decreased in the order of ten percent
and the results were analyzed. Ry decreasing the pumping rates of 10%, 20%,
30%, there were no notable changes in both RMS and Correlation Cos[ficient,
Then by reducing the pumping rate of about 50% . RMS of about (1.8 and
correlation cocfficient of 0.6 was obtained, The Calibration and time series
graph are described in Figure 9.17 and Figure 9,18
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Figure 9.17 Calibration Graph for Changes in Pumping Rates
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Figure 9.18 Time Series Figure for change in Pumping Rates

Table 9.2 Comparison of Results hetween all Calibration Changes

Changes Done |  Root Standard | Normalized | Correlation
Mean Error of Root Mean | Coefficient
Squared Estimate Squared

Increased the | 3386 0.198 176.336 0.125

hydraulic

conductivity

Vilues to 10%

Increased  the 6.469 1.925 336.948 0.253

recharge values

Lo S0%

Changed  the | 099] 0.223 23.38 0.421

techarge

boundary Ly

Variable head

boundary

Decreased the | 0898 (.22 28.231 0.638

pumping  rates

of about 50%

for all  the

pumping wells
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From the above table 9.2 it could be inferred that the pumping rales
and hydraulic conductivity are more sensitive to the model outpul than any
other parameters, By changing the hydraulic conductivity values and by
changing the recharge values the model output results was not that much
improved. Then by changing the pumping rates , correlation coefficient of
0.638 was obtained. So further to improve the RMS and the correlation
coefficient parameter estimation was performed 0 estimate the hydraulic

conductivity using PEST.,
0.5.5 Parameter Estimation

Through the Parameler estimation optimum hydraulic conductivity
was estimated initially, In this process, the objective function is to minimize
the errar between the observed and calculaied water level, Controlling factors
are Marquert Lambda, Parameter change constraints, Termination Criteria.
Visual PEST has considered control wells water level as input parameters and
it estimated the hydranlic conductivity for all the zones. Several model runs
were made and results were analyzed. This process can be considered as

recalibration process.
Appearance of Dry Cells

One of the problems with MODFLOW is its limited capability to
accurately simulate the drying and re-saturation of grid cells. Due 10 the
presence of the dry cells, PEST run terminased antomatically, Moreover it
will result in the discontinuities in the relationship between the MODFLOW
output and the values of parameters adjusted through the parameter estimation
process, Other reasons for the dry cells are due 1o the head — dependent
boundary conditions such as rivers, drains and the general head boundary that
are stuated in the upper layer cells. Because flow from those boundaries is

insufficient to maintain the water levels in the respective cells above the bases
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of those cells. So there was need Lo remove the dry cells from the lavers.
Occurrence of the dry cells is manly because il the water level of the cell
goes below the bottom elevation of the cell. Several authors sy Epested several
approaches to remove the dry eells, Doherty (2001) uses an asymprotically
small transmissivity 1o avoid deactivating dry cells even if the model cells
sctually becorne dry. Painter et al. (2008) constrain the head in cells from
talling below the bottem of the cells o prevent the occurrence of the dry cells.
Lyvoloski (2009} allowed the vertical conductance to become rero when a
cell becomes completely dry. Tt was also suggested o change the boundary
condition which was given for the first laver. In the project recharge boundary
was given. Trials were made by increasing the recharge values given for the
layers. Due to the increase of the recharge values di y cells in the lavers was
removed. The schematic representation of the layers with dry cells and lavers

without dry cells are shown in the figure &. 19 & figure 9,20
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Figure ¥.19 Schematic Representation of Layer with Dry Cells
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Figure 9.200 Schematic Representation of Layer with Minimum Dry Cells
Oceurrence of Dry Cell Error

Afier removing the dry cclls, PEST run was able 1o be execured .
While running the PEST, dry cell error has aguin occurred even after
removing the dry cells in the layers. It was then found that this error was only
because of ncreased pumping that were given for all the control wells
mitially, Marquart Lambda which is one of the control factors in the
Parameter estimation process atlempts the process of parameter improvement.
During the model run, it was initially taken as 2.5 then it will check for
minimization of the objective function , if not it will either increase or
decrease the Marquart Lambda and again it will check for the changes in the
objective lunction. In additicn to this, in this type of dry cell emor the
ohjective Tunction initally got decreased in two to three iteration and there
were some fluctwabions in the objective funcoon. Hence if the Mlarguan
Lambda keeps vn increasing and there are fluctuations in the minimization of
the ohjective function, then it is the indication of the dry cell error would
occur. In order to rectify this dry cell error, step hy step analyses were made
and pumping rales were decreased appropriately for all the control wells.

Several trials were carried oul by reducing the pumping rates in the
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corresponding wells and increasing rainfall recharge rates. Finally dry cell

emror were rectified after all the changes and PEST run was made and resulls

were analyzed.

Trials 1 to Trial 7
Trials Percentage Percentage Increase in
Reduction Pumping Rainfall Recharge
Rates

Trial 5% -

Trial 2 O 10%
Trial 3 5% 205
Tnal 4 20% 0%
Tnal 5 A% 35%
Tral 6 4% 40°%
Tral 7 0% 5%

During initial trials were carrying out, there was an increase w the

objective function and also in the Marquart Lamda as shown in figure 9.21

and figure 9.22. from fourth trials there were sequential reduction in the

ubjective function and Marquart Lamda. In the seventh trial objective

function and Marguart Lamda were minimum as shown in figure 9.23 and
figure. 9.24. In this run good maich was observed and calculated heads, PEST
estimated. Hydraulic conductivity was compared with simulated hydraulic

conductivity as shown in Table 9.3.
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Figure 9.24 Variation of Marquart Lambda for Trial - 7

Table 9.3 Comparison  between PEST  Estimated Optimum
Hydraulic Conductivity and Simolated Hydrauolic

Conduoctivity
Lones Pest estimated hydraulic Simulated hydraunlic
conductivity conductivity

| 6.94E-7 SE-6
2 8.07E-5 0.0001

3 4.21E-5 |E-5
4 5.28E-# UE-f
5 2.83E-3 9E-6
[ 6.63E-5 BE-5
T | .25E-5 ii 1E-5
8 6.68E-5 6E-5
9 0.00034 {0008
10 7.15E-5 1.5E-3
11 0,0005 |.2E-5
12 | 88E-6 2E-6
13 0.00012 1.14E-5
14 2.78E-5 1.3E-5
15 5.13E-5 1.05E-5
16 2.56E-5 1.15E-5
17 3.35E-5 1.16E-5
18 9.57E-5 0.001

| 19 00.0004 0.001




U.5.6 Comparison of Result between the Different Trials
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From trial 1 w trial 3, the results obtained were nol much

satisfactory. From trial 4 the results obtained were reasonably good. Finally in

the tral 7, minimum RMS and maximum correlation eoefficiant were
observed as shown in lable 9.4, The resulted calibration graph for different
time periods, (ime series graph for some wells for the estimated optimum
hydraulic conductivity are given in fi gures @135, 9.26, 9.27, 9.28, 9,20 9,30,

Table 9.4  Estimated Hydraulic Conductivity from Four Trials

Parameter Lone Trial-4 _Trial-s Trial-6 | Trial-7
1 1.58e-5 | 2.38E-S | 2.16E-7 | 6.94E.7
| 2 0.72E-5 | 4.44E-6 | §.08E-5 | S.07E-5 |
3 17E-5 | 2.75E-6 | 4.25E-5 | 4.21E-5
4 1.36E-5 | 1.25E-6 | 5.28E-11 | 5.28C.8
5 206E-4 | 397E-3 | 587E5 | 2.83E-5
6 TA6ES | 13164 | 6.38E-5 | 6.63E-5
Hydraulic 7 4E-5 | 53862 | 1.21E5 | 1.25E5
conductivity 8 6E-5 | BH8E4 | 6.66E-5 | 6.68E.5
9 | 6.27E4 | 632E-4 | 3.502E-4 | 0.00034
10 | 1.26E-5 | 1L.O9E-5 | 635E5 | 71565
11 | 238E-5 | 1.62E3 | 478E4 | 0.0005
12| 1.24B-5 | 287E4 | 26765 | 1.88E6
13 | 36965 | 593E7 | 137E4 | 000012
14 | 21765 | 367E-4 | 304E5 | 27865
15 35E-5 | 592E-5 | 492E5 | 5.13E5
16 | 1.92E5 | 50E4 | 26965 | 235665
17 L21E-5 | 6.65E-8 | 375E-5 | 335E.5
1§ | 495E-2 | 1.77E-3 | 1.06E4 | 957ES |
19 | 274E4 | 5.03E-4 | 73864 | 0.0004
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Figure 9.30 Time Series Graph for Optinnm Hydraulic Conductivity
Ffor Well -20
057 Validation Process

Model validation is the process in which calibrated aquifer

parameters, boundary condition recharge and discharge rales were used o

generate hysterical field condition. For the flow model validation second year

dats of water level 2008-2000 were compared and resulis were obtained. Best
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fit graph for different periods and series graph for some wells are given in the
figures 9.31 10936

Figure 9.31
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Figure 936 Time Series Graph for Optimum Hydraulic Conductivity
for Well - 20

Initially most of the points in the calibration graphs were away
from the best fit line and the resulted RMS was in the rangec of (0.9 - 9m)
and the correlation coefficient of about (12 — 0.6). The time scries graph
match was not good between the observed and caleulated heads for all the
wells. After the calibration process through PEST, there was 4 good match
between the observed and calculated heads. Hence using the MODFLOW —
PEST , optimum hydraulic conductivity was estimated which had the RMS
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range of (0.4m - 0.6m} and correlation coelficient in the range of ((LE — 0.9)
was thus obtained in the Calibration graph, From the mass balance, after the
FEST calibration 50 % increment of recharge sand 50% decrement of

pumping rates were observed.
9.5.8 Comparison of Mass Balance

Seepage from the tank was estimated through groundwater balance
equation numerically for two years 2007-2008 and 20018-200%. Calibrated and
validated monthly seepage rate, ramfall recharge rate, pumping rale and
groundwater storage are shown in figure 9.37 to 9.40 respectively
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Figure 9.38 Comparison of Rainfall Rechurge Rate
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Figure 9.40 Comparison of Monthly Groundwater Storage

Even though the annual rainfall in the year 2007-2008 and 2008-
2009 were same their intensily are different. There was 4 delay of one month
in the year 2008-2009 which has very greal impact on agricultural pattern,
seepage rate from the tank, rainfall recharge, pumping rate and groundwater
storage which is shown in Tahle 9.5,
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Table 9.5 Comparison of Major Inflows and Outflows

Year

Seepage from|Rainfall Pumping Groundwater

the Tank |Recharge fm"']l.r;,rﬂar Storage

(m’year (m*)vear (m”)fyear
2007-2008  |A8R791 184241 323582 Q55802
2008-2009 379051 163966 713855 §

S6TEE6

Year 2007-2008 has increased groundwater potential that supported
higher pumping in the year 2008-2009 during which rainfall was delayed for

one month i.e. November 2008, This led to decrease in groundwater potential
in the year 2008-2{09,

9.6 SIMULATIING THE IMPACT OF PARTIAL DE-SILTING

Alter the model calibration and validation, it was triad te simulate
the impact of partial de-silling. De-silted area of 1200 sq on 1o a depth of (.63

m with a higher permeability of 0.43 m/iday (1.8 cmviir) was incorporated in

the model and it was executed to estimate the impact. Similarly the model was

run under various position and de-silting arca,

Trials Area of De-|Location
silting
S 1200 m*  |Exactly above the sluice 2
2 2400 m°  |Exactly above the sluice 2
3 4800 m®  Exactly above the sluice 2 |
4 9600 m’ Above sluice 2
5 9600 m*  |At sluice 2
6 9600 m* Left of sluice 2
7 9600 m*  |Right of slujes 2
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Trial 1 is the actual de-silting scenario, Trial 1.4, 5, 6, 7 are shown

in figure 9.41due 1o de-silting certain portion of the aquifer in the study arca

were influence which was seen in the increase in witer level in some of the
wells, Well no. 8, 9, 10, 11, 12, 14, 18 were infleenced under trial 1,
Additional wells 19, 20 | 22 and 24 were influenced by the trials 4.5.6 and 7.
Recharge from the tank was substantially increased in the trials 4 and 5 which

can be seen from the table and also in the figure 9.42,

Average Recharge from the Tank m'/day

Year | Without | De-silting 1200 m? De-silting %600 m*
De-silting Trial | Trial 4| Trial5 | Trial 6| Trial 7
2007- 1913 1913 2410 | 2412 | 2119 | 2119
2008
2008- 1053 1131 1362 | 1508 | 1356 | 1332
| 2009 |

Of all, the trial 5 with 9600 sq.m de-silting positionad 200 m from

shuice 2 has recharped maximum quantum of seepage.
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De-silting

Groundwater storsge was also substantially increased in the trials 4
o trial 7. Figure 9.42 compares the groundwater potential without de-silting
with de-silting of 1200 m” (Trial 1) 9600 m® {Triald) and 9600 m’ (Trial 5).

If 9600 sg.m area is de-silted (0 a depth of 0.65 m it will increase

the groundwater polential to a extent of 25 percent as given below,
De-silting approximately 500 m away from the sluice

_ 711575567886
T 54TRRA

1)

= 25 Percent more than existing pumping

This will substantially increase the area of cultivation. It needs a
expenditure of Rs, 6 lakhs to 8 lakhs, Existing catchment is sufficient enough
to fill the wank twice even after de-silting of 6240 cubic meter, Every year the
tank gets filled two to three times. It surpluses most of the yer,
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Hence it is suggested to go for a partial de-siling of 9600 sq.m very
close to the sluice 2, so that it will definitely increase the recharge potential of

the tank 1o a extent of 43 percent as given below
De-silting approximately 200 m away from the sluice

— 24293031451

| (e}
379051

=43%

Dee-silted so1l can be used for strengthening the tank bund, mamure o the
agriculmural lands based on the guality of the silt and may be used for

manulacturing bricks.

9.7 SUMMARY

Ground modeling has been carried out in this project in order o
evaluate the groundwater system behavior for different de-silting location and
volume of de-silting. Hence initially model was conceptualized, calibrated
using 2007-2008 observed groundwaler level data and validated using 2008~
2008 data under unsteady state flow condition. Sensitivity analysis were also
carried out with four parameters such as hydraulic conductivity, tank
recharge, boundary conditions and pumping rates, The RMS emor was
improved form 3.386 m 0 0.9 m and the correlation coefficient was 0.125 o
0.638. In order to improve EMS emor and the correlation coefficient
parameter estimation run was carried out using the Model PEST. While PEST
was running dry cells appeared that could not allow the process to continue,
By adjusting the screen position of the wells dry cells problem was overcomae,
However PEST could not able w be executed. It was then found that this error

was due to ncreased pumping that were given in the production wells
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initially. Hence pumping rates were verified which was decreased and rainfall
récharge was increased. Finally dry cells error was rectified and PEST run
was successful. Optimum zone wise hydraulic conductivity and rainfall
rechurge and pumping rates were estimated through PEST run. So that the
RMS crror was reduced 1o 0.5 m and eorrelation coef] ficient was increased to
(.918 at 360 days calibration time period. Through this lime series match was
impraved between observed and calculated head for the control wells during
calibration period 2007-2008, There was good match during validation period
2008-2009 at which RMS error was 0.75 m and correlation coefficient was
0.958. After the success of calibration and validation of the midel that can be
used for management purpose.

After the model calibration and validation, it was tried o simulate
the impact of partial de-silting ol an area 1200 sg.m 1o & depth of 0.65 with a
higher permeability 0.43 mfday, which actually carried out and ohserved in
the Sengulam tank bed, was incorporated in the model and was cxecuted (o
estimate the impact. Similarly the model was run for more de-silted area and
different location of de-silting. It was [ound that seepage rate of 1053 m'/day,
1131 m'/dayand 1508 m"'!day was estimated without de-silting, with de-silting
of 12000 sg.m and 9600 sqm respeciively. In turn it has increased the
groundwater potential to 4 extent of 143 percent. Henee it is proposed to de-
silt 9600 sq.m of tank bed at a distance of 200 m from the tank bund. De-
silted soil may be used for strengthening the tank bund, agricultural land that
will improve soil fenility and manufacturing bricks. This project strongly
recommend to de-silt the tank beds to improve it capacity, recharge capacity
and to increase groundwater potcatial of the command area. [n turn it will
increase area of cultivation and number of crops and also reduce flood water

and increase rain waler conservation.
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CHAPTER 10

SUMMARY AND CONCLUSION

[rrigation tanks are o conserve minwater and recharge the
groundwater aguifers, These tanks are silted over years that reduces the
storage capacity of the tank, in tum it reduces the percolation capacity of the
tank that is attributed by the deposition of the finer particles on the lank bed,
Hence the tank bed has to be de-silted to increase its storage and recharge
capacity. Ta de-silt the tank bed, one should decide where to de-silt? up to
what depth it is to be de-silted? This project evolved the strategy for de-silling
the tanks for the future, Extensive literature survey was carried out to ateain

the goals and the detailed methodology was framed.

Stage I Hydrologic and Hydraulic characteristics of the tanks were studied.
through conventional methods;

State [ Tank Bed Characteristics and its recharge capacity were studied
through infiltration test soil texture and permeability analysis;

State T Groundwater aguifer parameters were estimated through well

dilution technigue;

Stage IV Tank and ground water aquifer system interconnection were studied
through geophysical studies;

Stage V. Tank water and groundwater interconnection were studied through

tracer application;
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Stage VI Finally the impact of partial de-silting was studied through ground

water modeling:

Each smges of the methodology provided excellent / favourable
understanding of the irrigation system,. The Major findings of each stage iy
discussed below,

Stage I  Hydrologic and Hydraulic Characteristics of Irrigation Tanks

Non-system tanks are filled exclusively through run off from the
catchment and direct rainfall over the tank. Hence the inlet arrangements to
the tanks are to be maintained is the prime requirement. Next part is, its
outlet wrangement to be intact in order to conserve rainwater during
monsoon.  The Ponpadi tanks capacity is 1.2 Mm™. Thirty years annual
rainfall of this area is 1008mm. The farmers expressed that ones this tank is
filled, that meets the two years of agriculture demand of the command ares.
The tank received only one fourth of the capacity during December 2007 but
it was tull during December 2008 for the same amount of annual rainfall, The
Tank filling does not depend on annual rainfall only thar depends on intensity
of railfall, continuous rainy days also. It's area of cultivation was 50 acres
and 205 acres during 2007-2008 and 2008-2009 respectively. The farmers
tapped the groundwaler al three Jevels such as open wells, shallow bore wells
and deep tube wells. Through pumping rate analysis it was estimated that
0.76 Mm' and 1.65 Mm’ ground water were pumped during the period of
2007-2008 and 2008-2009 respectively. Seepage rate was estirmated 0.33
Mm® and 149 Mm™ during the two water years. Relationship between tank
water levels and ground water levels were established, Shallow water levels

vaned quadratically and  piezometric surface varied linearly,

Similarly, the Sengulam tank characteristics were analysed. It is a

small tank of storage capacity 0.3 Mm® which gets filled two to three times
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almost every year, Thirty years average annual rainfall of this area is T80mm.
This tank has three sluices which are used for discharging the tank water to
irrigate its command area. Totally24 open pumping wells were found in the
command arca. The Sengulam tank had received same amount of rainfall
during both the water year 2007-2008 and 2008-2009. However the tank was
filled over six months during 2007-2008 but it was filled within & month
doring 2008-2009. This tank filling is really due w rainfall intensity,
antecedent moisture content, and continoous rainfall days. Ground waler
pecurs under phreatic condition in the weathered formation that is being
developed through dug wells. The water bearing properties of [ormation is
lack of primary porosity that depends on secondary intra granular porosity.
The occurrence and movement of ground water in these rocks are generally
confined to such spaces. The thickness of weathered zone is 4 o [5m which
yields 40 to 1101 pm that are able 1o sustain pumping for 2 to 6 hours per day.
The tank had 0.23 Mm®, two third of its capacity during February 2008 which
was 0.013 Mm” during February 2009, Most of the wells in the Sengulam
tank behaves more or less in & similar manner, indicating very good response
to tank water level. Major seepage driving component is head of the waler in
the tank in addition to elevation head. The relationship between tank wafér
level and groundwater level was observed as quadratic in nature, The change
in groundwaler storage during 2007-2008 and 2008-2009 were (1.77 Mm® and
0.895 Mm’ respectively, Major groundwater storage received through rainfall
recharee and seepage from the tank.

Through this hydrologic and hydraulic characteristics, study of the
ghove tanks, it 1s well understood that the tank and groundwater agquifer

system is very well connecied.



Stage Il Tank bed characteristics and its recharge capacity

30

Highly permeable zone was detected through TVLF survey in both

the study tanks al Ponpadi and Sengulam and iso-resistivity maps were

established. Infiltration test, soil texture analysis and permeadrility lest were

carried our at surface and at different depth. Based on the above analysis the

arca for partial de-silting at sengulam tank was demarcated and de-silted to a
depth of 0.61m for an arca of 1395 sq m. The silt removed from the tank bed

was taken by the farmers for their land fertility and the remaining used for

strengthening the bund,

Permeable Zone Maximum Soil Type Maximum
Infiltration Rate cm/hr Permeability
cm/hr
Ponpadi  tank al .08 Sandy clay 492
10em depth
Sengulam tank at 1.50 Sandy loam 1.83

30 ¢m depth

Strategy for desilting was framed that are given below:

L, The deepest portion of the tank 15 W0 be selected where the

waler stays for a longer penod of time in which silt is more;

1. Geophysical survey is w be conducted in the deepest portion
of the tank to delineate the permeable zone;

iii.  In that permeable zone infiltration test is to be carried out at
different locations and depth;

1v.  Soil samples are to be collected to determine permeability

and soil texture;
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V. Based on the soil texmre, infilration rate and permeability
the depth of de-silting can be decided;

vi. I the infiltration rate is very less at 50 ¢cm and 1({) cm depth
below tank hed level, then hore hole test has © be carnied
out with the help ol hand auger;

vii.  Collecting soil samples at different layers and carry oul soil

sample  analysis o determine the soil texture and
permeability in which one can casily determine at what
depth the soil profile 15 permeable;

viti.  If infiltration is less even at 100 cm depth, recharge pits can
be 4 viable option, water can be diverted to these pits and
recharge capacity of the tank can be enhanced effectively:

State III Estimation of Aquifer Parameters through Well Dilution

Techniques

Totally seven boreholes were constructed 1 a depth of 2m o 2.4m
1o conduct tracer study. Sulpho-rhodamine B and Sodium Chlonde (NaCl)
were wsed 1o estimate the groundwater velocity and permeability. In addition
to that permeability was determined through falling head permeameter,
particle size distribution and pumping test analysis.  The hydranlic
conductivity estimated through the three methods were in the same range of
3.5 to 5.5 m/day which is similar to PWD report.

Stage IV Tank and Groundwater Aquifer Interconnectivity

Electrical resistivity survey was carned cut at various locations,
Through inverse slope method depth of the subsurface layer was delineated
and interconnectivity was confirmed. In addition pumping tests were carned
oul at six o seven locations at which resistivity survey was also carried. Then
cmpirical relationship between resistivity parameters and aquifer hydranlic
parameters were established.  This relationship was used to estimate
permeability at the unknown locations. Observed and calculated permeability
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were 5.73 myday and 5.23 m/day respectively. Geochemical analysis also
indicated that the tank and downstream groundwater aguifers are directly
interconnected. The above said studies provided gualitative information

about tank aquifer nexus.

Stage V  Estimation of Seepage Velocity through Tracer Applications in
the Field

Extensive literature on tracers were reviewed, 1t was observed that
organic dyes are proven (o be powerful tracers. The most widely used dyes
for groundwater studies are orange flourescent dye that relatively cheaper
resistant to adsorption. Orzanic dye intensity can be measured in the
flourescent spectrophotometer through calibration curve established for each

type of dye.

Rhodametre-B was applied to the sengulam tank before and after
desilting. Rhodamine-B was detected first within 24 hours in most of the
wells during 2007-2008 irrespective of the distances. This is mainly
atributed w driving head in the tank. Average seepage velocily was
0.08 cmysec (77 m/day) during 2007-2008 and was 0.016 cisec (14m/day)
during  2008-2009 Multi peaks were observed in the break through
concentration curve. [t attributed to heavy pumping in the production wells.
Average dye recovery was 22 present in the year 2008 and 16 percent in the
year 2009, Rhodamine B was lost mostly by soil adsorption, some may be lost
through sunlight, UV radiation. OF all flourescent dyes, rhodamine B is the

least resistant W soil adsorption.

Similarly rhodamine B was applied in the Ponpadi tank during
2008-2009 which could not be applied during 2007-2008 because this lank
was not having enough water, Rhodamine B was detected in open wells
within 24 hours which were detected in the shallow tube wells in 3 days and
deep tube wells in 10 days. Rhodamine B reached shallow aguifer imbially

which were leaked into semi confirming layers later days. Dye studies
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provided very good information about inter connectivity of the tank and the
aquifers, relative scepage velocity and also leaksge from upper aquifer to
lower aguifer. Adsorption characteristics of three different dyes such as
Rhodamine B, Sulphorhodamine B and Flouwrescein on different soil were
studied. Both Rhodamine B and sulphorhodomine B absorbed more on the
clay soil than the fluorcscein dye which were very minimum adsorbed.
Theoretically fluorescein was the suitable dye for groundwater tracing.
However most ground water studies vsed rhodamine - B oand sulpho
rhodamine B because they are easily available in the Indian market and also

relatively cheaper.
Stage V1 Numerical Modeling of Partial De-silting

MODFLOW was applied to the Sengulam tank and its command
area with approprniate ininal and boundary conditions. Model was calibrated
for the data collected during 2007-2008 and validated for the period 2008-
2009, Best results were obtained alteér running the visual PEST, so the RMS
error was 0.4 to 0.6m and comrelation coefficient was in the range ol 0.8-0.9,
Then the model was used to predict the seepape velocity before and after de-
silting. Seepage rates were 0.057 Mm® and 0.034Mm’ during 2007-2008 and
2008-2009 respectively. Secpage rate was observed less after de-silting that
may be attributed to less driving head of the tank in the year 2008,

The second scenarice is increased the de-silied area to 90600sg.m
very closer to the tank bund which contributed 0.072Mm” and 0.045 Mm® at
75 percent and 50 percent of the tank storage. Seepage rate was increased o a
extent of 25 percent to 43 percent after de-silting. Hence partial de-silting of
the tank bed improves the recharpe capacity of the tank substantially in turn
tank’s storage capacity also increased. De-silted soil is very much uselul for
bund strengthening, to improve agricultural land fertility and to manufacture
the bricks.
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PHOTOGRAPHS OF THE PONPADI TANK




412

PHOTOGRAPHS OF DESILTING AND TRACER STUDY IN
THE SENGULAM TANK
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ANNEXURE - 11

| M.E. Project Work

S Thesis Title Name Year

No.

(i) Stdy of Tank and Groundwater R Thangara) June 2008
Interaction

{ii) A Swdy on Tank Bed Recharge D, Allwin June 2009
Characteristics for Effective De-silting

(i11) Adsorption Characteristics of the B. Privadharshini June 2010)
Organic Tracer Dyes

(iv) Estimation of Aquifer Paramecter by K. Nandini May 2011
Well dilution Technique using Tracers

(v) Estimation of Aquifer Hydraulic S. Mahenthiran June 2012
properties and its Interaction with
Tank through Geoclectrical Studies

(vi) Estmation of Hvdraulic conductivity M. Marting Tsabella June 2012
and Dispersivity through Numerical
Muodeling

4 Papers published in the Journal

Thesis Title Name Published by
Strategy for De-silling to improve . Alwin, The New Imigation
the Recharge Capacity of the Tank T. Muralikrishna Era.  WRO, PWD,
Madhavi Ganesan  Chennai - 113,

and K. Karumakaran

Establshment  of Regression D Alwin,
Equation of Evaluate the Depth of T, Muralikrishna
Permeable Zone for Effective De-  Madhavi Ganesan

silting.

and K, Karunokaran

WVol, 83, Issue - 3,
COet. 2008 - Dec. 2009

Journal
Hydrology
Associstion of
Hydrologists of India
Andhra Uiniversity,
India

To be published

of Applied
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More than len papers were presented in the national and international

conferences by the M.E. Students and the Principal Investigator,

Experience obtained through this research project led to the
formulation of a new project titled "Investigation on Irrigation Tank
and Groundwater Interaction and Estimation of Irrigation Return flow
using Stable Isotope Methodology” by the Department of Science and

Technology, Govt. of India,
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