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ABSTRACT

Deepor Beel is a prominent and popular wetlandtéztan the city of Guwahati in the

state of Assam. Notably, it is the only Ramsar gresent in the state. It is known for its
rich biodiversity that it withholds along with itscenic beauty. But due to increasing
pollution and other human activities, it has ledhe deterioration of the water quality of

this very wetland.

The present study was carried out to analyse tlysigithemical groundwater quality
parameters of the beel and to run a multivariata daalysis in IBM SPSS software in
order to check any relationship among each othee. Multivariate analysis carried out
for our study area includes one way ANOVA, Hieracah Cluster Analysis (HCA),
Principal Component Analysis (PCA) and K-Means @usAnalysis available in the
IBM SPSS software package. A total of twelve patmmseviz. Water temperature,
Dissolved Oxygen, Biological Oxygen Demand, pH,bidity, Total Hardness, Chloride
Content, Total Dissolved Solids, Salinity, Conduityi Iron content, Nitrate content and
Lead content were tested for nine sampling locationand around the areas of Deepor
Beel. The water collected for testing were obtaifrech various sources like tube well,
handpumps and ring wells within different rangesiadilability. Standard methods were
followed for the collection, sampling, and analysighe groundwater quality parameter.
Further in our report, the solute movement throthghground surface was studied using
HYDRUS 1D modelling. The solute considered for study area includes iron as it has
a different concentration from the other parametére sampling location selected for
this modelling includes site number seven neardama dumping area as it shows large

movement of leachate from the nearby landfill zone.

Keywords- Physico-chemical groundwater quality parameters, SPSS software, one way
analysis (ANOVA), HCA, PCA, K-Means cluster, HYDRUS 1D

Xiii



CHAPTER 1

INTRODUCTION

1.1GENERAL

Wetlands are among the world’s most productive remments. Deepor Beel is a
permanent fresh water lake and the only Ramsairsi#éssam, is a cradle of biological
diversity and primary productivity upon which colests species of plants and animals
depend for survival. But with increasing human rfgeence like dumping of waste
(industrial, municipal, household etc.), constroicél activities, fishing, killing of
migratory birds and several other ways of contationahas led to the degradation of
water quality either surface water or groundwatethie beel as well as sedimentation in
the lake surface, deforestation activities in armiad the Beel and so olam, M.et al.
2014 Ever increasing population, urbanization and moideation are posing problems
of sewage disposal and contamination of water tyualithe Deepor Beel. As a result of
this even the groundwater near the areas of DeBpet are affected with various
contaminants which possess a major threat to tmeahupopulation residing in and

around the area.

Groundwater is the water that exists in the poracep and fractures in rocks and
sediments beneath the Earth’s surface. It is anoitapt source of water supply
throughout the world. Its use in irrigation, indiess, municipalities and rural homes
continues to increase. It provides almost half d&f drinking water worldwide.
Groundwater constitutes one portion of the eartatencirculatory system known as the
hydrologic cycle.



Figure 1.1: Image of Deepor Beel with rail conneatity across the beel

(Source: www.google.com)

1.2Z0ONES OF GROUNDWATER

Water beneath the land surface occurs in two gralcones, the unsaturated zone and
the saturated zone. In the unsaturated zone, #reesetween particle grains and the
cracks in rocks contain both air and water. AltHoagconsiderable amount of water can
be present in the unsaturated zone, this waterotao® pumped by wells because

capillary forces hold it too tightly.

In contrast to the unsaturated zone, the voideensaturated zone are completely filled
with water. The approximate upper surface of theirated zone is referred to as the
water table. Water in the saturated zone below wiaer table is referred to as
groundwater. Below the water table, the water pnesis high enough to allow water to
enter a well as the water level in the well is logk by pumping, thus permitting

groundwater to be withdrawn for use.

Between the unsaturated zone and the water tabdetiansition zone, the capillary
fringe. In this zone, the voids are saturated orogt saturated with water that is held in

place by capillary forces (Yissa,el.al. 2012).



1.3GROUNDWATER CONTAMINATION AND ITS SOURCES

The quality of groundwater may be affected by aemdriety of naturally occurring
situation and human activities. Saltwater encroaaftnassociated with over drafting of
aquifers or natural leaching from natural occurridgposits are natural sources of

groundwater pollution.

Most concern over groundwater contamination hasregron pollution associated with
human activities. Human groundwater contaminaticen cbe related to waste
disposal(private sewage disposal systems, landshgpof solid waste, mine wastes,
deep well disposal of liquid wastes) or not dingattlated to waste disposal( certain
agricultural activities, mining, acid rain, impropeell construction and maintenance).

Groundwater pollution in most cases is a direatltes environmental pollution.

The introduction of contaminants into a groundwatgstem can occur through a point
source or a non-point source. The groundwater potiusource whose areal extent is
limited may be categorized as point source. Formgte, the pollution from leaky

sewres, leachate from landfills ease injection syeditc. Non-point source however,
comes from many diffuse sources. It includes patuide to use of excess fertilizers,
pesticides etc in agricultural lands. Because efdiffusive nature of non-point sources,

it is very difficult to assess and manage the impac
1.40BJECTIVE OF THE STUDY

(1) To study the water quality of groundwater néeer areas of Deepor Beel from sorces

like handpump, tubewells and borewells.

(2) To monitor the status of different ground wajeality parameters of the groundwater

samples collected from areas near Deepor Beelghrtaboratory analysis.

(3) Multivariate data analysis of the ground watprality parameters using SPSS

software for a period of one year.

(4) To study the solute movement in our study arear Boragaon landfill area using
HYDRUS-1D modelling.



CHAPTER 2

LITERATURE REVIEW

2.1.1 Literature review for ground water quality parameters-

1. Asari’, N.A (2017)in his journal paper “Seasonal variations in pbgshemical
characteristics of ground water samples of SurajpMetland, NCR, India”
analysed the quality of ground water and the catiats among various ground
water quality parameters in the wetland. The stwdg carried out for 2-year
period and samples were collected from 5 diffeteaaitions on monthly basis.
The most changeable and sensitive ground watertyysrameters such as
temperature, Ph, Turbidity and DO were measurdberfield using field test kit.
Remaining parameters like total hardness, totalliality, chloride content, BOD,
permanent hardness was measured according to sfdataratory method. One
way analysis of variance (ANOVA) was used to chdbk significance of
difference among the results of the parametersfiarent months. Moreover, in
order to check the relationship among various muoyshemical parameter,
Pearson linear correlation was used in the invatig. It concluded that the
ground water quality status of the wetland wasawotirable conditions with
minerals within permissible limits and was good wgio to support rich

biodiversity in the wetland.

2. Bundela, P.Set al. (2012 in their journal work titled “Physicochemical dysis
of ground water near municipal solid waste dumgitgs in Jabalpur” stated that
the most usual and neglected cause of groundwalfrtipn are uncontrolled
dumping of municipal solid waste, infiltration ofater by rainfall, or ground
water generated by biodegradation, cause the leadbaleave the dumping
ground laterally or vertically and find its way anthe groundwater thereby
causing contamination. 10 groundwater samples veetkected from wells,
handpumps from the people near the site duringdhe/ season in the year of

2011 and the samples were analysed for various igdlygnd chemical



parameters. A comparative study of groundwater berewell and handpump
water carried out by taking certain important pagtars like Ph, TH, TA, BOD,

TDS, DO, Turbidity, Calcium hardness etc. It comed on the basis of current
investigation that the ground water near the MSWhping areas were mostly
under the permissible limits of CPCB but some eintthachieve near permissible

limits.

. Mohammadi, F. et al. (2017)in their journal paper “Monitoring Groundwater
and lIts suitability for Drinking and Irrigation Faoses in the Sharif Abad Basin,
Central Iran” analysed the data collected from Bdeovation wells indicated that
the mean water table has plummeted about 0.896mdysg 19 years between
1993 and 2013 due to illegal groundwater pumpinigickvis the main cause of
groundwater quality deterioration in this area. sbimples were collected and
analysed to study physicochemical characteristicgroundwater such as Ph,
Hardness, Chloride content, Fluoride content, T&aspended solids, EC etc.
The results were compared to drinking ground weteality standard published
by WHO and it was concluded that none of the growmder samples were
potable. Also, the water table contour is preparsuhg different groundwater
modelling software like USGS MODFLOW.

Yissa, J. et al. (2012)in their journal “Underground water assessmenhgisi
Water Quality Index, Niger State, Nigeria” statddhtt 10 well samples were
randomly picked in Maikunkele District of Bosso labcdGovernment area of
Niger State. The locations of the sampling poimse spread within the length
and breadth of the community. All samples wereemtéd same day and kept in
two litres rubber bottles, which was previously hed with 10% HNQ@ and 1:1

HCI for 48 h. The rubber bottles were labelled amehediately few drops of

HNO3 were added in order to prevent loss of metalstebiat and fungal growth.

Temperature, turbidity, and Ph of water samplesevedso measured at the time
of collection. The ten well water samples were wsed for nine parameters: Ph,

Turbidity, temperature, Total suspended solids,sphate, nitrates, Biochemical



oxygen demand, and 12:0. Water quality index wésutated from the point of
view of suitability of the water for human consumopt as seen below. The
Water Quality Index (WQI) was calculated using thNational Sanitation
Foundation (NSF) water quality index. This indeastbeen widely field and
applied to data from a number of different geogregdhareas all over the world

to calculate WQI for various water bodies.

. Islam, M. et al. (2014) in their journal paper “Studies on physio-chemical
properties of water in some selected sites of De8gel, Assam, India” tested
various water samples from 10 different locatiomsda on factors like inlet,
outlet, dumping etc. Samples were collected froemdtudy sites during the pre-
monsoon seasons and post monsoon seasons of 20@9HEM The water quality
parameters include temperature, colour, odour, BOD, Chloride, Fluoride,
Calcium and Magnesium. The parameters consideredarfialysis was done
following the methods of American Public Health Asstion (APHA, 2005).
One way analysis of variance (ANOVA) was done teakhif any significant
differences existed states Cluster analysis wa®nmeed taking water variables
as parameters to evaluate similarity among thes.sitiere ANOVA analysis
showed F-Ratio (1.83) > 1 and p-value << 0.06, Wwhiodicated water

parameters differ with location.

. Dash, S.et al. (2021) in their paper “Heavy Metal Pollution and Potehtia
Ecological Risk Assessment for Surficial Sedimesft®eepor Beel, India” took
a total of 391 (23 locations X 17 months) surficeddiment samples on a
monthly basis from Oct 2017 to Feb 2019. 7 heavyatsdCr, Cd, Fe, Mn, Cu,
Pb and Mg) were chosen for analysis based on thdable literature on the
probable pollution sources available near the wdtlaAll the analysis were
carried out by means of Atomic Absorption Spectaipmeter and all the
measurements were taken in triplicates. The absoebgalues of the standards
were well within the permissible limits and therstard deviation were observed
to be less than 5%. They concluded that the coratgort of metals followed the

trend (Mg> Fe> Mn> Cr> Pb> Cd> Cu). Most of the imaxm concentrations



were obtained from the site close to the landfél ito the eastern part of the
wetland after analysing the results in ANOVA.

. Pramada, S.K et al. (2020) presented a study where surface water and
groundwater interaction model is developed andiegpio a case study. The
surface water and groundwater are fundamentalgréonnected and thus one
can contaminant the other. Mathematical models Haeen widely used in
modelling groundwater flow through an esteemed.a@DFLOW is used to

model the groundwater transport flow.

. Kalita, Jogen Chandra. et al. (2011)in their journal named “identification of
estrogenic heavy metals in water bodies near Guivaitgt, Assam, India”
presented the work dealt with the detection andtitieation of Heavy metals
(Pb, Cd, Cr, Ni, Hg) having estrogenic propertiesnf three different sites
around Guwahati city well known for its polluted tea Focus was emphasized
on the famous wetland ‘Deepor Beel'. Water samphese collected and
analysed using Atomic Absorption Spectrophotomeldre estrogenic heavy
metal concentration in water was in the order PBNC¥rHg>Cd. The results
showed the presence of a number of heavy metdisesitogenic activity. It was
observed that the levels of these metals in theewatere higher than the
permissible limits which is a serious matter of @am for the habitats in and

around the designated areas.

. Priya, S. et al. (2016) in their work on “ Analysis of water quality of s@
selected stations along river, Tambaraparani Kamyeki district, Tamil Nadu,
India” presented the study and analysis of physatcal parameters by
collecting samples from four different locatins radothe district. Sampling of
water was carried out over a period of one yeanffebruary 2009 to January
2010 on a monthly basis throughout the study penodll the four stations.
Water samples required for the hydro biologicallyses were collected during

the early hours of the morning from the selectedi®mts. These bottles were



labelled with respect to the collecting stationated and time in order to avoid
any error between collection and analysis. All gemple collections were
immediately preserved in an icebox and broughh¢olaboratory for determining
the specific water quality parameters. Twoway asialyf variance (ANOVA)

was carried out to evaluate the variation of wgteality parameters

10.Subramaniam, Set al. (2014) in their journal titled “ Assesment of physico
chemical characteristics of groundwater: A caseéystu This study focused on
the determination of various physico-chemical cbemastics of groundwater and
to perform a statistical analysis to determine th&tionship between the
measured parameters. The study was carried oubgdukpril-May 2011, in
Vellore city, India. The various physico-chemicdlacacteristics such as Ph,
turbidity, chlorides, acidity, alkalinity, sulphatedissolved oxygen, and hardness
were determined by following the procedure presdilby American Public
Health Association standard methods. This study e@ased out to ensure the
quality of groundwater to make use of it for doneepurpose by comparing the
analytical results with the Bureau of Indian Standa(BIS) and World Health
Organization (WHO) drinking water quality standarAsstatistical study such as
correlation analysis and one-way analysis of vaeafANOVA) has been carried
out using Statistical Package for the Social S&gisPPSS) ver. 20 software. The
correlation analysis was performed for measurecrpaters to determine the
relationship between the variables. The One-way XWOwas applied to
estimate the uncertainty in measured values. Adl itieasured parameters are
within the permissible limit as per WHO and BIS.eT$tatistical analysis for all
the parameters has revealed a positive correlaiuh theF test values are
significant at 95% level. From the investigatiosuls, it can be concluded that
the water quality of the study area is fit for datne purposes. The descriptive
statistics of the parameters analyzed along witlhetation matrix and one-way

analysis proved that there is no variation amoegtleasured parameters.



11.Islam, M.et al. (2014) in their work named “ Studies on physiochemical
properties of water in some selected sites of DeBgel (Ramsar site), Assam,
India” deals with the study of physiochemical paesens among ten different
sampling locations around Deepor Beel and one wwlysis (ANOVA) was
carried out to show the significant differences amohe stations. Also, Bray-
Curtis Cluster analysis was done to show the sihida among the sites. The
results of various water quality parameters wett@iobd and the water variables
differ with locations. Turbidity obtained was high site 7 where DO was low at
site 6. The bod ranges of water indicated thawthter was moderately polluted
at all the sites except site 6 and site 10. Theavné of ANOVA shown that the
water variables differ with location. Results obhtd from Bray-Curtis Cluster
showed that site 1 and site 4 showed similarity \&ipercentage of 96.45%

12.Molla Ali, M. et al. (2015)in their paper titled “Surface and groundwaterliya
assessment based on multivariate statistical tquksi in the vicinity of
Mohanpur, Bangladesh” It is based on hydro chemitelracteristics, surface
and groundwater in the study area were, in gerfezah, hard, and alkaline in
nature. All chemical parameters were within the Wi@ter quality guidelines.
Whereas, among four analysed heavy metals Pb, drabentrations exceeded
the WHO recommended values. Pearson correlationxsitowed a number of
statistically significant associationB € 0.01 and® < 0.05) among the examined
water quality parameters. Moreover, principal comgra (PC) analysis (PCA)
and cluster analysis (CA) were used to analysewmaier quality dataset. PCA
analysis identified two PCs as responsible for tlada structure explaining
72.53% of the total variance in water quality. P@aAlicated that the water
quality variations were mainly of anthropogenicgarithrough agricultural and
municipal discharges. Results of CA revealed thsggnificant groups of

similarity among the 10 sampling sites.



13. Patil, V. et. al (2009)in their journal with the title “ Physiochemical Alysis of
Selected Groundwater Samples of Amalner Town igatal District, Maharastra,
India” deals with the study and analysis of physiwmical characteristics of
groundwater and municipal water in Amalner towntdking water samples from
five different stations. The study was carried bytcollecting four groundwater
samples (Two open well, two bore well) and one roipai water sample during
Nov 2007-Feb 2008. Total fifteen parameters wer@ysed. It was found that
the underground water was contaminated at few sagpltes as it has crossed
the permissible limits set by IS 10500:2012. Alstet Pearson Correlation
matrix was plotted to identify the dependencvy agtime fifteen water quality

parameters.

14.Sharma, Pet.al (2017)in their work titled “Seasonal Variation of Grounatigr
Quality in Rural Areas of Jaipur District, Rajasthgresented a study based on
the water quality parameters of the groundwatehiefe sites of Amber Tehsil of
Jaipur, Rajasthan using statistical tools. Threepéas were collected from each
site and chemical analysis was conducted. Withhitlp of one way ANOVA
test, the difference between the three sites basedhe parameters was
calculated. This paper reveals that groundwatertheSe three sites shows
seasonal variations in all twelve parameters usiatistical methods like paired t
test and ANOVA tests. Later it was concluded thatdgroundwater of all the site

is not suitable for drinking purposes.

2.1.2 REVIEW OF LITERATURE FOR SOLUTE TRANSPORT MOD EL:

1. Naveen B.Pet. al. (2018) in their papel'A study on contamination of ground
and surface water bodies by leachate leakage fromlandfill in Bangalore,
India” discussed on the effects of potential leachatkalpa from municipal
dump yard to the nearby water bodies. Their stueha avas selected to be a
municipal solid waste landfill located at Mavallipu(13°50 North, 77°36 East),
Bangalore, India. This 100 acres of area had baewpdd with waste since 2005.
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In their study, they focused on testing the physicemical parameters of the
leachate from the dump yard and the quality of aomated soil in the nearby
water bodies. Samples were collected from one sessdé\pril,2012 from the
MSW leachate, a open well and a pond nearby thepdyand. The various
parameters that were tested for these three siées pH, Conductivity (uS/cm),
TDS (mg/l), Calcium (mg/l), Alkalinity (mg/l), Sodm (mg/l), Potassium (mg/l),
Nitrate (mg/l), Heavy metals. The results showeat tH of the samples were
proximate to normal standards, but alkalinity andaentrations of all the major
anions like chlorides, nitrates, sulphates weresidmnably high in the leachate
sample. Moreover, concentrations of heavy metalseweund to be low in
leachates samples except for Fe and Zn as compard¢de other sites. A
hydrochemical trilinear diagram, also known as gePdiagram was used to plot
the composition of ions in percentage for all wegamples. The piper diagram
reveled the dominance selected cations as Na+ and Komparison to calcium
and magnesium. Bicarbonates and carbonates adethi@ant anion found in the
leachate samples compared to sulphates and cldoadeobtained from the
diagram. Furthermore, the study was carried to gond batch test for knowing
the initial concentration of contaminant on thel ssample of landfill site.
Moreover, a contaminant transport model (fluidyntPOSOL model) was used
to know the contaminant flow and interaction througpil. For assessing the
contaminant transport parameters of metal ionsutitrosoil, the column tests
were conducted based on which simulation were dorftuidyn-POLLUSOL
model. Thus, they concluded that MSW in the lahdite had deteriorated the
quality of soil and water in the nearby areas. §haund water model showed
that zinc concentration was limited to upper saydrs and iron concentrations
showing higher percolation, which in turn indicateevards pollution of nearby

water bodies due to seepage of ground water.

. Zheng C.et. al. (2017)in their papef'Application of HYDRUS-1D model for
research on irrigation infiltration characteristics in arid oasis of northwest
China” focused on the soil water infiltration in Yaobas3a In their study, a

field infiltration experiment was conducted to ahbat various soil hydraulic
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parameters and the water content data. Accordiripg¢odata obtained in their
study in 2015, the study area had evaporation erpiration of 429 cm and
386 cm respectively. Contrarily, due to high samohtent and inappropriate
irrigation regime, the amount of invalid leakagestawas up to 581 mm,
accounted for 40.9% of the total infiltration. THBeedata were then used to
simulate the process of soil water infiltrationMpaba Oasis using HYDRUS-1d
model. The HYDRUS model was calibrated and validateough the measured
water content. The results obtained in the stuayvell that average correlation
coefficients of simulation results were upto .9d anlative error and root mean
square error were 6.11% and >)15, indicating thdDRUS model had a higher
degree of accuracy and could be used to simul&eptbcedure of soil water
infiltration in Yoaba Oasis. Thus, the study cowled that from simulation of
different irrigation schemes, it was found thatreasing the irrigation duration
and controlling the single irrigation amount prdpecould save both water

resources and improve water uptake amount.

. Saifadeen A.et. al. (2012) in their papefModeling of solute transport in the
unsaturated zone using HYDRUS-1D"studied about the movement of water
and solutes in the unsaturated zone in three diffegeographic locations in
Sweden (Petistrask, Norrkoping and Malmo) taking iaccount the downward
movement of the centre of mass of solutes and gepatterns of concentration
profiles. In each of the 3 locations, they used# sample of depth 250 cm,
along with the other soil properties viz. soil hgdlic conductivity, types of soil,
bulk density etc. They used a one-dimensional unatgtd transport model to
simulate non-reactive transport of solutes. Sinmoteat were conducted in
HYDRUS-1D code from a period of 1st of March -26fiSeptember to evaluate
the effect of soil water hysteresis, and tempogaiability based on precipitation
and evaporation input data for the period 1996-2008their study, they put
forwarded the relation among depth of centre ofanés precipitation, mass into
groundwater Vs precipitation and limiting concetitm with depth Vs
precipitation based on two conditions i.e hysteremnd non-hysteresis. The

results in their study showed that under non hgsterwater flow solute
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migration is faster and with the measured predipmainput data, there were
small amounts of solutes that leached into the ptaater. Moreover, it was also
found that the downward migration of solutes isp##en Petistrask and slowest
in Norrkoping. The simulations showed that a lowsmnporal resolution of the
meteorological input data increases both underasitim of the downward
movement of the solutes for non-hysteretic simatetiand overestimation for
hysteretic ones. Thus, they concluded that themiffces between hysteretic and
non-hysteretic simulations are negligible when gsigaily input data, so
disregarding the effect of hysteresis when usinglydanput data is
recommendable.

. Rubio C.M. et. al. (2012) in their paper‘Applicability of Hydrus-1D in a
Mediterranean Mountain Area Submitted to Land Use (hanges” evaluated
the reliability and accuracy of the Hydrus-1D motelsimulate the measured
dynamics of water flow in a silt loam soil profile an abandoned crop area
within the Can Vila research basin (0.56%mvhich is located in the head basin
of the Llobregat River, northeast of Spain %42 N; 1°49' E). In their study,
their main focus was to determine the hydrauligoprties of the soil profile, to
parameterize the van Genuchten model and fieldagatlihydraulic conductivity
and then calibrate Hydrus-1D model using water ewtst and pressure heads.
The experimental data set included water potedatd measured at 0.2, 0.4, and
0.6 meters of depth using SKT600 tensiometéos.the observed water contents,
two-time domain reflectometry (TDR) profiles (A and ®Were used between
surface and 0.6 meters of depth. The field-satuayedaulic conductivity was
obtained for 3 depths (0.15, 0.25, and 0.50metEm)calibration and validation
of the HYDRUS-1D model under transient conditiofisld data for the period
from 28th of September to 30th of November of 2088 days) were used along
with pressure heads were used as initial boundaryditons. The results
obtained in their study showed that the profile wedassified as silt loam
(according to USDA), with silt content always highlean 57g-kd, sand content
between 110g-ky and 210g:-Kg, and clay content between 200 g‘kgnd
280g.kg". Moreover, using the van Genuchten equation, uaroil hydraulics
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properties were obtained along with the N-parameteich is less than 1.20.
Despite to obtain an excellent fitted values for a&dgmeter, these values were
solved using Hydrus-1D. Simulation using Hydrus-fiBve an acceptable fit
volumetric water content using an air entry valéie-2cm in the van Genuchten
equation from surface to 0.6 meters of depth. Netabsults were obtained
during simulation of pressure heads using HYDRASdeho Initially in dry
conditions, with an accumulated precipitation ofoatb264.4mm after a dry
period, the study showed that simulations slowettestper levels (0.4 and 0.6m
depth). But, simulation for the same period stgrtiith wet conditions indicated
that the response of the model is faster, espgaalthe deeper levels. Thus, in
research they concluded that algorithm of Hydrus-d4dlved correctly the
Richards equation for the concerned silt loam gqmibfile under natural
conditions, although the model simulated the pressiead data with smaller

differences

. Simunek J. et. al. (2012)in their paper'fHYDRUS: Model use, Calibration
and validation” put forwarded a brief overview on application of BRAS
software for simulating water flow and solute tyamd in variably saturated soils
and groundwater. Applications involve a broad raofjsteady-state or transient
water flow, solute transport, and/or heat trangi@blems. In their article, the
objective was laid on the history of developmenttlé HYDRUS-1D and
HYDRUS (2D/3D) software packages along with summiag the theory behind
the models and the key parameters needed to rucottes as well as discussed
how these parameters can be obtained by moderaiadib. They stated in their
paper the HYDRUS software package may be usednalaie movement of
water, heat, and multiple solutes in unsaturateatfiglly saturated, or fully

saturated homogeneous or layered media in singleutiiple dimensions.
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CHAPTER 3

GROUND WATER QUALITY PARAMETERS

3.1 INTRODUCTION

Ground water quality refers to the physical, chexhand biological characteristics of
ground water in relationship to a set of standéwdikipedia). For utilization of ground
water for various purposes, the used ground watauld meet certain requirements in its
standard. Thus, the suitability of ground watesdpport and sustain the requirements as
well as various processes is termed as ground watdity. Quality analysis of ground
water is a very important tool or monitoring anddapng of the limits of ground water
parameters for proper maintenance of environmdigkance, for example limits on the
concentrations of toxic substances for drinkingugh water use, or restrictions on
temperature and pH ranges for ground water supgpritivertebrate communities.
Generally, surface ground water and ground watarssup the available ground water
resources. The ground water quality of differemtation available on earth may not be
same. The deterioration or variation in limits bé tquality of ground water may occur

due to natural factor as well as human influences.

Human activities are the worst factor affecting theund water quality. Human
activities contaminate both surface ground water ground water through widespread
interference in all aspects of nature without tgkioper preventive measures to maintain
the quality of available ground water resourcesarigles of human activities worsening
the ground water quality involves dumping of indiadt and municipal wastes
frequently, agricultural and residential activitigbich involves fertilizers, pesticides and

animal wastes, leaking of fuel storage tanks, liiedbad salt and more.

3.2 GROUND WATER QUALITY STANDARDS

In the setting of standards, agencies make pdliaca technical/scientific decisions
about how ground water will be used. In case ofirztground water bodies, they also

make some reasonable estimate of original and frestitions. Ground water quality in
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this project is used with reference to a set odglimes values and standards set by
World Health Organization (WHO) and Bureau of Imdtandards (BIS).

3.3 GROUND WATER QUALITY PARAMETERS

The parameters defining, he quality of ground wai@n be sectioned into different
categories or types. A brief explanation about rtiodiaracteristics and measurement

techniques is put forwarded as follows: -
1) Physical parameters.

2) Chemical parameters.

3) Biological parameters.

3.3.1 PHYSICAL PARAMETERS

The important physical parameters of ground wantetude turbidity, colour, odour,
temperature, electrical conductivity (EC), totadstilved solids (TDS), viscosity, specific

weight and vapour pressure.
3.3.1.1 Temperature:

Temperature measurement in ground water does naxttlyi imply to whether ground
water is polluted or not. But, temperature of giuvater affects some of the important
properties and characteristics of ground water sagctiensity, specific weight, viscosity,
surface tension, solubility of dissolved gases atwd Chemical and biological reaction
rates increase with increasing temperature. Reactites usually assumed to double for
an increase in temperature of 10 °C. Dissolved erygs indirectly related to
temperature, as temperature increases D.O of groumier decreases. Increase in
temperature increases the growth rate of aquatitomiganism which leads to higher
consumption of consume dissolved &nd level of dissolved £decreases. Moreover,
temperature also affects disinfection process lsexaftficiency of disinfection is lower

at lower temperature.

16



3.3.1.2 Colour:

Pure ground water is colourless. Appearance of @vgur in ground water points
towards presence of polluted materials in grountewaNatural ground water system is
often colored by foreign material. Colour in groundter is imparted mainly due to
dissolved materials and suspended materials. aolaur is due to suspended material, it
is called as apparent colour. Colour given by di&sb material that remains even after
removal of suspended material is called true coloumreal colour. The maximum
acceptable level of colour in ground water is 13JTQrue Colour Unit). Objections to
high colour are generally on aesthetic ground<eratian on the basis of a health hazard.

3.3.1.3 Total Dissolved Solids (TDS):

Total Dissolved Solids is the measure of the méssold material dissolved in a give
volume of ground water. TDS is measured in gramslipe. Total dissolved solids
include inorganic salts (mainly salts of calciumagnesium, sodium, bicarbonates,
chlorides ad sulfates) ad dome small amounts o&rocgmatter that are dissolved in
ground water. The sources of TDS comprise of nhsaarces, urban run off, industrial
waste ground water, sewage, chemicals in groundntratment process etc. TDS test
provides a qualitative measure of the amount afalNed solids present in the ground
water sample. The presence of TDS is not a heatard but concerned with the
aesthetics of ground water. The limit for drinkiggound water standards of TDS is set

for not greater than 500 mg per litre.

TDS test is done generally through two methods:vi@ratric analysis and Electrical

conductivity.

Gravimetric analysis is the most accurate methatdk iavolve evaporating the liquid
solvent ad measuring the mass of residues lefho@igh, this method is very time
consuming, but it provides more reliable result$isTmethod is applicable for
measurement of total dissolved solids | all natgr@und waters, in raw, process and
treated agricultural, municipal and industrial veggbund waters and in treated drinking

ground water.

Electrical conductivity is a measure of the capaoftground water to conduct electrical

current. Conductivity is directly related to thencentration of salts dissolved in ground
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water and thereby directly linking to the Total &nfved Solids. The measure of TDS |
the field directly is difficult, so its measuremeist done through the conductivity
method. Electrical conductivity is a fast methodishhca be measured using a

conventional conductivity meter or TDS meter
3.3.2 CHEMICAL PARAMETERS

Ground water quality is most affected by the cheinmatters preset in it. Chemical
parameters may include organic and inorganic ngat&eme of the concerned chemical
parameters include ground water pH, Total Hardn€sdcium Hardness, Magnesium
Hardness, Alkalinity, presence of Chloride, Flueridron, Arsenic, Lead, Nitrate etc.

The chemical parameters those are investigatddsrstudy are listed below:
3.3.2.1 Hydrogen-lon Concentration (pH):

The pH is a quantitative measure of the hydrogen doncertation of ground water
indicating the measurement of the acidity or aikafi of a solution. The pH scale

generally rages from 0 to 14. The pH scale indgate
ground water is acidic if pH is less than 7

ground water is neutral if pH is equal to 7

ground water is alkaline if pH is greater than 7

pH is calculated as the negative logarithm ofhizdrogen ion concertation, i.e. pH=-
logio[H]. It is measured in units of moles per litre,lgfdrogen ions. The normal rage for
pH in drinking ground water is between 6.5 to &S per IS 10500:2012). The pH of
pure ground water is considered to be 7. The efiegH is not direct o to our health.
When pH level is less than 6.5 it increases acidiulting in metallic or sour taste of
drinking ground water, blue-green staining of sirdsd other household fixtures.
Moreover, with increase of pH indicates alkalin@ugrd water which results in scale

buildup in household plumbing.
3.3.2.2 Total Hardness (TH):

The characteristics of ground water that prevesritsiation of lather or foam with soap is
termed as the harness of ground water. Ground wdtieh has high dissolved minerals

in it, generally calcium and magnesium is considelnard. As ground water moves
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through soil and rock, it dissolves very small amtsuof minerals and holds them in
solution. The degree of hardness becomes greathe asilcium and magnesium content

increases in the ground water. Hardness of growatdnis generally of two types:

(i) Carbonate or temporary hardness: The bicarlesnahd carbonates of calcium and
magnesium usually causes this type of hardnesspdiery hardness can be removed to

some extent by boiling or removed fully by additmiime.

(i) Non-carbonate or permanent hardness: Permameeminess is primarily caused by
presence of calcium chloride, calcium sulphate, meagim chloride or magnesium
sulphate. It cannot be removed by boiling, and sepexial treatment is required for its
removal. Non- carbonaceous hardness can be rembyedround water softening

methods such as lime soda process, demineralizatomess and zeolite process.

Total hardness is the sum of the carbonate harmedsnon-carbonate hardness. It is
measured in terms of parts per million(ppm) or itrg/lof CaCQ.Ground water is
considered soft when the concentration of Ca@Obelow 60 mg/l; moderately hard
when between 60-120 mg/l; hard when between 120ri@0and very hard when more
than 180 mg/l. Hard ground water is not a healthatd but it has serious impacts on
household items. Ground water hardness causes danadpoilers, cooling towers and
other equipment that handles ground water. Hardrgtavater can cause mineral build-
up in ground water pipes and eventually clog th€atal hardness is measured by EDTA

(Ethylene Diamine Tetra-acetic Acid test).
3.3.2.3 Alkalinity:

The alkalinity refers to the measure of the capaagitthe ground water to neutralize the
acids._Alkalinityof ground water may be due to the presence obomeore of a number
of ions. These include hydroxides, carbonates adrtiionates. Most alkalinity in
surface ground water comes from calcium carbor@(3) that come from rocks and
soil. Limestone contains high level of calcium carate. The process is enhanced if the
rocks and soil have already been broken up befateriag the ground water. The
dissolved minerals get into the ground water thhocgnstruction and other processes. In
simple terms, the pH of a solution is a measureosf strong the bases are in a solution,

whereas the alkalinity measures the amount of ateniases present in the solution.

19



Alkalinity is determined through titration. It issually measured in unit of mEqg/L

(milliequivalent per litre).

3.3.2.4 Chloride (CI):

Chlorides are salts resulting from the combinatbthe gas chlorine with a metal. Some
common chlorides include sodium chloride (NaCl) andgnesium chloride (Mgg)l
Chloride exists in all natural ground waters, tbaaentrations varying very widely and
reaching a maximum in sea ground water (up to IbrAg/I Cl). In fresh ground waters
the sources include soil and rock formations, sgaysand waste discharges. Chloride
contents are very high in sewage and industritdexfits. Chloride does not pose a health
hazard to humans under standard limits. PublickinqnGround water Standards require
chloride levels not to exceed 250 mg/L. Groundewatill begin to taste salty and will
become increasingly objectionable as the conceéotrdével rises further above 250
mg/L. Chlorine alone as £Is highly toxic and it is often used as a disitdé@t. In
combination with a metal such as sodium it becoessgntial for life. Small amounts of
chlorides are required for normal cell functionspiant and animal life. Criteria for
protection of aquatic life require levels of lessrt 600 mg/L for chronic (long-term)

exposure and 1200 mg/L for short-term exposure.

Concentration of chloride is measured by titratigriMohr’'s method.

3.3.2.5 Dissolved Oxygen (D.O):

Dissolved oxygen is the amount of oxygen that ssalved in ground water. D.O is one
of the most important factor that determines thevigality of the aquatic organisms.
Dissolved oxygen is different from the oxygen tisapresent in ground water molecules.
Only bout ten molecules of oxygen per millions abyund water is actually dissolved in
ground water. This dissolved oxygen is breathedidfyand zooplankton and is needed
by them to survive. Oxygen is dissolved in grouratexr from atmosphere through direct
absorption, from areas where ground water disclsarge streams or as a waste product
of plant photosynthesis. Temperature affects theamdtion of dissolved oxygen.

Dissolved oxygen decreases in ground water witheases of temperature. Moreover,
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dissolved oxygen is also affected by movement otigd water. Rapidly moving ground
water, such as in a mountain stream or large rigrls to contain a lot of dissolved
oxygen, whereas stagnant ground water contains Téss standard level of dissolved
oxygen in ground water is 4 mg/L. Dissolved oxydevel is important ground water
quality indicator. Measurement of level of D.O imgnd water samples in done through

Wrinkler's lodemetric method (titration).

3.3.2.6 Biological Oxygen Demand (B.O.D):

Biochemical oxygen demand (BOD) represents the amofi oxygen consumed by
bacteria and other microorganisms while they dea@maprganic matter under aerobic
conditions at a specified temperature. Biologicalgen demand (BOD) generally
represents how much oxygen is needed to break dwogamic matter in ground water.
Measurement of BOD is used as an index of the éegferganic pollution in ground
water. BOD directly affects the amount of dissoh@®ggen in rivers and streams. The
greater the BOD, the more rapidly oxygen is depletethe stream. This means less
oxygen is available to higher forms of aquatic.lifdne consequences of high BOD are
the same as those for low dissolved oxygen: aquatianisms become stressed,
suffocate, and die. Sources of BOD include leaves woody debris; dead plants and
animals; animal manure; effluents from pulp and goamills, wasteground water
treatment plants, feedlots, and food-processingtgjdailing septic systems; and urban

storm ground water runoff.

B.O.D is measured by a test in which amount of exygonsumption is determined from
a sample at 5 days period at a temperature % .20ight must be excluded from the
incubator where the sample will be placed for 5sdg prevent algal growth that may

produce oxygen in the bottle.
B.O.Dinmg/L = (D.Q@-D.&) x D.F
Where, DQand DQ are the initial and final concentrations of dissal oxygen in mg/I.

D.F is the dilution factor.
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3.3.3 BIOLOGICAL PARAMETERS

Biological parameters of ground water are importaotund water quality testing factors.
Biological parameters of ground water indicate theesence of microbiological
organisms and pathogens in ground water. From,ttheatospective, biological
parameters are more important to test for, thensiphy and chemical parameters.
Presence of these micro-organisms in ground waercause deterioration of health
when consume directly. These organisms that affeciquality status of ground water

generally includes bacteria, protozoa, virus agdel

3.4 DRINKING GROUND WATER QUALITY STANDARDS

TABLE 3.1: IS 10500-2012 SPECIFIED LIMITS

Sl. Ground water quality parameter | Desirable limit] Maximum
permissible

No. L
limit

1 Hydrogen-ion concentration (Ph) 6.5-8.5 6.5-8.5

2 Turbidity (NTU) 1.0 5.0

3 Alkalinity (mg/l) 200 600

4 Total Hardness (mg/l) 200 600

5 Total Dissolved Solids (mg/l) 500 2000

6 Nitrate (mg/l) <4.5 4.5

7 Chloride(mg/l) 250 1000

8 Fluoride (mg/l) 1.0 1.5

9 Total Suspended Solids (mg/l) 500 2000

10 Arsenic (mg/l) 0.01 0.05

11 Lead (mgl/l) <0.01 0.01
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CHAPTER 4

STUDY AREA

4.1 INTRODUCTION

Deepor Beel is situated in the Kamrup (M) distiaeid it is the only Ramsar site in
Assam. In Ramsar Convention on wetlands, 1971, De&eel was declared as
“Wetlands of International Importance”. Deepor Beeds declared Ramsar site in
2002.(Wikipedia). Its basin is drained by a systefnrivulets and hill streams that
connect the neighbouring hills and the forestdieoriver Brahmaputra through an outlet
called the Khanajan.
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Figure 4.1 MAP OF DEEPOR BEEL
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The above figure (Fig 4.1) shows the mapping of boendary of our study

area of Deepor Beel.
4.2 LOCATION AND BOUNDARIES

The beel is located between latitude: 26° 05’- 26N and longitude: 91°35’ - 91°43’
E, it covers an area of 40.14 sg.km. The northestezn side of the beel is thickly
populated and is encircled by various governmesiitirtions like Gauhati University,
Assam Engineering College, Assam Ayurvedic Collegel Forest School. The national
highway 37 (NH-37) is located in the northern amdtimwestern side of the Beel and
touches its periphery at different places like Ripar, Azara etc. It is bounded by the
PWD road, northern fringe of the Rani and GarbhadRgserve Forests on the south.

4.3 PHYSIOGRAPHY

The Deepor Beel is located in a U-shaped valleyntded by steep highlands in the north
and south side of the beel. The Deepor Beel anfiliiige areas are made up of recent
alluvium consisting of clay, silt, sand and pebbldsereas the hills in the north and
south side of the Beel's are of Archaean age. Tét#awd receives most of the surface
runoff from the nearby hills which is one of th@sens of sedimentation of the wetland.
Deposited soil in the bed of the wetland is theseanf lowering the depth of the Beel. It
is commonly stated that the beel together with éhadjoining it are an abandoned

channel of the Brahmaputra system.

4.4 CLIMATE

Deepor Beel has a meso-thermal climate, charaetetiy high humidity and moderate
temperature (Singh & Dutta 1960). The temperatanges between 10.6°C to 30°C. The
annual average precipitation is 3000 to 4000 mmstMid the rainfall occurs during
monsoon period (May-September). The monsoon se@§lay -September) has a
maximum temperature of 32°C and minimum of 27.37®e pre-monsoon season
(March-May) has a maximum temperature of 27° C mmdmum of 24° C, and relative
humidity between 50.5-76.8%. The relative humidity2.5%. Warm humid and cloudy
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weather is characteristics for this season. Tireaghg monsoon covers the period from
September to October with maximum and minimum teaipees of 27° and 25° C
respectively. The relative humidity is 82% and thiefall gradually decreases to average
as the season advances, when the morning mistagsdstart appearing. The winter
season begins in November and continues until danliae average field temperature
during this period remains at 20 £ 2°C and thetiredehumidity

4.5 HYDROLOGY

Basistha and Kalmani rivers and monsoon run offtla@emajor sources of ground water
for the wetland. In the rainy season the deptihefBeel increases up to four meter while
in the dry season the depth drops to one metem#&ha channel drains the beel into the

Brahmaputra river, 5 km to the north. for the Guatahity.
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CHAPTER 5

METHODOLOGY

5.1 SELECTION OF SITES

With increasing growth in population, there will beore waste generated in the city of
Guwabhati. As of this, there will be more waste gatedd and most of the waste being
collected by Municipal Board will be dumped intethicinity of Deepor Beel. This has
already resulted in deterioration of the ground ewvajuality standards as well the
sediment quality of the wetland. Also this actedti lead to the deterioration of
groundwater near the areas of Deepor Beel. Thiamground water pollution of
Deepor Beel is directly or indirectly related t@ thround water pollution. Due to large
amount of infiltration from precipitation, even gmd water is getting affected
vigorously. So, a study has been carried out Satp& areas around the beel. The sites
for sample testing have been selected based oaggmdumping, the industrial effluents

deposition, agricultural field’s wash off, etc.

Table 5.1 Geographical description and G.P.S. location of stly sites.

Sl. No. | Site No| Sampling Areas G.P.S Point
Latitude Longitude
1 Site I | Near ASTU 26°08'20.85" N | 91°39'56.62" E
2 Site 2 | Near MCA building, AEC | 26°08'32" N 91°39'43.56”" E
3 Site 3 | Near Tetelia 26°08'24" N 91°40’5.63" E
4 Site ¢ Chakardeo village 26°06'31.04" N | 91°38'29.32" E
5 Site 5 | Mikir Para, Rani 26°06'36.14” N | 938'38.49" E
6 Site ¢ | Boragaon dumping site(i) | 26°07°21.62” N | 91°38'48.69” E
7 Site 7 | Boragaon dumping site(ii)| 26°08'54"N 91°39' 51" E
8 Site 8 | Near GIMT 26° 07’ 33" N 91° 36’ 45" E
9 Site ¢ Azara 26°07’59.6" N 91°37°27.44"E
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Figure 5.1 Map of Deepor Beel locating the samplingtations

5.2 COLLECTION AND PRE TREATMENT OF SAMPLES

Samples of ground water were collected from thelystsites during morning hours
following Standard methods as pktam et. al (2014). Collection of ground water
samples were done two times during the period f@etober 2022 to January 2023 after
a suitable interval between each sampling at ties.sGround water were collected from
ground water sources like ring wells, tubewells d@mhdpumps from 9 different
locations within the vicinity of Deepor Beel. Theognd water samples were collected in
a plastic ground water bottles and BOD bottles fribra respective study sites and
brought to laboratory for further analysis.. Thenperature was measured for each
sample on the spot at the time of collection. Wasrthe other parameters like Total
Alkalinity (TA), pH, Total Dissolved Solids (TDS}urbidity (T), chloride etc. were
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estimated within 24 hours of collection by applyisgitable analytical methods. For
Dissolved oxygen (DO) and Biological Oxygen Demg®DD), the samples were
collected in 300 ml BOD bottles very carefully, f®@OD analysis samples were
collected and preserved for 5 days.

5.3 ANALYTICAL METHODS OF TESTING

5.3.1 Determination of temperature:

Measuring of temperature is important becausesdadffect on other testing parameters.
Procedure:

Measured with the help of mercury thermometer, gaseld between 0° - 100° C
at the time of collection of the samples.

5.3.2 Determination of pH:
Procedure:
(i) 50 ml sample was taken in a glass test tube.

(i) pH was determined by inserting the pH-metdoitine test tube.

5.3.3 Determination of Total Hardness by Titration:
Methodology as per 1S:3025 (Part 21)- Reaffirmed ZI¥
Apparatus:

1. Measuring cylinder

2. Burette

3. Pipette

4. Glass rod

5. Conical flask
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Reagents:

1. Ammonium buffer solution

2.Erichrome black-T indicator

3. Standard Ethylene Di-amine Tetra Acetic ACi®TR) titrant.
Procedure:

0] 25 ml of sample is taken in the conical flask andther 25 ml of ground

water is pipetted to the flask to make a solutibB®ml.
(i) 2 ml of Ammonium buffer solution is added to théusion.

(i) 1 to 2 ml of erichrome Black-T indicator is addewiahe colour of the

solution turns to light red/pink
(iv)  Now, the burette is filled with EDTA.

(V) EDTA is added to the solution in the flask, tithtentil the pink colour

changes to sky blue.

Calculation:

Total hardness (mg/L) = (Burette reading x 100@)6f sample.
5.3.4 Determination of Chloride by titration (Argentometric method):
Methodology as per 1S:3025 (Part 32)- Reaffirmed Z¢
Apparatus:

1. Measuring cylinder

2. Burette

3. Conical flask

4. Pipette
Reagents:

1. Silver nitrate (AgN@), 0.02 N
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2. Potassium chromate {BrO,), 5%
Procedure:

(i) 50 ml of sample is taken in
a conical flask.

(ii) 2 ml of K,CrO4 solution is added the sample and the solution will
turn to yellow colour.

(iif) Now, the burette is filled with AgN©@solution.

(iv) AgNOs solution from burette is allowed to fall in to thenical flask,
titration is continued till the yellow colpaf the solution turns to
brick colour.

Calculation:
Chloride (mg/L) = ((ml x N) of AgN@x 1000 x 35.5)/ ml of sample.
5.3.5 Determination of Biological Oxygen Demand (B.D):
Methodology as per IS: 3025 (Part 44)- 1993.
Apparatus:

1. Burette

2. Measuring cylinder

3. B.O.D bottle

4. Conical flask

5. Pipette

Reagents:

1. Phosphate buffer solution
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2. Magnesium sulphate solution

3. Calcium chloride solution

4. Ferric Chloride solution
Procedure:

® One BOD bottle is filled with the sample to detemmithe initial D.O of
the ground water sample.

(ii) Another BOD bottle of the sample is kept for inctia for 5-day period

at a temperature of 20.

(i)  Prepare four blanks by siphoning out dilution gmbwwater directly into
the bottles.

(iv)  Initial D.O of two bottles is determined and remagntwo bottles are
kept for Incubation at 2@ for 5 days.

(V) After 5 days, final D.O of the incubated bottlesietermined.
Calculation:
B.O. D (mg/L) = (D.¢9— D.Q) x D.F

Some physicochemical parameters like Dissolved @my@O), Total Dissolved Solids
(TDS), Electrical conductivity (EC) and salinity merecorded in situ with the use of

Multiparameter Ground water Quality Analyzing deazic
5.3.6 Determination of Iron Content using UV-VIS Sgctrophotometer:
Apparatus:

1. UV-VIS Spectrophotometer

2. Plastic cuvette

3. Volumetric flask

4. Pipettes
Reagents:

1) Hydroxylamine hydrochloride (N¥©H.HCI)
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2) 10-phenanthroline

3) sodium acetate
4) H,SO,

5) Standard iron solution

Procedure:

(i)

(ii)

(iii)
(iv)

v)
(vi)

(vii)

(vii)

(ix)

50 ml of the sample is taken on an aliquot, comagimot more than 4

mg/l of iron in a 150 ml conical flask.

To the solution, 2 ml conc. HCl and 1 ml of hydrtamine hydrochloride

Solution.
Boiled the contents to half of the volume for digson of all iron

The solution is cooled and 10 ml of ammonium aechatffer and 10 ml

phenonthroline solution is added. An orange redwohppears.
The solution is made to 100 ml and allowed to sfand.0 minutes.

In order to measure the blank, rinse the cuvetteraé times with tap
ground water followed by deionized ground watdt,ifiwith deionized

ground water, place it the holder, and blank trexspmeter.

Now, the cuvette is filled with the solution andagtd in the

spectrophotometer and readings are noted at 510 nm.

A standard curve of Absorbance spectrum curve mspamed using
various dilutions of standard iron solutions (®,0L.0, 1.5, 2.0, and 2.5

mL of the standard iron solution).

The concentration of iron is calculated directlyrir the standard curve.
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5.3.7 Determination of Nitrate concentration usingJV-VIS Spectrophotometer:
Apparatus:
1. UV-VIS Spectrophotometer

2. Plastic cuvette
3. Volumetric flask
4. Pipettes

Reagents:

1. Stock solution: Preparation of stock solution isneldoy mixing 721.8 mg of

KNO3; made up to 1000 ml of using distilled water.

2. Intermediate solution: 100 ml stock solution is magh to 1000 ml using distilled

water.

3. Phenoldisulphonic Acid (PDA): PDA was prepared lgsdlving 25 g of white
phenol in 235 ml of conc. 330Os by constant stirring and heated for 2 hrs on a
water bath.

Procedure:

0] 0, 5, 15, 25 and 35 ml of intermediate solutisriaken in different volumetric

flask of 50 ml and is filled up to the mark witrstliled water.
(i) 1 mlof1NHCL is added to the standards.
(i)  Distilled water is taken in cuvette as blank solu

(iv) The calibration curves of standard nitrate arahkblsolution are obtained using

the spectrophotometer.
(v) 10 ml of an aliquot of the sample was taken amagperated to dryness.
(vi) To the dry residue, 2 ml of phenoldisulphonida@DA) reagent was added.
(vii)  Then 10 ml of concentrated WBIH was added carefully in a fume hood.
(viii) The content was made up to 100 ml by using thdtilwater, placed in a

spectrophotometer and readings are taken at 4Mawelength.
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(ix) The standard Absorbance spectrum curve is used btaino the nitrate

concentration of the water sample.
5.3.8 Determination of lead content by Atomic Absastion Spectrophotometer
Apparatus:

Atomic absorption spectrophotometer provided viitttkground corrector and having

following parameters:

a) Lamp current - depending on the lamp and insntmsed
b) Support - air

c) Fuel — acetylene

d) Flame stoichiometry — oxidising

Reagents:

i) Pure Lead Metal - 99.9%.

if) Concentrated Nitric Acid —

iii) Concentrated Hydrochloric Acid

iv) Standard Lead Solution - Dissolve 1.0 g of l&@ad : 1 nitric acid, dilute to one litre

with distilled water to give 1 mg/ml of lead.
Sample Preparation

i) Metals and Alloys - A suitable quantity of sam@alissolved in hydrochloric
acid or a mixture of hydrochloric acid and nitricidy evaporated to dryness,
again dissolved in hydrochloric acid, diluted,diid and made up to known
volume. A suitable dilution is made for determioati of lead before
aspirating in the flame. Concentration of solutioy ion exchange or by
solvent extraction should he done where lead igebeol to be present in very
low quantities.

i) Water and Effluents - Lead content in ground wadeusually at very low

level. Concentration technique is required befoeeding to flame.
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Concentration may be done by evaporation of solesttaction or by ion
exchange method.

iii) Minerals and Ores-Finely divided particles aresdlved in hydrochloric-
nitric acid mixture and evaporated to drynesss Hgain taken in hydrochloric

acid, diluted and filtered to remove siliceous matt
Procedure:

Optimize the response of instrument by adjustroébiurner height and flame. Aspirate
ground water to get zero absorption, when stabkpamse is observed, aspirate
standards. (at least 4) and note down absorptispirdte sample to get absorption of the
sample. Prepare calibration curve by plotting tleé absorption value of the standard
against concentration in Vg/ml of lead. Locate puént of the sample absorption and

calculate the concentration of lead in the sample.
Calculation:
Lead percent by mass = (C x V)/100 x 100/M

Where, C - concentration of lead in pg/ml in fisalution, V = volume in ml of final

solution, and M = mass in gram of the sample ialfgolution.
5.4 MULTIVARIATE DATA ANALYSIS (MVDA):

Multivariate data analysis (MVDA) is a Statisticarocedure for analysis of data
involving more than one type of measurement or fagi®n. It may also mean solving
problems where more than one dependent varialalealyzed simultaneously with other
variables The main advantage of multivariate analysis is ®iate it considers more
than one factor of independent variables that erfae the variability of dependent
variables, the conclusion drawn is more accuréhe main disadvantage of MVDA
includes that it requires rather complex computetido arrive at a satisfactory
conclusion.Many observations for a large number of variablesdnto be collected and

tabulated; it is a rather time-consuming process.

There are many different techniques for multivarianalysis, and they can be divided
into two categories. The various type of multivegianalysis techniques available in
IBM SPSS Statistics are:
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o Multiple linear regression

o Multivariate analysis of variance (MANOVA)
« Factor analysis

o Cluster analysis

o K-Means cluster analysis

e Cluster silhouettes

« Discriminant analysis

In this report, the multivariate data analysis teghes used are One-Way Analysis of
Variance (ANOVA), Hierarchical Cluster Analysis (AL; Factor analysis or Principal

Component Analysis (PCA) and K-Means Cluster Anialys

It was carried out in the IBM SPSS Statistics safevpackage downloaded from the
official website of IBM. The results for this vats analysis were obtained from the
input data that were inserted to run this clustalysis in SPSS statistics software. A

separate chapter is dedicated for these four difteanalyses of our study area.

5.5 DEVELOPMENT OF SOLUTE TRANSPORT MODEL:

Solute transport modelling has become a very reiabnd important tool for
understanding the solute movement through thelagérs and investigating the ground
water quality problems in the ground water. For amplete ground water quality
analysis of an area, modelling software providesnaah valuable information in
predicting the sub-surface soil-water interactionaddition to physico-chemical quality
analysis for surface water. In this project, thdtivariate analysis using SPSS software
of the Deepor Beel is followed up with the devel@gmnof a solute transport model
using HYDRUS-1D software. HYDRUS-1D model used lnststudy will show the
movement of iron through the soil profile in theearselected near the Municipal
dumping yard at Boragaon which is site number &eparate chapter is dedicated to
solute movement model which will come later, préisgnboth theory and detailed

simulation process of the model.
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CHAPTER 6

GROUNDWATER PARAMETERS CONCENTRATION

6.1 RESULT

The different ground water quality parameters wiested as per the methodology that
were described in the previous chapter. The resblsined in this testing have
presented in both tabular form in this chapter. Wugation in the parameters in different
months has been noted and discussed in detailb.tiétresults obtained from the test,

the ground water quality status of the study ariicbe known.
6.1.1 Tabular output of results:

The different parameters that were analyzed alattgtheir results for the specified

month are presented in a tabular form below:
6.1.1.1 Results of October-December 2022-

Table 6.1: Concentrations of ground water quality @rameters of the sampling sites
in the month of October-December 2022:

Ground water | SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE
quality 1 2 3 4 5 6 7 8 9
parameters

Temperature 26 27.2| 26.2 27 26.5 27.2 256 26\5 26
)

pH 7.2 | 735 742 6.2 645 692 6.97 6./8 6/59
Dissolved 3.6 5.4 3.5 4.1 5.6 3 4 4.8 3.8
Oxygen (mg/l)

Total 190 | 187.5 196.2| 180 | 88.2| 155.6 1562 7( 122.7
Dissolved

Solids (mg/l)

Salinity (ppt) | 0.271 0.295| 0.289| 0.152 0.130) 0.232 0.231 0.140 0.180
Electrical 0.365 0.234| 0.387| 0.165 0.17% 0.309 0.312 0.155 0.238
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Conductivity

(ms/cm)

Biological 1.1 1.9 1.6 2.1 1.3 3.6 2.8 1.2 1.8
Oxygen

Demand (mg/l)

Total Hardnesg 70 65 95 70 55 100, 105 80 75
(mg/l)

Chloride (mg/l)| 100 | 105 60 95 50 30 35 75 8(
Iron (mg/l) 1.17| 065 0,69 122 16f 272 295 1031.2
Nitrate (mg/l) | 0.009 0.01 | 0.008 0.04% 0.0¢/ 0.15 0.22 0.04 0J05
Lead (mg/l) 0.01| 0.0080.008| 0.04| 0.047 0.095 0.098 0.015 0.017

The above table is a demonstration of the concimtraf the nine different ground

water parameters for the nine different samplircgtions. The values listed are based on

laboratory analysis of the ground water samplesheffirst period of our study.

6.1.1.2 Results of January (2023)-February (2023)-

Table 6.2: Concentrations of ground water quality mrameters of the sampling sites

in the month of January- February 2023:

Ground water | SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE
quality 1 2 3 4 5 6 7 9
parameters

Temperature | 24.5 25 25.2 23 22.5 24 23 23|18 225
)

pH 6.94| 7.15| 7.25 6.5 6.85 7.2 6.75 7.05 6,83
Dissolved 4.2 3.7 4.2 4.4 6 5.4 4.7 4.7 3.9
oxygen (mg/l)

Total 210 | 196.5| 203.2 199 130j2 1495 136.4 82.6 147.2
Dissolved

Solids (mg/l)
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Salinity (ppt)

0.294

0.350

0.275

0.220

0.142 0.200

0.3

65 0.1

155 0.

128

Electrical
Conductivity

(ms/cm)

0.405

0.245

0.355

0.205%

0.178 0.292

0.3

25 0.1

207 0.

250

Biological
Oxygen

Demand
(mg/l)

14

2.8

1.7

1.25

3.7

Total

Hardness
(mg/l)

85

70

105

80

45

90

110

10

) 7(

Chloride
(mg/l)

90

110

75

70

45

35

50

70

The above table is a demonstration of the concmrtraf the nine different ground

water parameters for the nine different samplimgtomns. The values listed are based on

laboratory analysis of the ground water samplestlier next period of our study i.e.,
from Jan- Feb 2023.

6.1.1.3 Results of April -June (2023)-
Table 6.3: Concentrations of ground water quality @rameters of the sampling sites
in the month of April- June 2023

Ground waterr SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE
quality 1 2 3 4 5 6 7 8 9
parameters
Temperature| 29 284 29 30.5 31 29.4 28 292 28.6

@
pH 7.01 7.18 7.2 6.7 6.92 7.24 7.83 1 6,91

Dissolved 3.25 3.62 415 438 565 38 376 465 379
oxygen
(mg/l)
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Total 228 | 207.25 211 | 224.5/ 152.8| 153.5| 168.3| 98.5 | 152.9
Dissolved
Solids (mg/l)
Salinity (ppt)| 0.304| 0.275 0.32 0.38®.182| 0.204| 0.372| 0.164| 0.130
Electrical | 0.397 | 0.284| 0.350 0.2160.198| 0.297| 0.365| 0.208| 0.257
Conductivity
(ms/cm)
Biological 1.63 2.82 1.84 2.6 1.32 4.6 4195 292 235
Oxygen
Demand
(mg/l)
Total 90 80 115 85 65 125 170 95 8%
Hardness
(mg/l)
Chloride 95 105 80 70 45 40 80 75 75
(mgl/l)
lron(mg/l) | 1.21| 0.65 | 0.55 | 1.35| 1.69] 265 2.7 1.02 1.20
Nitrate (mg/l)| 0.0072| 0.008 | 0.012| 0.0360.045| 0.12 | 0.18| 0.039 0.018
Lead (mg/l) | 0.007| 0.007<| 0.0072| 0.041| 0.04 | 0.092 0.096| 0.014| 0.01

The above table is a demonstration of the conceémtraf the nine different ground

water parameters for the nine different samplirggtions. The values listed are based on

laboratory analysis of the ground water sampleshiernext period of our study i.e from
April- June 2023
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6.1.1.4 Results of July -September (2023)-

Table 6.4: Concentrations of ground water quality mrameters of the sampling sites

in the month of July- September 2023

Ground water| SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE | SITE
quality 1 2 3 4 5 6 7 8 9
parameters

Temperature | 31 31.4 28 28.5 27.5 29 30 29 29,
)

pH 6.98 7.07 7.25 6.83 696 7.2 735 6.98 4
Dissolved 3.22 3.6 412 439 568 3.66 3.8 4.b2 3
oxygen (mg/l)

Total 230 210 | 212.5 229.5| 160.8| 159 | 182.3 100 | 150.9
Dissolved

Solids (mg/l)

Salinity (ppt) | 0.308] 0.29] 0.3250.402| 0.196| 0.215| 0.405| 0.174| 0.149
Electrical 0.4 | 0.283| 0.3500.218| 0.199| 0.292| 0.368| 0.200| 0.260
Conductivity

(ms/cm)

Biological 1.65 3 2.06| 2.65 2.5 4.9 5.2 3.15 2
Oxygen

Demand

(mg/l)

Total 85 85 110 85 70 120 16% 95 8(
Hardness

(mg/l)

Chloride 98 100 84 75 48 65 90 82 70
(mg/l)

Iron (mg/l) 1.2 | 062] 054 138 175 268 284 1/03.18
Nitrate (mg/l) | 0.007| 0.0075 0.01 | 0.037| 0.048| 0.122| 0.185| 0.036| 0.018
Lead (mg/l) 0.006% 0.0072| 0.007| 0.042| 0.045| 0.096| 0.098| 0.01 | 0.012
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The above table is a demonstration of the concmtraf the nine different ground
water parameters for the nine different samplimgtomns. The values listed are based on
laboratory analysis of the ground water sampleshfemext period of our study i.e. from
July- September 2023.
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CHAPTER 7

MULTIVARIATE DATA ANALYSIS

7.1 ONE-WAY ANOVA

The results obtained from the test were subjeaidabsic statistical analysis (One-Way
ANOVA) . One-Way Analysis of Variance (ANOVA) of ¢hvarious the parameters of
the ground water samples are done to determinehe&hdhere are any statistically
significant differences between the means of twonore independent groups. In this
case study, the One-Way ANOVA is performed usirggdhta analysis tool pack in MS
Excel. This analysis tests the validity of null bypesis that the ground water variables
concentrations did not differ with different seasoiihe analysis computes the results
based on two statements. One is null hypothesishwbays that there is no significant
difference between the means of the selected grauns the other hypothesis i.e
alternative hypothesis says that there is a siganiti difference between the means of the
selected groups. This significance is based orfritagio and the p-value, obtained from
the software during the analysis. If the F-ratiB-eritical and the p-valug 0.05, then it

is concluded as the null hypothesis is not valid e differences are quite significant.
If F-ratio< F-critical and the p-value 0.05, then it is concluded that the null hypotkesi
is accepted and the differences observed are igsifiGant. For the null hypothesis to
hold good, the value of F must be approximatelyaéqa 1. The One-Way ANOVA

values obtained for each parameter is shown below.
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7.1.1 RESULTS OF ONE-WAY ANOVA:

Table 7.1: pH
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
7.2 8 5473 5.84125 0.169441071

6494 8 5558 56.9475 0.06705

701 8 56.53 F06625 00401125

693 8 56.54 70675 0033478571
ANOVA
Source of Varnation 55 df Aas F P-value F cnif
Between Groups 0.2832125 3 0.094404157 1.2177955592 iD:Sf]:Sﬂ 294669
Within Groups 2170575 28 0077520536
Total 2 4537875 31

The table 7.1 shows the ANOVA results for pH paremdt can be seen that F-ratio <
F-critical and the p-value 0.05. Thus it concludes less significant diffeehof pH

content for one year period.

Table 7.2 : Temperature:

Anova: Single Factor

SUMMARY
Sroups Count Sum Awverage Varfance

OCT-DEC 22 a9 241| 267778 1.094444444

1AM - FEB 23 9 217.1| 241222 0806944444

APR23-IUN23 ] 263.1| 292333 0435

JULY23-5EP23 G 264 293333 17025

ANOVA
Source of Vanation 55 df S F P-value visia
Between Groups 1640283839 3| 546763 43 13474092 i5!7u'4E£1'2] 2901119534
Within Groups 3631111111 32| 1.13472

Total 200.34 35

The table above shows the ANOVA results for surfeamperature of various time
periods. It can be seen that F-ratio > F-critical ¢he p-value< 0.05. Thus, it concludes

a significant difference for the surface tempegur
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Table 7.3 : Dissolved Oxygen :

Ancva: Single Factor
SUMMARY
Sroups Counit Sum Average Varignce
OCT-NOW 22 9 378 4.2 07825
DEC22-1AN2S 9 412 457777778 0534444444
APR-IUNZ2S = 3705 411666667 050475
JUL-SEP23 9 36.54 4.06 05381
ANOVA
Source of Variaiion 55 df s F P-value Fcrit
Between Groups 1469675 3| 0.48989167 0.330397186 [0'41370'1'413731 2901119584
Within Groups 138733556 32| 058994851
Total 20.3480306 35

The table above shows the one way ANOVA resultgdfssolved oxygen parameter of
various time periods. It can be seen that F-ratiectitical and the p-value 0.05. Thus,

it concludes a significant differences for the aoe temperatures.

Table 7.4 : Total Dissolved Solids:

Anowva: Single Factor
SUMMNARY
Sroups Couné Surr Average Varfance
OCT-NOW2 2 = 13464 149 6 2134 1975
DEC-IAMZE o 14546 161 6222222 1863 20694
APR-IUNMZE =) 159675 177 4166667 1868042375
JULY-5EP23 =) 1635 181 6666667 1367 905
ANCWA
Source of Variabion 55 df 1S F P-ualue F crif
Between Groups 588573 3| 1961908958 1.015??3?3.0'3'9"3’5’5'3%" 290112
Within Groups 518059 32 1931 433299
Total 67691 6 35

The table 7.4 above shows the one way ANOVA redaltslissolved oxygen parameter
of various time periods. It can be seen that FeratiF-critical and the p-value 0.05.
Thus, it concludes a less significant differencsstl@ null hypothesis assumed was

accepted.
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Table 7.5 : Electrical Conductivity:

Anova: Single Factor
SUNMMARY
Sroups Count Sum Average Varance
CCT-MOW 22 9 234 0.26| 000759
DEC-1AN 23 b= 2452 0273555556 000582
APR-IUN23 9 2572 0285777773 0.0052%
JULY-5EP23 9 2.57 0.2855555560| 0.00552
AMOVA
Source af Varmation 55 df IS F F-value F criE
Between Groups 0.004038222 3 0001346074 0.222338| 0.880132 2 901119584
Within Groups 0193698 32 0006053063
Total 0.197736222 35

The table above shows the ANOVA results for eleatrconductivity of various time
periods. It can be seen that F-ratio < F-critical ¢he p-value> 0.05. It concludes a less

significant differences as the null hypothesis as=iiwas accepted.

Table 7.6 : Biological Oxygen Demand:

Anova: Single Factor

SUMMARY
Sroups Couni Sum Average Varmance

OCT-NOV 22 9 164 1.877777778 0709444444

DEC 22-1AN 23 9 2185 2427777778 0964444444

APR23-IUN23 9 2483 2 758838389 1.470686111

1UL-SEP 23 9 2771 3 073838389 1456836111

ANOVA

Source of Variation 55 df s F P-value F crif

Between Groups 7.1043861 3 2.368128704 2058583476 0.125365216 290112

Within Groups 26.211639 3z 1.150365278

Total 43 916075 35

The table shows the ANOVA results for BOD paramdtezan be seen that F-ratio < F-
critical and the p-value 0.05. Thus, it concludes less significant diffexes for BOD

content for one year period.

46



Table 7.7: Total Hardness

SUMMARY
Sroups Count Sum Average Varance

OCT-NOV 22 = 715| 79.4444| 290.27773

DEC22-1AN 23 g 755 83.883% 417.36111

APR23-1UN23 g 910 101.111| 99236111

JULY23-5EP23 g 895 994444 34027773

ANOVA

Source of Variation 55 df S F P-value F crif

Between Groups 321875 3| 107292 16594473 0.1BB9008¢ 2501119584

Within Groups 2032222222 32| 535.069

Total 2354097222 a5

The table 7.7 above shows the one way ANOVA redaltsotal hardness parameter of
various time periods. It can be seen that F-ratioctitical and the p-value 0.05. Thus,
it concludes a less significant differences amadmg tpecific parameter as the null

hypothesis assumed was accepted.

Table 7.8: Total Chloride Concentration:

Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
OCT-NOV 22 g 5630 70 775
DEC 22-1AN 23 g 5610 6777777778 531844
APR23-1UN23 g 565 73 838383889 435111
JULY23-5EP23 El 712 79111131111 276361
ANDOWVA
Source of Variation 55 df S F P-value F crit
Between Groups 6663055556 3 2221013519 043993 ID:?gﬁDDsﬂ 2901119584
Within Groups 16155.33333 32 504 8541667
Total 15321 63889 35

The table 7.8 above shows the one way ANOVA restdts the total chloride
concentration of various time periods. It can bensthat F-ratio < F-critical and the p-
value > 0.05. Thus, it concludes a less significant défexes among this specific

parameter as the null hypothesis assumed was adcept
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Table 7.9 : Salinity:

Anowva: 5ingle Factor
SUMMNMARY
Sroups Count Sum Awverage | Varrance
OCT-OXEC 22 p= 1492 $.21353 (RN E e
1AaM- FEB 23 b= 2129 O.23555| 000739
APR-IUMN 23 o 2337 025957 000359
JUL - 5EF 235 = 2464 D 27378 0.00909
AMNOWVA
Source of VYarnabon 55 oF nds = P-waiue F orif
Between Groups 0.019031 3| ooo534 0O.84947 2890112
within Groups D.238972 I2| DOV AT
Total D 258003 35

The table shows the ANOVA results for salinity paeder. It can be seen that F-ratio <
F-critical and the p-value= 0.05. Thus, it concludes less significant diffees for

salinity content for one year period.

Table 7.10 : Iron

Anowva: Single Factor
SUMDMARY
Sroups Count Sum Awverage | Varmance
OCT-NOW22 = 133 147778 0.68652
DECZ22-1AMZ23 9 1352 150222 069524
APRZI-IUMNZ3 9 13.02| 144667 060313
1ULY23-5EP23 9 13 24| 1471311 066854
AMNOWA
Source of Varna&ion 55 df nAs F P-value F crit
Between Groups 0.014088389 3| 00047 000707 .073’9’91649| 901119554
wWithin Groups 21 2514 52| 066411
Total 21.265483889 35

The table 7.10 above shows the one way ANOVA reduolt the iron concentration of
various time periods. It can be seen that F-ratiectitical and the p-value 0.05. Thus,
it concludes a less significant differences amdmg $pecific parameter for one year time

period as the null hypothesis assumed was accepted.
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Table 7.11: Nitrate

Anova: Single Factor
SURNMARY
Sroups Couni Sum Average Varance
OCT-NOV22 ] 0.602 0066833389 0.005237361
DEC22-1AN23 o 0.4385 0053838889 0.004437361
APR23-1UNZ3 E] 0.4652 0.0516388589 0.003522521
1ULY23-5EP23 E] 0.4705 0.052277778 0.003751319
ANOVA
bource of Varatior 55 df s F P-value F crit
Between Groups 0.001397941 3 0.00046598 0.109968684 iu‘s—ssiﬁss'ﬁ' 290111958
Within Groups 0.135596502 32 0.004237391
Total 0.136994443 35

The table shows the ANOVA results for nitrate pagtan It can be seen that F-ratio < F-

critical and the p-value 0.05. Thus, it concludes less significant diffexes for nitrate

content for one year period.

Table 7.12: Lead

Anova: Single Factor

SUMMARY
Sroups Count Sur Average Variance
OCT-NOW22 9 0.3383| 003755558 0.00131
DEC22-1AM23 o9 03367 003741111 000134
APR23-1IUNZ23 o9 0.31465 0.034395556 0.0013
JULY23-53ERP23 o9 0.3237 | 003596667 0.00142
AMNCWA
Source of Varnation 55 df nas F P-value F crif
Between Groups 4. 14989E-05 3| 1.3833E05 O_DIOZQID'BQSSQ 2490112
Within Groups 0043011253 32| 00013441
Total D.043052752 35

The table 7.12 above shows the one way ANOVA reduit the lead concentration of

various time periods. It can be seen that F-ratiectitical and the p-value 0.05. Thus,

it concludes a less significant differences amdwig $pecific parameter for one year time

period as the null hypothesis assumed was accepted.
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The above demonstrated table is the output resbtsned from the statistical analysis
carried out for the nine different ground water graeters using one way analysis
variance (ANOVA). One way analysis of variance (AWK is interpreted using the

data analysis toolpack present in MS Excel selgdivo sets of group for the period of

study. This table presents the results obtaineat aihning the analysis.

Analysis were done for the nine different groundexauality parameters for a period of
one year (October 2022- September 2023) using nieeway ANOVA present in the
data analysis tool pack in MS Excel. It was carred to check the differences in
variations between the parameters for a time peobdne year. ANOVA involves
mathematical formulas and programming approach hwigives us an image of the
significant differences obtained for the selectedugs within the different months.
ANOVA analysis for all the twelve parameters aséeld in the above respective tables..
According to ANOVA, the null hypothesis is rejectédr-ratio>F-critical and 0.05
l.e., the parameters show a significant differer@éherwise, the null hypothesis is
accepted that concludes that there is no significéferences within or between the
groups. In our study area, all the parameters skaues of F-ratio < F-critical and >3
0.05 which results in no significant differencesamg the parameters for a span of one
year within our prescribed time period. Only the-fetd temperature showed a

significant difference for the selected time period

7.2 HIERARCHICAL CLUSTER ANALYSIS (HCA)-

Hierarchical Cluster Analysis (HCA) is a procedunat attempts to identify relatively
homogeneous groups of cases (or variables) baseelected characteristics, using an
algorithm that starts with each case (or varialiep separate cluster and combines
clusters until only one is left. It is an unsupsed pattern recognition technique, and its
algorithms produce a sequence of nested partitrastsding similar groups. Clusters in
HCA are formed sequentially, starting with the mesnilar pair of variables and
forming higher clusters step by step. Cluster pgedermation is repeated until a single
cluster containing all the variables are obtain€de result of the clustering can be
displayed in a tree like structure, called a degdim. The dendrogram can be broken at
different levels to yield different clusters of tata set. However, it should be noted that

the decision of the final cluster is rather arlitra
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The hierarchical agglomerative clustering methoifferdin the way they calculate the
similarity between two clusters i.e single linkngalete link, group average and Wards
method The former methods depend on calculating the aiityl between two patterns
using a distance measure. The most popular distawetkod is the Euclidean distance
(Abu-Khalaf et.al, 2013).

The Ward’'s method is distinct from the other methdoecause it uses an analysis of
variance approach to evaluate the distance bet#menlusters. Cluster membership in
this method is assessed by calculating the total &fusquared deviations from the mean
of a cluster. The criteria for fusion is that ibsitd produce the smallest possible increase
in the error sum of squares. The Wards method sqtlared Euclidean distance is used
as a dissimilarity measure has been found to peoridaningful dendrogram of clusters

with the proximity or similarity of clusters measdrwith a rescaled distance.

7.2.1 CONSIDERATIONS FOR HCA

Statistics. Agglomeration schedule, distance (or similarity)atrix, and cluster

membership for a single solution or a range oftsmhs.

Plots. Dendrograms and icicle plots.

Data. The variables can be quantitative, binary, or tolata. Scaling of variables is an
important issue--differences in scaling may affaat cluster solution(s). If the variables
have large differences in scaling (for example, waable is measured in dollars and
the other is measured in years), one should considedardizing them (this can be done

automatically by the Hierarchical Cluster Analygiscedure).

Case order.If tied distances or similarities exist in the inpdata or occur among
updated clusters during joining, the resulting ®@usolution may depend on the order of
cases in the file. You may want to obtain seveiff¢m@nt solutions with cases sorted in

different random orders to verify the stabilitya§iven solution.

Assumptions.The distance or similarity measures used shoulépopriate for the
data analyzed (see the Proximities procedure foerméormation on choices of distance

and similarity measures). Also, you should inclatleelevant variables in your analysis.
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Omission of influential variables can result in aiskeading solution. Because
hierarchical cluster analysis is an exploratory hodt results should be treated as
tentative until they are confirmed with an indepemidsample.

7.2.2 INPUT DATA FOR HCA

[€3 HCA FINALav [Dataet1] - 18M PSS Statistics Data Editor — 5  x
Eile Edt View Data Iransfom Analyze Graphs Utiities Extensions Window Help
BEHO D e~ Bl A BE 36w ]
[ | Visible: 16 of 16 Variables
&a WATERPARAMETERS & on & Temp & Tos & salinity & oo & BOD S EC & Hardness g Chloridecont & Iron & Nitrate & Lead
ent
1 [Tetelia 7.28 27.60] 205, 3 1 106.25 7475 4|
2 Chakardeo Village 658 27.05 e 4 23 80.00 77.50/1.3 0 |0
3 NearASTU 7.04 27,62 214. E E 1.4 3917 8250 95.751: |0 [ 0
4N 719, 28.00 B 4 75.00 105,00 K K
5 B 714 27.40 154, 3 4 E 108.75 4250 2.
6 B 7.10 27.65 E 40 41 E 137.50 6375
7 Aana 6.80 2668 g 3 77.50 7250)1.
8 Mikir ParaRani 6.80 27.00 1 1 5875 47001
9 amr 695 27.30 87.7 4 8250 7550/ 1.
10 [
ikl
12
3
14
15
W J
7
18
19
20
21
22
2
24
25
2
27
28
29 I
<l ] >
Overview | Data View | Variable View

Figure 7.1: Data view dialog window in SPSS

The figure above shows the input parameters to H@A for our study area. The
variables considered for this analysis are the mptowater parameters present in the x
axis and the cases (represented by ‘N’) considéeyd are represented by the sites
present in the y-axis. This Hierarchical clustealgsis were allowed to run in the
software available in IBM SPSS Statistics website.

7.3.3 OUTPUT FOR HEIRARCHICAL CLUSTER ANALYSIS

Case Processing Summafy
Cases
Valid Missing Total

N Percent N Percent N Percent

9 100.0 0 .0 9 100.0

a. Ward Linkage

Figure 7.2 : Case processing summary dialog (SPSS)
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It represents the first output result in the forh@asummary which were obtained from
the input datas available. It shows the numbersgs for which it was run and all the

nine cases available (site names) are valid taherluster analysis.

Proximity Matrix
Squared Euclidean Distance
2:Near MCA 4:Chakardeo 5:Mikir Para, G:Boaragon T:Boragaon

Case 1:Near ASTU building J:Tetelia Village Rani dump site 1 dump site 2 8:GIMT 9:Azara
1:Near ASTU 000 345268 1032.804 330325 0583328 7147.141 6942777 16571900  5613.679
2:Near MCA building 345268 000D 1921797 346206 8165.136 7160638 7176341 13842275 43001.273
3:Tetelia 1082.304 1921.797 000 042815 8320167 3691.240 3126365 14103283  4714.500
4:Chakardeo Village 380.325 246206 042815 000 047.127 4957406 57520942 14674972 4234071
5:Mikir Para,Rani 0583.328 8165136 3320167 047.127 .0oo 2030844 7266221 | 3999192 1114747
6:Boaragon dump site 1 7147.141 7160638  3691.240 4957406 2039 844 000 1319224 5798287 2004757
7:Boragaon dump site 2 6942777 7176341 3126365 5752942 7266.221 1319.224 000 7502.138 3985467
8:GIMT 16571.900 13842276  14103.283 14674972 3999.192 5798.287 7502.138 oo 333221
9:Azara 5618.679 4301273 4714.500 4234011 1114747 2004757 3936467 3332277 000
This is a dissimilarity matrix

Figure 7.3 : Proximity matrix dialog window in SPSS

The above figure shows the similarity between thses(here sites are taken as case
number) based on the scuared Euclidean Distanceadt done with the WARD’S
method. The squared Euclidean distance shown Baretia metric, but it is useful for
comparing distances (Abu Khalaf et.al 2013). Thiies of Euclidean distances which
are of larger weights depicts that the cases |sies far apart that is they show
characters of dissimilarity in terms of the varedblground water parameters) and vice

versa.

7.3.4 WARD LINKAGE-

Agglomeration Schedule
Cluster Combined Stage Cluster First Appears
Stage Cluster 1 Cluster2 Coefficients  Cluster 1 Cluster 2  Next Stage
1 2 172634
4 5230933
9 1081 306
7 1740918
3 2537289
3 4795321
6 0182935
5 22414 558

0 =] O N &= W N -
[ = T T = T = RS = |
- e O 0 o0 o oo
O 03 ~—1 B3 -1 Oh LA b3

1
5
&
1
5
5
1

Figure 7.4: Agglomeration schedule
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The figure above represents the numerical sumuwiatye cluster solution in the form of

agglomeration schedule obtained from the clustatyars. The agglomeration schedule
shows the step-by step clustering process. It shdvish clusters were combined on that
step and also the resulting total "error" in thestéring solution. The agglomeration

schedule will help us decide how many clustersetinbluded in our solution.

At first stage cases 1 and 2 are combined bechegehtive smallest euclidean. From the
agglomeration schedule, we obtained that the mhisters combined in our solution

comprises of two numbers.

Agglomeration Schedule
Coefficients

Figure 7.5: Graphical representation of agglomeratin schedule coefficients.

The above figure shows the plot between the agglatioa coefficients and the different
stages. From this, we see a giant leap of the sadfiehe agglomeration coefficients
from stage 7 to stage 8. It depicts a large diffeeebetween the coefficients as also can

be seen from figure 7.4.

54



7.3.5 CLUSTER MEMBERSHIP-

Cluster Membership

Caze 5 Clusters
1:Near ASTU

2:Near MCA bulding
3:Tetela

4. Chakardeo Village
5:Mikar Para, Ram
6:Boaragon dump site 1
1 Boragaon durp site 2
2.GIMT

0:Azara

Lid m e s ed = bl

Figure 7.6: Cluster membership window in SPSS

The sub clusters obtained from the agglomerattvedule are summarised in the above

figure and shows which site falls under which subtdrs in a more refined way.

In our study area, from the above figure we cantbay site 6 and site 7 belong to the
same sub cluster member ‘four’ as these two sidsnly close to each other as figured
out in the squared Euclidean matrix above. Sinyilaile 1 ,site 2 and site 4 belongs to
the same subcluster with respect to the varioussiply chemical and heavy metal

parameters within our study area.

55



7.3.6 DENDROGRAM PLOT:

Dendrogram using Ward Linkage

0 5 10 15 20 25
Near ASTU 1 ) : ' ' '
Near MCA building 2
Chakardeo Village . ! -
Tetelia 3

> Boaragon dump site 1 &

Boragaon dump site 2 i —————— ]

Mikir Para Rani 5
Azara 9
IGIMT 3

Figure 7.7: Plot of dendrogram showing different alisters.

The above plot is a tree-like structure called deghm plot which depicts clusters
between the sites and the rescaled Euclidean destdimis plot is obtained by analysing
between the ground water parameters which are demesl as variables and the sites that

are considered as cases.
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The blue dotted lines in the dendrogram repregentwo main set of clusters among
the study area. The green lines depicts the sudechiwithin the study area which totals
to five number of cluster formations. It shows fimilarity among the sites with respect
to the ground water parameters within our studyafgreriod of one year from October
2022 to September 2023.

7.4 PRINCIPAL COMPONENT ANALYSIS (PCA):

Principal Component Analysis is an unsupervisedhieg algorithm that is used for the
dimensionality reduction in machine learning. laistatistical process that converts the
observations of correlated features into a seingfarly uncorrelated features with the
help of orthogonal transformation. These new traimséd features are -called
the Principal Components. It is one of the poptdats that is used for exploratory data
analysis and predictive modelling. It is a techeiqo draw strong patterns from the

given dataset by reducing the variances (O’ Roetkal, 2005)

PCA generally tries to find the lower-dimensionairface to project the high-

dimensional data.

PCA works by considering the variance of each aiteé because the high attribute
shows the good split between the classes, and lieremices the dimensionality. Some
real-world applications of PCA are image processmg@vie recommendation system,
optimizing the power allocation in various commuation channeldt is a feature

extraction technique, so it contains the importatables and drops the least important

variable.

The central idea of principal component analys@@APis to reduce the dimensionality of
a data set consisting of a large number of inteteel variables while retaining as much as
possible of the variation present in the data®at is achieved by transforming to a new
set of variablesthe principal componentPCs) which are uncorrelated, and which are
ordered so that the first few retain most of theiateon present in all of the original

variables.

The PCA algorithm is based on some mathematicalequis such as:
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(o]

o

Variance and Covariance

Eigenvalues and Eigen factors

7.4.1SOME COMMON TERMS USED IN PCA ALGORITHM:

Dimensionality: It is the number of features or variables presente given

dataset. More easily, it is the number of colummsent in the dataset.

Correlation: It signifies that how strongly two variables aetated to each other.
Such as if one changes, the other variable als® gfgnged. The correlation
value ranges from -1 to +1. Here, -1 occurs ifafales are inversely proportional
to each other, and +1 indicates that variablesdaextly proportional to each

other.

Orthogonal: It defines that variables are not correlated twheather, and hence
the correlation between the pair of variables mze

Eigenvectors:If there is a square matrix M, and a non-zero afegtis given.
Then v will be eigenvector if Av is the scalar niplk of v.

Covariance Matrix: A matrix containing the covariance between ther [di

variables is called the Covariance Matrix.

7.4.2 INPUT DATA FOR PRINCIPAL COMPONENT ANALYSIS:
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WVisith: 03 of 1] Yariablas

£ Fiorn Fme Foo FEe FEUNTr Fan P HATERS FOHDAE SR FHTRTE LR

TAZ0Z0000N MAC0MO0ODE  ZICO0C0000T  6DO0IODE0N  (SN00I00 45000200 SIMO0IDED 1TROIDOOCOD 1°0.0O0DEOIOC 2 95007000 20020000 A52000200
LEVOMUN ZIUUNWK OO0 FUSmEUy v NEUUOU T TMWRGE) G000 J0LIEUOL Sy JOTV Y LR
S 80050MI0N BT XRSMALATE AT STEN0AT  4EMMINN : 245010330 2AMIOAANRY ARATERZEIE  TIOMdeldicd | dTdddcide A% 035082743
SDETAIRENT  DIEIMGEIGd  4ETTTE4M TGEATTI3E DPI63E63 Q083 1100115007 259251706 21.523007d1 RIS DEES 254 0328180

Figure 7.8: Data view dialog window in SPSS.
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The pictorial representation figure 7.7 shows tgreésentation of input parameters for

Principal component analysis in IBM SPSS Statigmf$ware.

The variables considered for principal componeralyais in the form of the ground
water parameters are aligned horizontally while iiean, median, mode and standard
deviation for the parameters for a period of onaryfeom October 2022 to September

2023 are aligned vertically.
7.4.3 OUTPUT FOR PCA:

7.4.3.1 CORRELATION MATRIX:

Corrslation Matrix’

Th tewp LY Do EC SALINITY ~ EOD HARDIESE CHLORDE [RON  NITRATE  LEAD
Conmelation pht V)] EEN 1 E.EL] 00 (g 384 .25 08 hib Pk 8i
e 930 1,000 832 L9351 ATT a0z 387 282 B2 B4L 4235 49
T wil &35 1002 - A ELH 245 a7 ] 20 rEE 8.2
0.0 B39 8oL 952 Z.000 60 943 3B 24 B30 840 G2 671
EC BID Ba7 901 L3B0 Loom 982 351 2B 539 529 Jol 793
SALTVITY 13 &03 D&z ,ME 200 1000 388 (508 35 L 863 871
BOD Hi0 Lo=r 843 JBBL Hal 0&: i1} =80 a3 Bih 82 04z
HARTINESS B3R o 971 u1 bElS 003 a0 coon 038 07k ARA AR1
CHLORIDE T08 01 99z 340 350 993 T3 388 1020 94 B3 853
IRON Bih Bl 93z 346 A2 9Tl .39 STh k) LoZo 957 963
ITTRATE 239 A25 o2 582 J9Z 863 342 A8 516 bi7 1002 999
LEAD 282 413 d8_2 Lart s 81 4 g-1.0 oY b3 bug 1ooc

a s mariiz nclposiive cefnie.

Figure 7.9: Correlation matrix of ground water parameters.

The figure above shows the correlation among thabies (ground water parameters)
which forms a base for running factor analysis.sTiiatrix is prepared by the software
since the input data available has different scéiles temperature, conductivity |,

dissolved oxygen etc. So principal component amalyepare this correlation matrix in

order to standardize by their standard deviatiothedotal variance is equal to one

7.4.3.2 COMMUNALITIES:

This is the proportion of each variable’s variaticat can be explained by the
factors It is also noted as hnd can be defined as the sum of squared factor

loadings for the variables. It is generally the sofmthe squared component
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loadings up to the number of components that iset@xtracted by the extraction

method available in principal component analysisdly 1999).

infiai Fxi-action
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Edraciion Metnod: Frincipai
Camponent Analys s

Figure 7.10: Extraction method of Principal Componat Analysis

It represents the communalities for the variousigd water parameters. The closer the
communality is to 1, the better the variable is lax@d by the factors .Since the
extraction values show positive 1.0 for Salinityynl content and Lead, it concludes that
this parameters show some significant importanceun ground water samples for a

period of one year and this parameters are propagiained by the factors during PCA

7.4.3.3TOTAL VARIANCE SET:

Total variance in factor analysis is the amounvarfiation in the original variables that
can be explained by the factors. The sum of aétreiplues, which are the squared factor
loadings, equals the total number of variables.tdfaanalysis seeks to find linear
combinations of factors that account for the camoes in the data, while principal

components seeks to find linear combinations ofées that explain the total variance.
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Total Yariance Explained
Rotation Sums
of Squared
Initial Eige nwalues Extraction Sums of Squared Loadings Loadings®
Component Total % ofVarianee | Cumulative % Total % of Variangs | Gumulative % Tatal
1 10428 86,898 6,808 10428 86,808 §6,898 9,503
e 1504 12534 89432 1.504 12,534 89437 6.526
& 068 568 100.000
4 2,568E-15 2.140E-14 100,000
5 b.795E-16 5663E-15 100.000
B 5. 108E-16 4 257E-15 100,000
v 1.785E-16 148TE-15 100,000
5.397E-17 4 498E-16 100.000
g -2.6BBE-17 -2,223E-16 100,000
10 -2, 401E-16 -2 001E-15 100.000
11 -2, 582E-16 -2 152E-15 100,000
12 -4.617E-16 -3.848E-15 100.000
Extraction Methaod: Principal CompaonentAnalysis.
a. When components are correlated, sums of sguared loadings cannot be add ed to obtain a total vanance.

Figure 7.11: Summary of Total Variance Data.

It depicts the number of components the data bkesaare grouped in. From this we
interpret it to have two number of principal compots that govern the ground water
quality in the study area. The components havirt@glreigen values greater than one are

considered for the analysis.

7.4.3.4 SCREE PLOT:

Scree plot is a graphical that shows the explaua@dnce per newly defined component
(principal component). The measure of the plot barnthe percentage or the absolute
value of the explained variance (eigenvaluesy tdmmon in practice that the first few

principal components explain the major amount ofaree.
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Figure 7.12: Graphical representation of Scree plot

The plot above represents the component numbeg alotih the eigen values in our
study area. The eigen values greater than 1 agdmed as the principal components.
Here, in our study area the principal number of gonents present is two set of

components.

7.4.3.5 COMPONENT MATRIX IN PCA:

The components can be interpreted as the cormelafieach item with the component in
the form of a component matrix. Each item has dilgacorresponding to each of the
components. For example, item 1 is correlated Whiéhfirst component, with the second

component and with the third and so on.
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Component Matrix®

Component

1 2
SALINITY 1.000 -.027
HARDNESS .998 -.052
CHLORIDE .994 -.017
EC .993 111
TDS .985 .060
BOD .980 -.194
IRON .964 -.264
D.O .957 .288
LEAD .858 -.513
NITRATE .857 -.499
TEMPERATURE .821 .569
pH 732 677

Extraction Method: Principal Component Analysis.

a. 2 components extracted.

Figure 7.13: Component Matrix in SPSS

The figure shows the component matrix obtainednftbe extraction method that was
run for factor analysis. Since it shows correlatamong the variables (ground water
parameters) and the factor components (two setroponents) the values range from -1

to +1. The ground water quality parameters repitabervariables.

These correlations are obtained using the coroglaprocedure. In the variable
statement, we include the first two principal comguats, "principal component 1 and

principal component 2, in addition to all twelve thie original variables. We use the
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correlations between the principal components dmed driginal variables to interpret

these principal components.

Because of standardization, all principal compomerill have a mean of 0. The standard
deviation is also given for each of the componamd these are the square root of the
eigenvalue. Interpretation of the principal compuseis based on finding which

variables are most strongly correlated with eachmanent, i.e., which of these numbers
are large in magnitude, the farthest from zeroithee direction. Which numbers we

consider to be large or small is of course a stibgdecision. You need to determine at
what level the correlation is of importance. Herearelation above 0.5 is deemed

important.These larger correlations are in boldface in tgerg 7.12.

Principal component 1 shows all the variables amengly correlated. These variables
vary together according to principal factor 1. Heeeground water parameter in the
form of lead show negative correration accordingriacipal factor 2. This component
depicts our analysis unhealthy in the form of lead minor danger in the form of iron

and nitrate content.

7.4.3.6 PATTERN MATRIX AND STRUCTURE MATRIX:

When the rotation is orthogonal (i.e. the factore ancorrelated; orthogonal and
uncorrelated are synonymous), then the rotatedrfacatrix represents both the loadings
and the correlations between the variables andrfscEor oblique rotations, where the
factors are allowed to correlate (oblivion or proma SPSS), then the loadings and
correlations are distinct. The pattern matrix hdlis loadings. Each row of the pattern
matrix is essentially a regression equation wheesstandardized observed variable is
expressed as a function of the factors. The loadarg the regression coefficients. The
structure matrix holds the correlations betweernvtdrgables and the factors.
Interpretation of a set of oblique factors involmxh the pattern and structure matrices,
as well as the factor correlation matrix. The lattatrix contains the correlations among
all pairs of factors in the solution. It is automatly printed for an oblique solution when

the rotated factor matrix is printed.
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Structure Matrix

- |
Pattern Matrix Component

Component 1 2

1 2 IRON 998 577
LEAD 1107 - 246 BOD 891 634
MITRATE 1.084 -23 LEAD 978 337
IROM 861 071
BOD 909 165 NITRATE T3 345
HARDMESS 793 320 HARDNMNESS A62 738
SALINITY 771 349 SALINITY 955 755
CHLORIDE .7hE8 368 CHLORIDE e -
TDS 681 440 i i
EC 641 500 TDS 913 199
ph -.068 1.032 EC 804 838
temp 097 844 -l 475 096
OO 4453 683
Extraction Method: Principal temp 595 995
Cnmp_unent Analysm._ o D.O 213 921
Rotation Method: Oblimin with
Kaiser Maormalization. ® Extraction Method: Principal

. . Component Analysis.
a. Rotation converged in 10 Rotation Method: Oblimin with Kaiser
iterations. Mormalization.

Figure 7.14 : Pattern Matrix and Structure Matrix i n SPSS

The figure above shows the output results in ouncppal analysis in the form of pattern
and structure matrix. The replicability and stréngt a component are determined by the
number of variables per factor or component. A goolé is that a minimum of 4
variables is recommended per factor. All items thatl on to factor should have a score
of greater than .40 on the pattern matrix. As we si@e on the output, the pattern matrix
and the structure matrix clearly shows the loadfgsach item onto the two factors. It is
important to note that there are two distinct fegtavith few poor loadings (i.e., < .40)
represented by pH and temperature for factor 1ieond lead, nitrate, hardness and
salinity for factor component 2. Cross loadingsvihg scores greater than .40 on more
than one factor) represented by total dissolveis@nd dissolved oxygen can be seen
in the pattern matrix. In the structure matrix abolead and nitrate show poor loadings.
If there were any poor loadings/cross loadingsseéhgems would be removed for the

next round of principal component analysis.
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7.4.3.7 COMPONENT CORRELATION MATRIX:

Component Correlation

Matrix
Component 1 2
1 1.000 B2T
> S2T 1.000

Extraction Method: Principal
Component Analysis.
Rotation Meathod: Oblimin with
Kaiseaer Mormalization.

Figure 7.15: Component Correlation Matrix.

The above figure shows the summary of the compoo@melation matrix which shows

the correlation among the two principal components.

7.5 K-MEANS CLUSTER ANALYSIS:

K-Means Clustering is an unsupervised learningrétym which groups the unlabelled dataset
into different clusters. Here K defines the numbfkepre-defined clusters that need to be created
in the process, as if K=2, there will be two clustend for K=3, there will be three clusters, and

SO on.

It allows us to cluster the data into differentpe and a convenient way to discover the
categories of groups in the unlabeled dataset ®rown without the need for any

training.

It is a centroid-based algorithm, where each ctusteassociated with a centroid. The
main aim of this algorithm is to minimize the suirindistances between the data point

and their corresponding clusters.

The algorithm takes the unlabelled dataset as jmjtdes the dataset into k-number of
clusters, and repeats the process until it doedimdbtthe best clusters. The value of k
should be predetermined in this algorithm. (Zulbdiet.al, 2022)

The k-means clustering algorithm mainly performs tasks:
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o Determines the best value for K centre points otrogds by an iterative process.

o Assigns each data point to its closest k-centres@&tdata points which are near

to the particular k-centre, create a cluster.

Hence each cluster has datapoints with some conlitiesaand it is away from other

clusters.

7.5.1 INPUT FOR K-MEANS CLUSTERING
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Figure 7.16: Data view dialog window in SPSS.

It represents the input data set in SPSS softvearent K-means clustering analysis. The

same input is presented as that in Hierarchicat€tuAnalysis.

7.5.2 OUTPUT RESULTS

7.5.2.1 INITIAL CLUSTER CENTERS:

In iterative clustering algorithms the procedure adopted for choosing initial cluster

centers is extremely important as it has a direct impact on the formation of final

clusters. Since clusters are separated groups in a feature space, it is desirable to select

initial centers which are well separated.
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Initial Cluster Centers
Cluster

[3%]

ph
Termp
TDS
Salinity
DO
BOD
EC
Hardness
Chlonde content
Iron
Hitrate
Lead

128

27.60
205.7250000000
3022500000000
3.992500000000
1.800000000000
3605000000000
106.25

14.75
.5900000000000
.0100000000000
0074250000000

6.95

2730
87.77500000000
1582500000000
4667500000000
2.542500000000
.1925000000000
93.50

15.50
1.037500000000
0382500000000
0137500000000

Figure 7.17: Initial Clusters

7.5.2.2 FINAL CLUSTER CENTERS:

The final cluster centers are computed as the mean for each variable within each final

cluster. The final cluster centers reflect the characteristics of the typical case for each

cluster.

The final cluster centroids may not be the optimal ones as the algorithm can converge
into local optimal solutions. An empty cluster can be obtained if no points are allocated

to the cluster during the assignment step. Therefore, it is quite important for k-means to

have good initial cluster centers.

Final Cluster Centers

Cluster
1 2
pH 7.06 6.85
Temp 27.55 26.99
TDS 190.66 121.40
Salinity .29 .16
D.O 3.99 4.74
B.O.D 2.76 2.07
E.C .30 21
Hardness 98.33 76.25
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Chloride content 76.54 65.00

Iron 1.56 1.30
Nitrate .07 .04
Lead .04 .02

Figure 7.18: Final Clusters.

The figure above represents the final cluster oggrobtained from the initial cluster

centroids within our study area.

7.5.2.3 NUMBER OF CASES IN EACH CLUSTER:

Number of Cases in each Cluster

Cluster 1 6.000

2 3.000
Valid 9.000
Missing .000

Figure 7.19: Summary of K-Means analysis

The above figure shows the number of cases (siteegpalong with the cluster numbers
they are placed. This shows the summary of intémpom of the hierarchical cluster

analysis in the form of K- means cluster analysis.

The number of clusters formed from our study analys shown to be of two set of
clusters. In our study area through K-means algaorive interpret six number of sites to
belong to cluster number one and the other thres sire considered to fall in cluster

two.
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MK

Figure 7.20: K-Means output dialog window in SPSS

The figure above shows the proper interpretatiothefsites with respect to the clusters
achieved from hierarchical cluster analysis. Sitenber 6 and site number 7 near
Boragaon dumping area belongs to the same sukeclnstnber 4. Chakardeo village,

near ASTU and near MCA building of AEC belongshe same sub cluster number one.

The sites near Azara, GIMT and Mikir Para belongghte same set of main cluster

represented by cluster 2. The other remaining biésng to cluster 1.
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CHAPTER 8
DISCUSSIONS

According to Islam, Met al. (2014 in their journal paper “Studies on physio-chemical
properties of ground water in some selected sitd3eepor Beel, Assam, India” tested
various water samples from 10 different locatiomsda on factors like inlet, outlet,
dumping etc. Samples were collected from the stsitlys during the pre-monsoon
seasons and post monsoon seasons of 2009 and P04 Owater quality parameters
include temperature, colour, odour, D.O, BOD, Cider Fluoride, Calcium and
Magnesium. The parameters considered for analyassdene following the methods of
American Public Health Association (APHA, 2005). eOway analysis of variance
(ANOVA) was done to check if any significant diféerces existed states Cluster analysis
was performed taking water variables as paraméteevaluate similarity among the
sites. Here ANOVA analysis showed F-Ratio (1.83) and p-value << 0.06, which
indicated water parameters differ with location.

According to Leal Wet.al (2016) in their journal paper represented den@nogrin
graph theoretical terms which allowed it to introddour measures of cluster frequency
in a canonical way, and use them to calculate etusequencies over the set of all
possible dendrograms, taking all ties in proximiito account. A toy example of well
separated clusters was used, as well as a set6friibélecular descriptors calculated for
a group of molecules having hepatotoxic activitghow how our functions may be used
for studying the effect of ties in HCA analysis.cBdunctions were not restricted to the
tie case; the possibility of using them to deriMaster stability measurements on
arbitrary sets of dendrograms having the same $e@valiscussed, e.g. dendrograms
from variations of HCA parameters. It was foundtthias occurred frequently, some

yielding tens of thousands of dendrograms, evestiiwll data sets.

In their journal paper by Prakash &lal (2011) titled * Application of Cluster Analysis
to Phisico-Chemical Parameters of Munj Sagar TaldbP’ states higher values of
cophenetic correlation which indicates good sintjarbetween data matrix of
parameters and dendrogram, the conducted clustalysen stands justified. They

concluded that the cluster analysis of station 11 83 indicates that they are alike on
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the basis of phyico-chemical nature. However stai8 showed slight variation from S1
and S2 in cluster forming showed that its physieengical properties are different from
station S1 and S3. This may be due to the preseheathropogenic activities which

were absent in station 1 and 3.

As per the journal paper titled * Fctor and Clusd@alysis of Water Quality Data of the
Groundwater Wells of Kushtia, Bangladesh’ by Hossklid et. al (2013) describes
multivariate statistical analyses including factanalysis, cluster analysis and
multidimensioning scaling for twenty six groundwatgamples collected from both
shallow and deep tube wells rangng from 20-60 mepth. The results show that a few
factors adequately represents the traits that elefimer chemistry. According to this, the
physico-chemical parameters are groupedin threferdift principal components or
factors. Also with the hierarchical cluster anadyBir the study area, it states that the
water samples have been classified into 3 clustEney are very high, high and

moderately as enriched groundwater as well as groater with elevated SO4.

In our study area near Deepor Beel, nine statioae gelected for the analysis to be
carried out. Nine groundwater samples from varisosrces of shallow and deep tube
wells ranging from 100 ft (30.48 m) to 150 ft (45 m depth were collected using

standard methods of collections and proceduresfld¥aet. al, 2014). These samples

were tested for twelve different phisico-chemicaldaheavy metal ground water
parameters. Various multivariate data analyses warneed out for these nine different
ground water samples. These analyses were beiagpiated in IBM SPSS software
package downloaded from the official website of IBRtincipal Component Analysis

(PCA), Heirarchical Cluster Analysis (HCA), K- Mealuster analysis and One way
ANOVA.

The various nput data for these analysis to runthadut dta results obtained from the
SPSS software are clearly being represent int abbapter. From one way ANOV#e
get to know that the null hypothesis is rejecte&-fatio>F-critical and £0.05 l.e., the
parameters show a significant difference. Otherwtise null hypothesis is accepted that
concludes that there is no significant differenedthin or between the groups. In our
study area, all the parameters show values of i&-rat--critical and p> 0.05 which

results in no significant differences among theapseters for a span of one year within

72



our prescribed time period. Only the on-field tenapere showed a significant difference

for the selected time period.

The output results obtained for hierarchical cluatelysis shows the number of clusters
the stations are grouped in which was done on #wsshbof the concentration of the
ground water variables which keeps on showing shglhiation for aperiod of one year
from October 2022 to September 2023. This simytasit dissimilarity behaviour of the
stations are represented in a mtrix having theeslf squared Euclidean distance. In
our study area the station 1( near ASTU) and stét{ocnear MCA building, AEC) shows
value of small Euclidean distances. Similary statth and station 7 near Boragaon
landfill area shows the same type of pattern. Timfiers that these sites are somehow
similar in terms of the concentration of the grownater parameters during our time of
study . Also higher values of the squared Euclidéigtences can be seen for station 8
(near GIMT) and station 4 ( chakardeo village, atg. Same behaviour can be seen fir
station 9 ( near Azara) and station 5 ( Mikir P&ani). From these various sub clustes
are obtained in the next output result for HCA.e~subclusters were obtained and two
main clusters are obtained which can be seen endrdram plot. The interpretation of
hierarchical cluster analysis were dne by the nuktbb K-Means Cluster analysis

available in the SPSS software.

In the results obtained from K-Means we infer whstations belong to which clusters in
a more proper way. The K-Means analysis descrih@sthere are six stations that falls
in the category of cluster 1. These stations inefudtation 3 (Tetelia), station 4

(Chakardeo village), station 1 (near ASTU), statbb(near MCA, AEC), station 6 and

station 7 near Boragaon landfill area. The othestelr includes station 5, 8, 9 belongong
to the areas near Mikir Para(Rani), GIMT and Azaspectively. These were calculated
on the basis of the distance from the cluster oaidrto the respective source of

groundwater samples.

Further from the analysis done by Principal Compongnalysis(PCA) in the SPSS

software results in the formation of two sets ahppal components or factors. These
two sets are being obtained on the basis of thet idata provided. Various matrices of
component , pattern and structure matrix are obthifiThe components were decided by

the SPSS software using the eigen values . Sincairiresults, only two components
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having eigen values greater than 1 cab be founuh filee explaination of the total
variance set. This is again demonstrated in then fof scree plot. It is a clear plot

between the eigen values and the component number.

Method of extraction was carried out in our sanalyer the groundwater samples. It
shows extraction value of positive 1 from initialtings (+ve) for the ground water
parameters like salinity, iron and lead contentshibws that these parameters are
properly explained by the two set of componentse ¢omponent matrix shows all the
parameters to be of equal importance for prinvigainponent number one as it gas
coefficients values greater than 0.5. Similarlynperature, lead content and ph values
sows coefficient greater than positive or nega@ve which depicts the importance of
these parameters in the principal component 2. ,Tauser conclusion was obtained
from the analysis which shows a similarity betwedtese two principal set of

components or factors.
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CHAPTER 9

SOLUTE TRANSPORT MODEL: HYDRUS-1D

9.1 INTRODUCTION TO HYDRUS:

HYDRUS is a software package which is used widely dimulation of movement of

water, heat and solute transport through unsatlirpsetially saturated, or fully saturated
porous media. This package consists of basicallgettiog in 1D, 2D and 3D. In this

study, HYDRUS-1D computer codes will be used fandation solute transport through
saturated porous medium. Usually, flow movementsoidte transport can take place in
vertical, horizontal, or in an inclined directio&enerally, the software consists of
different varieties of computation modules suchtlas standard direct module, the
standard inverse module, a dual-permeability dineatiule, a dual-permeability inverse
module, the Unset Chem module for major ion chewniahd transport, and the HP1
module for multicomponent transport as well as HHDRUS-1D interactive graphics-

based user interface.

The HYDRUS-1D program basically works on numerigcafiolving the Richards

equation for variably-saturated water flow and adiem-dispersion type equations for
heat and solute transport. The solute transportemns used in HYDRUS-1D package
considers the advective-dispersive transport inlithgd phase, as well as diffusion in
the gaseous phase. Moreover, this program is ctwletmulate models with different

water flow and solutes transport boundary cond#ti(Bimunek, et al., 2009).
9.2 GENERAL INFORMATION
9.2.1 WATER FLOW:

Water under the land surface occurs mainly in twaoes, the saturated zone and the
unsaturated zone. Unsaturated zone is characteliyethe filling up of the voids
between the particles with water as well as with @n contrary, the voids in the
saturated zone are completely filled with watere Top surface of the saturated zone is

referred to as the water table. An intermediatenaxists between the unsaturated and
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the saturated zone of water profiles. This zonebmatermed as the transition zone, with
some voids being saturated or almost saturated watler that is held by the capillary

fringe.

Richard’s equation for variably-saturated flow isambination of mass balance equation

and Darcy-Buckhimgam equation.

Themass balance equation states that the rate of el&rgaturation in a closed volume
is equal to the rate of change of the total sunfiofes into and out of that volume.

Mathematically, this equation can be written as,

at éz (9.1)

Where# is the volumetric water content, 3], t is time [T], q is the volumetric flux

density [LTY, z is the spatial coordinate [L].

Darcy’s law (1856) stated that the flow rate Qotlgh pipe filled with a sand was
directly proportional to its cross-sectional aread to the difference of hydraulic head

h across the layer, and inversely proportionah&léngth of the pipe:

oA ‘1-:_ hl

== Ra—=— (9.2)
Where, coefficient of proportionality K is a hydt&conductivity, [LTY.

In 1907, Buckingham executed the Darcy’s law toaglp saturated flow. The results
obtained from this implementation showed that tiidraaulic conductivity is a function
of water content i.e K=K). This implies that decrease thleads to a significant

decrease in K. Thus, Darcy’s law for unsaturated ftan be written as,

a9 . da
— —=— K{A1—
at ( © gz

(9.3)
Where h is hydraulic head and defined as:

h=H(8) =
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Richard’s equation for unsaturated flow in verticlilection is formed by combining
egn.(9.2) and eqn.(9.3)

B0 8 e [3R S
Pl B R e S Y (9.4)
HYDRUS-1D uses the Richard’s equation with sligltdification. The one dimensional
form of Richard’s equation given ly.Jacques and Jirka Smunek (HYDRAS-1D) can

be written as :
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(9.5)

o
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~

Where,

B is the angle between the flow direction and thetic axis (i.ep =0° for
vertical flow, 98 for horizontal flow and & p <9 for inclined flow), and K is the

unsaturated hydraulic conductivity [CTgiven by (Simunek, et al., 2005).

Kih V= K (9K ' =
ha v AT L Z)

p=t

Where, Kr is the relative hydraulic conductivity darKs the saturated hydraulic

conductivity.

9.2.2 SOLUTE TRANSPORT:

Solute transport models through a porous mediunHYDRUS is basically a flow
movement a concerned solute of specific conceatratonsidering the porous medium
to be a deforming one. The solute transport modeHYDRUS-1D uses advection-
dispersion equation for its simulation. For a sfiediconcentration of solute, the flow
movement of solute through the soil profile is dreg against various parameters in
HYDRUS-1D.

For non-adsorbing solutes during one-dimensiona¢mfiow, the equation is given by:

. @(“" 0
at a azk 020 (9.6)
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Where,D = D{8) is longitudinal dispersion coefficient.

The equation for the combined flow of solute andstuve movement in the soil profile
is given by:

ez gz Y M 5’ - (9.7)

In most cases the solutions for eqn. (9.7) is abthiby considering that g and D vary
slightly near the front over depth but are funcsiaf time. In this case, the eqn. (9.7) can

be written as

wTuas - Dzt =0 9.8)

C=3 NETE (9.9)

9.3 PRE-PROCESSING OF HYDRUS-1D MODEL:

The HYDRUS model developed for this project is lohea the experimental data that
indicated the actual soil qualities, conditiondlofv and various other parameters of the
selected site. These input parameters which arairegh for the simulation of the
HYDRUS-1D model were collected from a previous eobjoutputs ofKalita et
al.,2019. Also few soil physical properties of Boragaon lathdbil were collected from

a previous paperwork dfartha et.al, 2020.
9.3.1 MAIN PROCESSES OF HYDRUS 1-D

The concentration of most of the parameters indudethis study was found to be on
the higher side near the dump yard area at Boragamrthe soil profile selected for the
solute transport modelled using HYDRUS-1D is thenMipal dump yard location

(site7). The location is assumed to be such tharevkhe leachate from the dump yard
flows to the Deepor Beel, and thus one of the gigluncentrated solutes(parameter)

movement can be studied through the soil profile.
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Figure 9.1: Main processes dialog window in HYDRUS3-D modeling
9.3.2 GEOMETRY INFORMATION

The physical soil properties of Boragaon landfdil sSncludes specific gravity of soil

solids 2.39, bulk density (1447 kg/m3), natural shaie content (26.17%), Porosity
(52.01%), saturated hydraulic conductivity (0.0001h/s), coefficient of uniformity

(7.79) and coefficient of curvature (1.43) (Karthal., 2020).

The soil profile considered for this model has ptheof 200 cm, with two layers of soil
subregions. The material composition of the smuad Deepor Beel comprises of sand
(47.2 — 53%), clay (23.9 — 31.2%) and silt(17.8924) (Kalita et al., 2019). The
subregions of the soil profile consist of:

Subregion 1 — depth from 0 to 90 cm.
Subregion 2 — depth from 90 to 200 cm.

Observation points are marked at z=0 cm, z= 90 aoh z2= 200 cm for the solute
transport movement with respect to various pararsetesoil, depth and time which are

presented in graphical form in the HYDRUS-1D progra
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Figure 9.2: Subregion window obtained from soil ssnmary-graphical indicator

available in preprocessing modelling of HYDRUS-1D.

The blue region indicates one region from Ocm deyptio 90cm depth. The next region
shows depth variation from 90cm to 200cm indicdigded colour depicting the next

subregion in our study area.
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Figure 9.3: Observation nodes at z1=0 cm, z2=90 cand z3=200 cm.
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Figure 9.4: Constant pressure head distribution widow (HYDRUS 1D).

An Initial constant pressure head is taken as 100wyative since acting downwards
below GL

9.3.3 SOIL DATA:

The different properties of the soil along with 8@l materials present in the concerned
soil profile are one of the basic input based anwihich the HYDRUS-1D modelled is

developed. For the development of the solute tramsmodel, the different soil
parameters included in this study are residual maiatent €-), saturated water content

(65), saturated hydraulic conductivity K pore connectivity parameter (I), empirical

coefficients Alphad¢) and n.
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Figure 9.6: Geometry information window in HYDRUS-1D modelling.
9.3.4 TIME INFORMATION AND ITERATION CRITERIA:

The time period for the simulation of this modeB® days. This time span considered is
during October, November, and December 2022.
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Figure 9.8- Iteration criteria dialog box (HYDRUS 1-D)
9.3.5 SOIL HYDRAULIC PROPERTY MODEL:

This command of the HYDRUS-1D defines the varioydraulic models that can be
used. For development of flow model van Genuchtend®im single porosity model
without hysteresis is considered for this studyg& porosity model describes uniform
flow in porous media while the other models arelieppto simulate preferential flow or
transport. In this case Richards’ equation and i&itkbased convection-dispersion

equation for solute transport are solved for thigreflow domain.
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Figure 9.9: Soil hydraulic property model window (HYDRUS-1D) .

9.3.6 FLOW BOUNDARY CONDITIONS:

The boundary conditions that prevails in the uppeface and lower surface of the soil
profile considered for this study is defined irstbbmmand. The movement of the solute
through the soil layers with a constant flow flux lbeing considered as the upper
boundary condition. The lower boundary conditiontioé water flow is given a free

drainage under gravity. An initial constant presshead is assumed at -100 cm for the

entire flow.
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Figure 9.10: Water flow boundary conditions (HYDRUS1D)

9.3.7 SOLUTE TRANSPORT — GENERAL INFORMATION:

This function of the HYDRUS-1D enables to define time weighting scheme, space

weighting scheme, and some other parameter as sinave dialog box.
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Figure 9.11: Solute transport window — General Infomation (HYDRUS-1D)
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The important consideration in this command is plése duration. In this study, the
solute concentration is allowed to pulse in theasgpoundary of the soil layer for first
20 days and its movement along the vertical safiler is studied for specified time
period. For simulation of the model, equilibriumwge transport model is selected with
Crank-Nicholson as time weight scheme and Galefikite elements as space weight

scheme.
9.3.8 SOLUTE TRANSPORT PARAMETERS:

Another important input for simulation of the s@utransport model are the different
solute transport parameters. Solute transport peteasn needed are Bulk density,

longitudinal dispersity.

Moreover, the other two parameters dimensionleastitm of adsorption sites, and
immobile water content which are set equal to am zero respectively when physical

non-equilibrium is not considered.
Disp. for the upper material = 9 cm, i.e., oneteoftthe travel distance.
Disp. for the lower material = 21 cm

The solute specific parameters are set to zerwsrstudy.
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Figure 9.12: Solute transport parameters dialog widow in HYDRUS-1D
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9.3.9 SOLUTE TRANSPORT BOUNDARY CONDITIONS:

The solute concentration for the simulation of thedel, iron concentration= 2.95 mg/I

is considered. Concentration of iron was found eéohighest at the Boragaon site( Site
No-7) during the month of December from previousults. The solute transport

boundary condition defines the interaction of thtute in its transport with the soil. In

this 1D modeling, a concentration flux is used asupper BC and Zero concentration
gradient is assumed as a lower boundary condititmliguid phase concentrations as an
initial condition.
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Figure 9.13: Solute concentration and boundary coritions (HYDRUS-1D)
9.4 OUTPUT:

Pre-processing stage of HYDRUS-1D models have kmenpleted with the above
mentioned inputs. After this model development,8ations were performed to get the
outputs. Generally, the HYDRUS code provides thigferent groups of output files,
which are; T-level information, P-level informatioand A-level information. Here, in

this research, we made use of two different ouifag from these two groups, namely;

e NOD_INF.OUT file, which is from the P-level informian group and used
concentration profiles in the soil horizon with pest to its depth at the end of the

simulation period.
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e OBS_ NODE. OUT gives transient values of the pressaad, water content and
solution concentrations, as obtained during the ukition at specified
observation nodes.

9.5 LIMITATIONS OF THE MODEL:

Study of solute movement through an unsaturated afile is known for its
complexities. The composition of various soil mateadds on the difficulty. So to
develop and simulate the model on solute trangpoough an unsaturated soil profile
certain limitations and assumptions were taken auesideration to reach the specified
outcomes in this project. Some of the limitatiodsgted in this model development are

mentioned as follows:

e A constant pressure head (-100 cm) was considetedhwndicated that the
ground water table was 100 cm below the top suffiaicthe entire soil profile.

e A one-dimensional vertical movement was assumedsandlated in the model,
though three dimensional flow representing moreemtly the reality. However,
the one-dimensional vertical movement is the domtirtdrection of flow in the
unsaturated zone, in a large-scale field conditibncould be seen as a
simplification of the reality. But one should be ae that one-dimensional flow
overestimates concentrations comparing to threesdsional spreading.

e The soil properties were not obtained practicalhgtead the data used in this
model is taken from research papers giveiKalyta et al.,2019.

¢ A single porosity model was used to describe thotm flow in the unsaturated
porous media which neglects both the variabilityha soil properties, and non-
equilibrium flow.

e HYDRUS-1D model uses various soil parameters sushsaurated water
content, residual water content, pore connectivijgrameter, empirical
coefficientsa and n. These values are obtained based the pageeot different
material present in the soil. Since, the percentdglee composition of individual
materials were not available so these parameters wensidered on basis of

average composition from the HYDRUS software progra
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CHAPTER 10

POST-PROCESSING OF HYDRUS-1D MODEL

10.1 INTRODUCTION:

As mentioned in earlier chapters, the principalubof this project is to analyze the
ground water quality of the Deepor Beel and develept of a solute transport model for
better understanding of the flow movement of waiteteraction and solute movement
along the vertical soil profile at the dumping site Boragaon. The solute transport
model is developed using HYDRUS-1D software packagech is one of the most
widely used programs on study of water flow, heahdport and solute transport in
variably saturated flow. The HYDRUS-1D model wotksough a pre-processing and

post-processing units for simulation of the focusbpbctive of this study.

In the previous chapter, the details of the preepssing stage are being already
discussed. The post-processing of the HYDRUS-1Dahischothing but the outcome of
the inputs that are presented to the software gunia-processing stage. So, this chapter
basically represents the relationship between #réows the parameters of soil, water
flow and how they interact with the solute transpoovement along the soil profile with
a specified concentration on a graphical formae ghaphical representation will give
the details about pressure head, water contentablyd conductivity water fluxes and

solute concentration at different depth of the paiffile.

10.2 GRAPHICAL OUTPUT OF HYDRUS-1D
10.2.1 Observation Points:

The soil profile considered in this solute transpmodel is 200 cm in depth. Three
observation nodes have been selected at diffelegthdn vertical direction of the soil
profile. These three observation nodes are desdnas N1, N2 and N3. Observation

nodes are located at different depths,
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N1 at 0 cm which the top surface of the soil psofil
N2 at 90 cm which is taken at the junction betwientwo layers of soil.
N3 at 200 cm which is the bottom boundary of thiémofile.

These selected locations along the soil profilevidie the details about the variation of
concentration of solute, pressure head, water nbated water fluxes at different depth

with respect to time.
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Figure 10.1: Solute concentrations versus time atkected observation points.

The graph represents the the varaition of soloteentration at different selected points
with respect to time. The solute transport modelettgped in this study considered a

solute concentration of 2.95 mg/tmith a pulse duration of 20 days.

In this fig , it shows that solute concentrationN\dt(blue line) keeps on increasing for

the intial 20 days while the solute pulse is activéhe upper Constant Flux boundary.
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There has been a decresing pattern of solute ctbaten at N1 after 20 days, which
tends towards zero after about 40 days. This irspiat the top surface of the soll
profile becames solute free gradually after puls@vation duration. Had the pulse
continued indefinitely, the entire profile would Jea containued to increase in
concentration. The time taken the solute for trans@long the the soil profile is
dependent on the different soil properties and dyiilr conductivities of the different

layers of soil that is considered in this study.

The concentration of solute at N2= 90 cm, startenfrzero after about 5 days and
increases gradually to reach peak value of 2.8&micapproximately as flowing water
continues to carry solutes downward from the dodve this observation point and then

decreases towards zero at around 65 days.

The transport of solute along the soil profile to#gthe bottom boundary N3 takes
about 9 days. After 9 days, the solute starts éalithrough the N3 observation point
which is the lower layer of the soil profile. Thelse concentration at the bottom
boundary reaches its peak at around 35 days amd dtsets a decreasing trend in
concentration towards the end of the simulationogerlt is to be noted that the peak
value for different obsevation point is reducing, the solute moves towards greater
depth.
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10.2.2 Pressure head Vs Time:
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Figure 10.2: Pressure heads versus time at selectaloservation points (N1- 0 cm,
N2- 90 cm, N3- 200 cm)

In the figure the graph shows how the pressure ©iwwades with time at the selected
observation points, i.e N1- 0 cm, N2- 90 cm and RGO cm. In this study, initially a
pressure head of -100 cm was assumed, which vasi¢ide wetting front approaches the
selected nodes. Moreover, the timing is variatibpressure heads at selected points are
based on the hydraulic properties of the soil pggirovided in the pre-processing stage
of the model. When the wetting front approachessdat depth, the pressure head
increases from the initial value of -100 cm andnewelly reaches close to O cm, which is
equal to the imposed positive pressure head autface as presented in HYDRAS-1D

model.

From the graph it can be seen that the wettingt fpasses from the surface towards the

selected nodes N2 and N3 at times of approxim&telgys and 8 days approximately.

92



10.2.3 Water content Vs Time:
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Figure 10.3 - Variation of soil water content withtime.

This graph represents how water content in soifilprovaries with time at different
observation points. In this study, the saturatetémeontent for the two layers of soil has

been obtained according to the properties and ceitipo of the soil as given in the

HYDRUS software package.

The above graph indicates the increase of watdenbat top surface at N1 during initial

period and then reaches a constant value afterasiatu due to the constant upper water
flux condition. At points N2 and N3, the water cemt increases from a lower value than
the initial surface water content but increases peak value of 0.41 and 0.3572 after 4.5

days and 8 days respectively. After saturatiorea&hed, the water content at different

observation points N1, N2 and N3 remains constamthie entire simulation period.
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10.3 Profile Information:

The profile information command displays solute camtration, water content and other
parameters versus depth at selected Print Timethidnstudy, simulation of model is
done for a period of 90 days, so on equal duratbnnumbers of print times are

selected. These print times are noted at T1= 15,ded= 30 days, T3= 45 days, T4= 60
days, T5= 75 days and T6= 90 days.

10.3.1 Concentration Vs Depth:
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Figure 10.4 - Variation of concentration of solutevith time

In this figure, variation of the concentration afige versus depth at selected times is

displayed graphically. In this study, the solutensport model was developed with a

input of initial solute concentration equal to 2.9§/cn?. The pulse duration of solute

concentration is assumed for 20 days.

94



The above graph shows that at T1= 15 days, theaedisclination in the concentration
peak along the depth of the profile due to soluspetsion. The solute concentration at
15 days is highest at the surface and it gradukgltyeases with as the depth increases. At

the bottom boundary at 200 cm, the solute conceoitrés proximate to zero.

At T2= 30 days, due to solute dispersion, the cotradon of solute at surface is almost
zero. As depth increases the concentration of sahdreases and is maximum at depth
near to 150 cm, then it escapes the bottom bounddtly a concentration of

approximately 2.35 mg/cin

Similarly, with passing of days, the concentratiwar the surface becomes zero and it
goes on increasing towards the bottom boundary,ca be seen with T3, T4 and so on
but with a lower concentration than it was inityafiresent. It is to be noted that with a
pulse duration of 20 days, the rate at which tHatsaconcentration is lowering with
depth is not appreciable. Thus, it indicates th#te concentration of harmful metal in
the dump yard area is injected for a long duratibis, defining that the concentration of

such solute might continue to disperse into theigdovater storage.

10.3.2 Water content vs Depth:

In this fig the graph shows the variation of watentent along the depth of soil. The
water content at TO= 0 day, is the initial watentemt that is given to the model. Water
content in the soil profile represented by T1= Hys] shows increase in amount. This
increase in water content is based on the confgméruwater flux boundary condition

that is applied in the HYDRUS-1D model. Moreovérere is an abrupt change in the
water content at the interface (at a depth of 90fram the surface of the soil profile)

between the two soil types. The water content iscoatinuous along the soil depth is
due to the different water retention propertied(#vus retention curves) and hydraulic

conductivity of the two materials.
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Figure 10.5: Variation of water content with depth

10.3.3 Solute flux Vs time:
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Figure 10.6: Influx of solute versus time
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Figure 10.7: Efflux of solute with respect to time

The above graphs represent influx of solute at gbie profile and efflux of solute
through the lower layer with respect to time. Ire tpre-processing stage of the
development of HYDRUS-1D model, a solute conceiumabf 2.95 mg/crii given as
initial concentration with a pulse duration of 28yd. The variation of the solute influx
on the surface and bottom layer will be dictatethimabove graph. HYDRUS-1D model
considers the solute fluxes to be positive whereramg the transport domain and
negative when leaving the transport domain. Thisveation of the HYDRUS model is
totally opposite to that of water flow, which arevays positive upwards and negative

downwards.

The above graph displays that the influx of solate the surface is constant for the 20
days and then it tends to zero. The influx of tblute attains a constant value of 8.85
mg/cnf/day. The constant value of influx resulted frora thput of initial concentration
of 2.95 mg/cm and the upper constant flux of -3 cm/day for aiqeenf 20 days (i.e.,
2.95 mg/cm x 3 cm/day = 8.85 mg/cituay).

The efflux of solute through the bottom layer sdrinearly after 9 days. The efflux
gradually increases and reaches a peak value Zbtetays approximately. After this

point, the bottom solute efflux decreases corregponto the fact that there was no
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influx of solute at the top surface after 20 dalyise sum of the influx and efflux curves

at any time defines the amount of solute storetiwithe soil profile.

10.3.4 Water fluxes Vs Time:
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Figure 10.8: The surface flux (negative and into t soil profile) and the bottom

flux (negative and out of the soil profile) versusime.

In this figure, water fluxes variation on both tapd bottom surface are shown with
respect to time. In this solute transport modetoastant flux boundary condition is
assumed. HYDRUS-1D program considers the converdfor-axis to be positive in

upward direction, so downward fluxes (against tireation of the z-axis) as negative

and upward fluxes (in the direction of the z-ads)positive.

The graph shows that due to the constant flux d¢mmglithe movement water flow at
upper boundary is continuous during the entiresiheulation period. But, the drainage
of water through the bottom boundary starts wittslight delay. The lower “Free
Drainage Boundary” allows unit gradient gravity idesge in HYDRUS-1D program. So,
the initial magnitude of flux on the bottom boungddayer is very small at the starting
days of the simulation i.e upto 8 to 9 days appnaely. It is to noted that after 9 days,
there is break in the bottom flux graph and it @ges significantly. This change is due

to the approaching wetting front on the lower bamdof the soil profile. The two lines
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in the graph almost extend parallel to which, whsanifies that inflow of water in the
upper front is equal to the outflow through thetbwt front. Thus, the water balance of

the soil profile reaches a steady state.

10.4 DISCUSSION:

According to Naveen B.P. et. al. (2018), in theaper “A study on contamination
of ground and surface water bodies by leachateatgalkirom a landfill in Bangalore,
India” discussed on the effects of potential ledéeHaakage from municipal dump yard
to the nearby water bodies. In their study, thegug®d on testing the physico-chemical
parameters of the leachate from the dump yardladuality of contaminated soil in the
nearby water bodies. Samples were collected from smason in April, 2012 from the
MSW leachate, a open well and a pond nearby thepdgard. The various parameters
that were tested for these three sites were pH,d@ivity (uS/cm), TDS (mg/l),
Calcium (mg/l), Alkalinity (mg/l), Sodium (mg/l), ®®assium (mg/l), Nitrate (mg/l),
Heavy metals. The results showed that pH of theptsnwere proximate to normal
standards, but alkalinity and concentrations of thé major anions like chlorides,
nitrates, sulphates were considerably high in teachate sample. Moreover,
concentrations of heavy metals were found to beifolgachates samples except for Fe
and Zn as compared to the other sites. Bicarboratdscarbonates are the dominant
anion found in the leachate samples compared fohatds and chlorides as obtained
from the diagram. Moreover, a contaminant transpuddel (fluidyn-POLLUSOL
model) was used to know the contaminant flow anraction through soil. For
assessing the contaminant transport parameterset#l ions through soil, the column
tests were conducted based on which simulation werge in fluidyn-POLLUSOL
model. Thus, they concluded that MSW in the lahdfie had deteriorated the quality of
soil and water in the nearby areas. The ground rwatedel showed that zinc
concentration was limited to upper soil layers @&t concentrations showing higher
percolation, which in turn indicated towards pabut of nearby water bodies due to

seepage of ground water.
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According to Rubio C.M. et. al. (2012), in theirpgea “Applicability of Hydrus-1D in a
Mediterranean Mountain Area Submitted to Land Ubar@es” evaluated the reliability
and accuracy of the Hydrus-1D model to simulatenieasured dynamics of water flow
in a silt loam soil profile in an abandoned cropaangthin the Can Vila research basin
(0.56 knf), which is in the head basin of the Llobregat Rivertheast of Spain. In their
study, their focus was to determine the hydrauliopprties of the soil profile, to
parameterize the van Genuchten model and field atathhydraulic conductivity and
then calibrate Hydrus-1D model using water conteatal pressure heads. The
experimental data set included water potential degasured at 0.2, 0.4, and 0.6 meters
of depth using SKT600 tensiometeFar the observed water contents, two-time domain
reflectometry (TDR) profiles (A and B) were used tesw surface and 0.6 meters of
depth. The field-saturated hydraulic conductivitysvadtained for 3 depths (0.15, 0.25,
and 0.50meters). For calibration and validationtlté HYDRUS-1D model under
transient conditions, field data for the period fr&8th of September to 30th of
November of 2003 (64 days) were used along witlsqae heads were used as initial
boundary conditionsThe results obtained in their study showed that ftddile was
classified as silt loam (according to USDA), with sontent always higher than 57g-kg
! sand content between 110¢'kand 210g-kg, and clay content between 200 g*kg
and 280g.kg. Moreover, using the van Genuchten equation, uarisoil hydraulics
properties were obtained along with the N-parametech is less than 1.20. Despite to
obtain an excellent fitted values for N-parametegsé values were solved using Hydrus-
1D. Simulation using Hydrus-1D gave an acceptalleolumetric water content using
an air entry value of —2cm in the van Genuchteragqo from surface to 0.6 meters of
depth. Notable results were obtained during sinardatof pressure heads using
HYDRUS model. Initially in dry conditions, with amccumulated precipitation of about
264.4mm after a dry period, the study showed tmatilations slower at deeper levels
(0.4 and 0.6m depth). But, simulation for the sgmedod starting with wet conditions
indicated that the response of the model is fastgrecially at the deeper levels. Thus, in
research they concluded that algorithm of Hydrussidved correctly the Richards
equation for the concerned silt loam soil profilel@nnatural conditions, although the

model simulated the pressure head data with sndillesrences
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In our study area the HYDRUS-1D model, is provideith the required input for the
simulation of the model in the pre-processing stage the outputs of the execution of
the model is obtained in the post-processing staggraphical form. The soil profile
considered was 200 cm in depth and the basic solepties for the model were taken
from the research work dfalita (2019). The solute considered was iron with practical
concentration that was obtained during this stulgimulation period of 90 days was
considered (October 2022- December 2022) for thdeisince the solute concentration
of iron for this time period was the highest ndar landfill area and after the execution
of the model, the results were displayed in gragdhficrm. Concentration of other heavy
metals like lead and nitrate were found to be |GWe graphical datasheet of the
HYDRUS-1D model gave a clear picture of the movenwrsolute and its interaction
with different soil properties. The graphical outpunclude concentration solute with
depth and time, variation of water content and sures head with time, Influx and efflux
of solute at different time period. The resultsto$ model showed that continuous influx
of harmful solutes on the surface of the Deepor Beeld lead to break through of this

solutes through the soil column into the groundwsterages.

The graphical output of the HYDRUS-1D solute trastspmodel gives a distinct and
clear picture of the solute movement, water flovgtev content, pressure head and
concentration profile variation along the soil piefvith respect to time and depth. The
concentration of the solute with depth is seen ¢ogetting lower, yet the rate of
reduction in concentration with time is low. Thiglicates that if a continuous influx of
solute takes place in the dumping area of Borag&MmE 7, Table 5.9 then any
harmful solute concentration can break away intogtoundwater storage which is not a

good sign.
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CHAPTER 11

CONCLUSION

The results in this project study has been obtaineaccordance to the objectives that
were aimed to be achieved at the starting of ttogept. Keeping up with the objectives
of this study, the sites were selected in such an@athat testing can done in areas
which are closer to the dump site as well as away the dumpsite. So, the results that
were obtained from the study clearly points towahigh concentration of certain
parameters in sites closer to dumpyard, a low talerate increase or decrease from
standard limits in other sites. From the resultsioied it can be seen that waste water
generated by industry or house hold, and waterifigwhrough the agricultural land may
also affect the water quality. However, the wateamto the dump site is showing some
frequent changes in ground water quality parametdth change in seasons. On
concentrating on the site 7 i.e., the ground watea near the Municipality dumping
zone, it is evident that ground water tends toabglic, higher iron concentration,
increasing hardness and turbidity and lower in Be@l| than the other sampling sites

which were subjected to less pollutant matter.

Multivariate data analysis for the water parametdreur study area was done in IBM
SPSS statistics software package. It results incthreclusion that the study area is
divided into two set of main clusters and five eésubclusters. This were so selected
based on the concentration of the water paramétera period of one year within the
study area. Station 6 and 7 near Boragaon dumpuing kelongs to the same sub cluster
and stations belonging to areas near ASTU, AEC G@makardeo belongs to same sub
cluster. Also, from the analysis carried out by ensional reduction of factors, we
conclude the number of principal components in etudy area to be 2. Various
parametrs depict various relationships with the ponents based on their factor loading

Scores.

Since the results of site 7 which is near the dagpgione are not appreciable, the solute
movement model was developed using HYDRUS-1D withhighest iron concentration

recorded in this study. HYDRUS-1D model is consédeas an accurate tool for the
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transport models and the model was prepared wiplutinndexes such as constant
recharge flux, practical iron concentration, prémgitop and bottom boundary condition
and movement of the solute through a soil columrihef Deepor Beel. The model
dictates that if the concentration of differentgraeters goes on increasing in the water
of Deepor Beel, it is quite clear that the soluighthtransport through the soil towards
the ground water storage. The model did act asyaezvent tool in knowing the how the
solute interacted with soil properties in its veatimovement with respect to time and
depth. Thus, it can be concluded that through #teiléd testing of specified parameters
at different sites, the water quality of Deepor Beear the municipal dumping zone at
Boragaon is deteriorating gradually. With furthecrease of dump waste flowing into
the Deepor Beel, the water quality might be subgdb such a level degradation that
purification will not be possible. Moreover, thdezft of the poor water quality on the
biodiversity is noteworthy situation. Last but nbe least, the contamination of the
groundwater storage due to the movement of harsdlutes from the dumpyard must
not be ignored.
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