LIST OF FIGURES

Fig 1.1 Water Table Contour Pre-monsoon 2018............ccoeoiiiiiiiiieienesesesee e 8
Fig 1.2 Water Table Contour POSt-monso0n 2018 ............ccccurieiieieieieneneseeee e 8
Fig 1.3 Effluent Conveyance System (M/S Ecpl) For Nandesari Industrial Area And Industries

Located near Vadodara, GUJAAL ...........ccecueieeiiieeieesiesie e eee s et ssee e sae e reesae e e sneesneenee e 12
Fig 1.4 Frequent illegal land pollution activities by industry are caught by authority .............. 13
Fig 3.1 Alluvial study region, Gujarat, INAia..........c.coooeiiiiiiiii e 37
Fig 3.2 Sardar Sarovar (Narmada) Project (Source: SWDC) .......cccovveiieiiieieeie e see e 41
Fig 3.3 Industries and STP LOCALION.........ccceiieiiiiieiieie e see e ae e sreeae e sre e 60
Fig 3.4 2018-Pre Monsoon Samples LOCATION. .........ccoviiriiiiieieiesie e 61
Fig 3.5 2018-Post Monsoon Samples LOCALION .........c.coiviiririiieiesic et 61
Fig 3.6 2019-Pre Monsoon Samples LOCAtION............ccveviiieiiiie i 61
Fig 3.7 2019-Post Monsoon Samples LOCALION ..........ccveveiieiiiie et sre e 61
Fig 3.8 2020-Pre Monsoon Samples LOCAtION. .........coviiiiiieieieiesic e 61
Fig 3.9 2020-Post Monsoon Samples LOCALION .........c.eivriiiriiieiesec e 61
Fig 3.10 Villages LOCALIONS .......ccuecieiiieiicieitee ettt st e te e e snaesteenesneesneene s 62
Fig 3.11 Groundwater Depth data for 2018 Pre and Post monsoon (Source: IWRIS-CGWB)... 64
Fig 3.12 Alluvial Rain Gauges (SOUICE: SWDC) .......cocveiiiieieiie et 65
Fig 3.13 Canal network Details between Mahi and Narmada rivers (Source: SWDC)............... 65
Fig 3.14 Tanks, Ponds and WCS in alluvial region...........ccceeiiiiiniienieeeee e 66
Fig 3.15 SRTM-Digital Elevation Model tiles for alluvial region (Source: USGS-EE) ............. 66
Fig 3.16 Visual representations of lithologs and Lithologs locations in alluvial region (Source:

(1717721 010 OO 71
Fig 3.17 LULC Map of alluvial region from Sentinel 2018 (10M) .......cccooovrvvieieienenineseen 72
Fig 3.18 Groundwater sample location of primary data, 2021-pre mons00N ...........cccceeverveennens 76
Fig 4.1 (a) A comprehensive flow chart of present research methodology ...........cccceevveiiiiinnnnane 78
Fig 5.1 Methodology-Flow chart of Contaminant Source Identification ............cccccoeceviiennnnnne 90
Fig 5.2 PC1 (TDS, NOsg, Cl, SO4, MQ) (2018-Pre) ....ccuecvrireirierieieiiesiesie e ere e 94
Fig 5.3 PC2 (F and ALK) (2018-Pre) .....cviuiiieieieiieieiisie ettt snens 94
Fig 5.4 PC3 (pH, Ca, TH) (2018-Pre) .....ccviirieieiiiieieisiesieiee et 94

XIX|Page


file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601611
file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601612

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

5.5 COMPOSITE PC (2018-PrE) ...ecuviieieiiieieiiesieesiesiiesee e ee s e ste e e sae e s e reenaesneesreeneesneens 94
5.6 Spatial distribution of Clusters from HCA 2018 pre monsoon ...........cccccvevvevvereerieannenn 98
5.7 Dendrogram for 2018-Pre-Monsoon data (MOJS-DDWAS)........ccccevvieeivniniieniennnn 99
5.8 ComMPOSItE PCA FESUIES ... 100
IR o (07 AN O 111 (=T ¢ - Yo ISR STPSN 100
6.1 Groundwater Depth Pre-monsoon 2018...........ccviieiiiiiiieieecie e 104
6.2 Groundwater Depth PoSt-monso0n 2018 ...........ccceiiiiiiiiiiiisieee e 104
6.3 Net Recharge during NON-MONSO0N ........c.ccviiierieiieieeiesee e e sreeee e e see e sreeaens 105
6.4 Net Recharge during MONSOON ..........cciveieiieiierie e ese st se e se e e e sae e e e enaea 105
6.5 Aquifer media (RALINGS) ......cveieeiiiieseece et sreenn e sreenae s 106
6.6 SOIl MEdia (RALINGS) ...eveeveeieeieeieie bbbt 106
6.7 TOPOGIAPNY () .eueeteiteitieieeie ettt bbbttt e bbb bbb eneas 106
6.8 Impact of VAd0oSe ZONE (1) c..ecveieieiice e 106
6.9 CONAUCTIVILY (C) vroniiiiieiie ettt et e be e reenesnnesreeae s 106
6.10 Conventional DRASTIC Model DIiagram .........cccooeeereiininenisieieseese s 109
6.11 DRASTIC Vulnerability Map Pre-MOoNnS0O0N........c.coiiiiiiiiinisieieee e 110
6.12 DRASTIC Vulnerability Map POSt-MONSO0N .........cccviiiiierieiiese e 110
6.13 Correlation between DRASTIC and Nitrate — Pre-Post-Monsoon-2018 ................... 111
6.14 Correlation between DRASTIC and Nitrate — Pre-Post-Monsoon-2019 .................... 111
6.15 Correlation between DRASTIC and Nitrate — Pre-Post-Monsoon-2020 .................... 111
6.16 ANN FIOW CRAI .....ooiiiciiiiieece et 113
6.17 Graphical illustration of the ANN architeCture ............cccccovveveiieiieieic e 115
6.18 DRASTIC-FS APPIOACN. ....c.eiiiiiiiiiticiesi e 116
6.19 FS parameter Map Pre MONSOON ........cooviiiiiieiiieesieeie e 117
6.20 FS parameter Map POSt IMONSOO0N .......ccoiiiiiiiiieiiiie e 117
6.21 DRASTIC-FS Model DIagram .........ccccoieiieiieiicicsie ettt e e 118
6.22 DRASTIC-FS Weights CompariSon (PT&) ........ccceierereririiriesiseeiesee e 120
6.23 DRASTIC-FS Weights CompariSon (POSE)........cccoereriririniesisieieeese e 120
6.24 DRASTIC-FS Map Pre-IMONSOO0N .......ccoiiiiiiiie it 121
6.25 DRASTIC-FS Map POSt-MONSOO0N.......ccciuiiiiiieiiiie it sie e 121

XX|Page


file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601636
file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601638

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

6.26 Correlation between DRASTIC-FS and Nitrate — Pre-Post-Monsoon-2018............... 123
6.27 Correlation between DRASTIC-FS and Nitrate — Pre-Post-Monsoon-2019............... 123
6.28 Correlation between DRASTIC-FS and Nitrate — Pre-Post-Monsoon-2020............... 124
6.29 Methodology-Flow chart of DRASTIC-EI Model..........cccooevviiiiniiin e 124
6.30 Industries Location and Distance to Water BodY ...........ccccvveveiiieieeneiiie e 133
6.31 Industrial and STP RatiNg IMAP .......ccoveiiiiieiiee e 134
6.32 Population Distribution of VIHIAgES.........cccoviiiiiiiieeeee e 134
6.33 Rural sanitation Pre-Monso0n RALING .........cccooviieiiiiiinenieseseeee e 134
6.34 Rural sanitation Post-MoNS00N RAtING.........c.cccviiveiieiiiicieese e 134
6.35 EI Pre-IMONSOO0N.......c.uiiiiiieiii ettt ne e 134
6.36 EI POST IMIONSOON ...ttt sttt sttt sttt e e beenneas 134
6.37 DRASTIC-EI MOUEL.......cooieiieece ettt st 135
6.38 DRASTIC-EI Weights CompariSon (Pre) ......ccecvveieeiiiieieeie e 137
6.39 DRASTIC-EI Weights Comparison (POSE).........cceiveiiiiiiiieie e 137
6.40 DRASTIC-EI Map Pre-IMONSO0N .......cccviiiiiiieiiiiesieeie e 139
6.41 DRASTIC-EI Map POSt-MONSOO0N ......coiiiiiiiieiiiiiesiieie et 139
6.42 Correlation between DRASTIC-EI and Nitrate — Pre-Post-Monsoon-2018................ 140
6.43 Correlation between DRASTIC-EI and Nitrate — Pre-Post-Monsoon-2019................ 140
6.44 Correlation between DRASTIC-EI and Nitrate — Pre-Post-Monsoon-2020................ 140
6.45 Methodology-Flow chart of GWQ INEX .......ccoeiiiiiiiiiiiiceeeee e 142
6.46 Groundwater Quality Index 2018-PremonS00N.........cceiveiveerieieeieeireseese e eee e 143
6.47 Groundwater Quality Index 2018-pOSt-MONSO0N..........cceeveerieiieieeie e 143
6.48 PH 2018-Pre-MONSOON .....eevveiieneieieesie ettt ettt sb et n e nreenne s 144
6.49 PH 2018-POSE-MONSOON ......eviiieiiiiiieite ettt 144
6.50 TDS 2018-Pre-MONSO0N ....ceeiuiieeiiieeaiiieasireesieeesieeesbeeesbeeesbeeesbeeesrbeesssbeeessseessseesennes 144
6.51 TDS 2018-POSt-IMONSOON.......uviiiiiieiiiieasireessireesireesbeeesbeeesbeeesbeessbeeessbeeessreessseeeennes 144
6.52 NO3 2018-Pre-MONSOO0N. ... .ciiiiieiiieatieaiieeniee sttt esieesteesteessteasteessaeesseesbeesbeeasteesseeanbeessees 144
6.53 NO3 2018-POSt-IMONSO0N .....euvieiieeniieeiii ettt tee st stee e et e sreeesbe e beesbeesreeesreeanbeesneas 144
6.54 F 2018-Pre-IMONSO0N. ....cccuviiiiiieeiieeesieeesite et e e et eestee e sbe e e s e e e e e ssseeessreeenseee e e 145
6.55 F 2018-POSt-MONSOON ......uvviiiiieeiiieeesiite et si e e e e e sbee et e et e e e e e b e e e ssreeenseeeennes 145

XXI|Page


file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601649
file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601665

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

6.56 Cl 2018-Pre-MONSO0ON ....cuveivieitrereeeriesieesieseesteestesreesteeeeaseesseesesseesseesesseesseensesseesseensens 145
6.57 Cl 2018-POSE-MONSOON ...vevveireriectiesieesieseeste et e te e s e reeaesraesbeetesseesreeneeraesreeneens 145
6.58 SO4 2018-Pre-MONSOO0N .....eeiiuiiiiiieiie it stee st ettt e sbe e b e sbe e s beesbeeanbeesreeanbeeaneas 145
6.59 SO4 2018-POSE-MONSOON......ccueiiiiriaiieiiiiesiie sttt rtee sttt e e sbe e b e sbeeaseeesaeeanbeesneas 145
6.60 Ca 2018-Pre-MONSOON ......vviiiiieiiiiieeiiie et et e st et e et e e b e e e e e e srb e e s nsb e e s beeesnees 146
6.61 Ca 2018-POSE-MONSOO0N......ceiiiiieiiiiieiiiieasirie sttt e e e sbeeesbee e b e e e e e srb e e s nsbeesnsneesnees 146
6.62 MQ 2018-Pre-MONSOO0N .....cuviiienriiiieitiere sttt 146
6.63 MQ 2018-POSt-MONSOON. ......eiitieiriiiiiiieeie sttt 146
6.64 TH 2018-Pre-IMONSOO0N .....vviiiiiiiiiiie ettt e bbb e nsb e e s nnneesnees 146
6.65 TH 2018-POSt-MONSO0N .....cciiiiiiiiiieiitie it nsre e seee e 146
6.66 ALK 2018-Pre-MONSO0N. ... ..citiiiiriiiitieiiaieestieste e sie e n e nne e 147
6.67 ALK 2018-POSI-MONSOO0N .....cuvvimiiiiiiieiesiee sttt 147
6.68 GW Nitrate 2018 — Pre MONSOON ......cc.eiviiiiriieieieieie st sie st se s sne bt sneeneas 148
6.69 GW Nitrate 2018 — POSt MONSOON .......coviiiiiiiiieieieie ettt 148
6.70 GW TDS 2018 — Pre IMONSOON. ....cc.viiiiiieiiesiieaiee sttt sieeste et et be et saee e sneas 149
6.71 GW TDS 2018 — POSt MONSOO0N ......cciiiiiiiiiiiiieiee sttt 149
6.72 GW Fluoride 2018 — Pre IMONSOON.......c.ciiiiiiieieieiesie e sie st sieses e s i sie s ssenneas 150
6.73 GW Fluoride 2018 — POSt IMONSO0ON ........ccviiiiiieiieieiesiesiesie st eneas 150
6.74 GWQI 2018 — Pre IMONSOON .....c.uviiiiiiiiieitee sttt ettt sttt nae e 151
6.75 GWQI 2018 — POSt MONSOO0N .....eiiiiiiiiieiie sttt neas 151
7.1 Flow chart to suggest suitable method to reduce contaminants in groundwater ........... 154
7.2 GW Nitrate 2018 — Pre IMONSOON ........oiviiiiiiiaiieieiesieie et sbe st ee e s sbestesnesneeneas 156
7.3 GW Nitrate 2018 — POSt MONSOON .......oeviiiieiiieiecieseee e se e eee e sae e e eeeas 156
7.4 Health Risk to Adults — 2018-Pre MONSOO0N.........ccueiiieiiaiereeieseeseeie e e e e seeeneens 156
7.5 Health Risk to Children — 2018-Pre MONSOO0N .......cccoviiiiiiiiisieieesese e 156
7.6 Health Risk to Children — 2018-P0St MONSOON..........cccoiiiiiiinieieiere e 157
7.7 Health Risk to Adults — 2018-P0OSt MONSOO0N .........cccveiiiieiieie e seeie e e nee e e 157
7.8 Land Use Land Cover Map 2018 (LULC) ....cooiiiiiiieieiiese e 158
7.9 Population DistribUtioN IMAP .......cveiiiiiiiiiie et 159
7.10 Water Use SCENAIO IMAD .......c.ueiiiiiieiie sttt srae e e eneas 159

XXIl|Page


file:///C:/Users/admin/Downloads/Telegram%20Desktop/FINAL%20THESIS-11-01-2025.docx%23_Toc187601696

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

7.11 HRA — 2018-Pre MONSOON ......coiiiiiiieiiiieiee st 160
7.12 HRA — 2018-P0OSt MONSOO0N .......uviiiiiiiiieiiie e 160
7.13 DRASTIC-FS Vulnerability map pre Mons00N ...........ccocevviirineeiienene e 161
7.14 DRASTIC-FS Vulnerability map post MONS00N..........ccceiiiiriiieieee e 161
7.15 DRASTIC-EI Vulnerablity map pre MONSOO0N ........c.ccviieiverieiieseesie e e esae e sseenens 161
7.16 DRASTIC-EI Vulnerablity map poSt MONSOO0N.........ccccccveiierieiieieesiesie e se e 161
7.17 ldentify the critical zones and sample collection in study area..........ccccocevevverierinnne 162
7.18 Ultraviolet Spectro-pROtOMELIIC. ........cciiiiiiieieieiee e 164
7.19 Nitrate Calibration CUINVE .......c.ooiiiiiiiiiseie et 164

XXI|Page



