


Geospatial Model and Analyze Groundwater Methods and Applications

Abstract
	This paper illustrates the model and analyzes groundwater flow methods and applications using geospatial technology. Groundwater methodology and applications in Geospatial involve utilizing advanced technologies to assess groundwater potential, quality, and sustainability. Geosciences approaches play a crucial role in analyzing geoenvironmental data for sustainable groundwater development .Studies integrate remote sensing and Geospatial techniques to define groundwater potential zones based on various thematic layers, such as slope, rainfall, and lithology, to evaluate groundwater availability. Assessing groundwater quality involves factors like rock weathering, ion exchange, and human activities, determining suitability for drinking, domestic, and irrigational purposes .Furthermore, research on uranium concentrations in groundwater highlights the impact of agricultural activities on water quality, with Geospatial techniques aiding in identifying contaminated areas through spatial interpolation plots . Overall, Geospatial methodologies offer valuable insights into groundwater management, resource assessment, and environmental sustainability.
In conclusion we recommendations and future researches: Geospatial Analyzing Patterns integrated Geospatial Data Cloud, Geospatial IoT, Geospatial AI, and Geospatial Cyber Security.
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1. Introduction
Groundwater, the largest accessible water source globally, it is crucial for various purposes such as drinking water supply, irrigation, and sustaining surface water bodies. It plays a vital role in supporting agriculture, with around 40% of irrigated agriculture worldwide depending on groundwater, highlighting its significance in food security and food production. However, unsustainable groundwater pumping practices in many regions exceed natural recharge rates, leading to declining groundwater levels, reduced river flows, and detrimental impacts on freshwater ecosystems. Despite its importance, groundwater science and education are often neglected, hindering effective water management and policy development. [[endnoteRef:1]][[endnoteRef:2]][[endnoteRef:3]][[endnoteRef:4]][[endnoteRef:5]][[endnoteRef:6]]. [1: [ ] Francesca, Pianosi. (2023). Groundwater modelling based on physics-informed neural networks. doi: 10.5194/egusphere-egu23-16594]  [2: [ ] (2023). Groundwater conceptual model built for general public access and contribution: A case study from Australia. doi: 10.5194/egusphere-egu23-15998]  [3: [ ] Inge, de, Graaf. (2023). Groundwater availability and sustainability. doi: 10.5194/egusphere-egu23-11454]  [4: [ ] Jon, Cherry. (2022). Groundwater: The Missing Educational Curriculum. Ground Water, doi: 10.1111/gwat.13232]  [5: [ ] (2023). Groundwater Management: A Case Study of District Shopian. International Journal For Multidisciplinary Research, doi: 10.36948/ijfmr.2023.v05i03.3607]  [6: [ ] (2022). Groundwater management. The United Nations world water development report, doi: 10.18356/9789210015363c017] 

Groundwater, a vital global resource used by billions for drinking and agriculture, faces challenges due to overuse from industrialization and urbanization [[endnoteRef:7]][[endnoteRef:8]]. To address these issues, the integration of Geospatial and hydrological models has proven effective in monitoring, analyzing, and managing groundwater resources[[endnoteRef:9]].Geospatial methodologies and applications play a crucial role in sustainable groundwater development by aiding in geospatial analysis, identifying gaps in management, and enhancing productivity while adapting to changing climate conditions [[endnoteRef:10]][[endnoteRef:11]]. Geospatial techniques, including geostatistical methods, are utilized for groundwater mapping to predict parameters like microbial contamination and water levels, offering valuable insights for users in selecting appropriate interpolation methods[[endnoteRef:12]]. These advancements in GIS and geospatial technologies are essential for addressing the complexities of groundwater management and ensuring the sustainable use of this critical resource [[endnoteRef:13]][[endnoteRef:14]][[endnoteRef:15]]. [7: [ ] Pravat, Kumar, Shit., Gouri, Sankar, Bhunia., Partha, Pratim, Adhikary., Ch., Jyotiprava, Dash. (2021). Introduction to Groundwater and Society: Applications of Geospatial Technology. doi: 10.1007/978-3-030-64136-8_1]  [8: [ ] Ari, Ackerman. (2022). A review of GIS-based hydrological models for sustainable groundwater management. doi: 10.1016/b978-0-323-91910-4.00012-1]  [9: [ ] (2023). Principle of GIScience and geostatistics in groundwater modeling. doi: 10.1016/b978-0-323-99963-2.00012-2]  [10: [ ] (2023). GI Science application for groundwater resources management and decision support. doi: 10.1016/b978-0-323-99963-2.00014-6]  [11: [ ] Ashesh, Chakma., Tridip, Bhowmik., Santanu, Mallik., Umesh, K., Mishra. (2022). Application of GIS and Geostatistical Interpolation Method for Groundwater Mapping. doi: 10.1007/978-981-16-4629-4_29]  [12: [ ] G., Rajeev, Kumar., Dewashish, Kumar., Pratibha, Warwade. (2022). GIS and geophysics: an integrative and inter-evaluating approach towards groundwater assessment. Geocarto International, doi: 10.1080/10106049.2022.2102220]  [13: [ ] (2022). Applications of GIS and Remote Sensing in Groundwater potential zoning of Srikakulam district in Andhra Pradesh. doi: 10.21203/rs.3.rs-2076537/v1]  [14: [ ] Lia, Duarte., Jorge, Espinha, Marques., Ana, Cláudia, Teodoro. (2019). An Open Source GIS-Based Application for the Assessment of Groundwater Vulnerability to Pollution. doi: 10.3390/ENVIRONMENTS6070086]  [15: [ ] Kuldeep, Tiwari., Rohit, Goyal., Archana, Sarkar. (2017). GIS-Based Spatial Distribution of Groundwater Quality and Regional Suitability Evaluation for Drinking Water. Environmental Processes, doi: 10.1007/S40710-017-0257-4] 

Groundwater literature reviews utilizing Geospatial highlight the significance of groundwater as a vital freshwater source for various sectors, emphasizing the need for sustainable management and utilization. These reviews often focus on exploring groundwater potential zones through Multicriteria Decision Analysis techniques, satellite imagery sensing analytics, and machine learning models to predict groundwater levels, recharge zones, and storage loss variability. Key factors influencing groundwater formation include geology, lineaments, soil, land use/land cover, and rainfall, among others. The integration of Geospatial with hydrological models has proven effective in managing groundwater resources by facilitating data collection, analysis, and visualization. Additionally, studies emphasize the importance of assessing groundwater quality through standard water quality testing parameters to ensure safe drinking water for human consumption[[endnoteRef:16]][[endnoteRef:17]][[endnoteRef:18]][[endnoteRef:19]][[endnoteRef:20]].There many research to apply geospatial technology[[endnoteRef:21]][[endnoteRef:22]][[endnoteRef:23]][[endnoteRef:24]][[endnoteRef:25]][[endnoteRef:26]][[endnoteRef:27]][[endnoteRef:28]][[endnoteRef:29]][[endnoteRef:30]][[endnoteRef:31]][[endnoteRef:32]][[endnoteRef:33]][[endnoteRef:34]][[endnoteRef:35]][[endnoteRef:36]][[endnoteRef:37]][[endnoteRef:38]],[[endnoteRef:39]],[[endnoteRef:40]],[[endnoteRef:41]],[[endnoteRef:42]],[[endnoteRef:43]],[[endnoteRef:44]],[[endnoteRef:45]],[[endnoteRef:46]],[[endnoteRef:47]],[[endnoteRef:48]],[[endnoteRef:49]],[[endnoteRef:50]].[[endnoteRef:51]]. [[endnoteRef:52]],[[endnoteRef:53]],[[endnoteRef:54]],[[endnoteRef:55]],[[endnoteRef:56]].[[endnoteRef:57]],[[endnoteRef:58]],[[endnoteRef:59]],[[endnoteRef:60]],[[endnoteRef:61]],[[endnoteRef:62]],[[endnoteRef:63]], [[endnoteRef:64]],[[endnoteRef:65]],[[endnoteRef:66]]. [16: [ ] Agnès, Arp. (2023). Criteria Affecting Groundwater Potential: A Systematic Review of Literature. Environmental science and engineering, doi: 10.1007/978-3-031-17808-5_7]  [17: [ ] (2023). Review of Groundwater Potential Storage and Recharge Zone Map Delineation Using Statistics based Hydrological and Machine Learning based Artificial Intelligent Models. doi: 10.1109/sictim56495.2023.10104829]  [18: [ ] Ari, Ackerman. (2022). A review of GIS-based hydrological models for sustainable groundwater management. doi: 10.1016/b978-0-323-91910-4.00012-1]  [19: [ ] Suraj, Kumar, Singh. (2021). Geospatial Techniques for Groundwater Potential and Water Quality Assessment: A Review. Research & Reviews: Journal of Agriculture and Allied Sciences,]  [20: [ ] Sajad, Fathi., Jenny, Sjåstad, Hagen., Jenny, Sjåstad, Hagen., Alessia, Matanó., Guilherme, E., H., Nogueira. (2021). Review of GIS Multi-Criteria Decision Analysis for Managed Aquifer Recharge in Semi-Arid Regions. doi: 10.1007/978-3-030-68124-1_2]  [21: [ ] Geoinformatics Sustainable Development Goals: Sustainable Cities & Communities, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 11/2023]  [22: [ ] Geoinformatics Sustainable Development Goals: inequalities, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 10/2023]  [23: [ ] GIS Data Model Sustainable Renewable Energy Development for Mineral Exploration, Ministry of Mineral workshop, TAT Ali, 2023]  [24: [ ] Geoinformatics Sustainable Development Goals: Industry, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 9/2023]  [25: [ ] Geoinformatics Sustainable Development Goals: Economic, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 8/2023]  [26: [ ] Geoinformatics Sustainable Development Goals: Energy, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 7/2023]  [27: [ ] Geoinformatics Sustainable Development Goals: Water & Sanitation, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 6/2023]  [28: [ ] Geoinformatics Sustainable Development Goals: Gender, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 5/2023]  [29: [ ] Geoinformatics Sustainable Development Goals: Education, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 4/2023]  [30: [ ] Geoinformatics Sustainable Development Goals: Health, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 3/2023]  [31: [ ] Geoinformatics Sustainable Development Goals: Hunger, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 2/2023]  [32: [ ] Geoinformatics Sustainable Development Goals: Poverty, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 1/2023]  [33: [ ] Geoinformatics Sustainable Development Goals:  Partnerships, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 12/2022]  [34: [ ] Geoinformatics Sustainable Development Goals:  Peace Institutions, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 11/2022]  [35: [ ] Geoinformatics Sustainable Development Goals: Life on land, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 10/2022]  [36: [ ] Geoinformatics Sustainable Development Goals: Life below Water, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 9/2022]  [37: [ ] Geoinformatics Sustainable Development Goals: Climate Actions, TAT Ali, Geo4SDG Sudan Forum, GeoFive Training & Consulting, Sudan, 8/2022]  [38: [ ] Enterprise Geospatial Database Develop Coronavirus Disease (Covid-19), TAT Ali, Rihan Journal for Scientific Publishing, 2022.]  [39: [ ] Museum Tourism in Khartoum, Analysis and Decision Sudan: A Geoinformatics Support System, TAT Ali, S Subair, H AlEisa, Proceedings of the International Conference on Image Processing, Computer , 2017]  [40: [ ] Geospatial Economic Crisis Response Gas Station, TAT Ali, Asian Research Journal of Current Science 4 (1), 197-204, 2022]  [41: [ ] Geospatial Technology Renewable Energy Trends & Opportunities & Futures Research, TAT Ali, Asian Basic and Applied Research Journal 5 (4), 12-15, 2022]  [42: [ ] GIS-based Model: 5A’s Business Tourisms Attractions Tourism, Accommodations, Access Transportation, Amenity Service, Awareness, TAT Ali, Asian Research Journal of Current Science, Indian 4 (1), 188-196, 2022]  [43: [ ] GeoSpatial Technology Documental Historical Tourism Site: Turkey in Khartoum, TAT Ali,  JCCO Joint International Conference on ICT in Education and Training,2018]  [44: [ ] Geospatial-Enable Hotels Call Center in sudan, TAT Ali, Sudanese Journal of Computing and Geoinformatics, 2018t]  [45: [ ] Business Hotels Tourism Sites in Khartoum, TAT Ali, GIS Web-based,Sudan (1-5), 2018]  [46: [ ] Geoinformatics distribution Reality Analysis For Sustainable Business Tourism Development, TAT Ali, Gadarif University Journal Of Humanity Science(ISSN:1858-8840) 3 (1), 2017]  [47: [ ] Space Technology and Development (Social, Economic and Environment), TAT Ali, Digital Transformation Towards Efficiency and Excellence 1 (1), 1-13, 2023]  [48: [ ] GIS UML-based Business Object Modelling: Renewable Energy, TAT Ali, International Journal of Engineering and Information Systems (IJEAIS), 2022]  [49: []Sudanese Enterprise Museum System - SEMS, TAT Ali, Algulzum Scientific Journal( ISSN:1858-9766) 1 (11), 55-74]  [50: [ ] GIS-based Analysis : Water & wastewater Distribution Network, (2022) TAT Ali, M Daleel, Algulzum Scientific & Security& Strategy Journal, 8 (1), 133-148, March 2022
https://www.researchgate.net/publication/373328395_GIS-based_Analysis_Water_wastewater_Distribution_Network]  [51: [ ] Geoinformatics Tourism Optimal Site Selection Analysis, Khartoum, Sudan, TAT Ali, Academic Journal of Research and Scientific Publishing| AJRSP, 2020]  [52: [ ] GIS-based DSS Data Model Business Tourism in Sudan, TAT Ali, Sudanese Journal of Computing and Geoinformatics , 2017.]  [53: []Data Model Business Tourism in Sudan, TAT Ali, DSS GIS-based
Sudanese Journal of Computing and Geoinformatics, Geoinformatics Center, 2017]  [54: [ ] GIS Data Model Solar Energy Development, TAT Ali, R Saeed, G Hayder, 1st Science Engineering Technology and Sustainability International , 2021]  [55: [ ] Geospatial Big Data Analytics Applications Trends, Challenges & Opportunities.TAT Ali, Asian Basic and Applied Research Journal, India 5 (3), 1-5, 2022]  [56: [ ] Geoinformatics Technology Distributed Geospatial Database Development for Economic Crisis Management and Natural Disasters, TAT Ali, Academic Journal of Research and Scientific Publishing| AJRSP(2706-6495) 35, 2022]  [57: [ ] Geoinformatics Applications : Tourisms Applications System,(2022), TAT Ali, M Daleel, Algulzum Scientific Journal, 17 (1), April 2022
https://www.researchgate.net/publication/359175974_Geoinformatics_Applications_Tourisms_Applications_System_Gulzum_Science_Journal_17_Apr_2022]  [58: [ ] Geospatial Technology Archaeologies: Gari Region, TAT Ali, Academic Journal of Research and Scientific Publishing| AJRSP, 34 , 2022]  [59: [ ] Spatial Statistics Nearest Neighbor Distribution Analysis For Tourism& Archaeology In Khartoum, Sudan, TAT Ali, Journal of The Faculty of Science and Technology (JFST),2019]  [60: [ ] GIS & RS-Based Archaeologies Site Documents: Gari Region, Khartoum, Sudan, TAT Ali, JCCO Joint International Conference on ICT in Education and Training. 2018]  [61: []GIS-based E-Promotion: Prehistoric Sudan: The Mesolithic and Neolithic Periods, TAT Ali, GIS&Geospace Applications Journal.]  [62: [ ] GIS-based Reality Analysis: Business Hotels Tourism In Khartoum State, TAT Ali, Red Sea University Journal of Basic and Applied Science, 2017]  [63: [ ] GMGD: Geospatial Measuring Geographic Distributions Cellular Phone Towers, TAT Ali, International Journal of Engineering and Information Systems (IJEAIS), 6 ,4 , 2022]  [64: [ ] GIS-based web Application Marketing: Turkey Historical Site in Khartoum, TAT Ali, Rihan Journal for Scientific Publishing, 2022]  [65: [ ] Enterprise GeoSpatial Database Development : Strategic Affairs in Sudan, TAT Ali, Journal of science & Space Technology,5, 56-64, 2019]  [66: [ ] Agile Enterprise Geographic Information System (AEGIS) from design and development perspective, TAT Ali, RA Saeed, OO Khalifa, ES Ali, N Odeh, G Hayder, AA Hashim,  8th International Conference on Mechatronics Engineering (ICOM 2022), 26-31, 2022] 

2. Methodology
Geospatial groundwater analysis involves several steps. Initially, groundwater conditioning factors such as altitude, slope angle, rainfall, lithology, and distance from rivers are prepared, followed by the collection and mapping of groundwater data [[endnoteRef:67]] . Subsequently, Geospatial is utilized to build the model domain, set boundary conditions, and develop the model base using available data like hydrography and geologic maps [[endnoteRef:68]]. The next steps include selecting conditioning factors like altitude, slope degree, rainfall, soil, and distance from geological features for modeling groundwater potential [[endnoteRef:69]]. Additionally, physico-chemical parameters of groundwater quality are assessed through Geospatial, with spatial distribution maps developed using interpolation techniques [[endnoteRef:70]]. These steps collectively contribute to a comprehensive Geospatial groundwater analysis, aiding in sustainable groundwater management and resource planning [[endnoteRef:71]]. [67: [ ] Yousef, Razandi., Hamid, Reza, Pourghasemi., Najmeh, Samani, Neisani., Omid, Rahmati. (2015). Application of analytical hierarchy process, frequency ratio, and certainty factor models for groundwater potential mapping using GIS. Earth Science Informatics, doi: 10.1007/S12145-015-0220-8]  [68: [ ] Saeed, Khoshtinat., Babak, Aminnejad., Yousef, Hassanzadeh., Hasan, Ahmadi. (2019). Application of GIS-based models of weights of evidence, weighting factor, and statistical index in spatial modeling of groundwater. Journal of Hydroinformatics, doi: 10.2166/HYDRO.2019.127]  [69: [ ] Ankomah, Ernest., Dadzie, Isaac. (2022). Geospatial analysis of groundwater quality using GIS: A case study of Ahafo Kenyasi, Ghana. South African Journal of Geomatics, doi: 10.4314/sajg.v10i1.3]  [70: [ ] Sadia, Ismail., M., Farooq, Ahmed. (2021). GIS-based Spatio-Temporal and Geostatistical Analysis of Groundwater Parameters of Lahore Region Pakistan and their Source Characterization. Environmental Earth Sciences, doi: 10.21203/RS.3.RS-431857/V1]  [71: [ ] N., Sridhar., S., Poongothai., N., Ravisankar. (2014). Spatial Analysis of Groundwater Quality for Tarangabadi Taluk, Nagappatinam District, Tamilnadu using GIS.] 

The Groundwater Methods can be used to perform rudimentary advection-dispersion modeling of constituents in groundwater flow. There are many methods. The following topics provide background information on the theoretical aspects of the tools as well as some examples of their implementation. The Groundwater can be applied individually or used in sequence to model and analyze groundwater flow. Darcy Flow (Calculates the groundwater volume balance residual and other outputs for steady flow in an aquifer), Darcy Velocity (Calculates the groundwater seepage velocity vector (direction and magnitude) for steady flow in an aquifer), Particle Track (Calculates the path of a particle through a velocity field, returning an ASCII file of particle tracking data and, optionally, a feature class of track information), Porous Puff (Calculates the time-dependent, two-dimensional concentration distribution in mass per volume of a solute introduced instantaneously and at a discrete point into a vertically mixed aquifer). There are many methods can be used to perform rudimentary advection–dispersion modeling of constituents in groundwater. 
2.1. Darcy Darcy Flow and Darcy Velocity: [[endnoteRef:72]][[endnoteRef:73]][[endnoteRef:74]][[endnoteRef:75]][[endnoteRef:76]][[endnoteRef:77]][[endnoteRef:78]].: Darcy Flow and Darcy Velocity, in conjunction with Particle Track and Porous Puff, can be used to perform rudimentary advection–dispersion modeling of constituents in groundwater. This methodology models two-dimensional, vertically mixed, horizontal, and steady state flow, where head is independent of depth. The equations used in the calculation of Darcian flow are detailed in the following  We should Calculating flow and velocity, Calculating residual volume, Calculating flow vectors, Porosity values [72: [ ] Bear, J. Hydraulics of Groundwater. McGraw-Hill. 1979]  [73: [ ] Blatt, H., G. Middleton, and R. Murray. Origin of Sedimentary Rocks, 2nd Ed. Prentice-Hall. 1980]  [74: [ ] Freeze, R. A., and J. A. Cherry. Groundwater. Prentice-Hall. 1979]  [75: [ ] Gelhar, L. W., C. Welty, and K. R. Rehfeldt. "A Critical Review of Data on Field-Scale Dispersion in Aquifers". Water Resources Research, 28 no. 7: 1955-1974. 1992.]  [76: [ ] Konikow, L. F. and J. D. Bredehoeft. "Computer Model of Two-Dimensional Solute Transport and Dispersion in Ground Water", USGS Techniques of Water Resources Investigations, Book 7, Chap. C2, U.S. Geological Survey, Washington, D.C. 1978.]  [77: [ ] Marsily, G. de. Quantitative Hydrogeology. Academic Press. 1986.]  [78: [ ] Tauxe, J. D. "Porous Medium Advection-Dispersion Modeling in a Geographic Information System". Doctoral Dissertation in Civil Engineering. The University of Texas at Austin, 1994.] 

2.2. Particle Track[[endnoteRef:79]][[endnoteRef:80]]: The particle-tracking algorithm used by the Particle Track employs a predictor–corrector scheme of predicting the future location of a particle based on the local velocity field, as interpolated from the nearest raster cell centers, similar to that employed by Konikow and Bredehoeft (1978). The successive locations of the particles are not tied to the resolution or location of the raster cells, so they are free to float through the velocity field. [79: [ ] Konikow, L. F., and J. D. Bredehoeft. 1978. "Computer Model of Two-Dimensional Solute Transport and Dispersion in Ground Water". Vol. 7, Chap. 2 of USGS Techniques of Water Resources Investigations. Washington, D.C.: U.S. Geological Survey.]  [80: [ ] Tauxe, J. D. 1994. "Porous Medium Advection–Dispersion Modeling in a Geographic Information System". Ph.D. diss., University of Texas, Austin] 

2.3. Porous Puff [[endnoteRef:81]][[endnoteRef:82]][[endnoteRef:83]][[endnoteRef:84]]: Solute transport in a porous medium involves two principal mechanisms: advection and hydrodynamic dispersion. Advection describes the passive transport of a solute with the transporting fluid. Dispersion is the mixing of the solute with the fluid by differential movement of the fluids through pore spaces. Porous Puff assumes the aquifer is vertically mixed—that is, the concentration is the same throughout a vertical section. This allows the application of a mathematical model in two dimensions, as required by the raster data model. [81: [ ] Bear, J. 1979, Hydraulics of Groundwater. McGraw–Hill.]  [82: [ ] Freeze, R. A., and J. A. Cherry. 1979. Groundwater. Prentice–Hall.]  [83: [ ] Marsily, G. de. 1986. Quantitative Hydrogeology. Academic Press.]  [84: [ ] Tauxe, J. D. 1994. "Porous Medium Advection–Dispersion Modeling in a Geographic Information System". Ph.D. diss., University of Texas, Austin.
] 


3. Results
The groundwater Methods are used to perform rudimentary advection–dispersion modeling of constituents in groundwater. The following are sample applications using the tools. In the following image, Porous Puff and Particle Track were used to examine the distribution and track of a contaminant[81][82][83].
[image: ]
	Fig1. Examining distribution and track of a contaminant


The following image demonstrates tracking particles from a contaminant spill to a pumping well using the Particle Track tool. From this analysis, you can determine whether the contaminant is getting into the drinking water for a nearby town.
[image: ]
	Fig2.Tracking particles from a contaminant spill to a pumping well


In the following image, the flow direction of the groundwater is determined using the Darcy Flow and Darcy Velocity tools to understand how a contaminant will move through the groundwater.
[image: ]
Fig3.Using groundwater tools to understand how a contaminant moves

4. Conclusion
Geospatial applications play a crucial role in various aspects of groundwater management and assessment. Studies have shown the effectiveness of Geospatial techniques in evaluating groundwater quality for drinking, domestic, and irrigational purposes, highlighting factors like rock weathering and human activities impacting groundwater chemistry. Geospatial has also been instrumental in assessing groundwater potential zones by integrating remote sensing and analytical hierarchical process approaches, aiding in the identification of groundwater availability in specific regions. Furthermore, the application of Geospatial in groundwater information management systems, particularly through WebGIS technology, has enhanced spatial data analysis, groundwater vulnerability assessment, and real-time monitoring capabilities, providing valuable insights for groundwater management and sustainability. These findings underscore the significance of Geospatial approaches and technological advancements in understanding, managing, and preserving groundwater resources for sustainable development [[endnoteRef:85]][[endnoteRef:86]][[endnoteRef:87]][[endnoteRef:88]][[endnoteRef:89]]. [85: [ ] (2023). GI Science application for groundwater resources management and decision support. doi: 10.1016/b978-0-323-99963-2.00014-6]  [86: [ ] Getty, de, Waal. (2022). Application of GIS technique to address the uranium contamination in groundwater of a hard rock aquifer, South India. Geocarto International, doi: 10.1080/10106049.2022.2143911]  [87: [ ] (2022). Design and Implementation of Groundwater Monitoring Management System Functions Based on WebGIS. doi: 10.3233/atde220982]  [88: [ ] Ashesh, Chakma., Tridip, Bhowmik., Santanu, Mallik., Umesh, K., Mishra. (2022). Application of GIS and Geostatistical Interpolation Method for Groundwater Mapping. doi: 10.1007/978-981-16-4629-4_29]  [89: [ ] Aneela, Hameem, Memon., Abdul, Ghani, Soomro., Sallahuddin, Panhwar., Hareef, Ahmed, Keerio., Naddar, Hussain, Khokhar., Jumo, Khan, Bajkani., Sabeen, Siddiqui., Mumtaz, Ali, Gadehi. (2023). Study of GIS-based groundwater potential zones for agricultural sustainability: an arid region. Water Practice & Technology, doi: 10.2166/wpt.2023.020
] 
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