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ABSTRACT 

  Groundwater contributes approximately 40 percent of freshwater usage in the 

conterminous US, and its contribution in one Southeastern state, Mississippi, is 75 percent. 

Groundwater also indirectly sustains surface water resources, and hence its actual contribution to 

freshwater usage is even larger than reported. The goal of this project is to develop a 

comprehensive GIS-based web database that will harness publicly available data from various 

state agencies and water utilities across Alabama, Mississippi, and Louisiana while addressing 

critical data gaps and differences. The information included in the database can then be used to 

develop science-based water management and policy decisions.  

The comprehensive GIS-based web database will provide opportunities for research 

investigations to utilize various data analysis applications for potable water resources and 

utilities information, as well as support effective water management. It is essential to develop a 

more holistic understanding of freshwater usage from both surface and groundwater resources in 

the Southeastern United States. Over a hundred studies have assessed specific research topics 

and sub-regions in the Southeastern US, such as saltwater intrusion and the Mississippi River 

Valley alluvial aquifer system; however, the idiosyncratic approach to most research 

investigations can limit how we understand groundwater.  

Integrating science and policy is essential for advanced research investigations and 

developing comprehensive state water management plans that will support water sustainability. 

Alabama, Mississippi, and Louisiana do not have comprehensive state water management plans, 
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while all the states surrounding this region have comprehensive state water management plans in 

place. Understanding current water management and previous water disputes provides a strong 

background perspective on the water resources issues that can form in this region. The lack of 

source water monitoring severely impacts data-driven research efforts in these three states. The 

database can be used in support of future management developments to enhance water 

sustainability. 
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1. INTRODUCTION 

1.1 Research Context 

Water sustains life, thus water security is critical worldwide (Water Security and the 

Global Water Agenda, 2013). Groundwater is the primary source of available freshwater, making 

it a valuable resource. Since it is underground, it is difficult to visualize humanity’s impact on 

groundwater resources. Some areas of the world heavily depend on groundwater for drinking 

water sources, including the Southeastern region of the United States. Groundwater usage in the 

Southeastern United States (US) is developing into a major policy and management concern 

(Geological Survey of Alabama, 2018; Louisiana Ground Water Resources Commission, 2012; 

Hall & Regalia, 2016). With exception to the ongoing efforts by various environmental agencies 

in the region including the United States Geological Survey (USGS), Geological Survey of 

Alabama (GSA), Mississippi Department of Environmental Quality (MDEQ), and Louisiana 

Department of Environmental Quality (LDEQ), a comprehensive groundwater database and 

water management plans for the three states in this region does not currently exist (Bearden, 

2014; Louisiana Water Resources Commission, 2016; Geological Survey of Alabama, 2018; 

MDEQ Office of Land and Water Resources, 2021). There is limited transparency for publicly 

available data to be viewed by stakeholders and other intrastate agencies. Part of this is due to 

antiquated databases with limited geospatial capabilities. State EPA-proxy agencies must report 

their data to national agencies, which is available for viewing through their portals, such as the 

EPA Safe Drinking Water Information System (SDWIS) database. Through the collaboration 

with various environmental agencies, this research will provide a comprehensive list of all 
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available electronic Geographic Information System (GIS) data as well as management and 

policy reviews for all three states. 

1.2 Research Rationale 

Water resources is a critical research area, with several active research projects that focus 

on specific regions that are facing water scarcity (Integrated Groundwater Management Project, 

2022; Lower Mississippi-Gulf Water Science Center, 2022; Water Availability and Use Science 

Program, 2022). There is a concern for groundwater sustainability all over the world, due to lax 

water management and the usage of water as an unlimited resource (Jasechko & Perrone, 2021; 

Zhuo et al., 2021; Scanlon et al., 2021; Famiglietti & Ferguson, 2021; Lall et al., 2020; Gorelick 

& Zheng, 2015). Due to the slow advances in implementing effective water management based 

on sound science, several regions in the US are facing drought and groundwater depletion 

conditions (Jasechko & Perrone, 2020; Martin et al., 2020; Konikow, 2013; Scanlon et al., 2012). 

Groundwater depletion and pollution caused by human development are the primary 

sustainability concerns (Lall et al., 2020; Jasechko & Perrone, 2021; Scanlon et al., 2021). 

Research studies conducted in the Western US states are more advanced when compared to other 

states, because of extreme water scarcity in the region due to the over-allocation of the Colorado 

River as well as the extensive use of groundwater provided through regional aquifer systems 

(Summit, 2012; Jasechko & Perrone, 2020; Gailey et al., 2022). Some states have implemented 

GIS-based web applications and databases for drinking water quality and groundwater levels by 

their primary environmental agency. Studies have also utilized GIS for groundwater levels and 

recharge applications (Chen et al., 2019; Benzaghta, 2016; Murray et al., 2003). 
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Effectively integrating science and policy can provide sustainable water management 

development plans (Y. Liu et al., 2008; Gorelick & Zheng, 2015; Zhuo et al., 2021; Jasechko & 

Perrone, 2021). Referencing successful water management plans from other states, e.g., 

Arkansas, Georgia, and Florida, and countries can highlight effective data management methods 

to incorporate in current and future research applications.  

1.3 Groundwater Research in the Southeastern United States 

Pre-existing groundwater research in the Southeastern United States has analyzed specific 

elements of groundwater, such as groundwater flow (Bellino et al., 2018), chemistry (Lee, 1985), 

submarine groundwater discharge (SGD) (McCoy & Corbett, 2009), overall water supply budget 

(Sun et al., 2008), and saltwater intrusion in specific coastal areas (Murgulet & Tick, 2008); 

however, the idiosyncratic approach to most research investigations is limiting how science can 

best support policy since it does not provide a holistic understanding of groundwater (Liu et al., 

2008). These specific elements are useful for understanding groundwater settings that have 

similar characteristics. 

The USGS has the most extensive background for groundwater research in this region, 

most notably including the Mississippi Embayment Regional Aquifer Study (MERAS) (Clark et 

al., 2011), groundwater-withdrawal data from the Coastal Lowlands Aquifer System (Houston et 

al., 2021), conceptual groundwater flow system (Bellino et al., 2018), groundwater depletion in 

the US (Konikow, 2013), and estimated withdrawals from principal aquifers in the US (Maupin 

& Barber, 2005). The USGS Lower Mississippi-Gulf 5 Water Science Center provides water 

resources data for Alabama, Mississippi, and Louisiana, as well as Arkansas and Tennessee 

(Lower Mississippi-Gulf Water Science Center, 2022), and also actively collects groundwater 

level data in the National Water Information System and National Groundwater Monitoring 
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Network, with most of the wells located in the Mississippi River Valley alluvial aquifer (MRVA) 

and in Louisiana (USGS Water Data for the Nation, 2022; National Ground-Water Monitoring 

Network, 2022).  

The GSA conducted the first comprehensive statewide assessment of groundwater in 

Alabama’s 200-year history for 2010-2016 (Geological Survey of Alabama, 2018), and worked 

with the Ground Water Protection Council (GWPC) to create a Risk-Based Data Management 

System-Environmental (RBDMS-ENV) database. The GSA RBDMS-ENV database includes 

approximately 50% of 100,000+ original hardcopy records currently (GSA Well Records, 2021), 

and is in the process of adding additional groundwater well information to a new user interface 

and database (GSA Groundwater Water Well Finder, 2021) 

The MRVA region of Mississippi has the most extensive groundwater research in the 

region due to the dependency of large agriculture and municipality networks on groundwater 

resources (McGuire et al., 2019; Clark et al., 2011). MDEQ conducts a groundwater quality 

assessment annually in support of Section 305(b) of the Clean Water Act (CWA) that assesses 

groundwater quality, contamination, protection efforts, and sources for water supply in the state 

(MDEQ Office of Land and Water Resources, 2021).  

Louisiana is also within the MRVA region and has additional state groundwater 

assessments. The Water Planning and Assessment Division of LDEQ has an Aquifer Sampling 

and Assessment (ASSET) Program that produces triennial reports to monitor the quality of 

groundwater in major freshwater aquifers (LDEQ Water Planning and Assessment Division, 

2018). The Water Institute of the Gulf produced a water resources assessment for LDEQ that 

developed a framework to estimate water quantity in Louisiana’s aquifer systems (Hemmerling 

et al., 2016).  
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2. SITE DESCRIPTIONS 

The Southeastern region of the United States, specifically the states of Alabama, 

Mississippi, and Louisiana exhibit a unique geologic background and history of water resources 

research. Figure 1 represents the geologic maps of this region, and Figures 2-5 represent the 

principal aquifer systems in Alabama, Mississippi, and Louisiana. The geologic maps provide a 

detailed background of the geology and aquifer systems that exist in the three states. The 

shapefiles were obtained from USGS databases (Horton, 2017; USGS Water Resources, 2021). 

Each state comprises multiple principal aquifer systems as shown in Figure 2, most notably the 

Mississippi River Valley alluvial aquifer system and Mississippi Embayment aquifer system in 

Mississippi and Louisiana, the East Gulf Coastal Plain aquifer in southern Alabama, and the 

Coastal Lowlands aquifer system in all three states (USGS Water Resources, 2021). 

Approximately 12.6 million people reside in this region, with most of the population residing in 

Alabama and Louisiana respectively (U.S. Census Bureau QuickFacts, 2021).  

2.1 Geologic Background 

The southeastern region of the US has a complex geologic diversity that contributes to 

the complexities of the aquifer systems. Many of the geological units in this region are 

comprised of aquifer systems that extend across state boundaries, as shown in Figures 1-2 

(Cushing et al., 1964). Major aquifer systems in this region include the Mississippi River Valley 

alluvial aquifer system, Mississippi Embayment aquifer system, the East Gulf Coastal Plain 

aquifer, the Coastal Lowlands aquifer system, and Pennsylvanian and Mississippian aquifer 
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systems (Figure 2). Most of these aquifer systems consist of unconsolidated or semi-consolidated 

sand and gravel aquifers, whereas the Pennsylvanian and Mississippian aquifer systems consist 

of sandstone and carbonate-rock aquifers (USGS Water Resources, 2021). The EPA designates 

two sole-source aquifers within this region, which are defined as aquifers that supply at least 50 

percent of the drinking water for an area without an alternative drinking water source (US EPA, 

2015). The two sole-source aquifers are the Chicot aquifer and Southern Hills Regional aquifer, 

which cover the majority of southern Mississippi and Louisiana (US EPA, 2015).  

Figure 1: Geologic map of a part of the southeastern United States (from State Geologic Map 

Compilation [SGMC]; Horton, 2017) (legend is included in Appendix Figure A1) 
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Figure 2: Principal aquifer map of part of the southeastern United States (from USGS Water 

Resources, 2021) 

 

2.2 Alabama Aquifer Information 

Groundwater is the primary source of drinking water for approximately 44 percent of the 

total population of Alabama, with 20 percent of the total population depending on drinking water 

from domestic wells (Well Water, 2021). There are 18 major aquifers in Alabama, and it is 

important to distinguish those aquifers in Northern Alabama are not similar to any aquifer 

characteristics found in Mississippi or Louisiana (Figure 3). The GSA conducted the first 

comprehensive statewide assessment of groundwater in Alabama’s 200-year history from 2010 

to 2016 (Geological Survey of Alabama, 2018). This assessment includes detailed summaries of 
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the hydrogeology and well information for every aquifer, hydrographs for individual wells, 

potentiometric surface maps, geologic cross-sections, and other scientific information that is 

essential for the development of a comprehensive state groundwater management plan 

(Geological Survey of Alabama, 2018). The GSA also maintains two groundwater monitoring 

networks that provide real-time water level, and limited water quality, information for selected 

wells across the state. Water levels are also collected manually on a bi-yearly basis from a state-

wide selection of wells. Information from both networks is available through the GSA website 

(Groundwater Assessment Program Maps, 2021). 
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Figure 3: Alabama aquifer map (from GSA; Groundwater Assessment Program Maps, 2021) 

 

2.3 Mississippi Aquifer Information 

Groundwater resources supply 90 percent of Mississippi’s drinking water, with 12.8 

percent of the population depending on drinking water from domestic wells (Mississippi State 

Department of Health - Water Supply, 2021; Barrett, 2019). There are 14 major aquifers in 

Mississippi (Figure 4). MDEQ provides a biannual Groundwater Quality Assessment report to 
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satisfy CWA requirements (MDEQ Office of Land and Water Resources, 2021). This report 

includes a summary of groundwater quality data requested by the Environmental Protection 

Agency (EPA) from 1990 to 2020, groundwater protection efforts and programs, as well as some 

aquifer specific information (MDEQ Office of Land and Water Resources, 2021). 

 

Figure 4: Mississippi aquifer map (from Wasson, 1986; MDEQ Office of Land and Water 

Resources, 2021; USGS, 2005)  
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2.4 Louisiana Aquifer Information 

Groundwater is the primary drinking water resource for 57 percent of Louisiana’s 

residents, and it accounts for 51 percent of public supply withdrawals (Robinson & Sargent, 

2018). The Mississippi River Alluvial aquifer and Chicot aquifer systems are the primary 

aquifers used for public supply and irrigation purposes (Robinson & Sargent, 2018). There are 11 

major aquifers in Louisiana (Figure 5). The LDEQ’s Water Planning and Assessment Division 

produces a triennial summary report through the Aquifer Sampling and Assessment Program to 

monitor groundwater quality in support of the CWA (LDEQ Water Planning and Assessment 

Division, 2018). This report includes statewide aquifer quality data and sampling summaries 

(LDEQ Water Planning and Assessment Division, 2018). 

 

Figure 5: Louisiana Aquifer Map (from LDNR; Surface Extent of Louisiana’s Aquifers and 

Aquifer Systems, 2015)  
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3. WATER MANAGEMENT & POLICY REVIEW 

Over seventeen states in the US, including the majority of states in the Southeastern 

region – such as Arkansas, Florida, Georgia, and Texas – have comprehensive statewide water 

plans (Bateman et al., 2018), but Alabama, Mississippi, and Louisiana all lack comprehensive 

water management plans (Geological Survey of Alabama, 2018; MDEQ Office of Land and 

Water Resources, 2021; Edmonson & Leblanc, 2020; Arkansas Water Plan, 2014; Florida Water 

Plan, 2020; Georgia State Water Plan, 2008; Texas State Water Plan, 2022). The sections below 

will provide a brief overview of infamous water disputes in this region, each state’s current water 

regulatory or management programs as shown in Figures 6 and B1-B3, and groundwater law. For 

further information, please see the cited references. 

3.1 Water Disputes 

Water disputes are a critical topic of interest internationally due to the interconnectedness 

of water resources outside of political boundaries with differing legal frameworks and 

management (Utton, 1996; Wolf, 1997; Salman, 2006; Meshel, 2020; Fry & Chong, 2018; Al-

Gamal, 2021). Most notably in the Southeastern region of the US are the decades-long tri-state 

water dispute between Alabama, Florida, and Georgia, and the groundwater dispute of 

Mississippi vs. Tennessee (Bearden et al., 2021; Bearden, 2014; Jones et al., 2012; Klein, 2016; 

Dominguez & Seidman, 2021). The tri-state water dispute focused on surface water and the 

dispute between Mississippi and Tennessee focused on groundwater ownership (Hall & Regalia, 

2016; Klein, 2016; Dominguez & Seidman, 2021). The tri-state water wars between Alabama, 
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Florida, and Georgia began when the US Army Corps of Engineers allowed Georgia to take 

additional water from Lake Lanier to support the booming metropolitan Atlanta, then continued 

as a decades-long dispute over water allocation for the Apalachicola-Chattahoochee-Flint River 

Basin (ACF) and Alabama-Coosa-Tallapoosa River Basin (ACT) (LaManna, 2010; Jones et al., 

2012). The Supreme Court issued a final ruling in Florida vs. Georgia that rejected Florida’s 

request for equitable apportionment and upheld that Georgia must reasonably use the water in the 

ACF basin (Bearden et al., 2021). The case of Mississippi vs. Tennessee began when Mississippi 

sued the City of Memphis for unlawfully diverting and stealing Mississippi’s groundwater 

(Bearden et al., 2021). This case addresses whether groundwater in the Middle Claiborne Aquifer 

should be classified as an interstate resource and fall under common law equitable apportionment 

(Dominguez & Seidman, 2021). The court upheld equitable apportionment, which has set a 

precedent for future interstate aquifer cases (Bearden et al., 2021). 

 Both disputes highlight the complexities of interstate water rights. Monitoring water 

usage and implementing effective water management at a state or regional level can allow for 

sound science to inform and guide judicial decisions over interstate water resources. States that 

do not have a comprehensive state water management plan could have lower legal standing in 

legal disputes over shared interstate water resources when compared to states that do have 

comprehensive management plans. Water trading schemes or “water markets,” used in the 

Southwestern US and other countries like Chile, also have the potential to help address water 

scarcity (Schwabe et al., 2020; Herrera et al., 2019). Implementing comprehensive state water 

management plans could benefit the states of Alabama, Mississippi, and Louisiana in future 

water disputes over interstate water resources with their neighbors.  
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3.2 Alabama Water Management Overview 

The two main entities that regulate water use and quality in Alabama are the Alabama 

Department of Economic and Community Affairs’ (ADECA) Office of Water Resources (OWR) 

and Alabama Department of Environmental Management (ADEM) (Figure B1). The OWR’s 

three primary responsibilities are administering the Alabama Water Use Reporting Program by 

compiling data and reports, assessing the state’s water resources to ensure supplies can satisfy 

future demands, and coordinating with other agencies to address water management issues and 

future program enhancements (OWR Water Management, 2022). The Alabama Water Resources 

Act (AWRA) in 1993 established OWR to begin a water use reporting program for the state and 

three reports have been published to date (Bearden, 2014; see reports on OWR site). The OWR’s 

water use reporting program is a non-regulatory program and it is essentially a voluntary 

application that only requires those with the capacity to withdraw 100,000 gallons per day or 

more to register for a certificate of use (OWR Water Management, 2022). In 1982, the Alabama 

Legislature formed the ADEM and the Alabama Environmental Management Commission under 

the Alabama Environmental Management Act to administer all major federal environmental 

laws, including the CWA and SDWA (Alabama Department of Environmental Management, 

2022a). ADEM’s Office of Water Services consists of four branches: Drinking Water, 

Industrial/Municipal, Stormwater Management, and Water Quality (Alabama Department of 

Environmental Management, 2022b). The Alabama Department of Public Health is responsible 

for groundwater quality from small and decentralized wastewater systems as well as septic tank 

field lines, which are classified as Class V injection wells (Bureau of Environmental Services, 

2021). Essentially, OWR manages water use as set by the state legislature in AWRA and ADEM 

manages water supply systems and public water quality as set by EPA regulations. The state of 
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Alabama’s water regulatory and management programs are mostly for public water and 

wastewater systems. There is no regulatory oversight for domestic wells, limited regulatory 

oversight for agricultural wells, and regulatory oversight for industrial wells used for disposal 

purposes. 

3.3 Mississippi Water Management Overview 

The Mississippi Air and Water Pollution Control Law passed in 1966 serves as the 

foundation for the Mississippi Department of Environmental Quality (MDEQ) and Commission 

on Environmental Quality (MCEQ), which has distinguished Mississippi as a national leader for 

achieving EPA’s delegations of primacy (Baum & Palmer, 2016). The primary agency 

responsible for Mississippi’s water management is MDEQ, which was created in 1989 (Baum & 

Palmer, 2016). The MDEQ has two primary offices, the Office of Pollution Control and the 

Office of Land and Water Resources, that both manage water resources. The MDEQ’s Office of 

Pollution Control has seven divisions, five of which maintain and enforce water: Surface Water, 

Groundwater Assessment & Remediation, Field Services, Environmental Permits, and 

Environmental Compliance & Enforcement (Figure B2; MDEQ Organizational Chart, 2021). 

The MDEQ’s Office of Land and Water Resources has three divisions: 1) Permitting, 

Certification and Compliance, 2) Water Resources Management, and 3) Dam Safety (MDEQ 

Organizational Chart, 2021). Within these divisions, there are several more branches and 

sections that support both offices. The MCEQ is empowered to formulate and enforce MDEQ’s 

policies, rules, regulations, receive funding, conduct studies for using the state’s resources, and 

discharge duties, responsibilities, and powers as necessary (Commission on Environmental 

Quality – MDEQ, 2022). The MS Code § 51-3-21 states that MCEQ should study existing water 
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resources in the state through the Office of Land and Water Resources to formulate a state water 

management plan (2019 Mississippi Code, 2019b).  

The Mississippi State Department of Health (MSDH) Bureau of Public Water Supply 

enforces the SDWA through five major program areas, the first focusing on monitoring drinking 

water quality (Mississippi State Department of Health - Water Supply, 2021).  The MDEQ 

oversees monitoring water availability and use as set by the state legislature and MSDH manages 

water supply and quality as set by EPA and state regulations (Figure B2). Mississippi has the 

most complex water management foundation out of the three states in this region, due to its 

extensive environmental legislation that preceded federal environmental law. The state of 

Mississippi’s water regulatory and management programs are mostly for public water and 

wastewater systems. There is no regulatory oversight for domestic wells and there is limited or 

voluntary regulatory oversight for agricultural wells because permits are only required for wells 

with a diameter of six inches or more. There is regulatory oversight for industrial wells used for 

disposal purposes or hydraulic fracturing.  

3.4 Louisiana Water Management Overview 

Seven departments are in charge of water resource management in Louisiana: the 

Department of Natural Resources, Department of Environmental Quality, Department of 

Transportation and Development, Department of Agriculture & Forestry, Department of Wildlife 

& Fisheries, Coastal Protection & Restoration Authority, and Department of Health (Figure B3; 

Edmonson & Leblanc, 2020). These departments were created under Louisiana Law to support 

Louisiana’s growth and the shift in environmental awareness in the 20th century (2020 Louisiana 

Laws, 2020; History of the Department, 2022a). Of these seven departments, the Department of 

Natural Resources, Department of Environmental Quality, and Department of Health are the 
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three state agencies with specific groundwater resource management responsibilities. Within 

these departments, several offices and programs support water resources management.  

The Louisiana Department of Natural Resources oversees groundwater sustainability and 

registers wells (Louisiana Department of Natural Resources, 2022). The Louisiana Ground 

Water Resources Commission and Ground Water Management Advisory Task Force were 

created in 2001 within the Department of Natural Resources to develop a statewide groundwater 

resource management program (Louisiana Ground Water Resources Commission, 2012). The 

Louisiana Department of Environmental Quality (LDEQ) was created in 1984 to protect water 

resources by enforcing permitting and monitoring of water quality (Louisiana Department of 

Environmental Quality, 2022). The Louisiana Department of Health (LDH) enforces the SDWA 

to protect drinking water quality (LDH Safe Drinking Water Program, 2022). The state of 

Louisiana’s water regulatory and management programs require all wells used for public water 

supply, domestic use, agriculture, and industrial use to be registered. Agricultural wells and 

industrial wells have limited regulatory oversight after installation.  
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Figure 6: Main water departments by state chart 

3.5 Groundwater Law & Policy 

Groundwater rights fall under different legal allocations and ownerships in the US 

(Campana, 2017). Alabama and Louisiana consider surface water as riparian rights, although the 

legal code for Alabama is based on the common law of England and the legal code for Louisiana 

is based on the Napoleonic Code (Elliott, 2011; J. G. Jones, 1956; Water Law Committee, 2014). 

Mississippi was one of the first states to adopt the principle of water appropriation for surface 

water in 1956, which superseded the riparian rights previously based on the common law of 

England (Pepper, 1958). 

Groundwater allocation in Mississippi follows the American reasonable use rule and it is 

owned by the state, as stated in MS Code § 51-3-1, which gives power to the state to place 

groundwater in a public trust that will manage and protect all water resources (2019 Mississippi 



19 

 

Code, 2019a). Groundwater allocation is loosely defined in Alabama, but it is interpreted under 

the American reasonable use rule by the landowner who can use the water in an unlimited 

manner for a beneficial purpose, if it does not cause excess harm to another overlying landowner 

(Elliott, 2011). In Louisiana, groundwater allocation is determined as absolute ownership by the 

landowner, which is regulated by the Mineral Code (LA. R.S. § 31:4, enacted by Acts 1974, No. 

50, § 1, eff. Jan. 1, 1975), which states that ownership of land does not include ownership of 

minerals, but that a landowner should be able to use their property in an unlimited manner 

(Water Law Committee, 2014). The rules or doctrines of water rights listed above are still open 

to legal interpretation and precedence based on court rulings. In addition, most state water laws 

do not recognize the interconnectedness of surface water and groundwater resources. In a water 

law assessment of 13 states, only five states (Colorado, Florida, Missouri, Oregon, and 

Washington) acknowledge the interaction of groundwater and surface water resources (Cain et 

al., 2017). 
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4. METHODS 

The methodology for developing the groundwater well database for the Southeastern US 

states of Alabama, Mississippi, and Louisiana started with the collaboration with each state’s 

environmental agencies to obtain all publicly accessible data. The data available included 

groundwater well locations & construction, surface water intakes, surface water Total Organic 

Carbon (TOC) influent, and groundwater pumping or annual yield estimates (Table 1). Public 

Water System (PWS) data for each state was downloaded from EPA SDWIS following the steps 

outlined in Figure 7. The PWS or water utilities locations were estimated using GIS geocode 

estimation outlined in Figure 8. The flowchart in Figure 9 outlines how the database was 

configured and will be finalized onto a web-application for public accessibility. This 

groundwater database will simplify data access by including relevant and known fields to filter 

and search, including state agencies’ different alias IDs. 

Table 1: Data sources for Alabama, Mississippi, and Louisiana by data type 

Data Source 

Data Type Alabama Mississippi Louisiana 

Water Utilities EPA SDWIS EPA SDWIS EPA SDWIS 

Groundwater Wells ADEM/OWR & GSA MDEQ LDEQ 

Surface Water Intakes ADEM MDEQ LDEQ 

Surface Water TOC Influent ADEM MSDH LDH 

Groundwater Pumping N/A N/A LMG-WSC 
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4.1 Water Utilities 

EPA SDWIS Federal Data Warehouse provides the following information for water 

utilities: PWS ID, PWS Name, EPA Region, Primacy Agency, PWS Type, Primary Source, 

Population Served Count, Service Connections Count, Cities Served, Counties Served, # of 

Facilities, # of Violations, Address, Admin Name, City Name, Zip Code, Activity Status, and 

Source Water Protection Status (Table 1; Figure 7; EPA SDWIS Water Systems Search, 2022). 

The factors were selected due to relevance to the groundwater well database’s intended use, but 

it is not the exhaustive list of data that is available in EPA SDWIS. The SDWIS data will be 

useful for future queries for utilities based on various factors in the online database.  

Exact water utility locations are not disclosed on EPA SDWIS database for security 

purposes. EPA SDWIS includes basic information about public water systems, including the city 

or county served. SDWIS allows queries into the SDWIS Fed Data Warehouse. Many public 

water systems also include an address, which is typically a mailing address. Utility locations 

were determined based on available location data in the listed ranking order: City Served, 

County Served, and (Mailing) Address (Figure 8). Geocode Addresses, which is a geoprocessing 

tool in ArcGIS Pro, was utilized to estimate utility locations based on the data provided with 

ESRI World Geocoder as the input address locator. Geocoder will process every location and 

will prompt the manual selection process for locations without a match or “ties” for potential 

utility locations. Once the water system summary files are produced, layers can be separated by 

selecting by attribute (e.g., primary source). Examination of these approximate locations based 

on location data could place the majority of PWS in a reasonable area. Some of these locations 

could change slightly but should be in the approximate area if this process was redone. It is 
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important to note that the locations reflected in Figures 11 and 22 are approximate and subject to 

error due to varying geospatial data. 

 

Figure 7: SDWIS water system summary download flowchart 

Figure 8: PWS location estimation flowchart 



23 

 

4.2 Groundwater Wells 

Groundwater well location and construction data were obtained from local environmental 

and government agencies in each state. The groundwater well data includes domestic supply, 

agricultural wells, public water supply, observation, and industrial wells, with the most 

comprehensive database provided by GSA (Table 1). However, Mississippi has the most 

extensive database with most wells located in the Mississippi Delta Region for agricultural 

purposes. These electronic databases are incomplete because many well records are handwritten 

on paper and must be entered manually, which is still in progress. Additionally, there is an 

inherent limiting factor on the quality and accuracy of the well records due to human error, 

historical nature of data collection before GPS devices, and lax enforcement measures. In 

addition, in each state agency may designate wells under different registries, which makes it 

difficult to cross-reference or check data with other internal state data sources. 

4.3 Surface Water Intakes 

Surface water intake data for water utilities were collected in this process from local 

environmental and government agencies in each state (Table 1). The data includes location and 

annual average withdrawal amounts for some locations. This data will allow for comparisons 

between groundwater and surface water use in utilities and on an interstate level. Surface water 

data for industrial purposes was not relevant to this study but could be included later with the 

proper approval by government agencies. 

4.4 Water Quality 

Mississippi and Louisiana conduct aquifer quality assessments on a biannual and triennial 

schedule respectively (MDEQ Office of Land and Water Resources, 2021; LDEQ Water 
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Planning and Assessment Division, 2018). The GSA conducted annual water quality assessments 

for the state of Alabama in the 1980’s to 1990’s and have recently reinitiated these assessments 

in 2016 (Geological Survey of Alabama, 2018).  

Surface water TOC influent is recorded at most utilities in all three states monthly (Table 

1). TOC is an important parameter that can measure the levels of organic compounds present in a 

water source, which can indicate disinfection by-products (DBP) precursors that form total 

trihalomethanes and halo-acetic acids (Kalankesh et al., 2021; Barcelona, 1984). EPA requires 

TOC outfluent to be less than 2 milligrams per liter (mg/L) to avoid forming DBPs, which are 

drinking water contaminants (EPA, 2020). TOC levels for local surface water resources could be 

a potential reason behind utilities choosing groundwater over surface water. 

EPA published the Ground Water Rule in 2006 to monitor microbial pathogens in PWS 

using groundwater (US EPA, 2022), which is the only EPA required groundwater contaminant 

monitoring regulation to date. Groundwater quality is a major concern for most states in the US, 

including Mississippi and Louisiana, which is reflected by additional groundwater quality 

standards implemented by several states (Petersen-Perlman et al., 2018). Mississippi and 

Louisiana have adopted groundwater quality standards equivalent to EPA’s drinking water 

standards or Maximum Contaminant Levels; however Alabama has not adopted additional 

groundwater quality standards (MDEQ Office of Land and Water Resources, 2021; LDEQ Water 

Planning and Assessment Division, 2018). 

4.5 Groundwater Pumping 

Groundwater pumping data was only available in Louisiana on a monthly basis. The most 

recent data was compiled by Ye-Hong Chen at Louisiana State University for 2019 based on data 
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provided from the USGS Lower Mississippi-Gulf Water Science Center (LMGWSC) (Table 1; 

Lower Mississippi-Gulf Water Science Center, 2022). 

Most groundwater pumping data in this region are based on annual yield estimates. 

Alabama and Mississippi have some annual yield averages, but it is possible that the estimates 

are inaccurate because of self-reporting use without a meter. Alabama reports monthly public 

supply discharge to ADEM and OWR, however this data was not available. To ensure the data 

provided in this database is accurate, estimated pumping data is not included in the pumping data 

section. The groundwater pumping estimates are included in the well database as available. It is 

encouraged that future water management efforts incentivize metering groundwater wells to 

monitor groundwater use and availability.  



26 

 

 

Figure 9: GIS groundwater database flowchart  
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5. RESULTS 

5.1 Southeastern Region Overview 

Once all the data for Alabama, Mississippi, and Louisiana was collected, the groundwater 

well database for the Southeastern region of the US was configured according to the flowchart in 

Figure 9. Approximately 89 percent of all PWS in these three states rely on groundwater sources 

(i.e., groundwater, groundwater under the influence of surface water, and groundwater 

purchased) to supply drinking water as shown in Figures 10 and 11. The estimated PWS 

locations based on EPA SDWIS data are also reflected in Figure 11. The locations that PWS 

withdraw water from (i.e., groundwater wells and surface water intakes) are shown in Figure 12. 

All well data is included in Figure 13, which contains wells for public and non-public use (i.e., 

agricultural, observation, domestic, industrial, etc.). Agricultural wells are shown independently 

on Figure 14 because irrigation is a significant groundwater user in the Southeast region, 

especially in the Mississippi Delta region of Mississippi and Louisiana and parts of southern 

Alabama. Figures 15-21 show the well data for each state, and Figure 22 shows the TOC influent 

for surface water utilities. Table C1 shows the overlaps in data fields for all three states, as well 

as important fields that were included in one state, i.e. pumping on monthly basis, pumping 

depth, screen number, and dates of completion, plugged, active, or that will be included in the 

groundwater database, i.e. alias IDs for various state agencies. These fields will allow for easy 

filtering and searches in the groundwater database based on different IDs or names used. 
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Figure 10: Summary of PWS by primary water source (data from EPA SDWIS Water Systems 

Search, 2022)   
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Figure 11: PWS estimated location & primary source type map (modified data from EPA 

SDWIS Water Systems Search, 2022) 
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Figure 12: PWS water source locations map (data from ADEM & OWR, MDEQ, and LDEQ, 

2021) 
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Figure 13: Comprehensive well data map (data from GSA, MDEQ, and LDEQ, 2021)  
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Figure 14: Agricultural wells map (data from GSA, MDEQ, and LDEQ, 2021) 
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5.2 Alabama Well Data 

Groundwater is the primary source for PWS, with approximately 60 percent of PWS in 

the state using groundwater sources and approximately 40 percent uses surface water sources. 

The northern half of Alabama is lacking well data, outside of public supply wells, for two main 

reasons: well logs are non-existent or have not been entered digitally, and the aquifer geology in 

some areas (i.e., Piedmont aquifer; Figure 2) is not conducive to groundwater storage, so surface 

water is the primary water resource. There is a vast difference in well data volume as seen in 

Figure 16. 

The ADEM provided utility source intake locations and maximum flow rate (GPM) for 

both groundwater wells and surface water intakes, as well as the OWR certified wells dataset. 

The ADEM utility source intake data includes latitude & longitude location, PWS ID, PWS 

name, flow rate quantity (GPM), county name, and state well ID. The ADEM data was manually 

matched to the OWR data based on PWS ID and well name. The OWR data includes OWR 

certificate number, facility type, well name, aquifer, well depth, casing depth, pumping depth, 

maximum daily pumping rate (MGD), and contact information. The well ID system in Alabama 

is not uniform (i.e., WL001 stands for the first well for hundreds of utilities), so ADEM and 

OWR records for over 1,400 wells and 100 surface water intakes were manually matched or 

based on name, PWS name, or PWS ID to create a master file shown in Figure 15. A modified 

coding approach should be established to aid future monitoring and record-keeping, such as the 

well designations or alias fields utilized in GSA’s database. 

GSA provided comprehensive groundwater well data for over 46,000 wells from their 

RBDMS-ENV database from Summer 2021, which is shown in Figure 16 (GSA Well Records, 

2021). This data is not a comprehensive database of all existing records as they are actively 
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completing this database, which will include over 100,000 well records (GSA Groundwater 

Water Well Finder, 2021). The well data includes latitude & longitude location, well name, 

facility type, elevation, well designation, well diameter, screen diameter, screen bottom, screen 

top, and aquifer. 

Due to the differences between the two datasets obtained (ADEM/OWR and GSA), it 

was not possible to completely integrate the two datasets without potentially corrupting the data 

accuracy. Newer logs should have the same contact name listed, which will match some of the 

data in both datasets. GSA includes alias ID information in their new database, which typically 

matches the system designation for public supply wells and springs that is also used by ADEM. 

For the well database, both will be uploaded but GSA’s records will be emphasized. 
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Figure 15: Alabama well & surface water intake data map (data from ADEM and OWR, 

2021) (Wells are not denoted by type in the legend, because all wells are public except 

for 14 non-public wells and three irrigations wells that are certified by OWR) 
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Figure 16: Alabama well data map (data from GSA, 2021)  
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5.3 Mississippi Well Data 

Groundwater is the primary source for approximately 99 percent of PWS in the state of 

Mississippi, leaving only 1 percent of PWS using surface water as their primary source. Since 

groundwater is the primary water source for the state, the dataset provided is extensive and holds 

a great deal of potential for further data applications. There are over 21,000 active agricultural 

wells in the Mississippi Delta region of this state, as seen in Figures 17 and 18 (i.e., northwest 

side). Some agricultural water use data (annual average flow) and groundwater level data is 

available for the state, however it was not initially included in this database.  

MDEQ provided public utility source intake locations and average annual pump rate 

(groundwater wells and surface water intakes) as well as non-public source intake locations. 

There are over 2,300 wells for public water utilities and 16,000 wells for non-public/other 

beneficial uses (Figures 17 and 18, Table C1). There are only six surface water intakes public 

water utilities and over 1,800 for other beneficial uses (Figure 17, Table C1). Figure 18 shows all 

wells for public, agricultural (IR, LS, and FC), and other beneficial uses.  

MDEQ does have a domestic well database with over 150,000 wells, which was not 

initially included in this database to maintain clarity. Domestic wells in Mississippi are normally 

exempt from acquiring a permit and typically do not receive driller logs with well construction 

information.  

The data for groundwater wells includes latitude & longitude location, permit number, 

well ID, contact or utility name, elevation, aquifer, casing top, casing bottom, casing length, 

casing diameter, screen top, screen bottom, screen length, screen diameter, permitted volume 

(million gallons per day or MGD), total permitted acreage, pump rate (GPM), PWS ID, and 
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beneficial use code. The data for surface water intakes includes latitude & longitude location, 

permit number, contact or utility name, elevation, primary source, water body drain(s), pump rate 

(GPM), permitted volume (MGD), permitted volume (AF/Y), total permitted acreage, and 

beneficial use code. 
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Figure 17: Mississippi water sources map for PWS and other beneficial uses (data from 

MDEQ, 2021) MDEQ 
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Figure 18: Mississippi well data map (data from MDEQ, 2021) 
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5.4 Louisiana Well Data 

Groundwater is the primary source for approximately 92 percent of PWS in Louisiana, 

with approximately 8 percent of PWS using surface water as their primary source. Surface water 

is the primary source of water in the southeastern region of the state (i.e., City of New Orleans) 

as shown in Figure 19, because saline or brackish groundwater is too difficult to treat for public 

water supply in the southern coastal part of the state and the accessibility of major surface water 

sources (i.e., Mississippi River and Red River basins). 

LDEQ provided utility source intake locations (groundwater wells and surface water 

intakes) which are shown in Figure 19. Domestic well locations were also not included in the 

database provided. There are over 2,000 wells for public utilities and less than 50 surface water 

intakes. The public utility well data includes latitude & longitude location, well registry ID, PWS 

name, PWS ID, activity date of PWS, PWS type, well facility ID, well facility name, and activity 

date of well. The surface water intake data includes latitude & longitude location, water body, 

and parish number.  

Collaborators at Louisiana State University provided pumping well information and the 

most recently compiled pumping data in 2019, which are included in Figures 20 and 21. The 

pumping well information includes latitude & longitude location, well name, parish, use 

category, well depth, aquifer code, aquifer name, completed date, plugged (abandoned) date, 

well datum, diameter, screen number, screen(s) top, and screen(s) bottom. The pumping data 

includes latitude & longitude location, well name, parish, use category, well depth, monthly use 

for January 2019 – December 2019 (gallons), monthly maximum, and monthly minimum (Table 

2). The pumping well information provides information on over 21,400 wells, and the most 

recent pumping data for Louisiana include over 22,500 wells. The two data tables include public 
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supply wells, agricultural wells, and industrial wells. The available pumping data for PWS are 

shown in Figure 21 and Table 1 below.  
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Figure 19: Louisiana PWS water sources map (data from LDEQ, 2021) 
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Figure 20: Louisiana well data map (data from LSU and LMG Water Science Center, 2021) 
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Figure 21 & Table 2: Louisiana PWS pumping data 2019 map (data from LWG Water 

Science Center, 2021) 



46 

 

5.5 Water Quality 

ADEM, MSDH, and LDH provided available surface water TOC influent data for all 

PWS up to September 2021 records. ADEM and LDH provided all available records, with 

several PWS records dating back to 2015. Once these records were obtained, the estimated 

latitude and longitude for each PWS were merged into the provided TOC data tables to give an 

estimated location. It is important to note that many utilities use several water sources and record 

the influent for each source, but the same estimated utility location was used. There are 81 

utilities in Alabama, 5 utilities in Mississippi, and 52 utilities in Louisiana (138 PWS total) that 

monitor surface water influent TOC levels. Figures 23-25 represent the TOC influent range for 

each state’s utilities in September 2021 or 2020.  

 

Figure 22: Surface water TOC influent map (data from ADEM, MSDH, and LDH, 2021) 
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Figure 23: Alabama surface water TOC influent boxplot for September 2021 
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Figure 24: Mississippi surface water TOC influent boxplot for September 2020 (*One utility 

value is for September 2021 with a value of 2.8 MG/L that falls within the 25th percentile) 

 

Figure 25: Louisiana surface water TOC influent boxplot for September 2021  
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6. DISCUSSION 

6.1 Critical Data Gaps 

The groundwater well database highlights important monitoring parameters that should 

be included in future water management developments. There are significant differences in the 

way each state manages water use. The differences in water management are a result of current 

water policy, which lacks the detailed measures necessary to enforce accurate data recording. 

Inaccurate data recording is also caused by outdated state agency databases that have limited 

geospatial capabilities. Most groundwater well data was or is currently recorded on paper, which 

can be time consuming to input into an electronic database due to the varying legibility of these 

documents and may also introduce translation errors. Water well drillers need proper support 

from their agencies to improve data quality to provide accurate well information (Geological 

Survey of Alabama, 2018). Additionally, the lack of a uniform ID system for all agencies causes 

difficulties for collaborations or further use of the data by outside entities. Including different 

alias IDs in a comprehensive database could address this issue.  

Recording groundwater withdrawals regularly could benefit each state’s water 

management initiatives. Alabama does not require a permit for non-public supply wells to use 

groundwater, however it is required for an owner to obtain a certificate of use if they have the 

capacity to withdraw 100,000 gallons per day or more. The owner must self-report their annual 

groundwater usage to OWR (Harper et al., 2020). Non-public supply wells that are not required 

to obtain a certificate of use do not report groundwater usage in Alabama. Mississippi requires a 



50 

 

permit to use water from any well with a diameter greater than six inches and has a voluntary 

metering program for agricultural wells (Delta Voluntary Metering Program, 2022). Well driller 

logs for domestic wells are not always received because domestic wells are typically exempt 

from permitting requirements in Mississippi. Louisiana requires the registration of water wells, 

as well as monthly groundwater usage reports for owners of non-domestic water wells in an area 

of groundwater concern (Department of Natural Resources | State of Louisiana, 2022; LAC 56: 

Water Well Registration, Construction, Plugging and Abandonment, 2020). An area of 

groundwater concern is defined as an area that is negatively impacted by saltwater intrusion, 

water level decline, or subsidence in the aquifer that affects any well owner (2021 Louisiana 

Laws, 2021). Louisiana’s groundwater pumping data presents a good base model that Alabama 

and Mississippi could use for compiling monthly groundwater usage. The groundwater pumping 

data provided by LSU and LMG Water Science Center provides monthly groundwater usage for 

each month of the year, as well as the monthly maximum and minimum for the year. This data 

represents realistic groundwater usage in the state of Louisiana, because it shows how wells tend 

operate in shifts and not consistently throughout the year. Annual groundwater usage estimates 

do not provide in-depth information that shows how often wells are used on a month-to-month 

basis. This information can help to strategize groundwater usage over aquifer systems by 

promoting groundwater sustainability and aquifer recharge. By taking informed measures, such 

as alternating what wells are pumping at what time in a specific region, intense groundwater 

drawdowns or level depletions can be avoided. Other research initiatives can utilize this pumping 

data to compare estimates of groundwater use over regional systems, which can support long-

term water sustainability for all groundwater users. 
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Recording groundwater quality data is not required, however, it would greatly benefit 

management in this region because groundwater is the primary drinking water source. Per EPA 

guidelines, it is not required to monitor and record groundwater quality for reporting purposes 

outside of microbiological contaminants (US EPA, 2022). The USGS National Water Dashboard 

database includes groundwater water levels for monitoring wells in this region, as well as surface 

water quality and streamflow (USGS Water Data for the Nation, 2022). The USGS also has a 

few test wells in this region that are sampled on a 10 year or less time interval as a part of the 

National Water-Quality Assessment Program (National Water-Quality Assessment (NAWQA), 

2022). Mississippi and Louisiana have started testing groundwater quality in support of CWA 

through 305(b) reports, however, this data only tests a small sample of wells, and it is only 

recorded every few years (MDEQ Office of Land and Water Resources, 2021; LDEQ Water 

Planning and Assessment Division, 2018). The availability of this data for public consumption is 

undetermined because there is a lack of transparency for public data viewing for both 

stakeholders and other intrastate agencies.  

Bridging the data gap between water utilities, management, and environmental agencies 

is a difficult task. Any small effort can allow for more effective research investigations, that can 

support future management decisions which will funnel back down to these entities. Further 

research in the domestic and agricultural sectors is also necessary to provide a complete picture 

of groundwater usage in this region. Collaboration between all agencies and research institutes is 

essential to strengthening all resources available to achieve a common goal: protecting a precious 

and limited resource for future generations. Some major research institutions in this region, 

including the Alabama Water Institute (University of Alabama), the Alabama Water Resources 

Research Institute (Auburn University), the Mississippi Water Resources Research Institute 
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(Mississippi State University), the Louisiana Water Resources Research Institute (Louisiana 

State University), and the Lower-Mississippi-Gulf Water Science Center (USGS), support 

groundwater research that can help achieve these goals.  

6.2 Future Management Developments 

All three states could achieve effective water data management by developing 

comprehensive state water management plans that provides solid framework foundations. 

Current water policy requirements must be addressed to improve current data reporting while 

ensuring water sustainability for future generations. Groundwater is not protected by the same 

legal rights as surface water, and legal doctrines vary by state. However, it is important to note 

that surface water and groundwater are intrinsically connected and should be addressed as such 

by water management policies. All three states are in a vulnerable position without a 

comprehensive state water management plan in place, especially in the case of an interstate water 

disputes, drought, or groundwater depletion situations.  

The Alabama Water Agencies Working Group (AWAWG) has addressed water 

management issues in the state, as well as proposed an action plan to develop a comprehensive 

state water management plan (AWAWG, 2013; AWAWG, 2012; Geological Survey of 

Alabama, 2018). Mississippi has outlined groundwater as a state resource; however, the state is 

still in the process of developing a comprehensive state water management plan that includes 

surface water and groundwater resources (Water Management: Mississippi River Watershed 

Plan, 2021; MDEQ Office of Land and Water Resources, 2021). The LDNR and the Louisiana 

Water Resources Commission have both addressed water management issues in the state, and 

LDNR has proposed recommendations for a comprehensive state management plan (Louisiana 

Water Resources Commission, 2016; Ecology and Environment, Inc., 2011; Louisiana Ground 
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Water Resources Commission, 2012). These recommendations have not been fully integrated 

into state law at this time. 

Lack of data uniformity between the various management agencies in the three states can 

result in a lack of uniformity and cohesive intrastate management. This breakdown includes 

permitting requirements, groundwater usage reporting, and outdated databases for groundwater 

well driller logs. For permitting, the state of Alabama requires certificates of use, not permits, 

only for users withdrawing 100,000 gallons per day or more, the state of Mississippi requires 

permits to use water for non-domestic well over six inches in diameter, and the state of Louisiana 

requires all water wells to be registered. For groundwater usage reporting, the state of Alabama 

only requires those with a certificate of use to self-report estimated annual use, the state of 

Mississippi does not require the reporting of groundwater usage outside of voluntary programs, 

and the state of Louisiana only requires owners of non-domestic wells in an area of groundwater 

concern to submit monthly reports. All three states have issues with the way that well driller logs 

are submitted to the requisite state agency, especially for domestic wells. The different 

management protocols in the three states makes it extremely difficult to define groundwater 

usage and demands on a state and regional scale. 

If effective water management is implemented before serious water availability or quality 

concerns arise, it will save a lot of money and work for various agencies. Examples have already 

occurred in the region, as evident by the tri-state water wars final decisions, because Florida did 

not establish convincing evidence that Georgia’s water usage was impacting Florida’s wildlife 

(Bearden et al., 2021). This research provides an analysis of available groundwater data for this 

region, which can be used as a scientific reference for future water management suggestions or 

further research investigations. States that explicitly mention incorporating science and data in 
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their comprehensive state water management plans include Arkansas (Arkansas Water Plan, 

2014), Texas (Texas State Water Plan, 2022), Georgia (Georgia State Water Plan, 2008), and 

Florida (The 2021 Florida Statues: Chapter 373 Water Resources, 2022). These four states are 

the neighbors of Alabama, Mississippi, or Louisiana. The states of Arkansas, Texas, Georgia, 

and Florida aim to use data to define water availability, necessary water supplies, and future 

water needs for their respective states, which includes providing publicly accessible reports or 

databases (Arkansas Water Plan, 2014; Texas State Water Plan, 2022; Georgia State Water 

Plan, 2008; The 2021 Florida Statues: Chapter 373 Water Resources, 2022). A comprehensive 

groundwater database provides a baseline of what publicly available data exists for the states of 

Alabama, Mississippi, and Louisiana by highlighting common fields or necessary improvements 

in data collection (Table C1). The comparison of Alabama, Mississippi, and Louisiana to their 

neighbors with state water plans, as well as each other, can encourage policymakers to recognize 

shortcomings in state water management.  

6.3 Potential Data Applications 

There are various GIS-based applications or methods that can utilize this comprehensive 

database to obtain specific data outputs. One potential application is a comparative domestic well 

estimation with the Block Group Method (BGM) and Road-Enhanced Method (REM), which are 

two different GIS map estimations based on 1990 census data (Johnson et al., 2019; Johnson & 

Belitz, 2017). This could provide a comparison between the models for the region, as well as an 

estimate on the missing domestic well use data. Another application could use utilities’ 

distribution shapefiles to estimate the total populations dependent on public water supplies and 

domestic well water. This could provide a better estimation for the utilities’ supply locations, as 
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well as a better understanding of regional water use distributions. However, that method would 

require approval from government agencies or utilities.  

Multi-Criteria Decision Analysis (MCDA) methods could also factor in this data to 

support sustainable management (Pietersen, 2007) and or to further assess groundwater quality 

(Singh et al., 2017). MCDA allows users to define the criteria to be considered then their impact 

weight when considered, which makes it a helpful tool that can solve a specific problem by 

identifying alternatives and criteria (Multi Criteria Decision Analysis Tool - User Guide, 2020). 

Criteria can include specific measurements, i.e., cost or temperature, or vague measurements, 

i.e., public acceptance or social benefit, when on the same scale (Multi Criteria Decision 

Analysis Tool - User Guide, 2020). A report published by GSA utilizes MCDA to assess the 

aquifer recharge potential of all areas in the state of Alabama, which can be further utilized to 

evaluate aquifer vulnerability to contamination, identify potential impact areas of drought and 

flooding, as well as become a tool for policy makers and managers to make science-based 

decisions on water resources issues (Guthrie et al., 2022). This report modifies EPA’s DRASTIC 

method by revising the factors and utilizing technology and data that was not available when the 

method was established (Guthrie et al., 2022). The groundwater database could be used in 

similar ways to either modify or support pre-existing MCDA methods or create new MCDA 

methods that can provide stakeholders with a tool that factors in available scientific information. 

The database can also be further utilized to estimate domestic well flood inundation risk based 

on available elevation data, footprint of domestic well water use, assess groundwater quality by 

utilizing surface water TOC values or smaller groundwater quality datasets from state agency 

programs, i.e. USGS National Water-Quality Assessment Program, GSA Geochemical database, 

MDEQ biannual Groundwater Quality Assessment report, and LDEQ triennial Aquifer Sampling 
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and Assessment Program report, and various other specific research investigations that include 

groundwater wells, usage, or quality. 

 The next phase of the groundwater database will be to finalize all the datasets to prepare 

for the web-application that ensures easily and lasting accessibility for all stakeholders in the 

states of Alabama, Mississippi, and Louisiana. During the design phase for the future web-

application platform, it will be critical to analyze the best potential systems to use, such as 

ArcGIS Online or Building Information Model (BIM) (Singh et al., 2012; Pichaimani & 

Manjula, 2016). Collaboration with other researchers within the National Science Foundation 

(NSF) Integrated Groundwater Management Project (IGM) and the Alabama Water Institute will 

help launch this groundwater well database into an online platform that can be viewed by the 

public and other stakeholders interested in groundwater data within the Southeastern region.   
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7. CONCLUSION 

Water sustainability is a critical topic on the international agenda because of international 

crises such as drought, pollution, groundwater depletion, and legal water disputes. Groundwater 

supplies clean freshwater for several essential uses, most importantly drinking water for 

humanity. The development of comprehensive state water management plans is becoming a 

paramount infrastructure need in the US. Many US states have implemented complex water 

management plans, but some states are behind in developing comprehensive plans and adopting 

sustainable water policies. The majority of state water policies, including the states of Alabama, 

Mississippi, and Louisiana, consider surface water and groundwater as separate sources, despite 

their interconnected nature in the water cycle and comprehensive state water management plans 

based on scientific data should include this relationship.  

More than eight government and environmental agencies in the Southeastern US, for the 

states of Alabama, Mississippi, and Louisiana, have started to compile available groundwater 

data, as well as enforce water usage and quality for groundwater resources. Most research in this 

region has been focused on specific topics such as saltwater intrusion or estimated groundwater 

withdrawals based on the information available through other modeling efforts. This research 

highlights critical data gaps as well as inadequacies in intra- as well as interstate data that can 

significantly impact future water management plan developments. Future research investigations 

can utilize this database and study as a reference for groundwater data, and to support 

management and policy decisions in Alabama, Louisiana, and Mississippi.   
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Further investigations in domestic and agricultural groundwater use are necessary to 

provide a detailed analysis of total groundwater usage, which can be accomplished by increasing 

efforts or estimating data based on current voluntary programs in the three states. Future work 

includes finalizing an online platform for the database, as well as the implementation of other 

GIS methods, such as domestic well estimations or MCDA, to compare with other available data 

applications.  
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APPENDIX 

Figure A1: Geologic map of part of the Southeastern US legend
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Figure B1: Alabama water departments organizational chart (The chart is not a comprehensive 

list of all departments, offices, and sub-sections. Go to 

http://www.adem.alabama.gov/inside/contact.cnt and https://adeca.alabama.gov/Divisions/ for 

more information). 

 

http://www.adem.alabama.gov/inside/contact.cnt
https://adeca.alabama.gov/Divisions/
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Figure B2: Mississippi water departments organizational chart (The chart is not a comprehensive 

list of all departments, offices, and sub-sections. Go to https://www.mdeq.ms.gov/about-mdeq/ 

and https://www.msdh.ms.gov/ annual report publications for more information). 

 

https://www.mdeq.ms.gov/about-mdeq/
https://www.msdh.ms.gov/
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Figure B3: Louisiana water departments organizational chart (The chart is not a comprehensive 

list of all departments, offices, and sub-sections. Go to 

https://www.louisiana.gov/government/executive-branch-cabinet/ for more information). 

 

  

https://www.louisiana.gov/government/executive-branch-cabinet/
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Table C1: Well data fields for the groundwater database (Includes fields included in all three 

state’s datasets or two state’s datasets, as well as fields included in one state that are important 

parameters.) *Mississippi records these values with a negative symbol for below surface ground 

level; ** Alias IDs will be included in the new GSA database, and this groundwater database 

will consider including unique database IDs with alias field for state/agency names that can be 

searched or filtered for 

Well data fields All three 

states 

Two 

states 

One state  

Facility/PWS ID 
   

Well ID (unique to utility or state) 
   

Facility type/Use Category 
   

Elevation 
   

Well diameter 
   

Screen diameter 
   

Screen bottom* 
   

Screen top* 
   

Aquifer Name 
   

Flow rate quantity/pump rate (GPM) 
   

Activity status/date 
   

County 
   

Certificate/Permit ID 
   

Contact information 
   

Casing depth/bottom (AL, MS) 
   

Well depth (AL, LA) 
   

Average/Maximum daily/permitted volume 

(MGD) 

   

Alias IDs** 
   

Pumping on monthly basis 
   

Pumping depth 
   

Screen number 
   

Dates of completion, plugged, active 
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Table D1: Mississippi beneficial use codes 

USE CODE USE DESCRIPTION 

BW BOTTLED WATER 

CH CHICKEN HOUSE 

CO COMMERCIAL 

DW DEWATERING 

FA FLOW AUGMENTATION 

FC FISH CULTURE 

FP FIRE PROTECTION 

GW GRAVEL WASH 

HT HYDROSTATIC TESTING 

IN INDUSTRIAL 

IP IMPOUNDMENT 

IR IRRIGATION 

IT INSTITUTIONAL 

LS LIVESTOCK 

MO MONITORING 

OT OTHER 

RE RECREATIONAL 

RM REMEDIATION WELL 

RS OIL RIG SUPPLY 

WM WILDLIFE MANAGEMENT 

 


