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BACKGROUND INFORMATION 

DESCRIPTION OF AGENCY AND PURPOSE OF MONITORING 

The Geological Survey of Alabama (GSA) has provided services and information to 

Alabama and its citizens as a natural resource data gathering and research agency since 

its establishment in 1848 by the Alabama legislature. As part of its mission, the GSA 

explores and evaluates the mineral, water, energy, biological, and other natural 

resources of the State of Alabama and conducts basic and applied research in these 

fields. Natural resource investigations of both groundwater and surface water began in 

1898 when the GSA, in cooperation with the U.S. Geological Survey (USGS), began a 

systematic evaluation of the state’s water resources (Johnston, 1933). For the past 

several decades, the GSA has published many reports related to both the groundwater 

and the surface water resources of the state. 

The GSA Groundwater Assessment Program (GSA-GAP) has two ongoing monitoring 

programs: real-time and periodic. Collected data from the networks are made available 

to the public and to other state agencies such as the Drought Monitoring and Impact 

Group (MIG) of the Alabama Drought Assessment and Planning Team (ADAPT) 

through online portals https://gsa.state.al.us/gsa/groundwater/realtime and 

https://gsa.state.al.us/gsa/groundwater/periodic. Semi-annual water levels collected for 

the periodic monitoring program are used to create snapshots of specific aquifers that 

have been impacted by pumping, land use, and/or drought stressors. These programs 

are detailed in a publication entitled An Assessment of Groundwater Resources in 

Alabama, 2010-2016 (GSA, 2018), which contains a detailed compilation of aquifer 

characteristics and groundwater wells monitored across the state. Alabama utilizes the 

major regional aquifer physiography to delineate groundwater flow regimes across the 

state as described in the program design section of Appendix 2 of a report by the 

Advisory Committee on Water Information Subcommittee on Ground Water (SOGW, 

2013).  

The GSA began systematically installing real-time monitoring equipment in wells 

throughout the state in 2010 to monitor and assess groundwater levels and to provide 

data on groundwater responses to water use, land use changes, and natural stressors. 

https://gsa.state.al.us/gsa/groundwater/realtime
https://gsa.state.al.us/gsa/groundwater/periodic


 

2 

Beginning in 2020, this data was made available to the National Groundwater 

Monitoring Network (NGWMN) operated by the U.S. Geological Survey. The NGWMN is 

a national database of vetted groundwater quality data presented in the same format to 

facilitate scientific research and the discernment of large-scale groundwater patterns. 

Providing the GSA-GAP groundwater monitoring network data through the NGWMN 

portal to view readily alongside adjacent states can reveal regional aquifer conditions 

within the southeastern region of the United States. This knowledge has the potential to 

lead to a better understanding of groundwater conditions, support water management 

decisions, and provide insight about groundwater responses to climatic changes in the 

region. 

PROJECTS WITH THE NGWMN 

This report summarizes the second phase of water-level data served to the NGWMN, 

under a previous USGS Award #G18AC00066, which identified and selected 172 wells 

as potential surveillance wells. The Objective 2 task for the current project, which is to 

classify and serve water-level data for the 172 Alabama surveillance wells to the NGWMN 

has been performed. This final technical report documents the services performed for 

Objective 2, in fulfillment of the current USGS NGWMN award (#G21AC10422). 

OVERVIEW OF WORK 

EXISTING MONITORING NETWORKS REPORTING TO THE NGWMN 

The GSA-GAP has been actively monitoring groundwater conditions in the state since 

the early 1950s through a network of observation wells. Initially, this network was 

operated in conjunction with the USGS; however, currently the GSA-GAP has full 

responsibility for maintenance and operation of the network. Real-time data collection 

began in 2010, with the installation of the first equipment in some of the observation 

wells used for periodic monitoring. Since 2010, the GSA-GAP has focused on expanding 

the network, which now includes 30 well sites to monitor daily water-level changes across 

the state. The current real-time network incorporates wells in which water levels are 

recorded every two hours and reported twice daily to the GSA-GAP server. Updates are 

available daily via an online portal https://gsa.state.al.us/gsa/groundwater/realtime. 

Eight real-time wells are currently used to report groundwater level responses to climatic 

https://gsa.state.al.us/gsa/groundwater/realtime
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variation to the MIG during the drought season, as well as other interested stakeholders 

throughout the state. 

The GSA-GAP real-time monitoring network includes wells in eight of the principal 

aquifer systems established by the USGS (USGS, 2013). Hydrogeologic attributes of the 

principal aquifers in the State are described from north to south in the following sections.  

MISSISSIPPIAN AQUIFERS 

The Mississippian aquifer system in Alabama is comprised of karstic carbonate 

strata that have complex flow characteristics. The five wells with dedicated real-time 

equipment, located in this part of the state provide important water-level monitoring data 

trends in an area of active groundwater withdrawal from the Alabama portion of the 

Tennessee River (ATR) basin. Currently, this northern region of Alabama is 

experiencing unprecedented population growth expanding outward from the city of 

Huntsville, causing increasing competition for water resources, between municipal, 

agricultural, and residential land development sectors. Accurate water-level data 

provides useful information for water-supply planning purposes. 

PENNSYLVANIAN AQUIFERS 

The well-indurated clastic sandstone formations forming the Pennsylvanian aquifers 

are not prolific water-bearing units in Alabama. The aquifers consist of interbedded 

sandstone, shale, and coal, with limited primary permeability and low hydraulic 

conductivity. The entire hydrologic sequence is fractured, and the fracture-dominated 

flow patterns create inconsistent water availability issues. Most productive wells are deep 

and not directly connected to the surface. Surface reservoirs serve as the primary 

sources of public water in regions of the state underlain by these aquifers. 

VALLEY AND RIDGE AQUIFERS 

The Valley and Ridge aquifer system is a complex assemblage of sedimentary rocks 

overprinted by structural features developed during Paleozoic deformation. Limestones, 

dolomites, and sandstones serve as the primary aquifers, with thick shale units forming 

aquitards. The fractured character of the sequence has resulted in the development of 

preferential flow paths along strike, typically northeast to southwest, and vertical flow 

between the shale layers. As a result, this aquifer system is susceptible to vertical and 
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horizontal transport of contaminants released from surface sources. Valley and Ridge 

aquifers serve as an important source for public water, agricultural, and domestic water 

supplies.  

PIEDMONT AND BLUE RIDGE AQUIFERS 

The Piedmont and Blue Ridge aquifers in Alabama comprise metasedimentary, 

metaigneous, and igneous rocks arranged in a complex pattern, with rocks of distinct 

metamorphic grade separated by major regional fault systems.  Metamorphic grade and 

mineral recrystallization and fabric development increases from low grade in the 

northeast to high grade in the southeast. Pre-, syn-, and post-metamorphic intrusive 

rocks occur throughout the central and southeastern areas of this aquifer system. 

Metamorphic overprinting has resulted in a loss of primary porosity, permeability, and 

groundwater storage. Water flow patterns are primarily controlled by fractures and other 

structural features. Surface water reservoirs are the primary sources for water supply in 

this region of the state. 

MISSISSIPPI EMBAYMENT AQUIFER SYSTEM 

The Mississippi embayment aquifer system comprises sedimentary confined and 

semi-confined aquifers. These aquifers consist of coarse sand layers interbedded with 

clay, which forms effective confining units. Groundwater storage and flow are controlled 

by the primary porosity and permeability characteristics of these layers. Groundwater 

provides a major source of water in this area of the state.  

SOUTHEASTERN COASTAL PLAIN AQUIFER SYSTEM 

The Southeastern Coastal Plain aquifer system is a regionally extensive and 

productive aquifer complex comprised of clastic sedimentary strata interbedded with 

thin layers of carbonate. This thick hydrogeologic unit of Cretaceous to upper Miocene 

sediments underlies more than half of the state of Alabama. Groundwater produced from 

this aquifer system provides essential water resources for public, domestic, and 

agricultural use. Wells in this system provide important real-time monitoring data useful 

for evaluating potential transboundary groundwater issues along Alabama’s western 

boundary with Mississippi through both surface and subsurface connections with the 

Tombigbee River.  
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FLORIDAN AQUIFER SYSTEM 

The small portion of the regionally extensive Floridan aquifer system located in 

southern Alabama consists of clastic sedimentary strata interlayered with thin-bedded 

carbonates. Wells in this aquifer system provide valuable continuous water-level data to 

the NGWMN in an area of active groundwater withdrawals within the Apalachicola-

Chattahoochee-Flint (ACF) River basin.  

COASTAL LOWLANDS AND SURFICIAL AQUIFER SYSTEM 

The Coastal lowlands and surficial aquifer system in Alabama comprises a complex 

assemblage of interbedded clays and sands in southern Alabama and along major 

waterways throughout the state. Wells in this aquifer system in the southern part of the 

state are susceptible to storm surge impacts from hurricanes and large storm systems. 

Data from these wells are useful to evaluate saltwater encroachment and climate 

change issues along the coast. 

WELL SITE SELECTION FOR THE NGWMN 

The purpose of the NGWMN is to provide a national overview of long-term trends 

across regional aquifer systems. As such, wells are selected to differentiate between the 

effects of short-term and long-term hydrologic stressors to the aquifers. As a data 

provider to the NGWMN, the GSA-GAP staff selected wells from the current water-level 

monitoring programs to meet the requirements of the NGWMN after reviewing the 

criteria for inclusion into the USGS catalog. 

TREND WELL NETWORK 

Trend monitoring, as described in Section 4.5.1 of the SOGW (2013) report, is designed 

to look at long-term and seasonal water-level variations at frequent measuring intervals 

for a limited number of wells across the state. The GSA-GAP staff selected trend wells 

from the state’s real-time network, which derives water-level elevation data from the 

principal aquifer systems identified in Alabama. The trend well locations are shown in 

figure 1. 
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Figure 1.  Location of NGWMN trend monitoring wells in Alabama. 
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Twenty-nine wells in Alabama’s real-time network were established as trend-

monitoring wells in appendix table A-1, and the daily data are currently being served to 

the NGWMN program online at cida.usgs.gov/ngwmn. Water-level elevations are 

measured by pressure transducers and recorded on a data logger every two hours. 

These data are transmitted to a GSA-GAP dedicated computer each day, and the daily 

average for each trend monitoring well is served to the NGWMN portal every evening. 

SURVEILLANCE WELL NETWORK 

Surveillance monitoring, as described in Section 4.5.1 of the SOGW (2013) report, is 

designed to periodically “tie together” the trend monitoring well data, providing greater 

spatial coverage to fill in spatial gaps between trend wells that are monitored on a more 

frequent basis. The frequency of measurements made in Alabama’s surveillance wells is 

semi-annual, which provides an extensive snapshot of overall aquifer conditions in the 

state when combined with trend well data. 

The selection of periodic wells to be included in the NGWMN surveillance network 

was a three-step process. In the first step, ineligible wells were eliminated from further 

consideration. In general, these eliminated wells either had access problems or did not 

have detailed lithologic or well construction data on record.  

As clearly stated in section 4.5.1 of the SOGW (2013) report, the monitoring wells 

selected for the network are most representative of static water levels. The GSA-GAP 

staff eliminated the public supply wells and periodic monitoring wells within a 1-mile 

radius of a public supply well from further consideration as potential surveillance wells, 

due the possible drawdown effects of high-capacity pumping.  

The second step was a process to evaluate the remaining wells in relation to the 

NGWMN goals, whereby the five factors listed below were quantified and weighted: 

• years of data, 

• distance from public supply wells, 

• proximity to other monitoring wells, 

• distance from real-time wells, and 
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• proximity to a stream gage. 

 The third and final step of the process was to rank the periodic program wells as 

potential candidates for the NGWMN surveillance subnetwork. Listed below in order of 

consideration, are the weighted factors that improved the priority ranking for inclusion 

into the USGS NGWMN as a surveillance site: 

1. greater number of years of water-level elevation data, 

2. further distance from public supply well, 

3. number and proximity of monitoring wells within a 5-mile radius, 

4. further distance from an existing real-time well, and  

5. close proximity to a monitored stream gage. 

A more detailed breakdown of each step in this well selection process is included 

in the final contract report submitted to USGS for Grant #G18AC00066 entitled 

Establishing Alabama as a Data Provider to the USGS National Groundwater 

Monitoring Network (Arnold, 2020).  

Based on the technical analyses of the periodic program wells, as outlined above 

and described in the previous report (Arnold, 2020), 172 monitoring wells were selected 

from Alabama’s periodic network to be included in the USGS NGWMN surveillance well 

network (appendix table A-2). Wells were selected in order of usefulness and suitability 

of the water-level measurements as data points for inclusion in the national network. The 

majority of the surveillance wells, 114, are in unconfined aquifers, and the remaining 58 

wells are in confined aquifers. 

Water-level data collected from the periodic and real-time wells are stored in two 

separate databases on the GSA servers; therefore, additional web services had to be 

established between the GSA and USGS servers in order to serve the data to the 

NGWMN. 
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Figure 2. Location of NGWMN surveillance monitoring wells in Alabama. 
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ASSIGNING SUBNETWORKS AND MONITORING CATEGORIES 

Groundwater monitoring wells from both the surveillance and trend network were 

evaluated for placement into the appropriate subnetwork classification defined as 

background, suspected changes, and documented changes in section 1.4.3 of the 

SOGW report (2013). The inclusion of wells into these subnetworks is based upon the 

identification of anthropogenic effects on water levels due to land use and development 

and withdrawal due to pumping. GSA geologists used the historic hydrographs to 

visually interpret the water-level drawdown for each well and further classify the 

surveillance wells into subnetwork categories established by the NGWMN.  To fulfill the 

current scope of work, the subclassified surveillance wells were assigned to these 

subnetworks, and the well data were uploaded to the NGWMN portal.  

BACKGROUND SUBNETWORK 

As defined by the USGS NGWMN, the background subnetwork includes monitoring 

sites that show minimal anthropogenic effects as measured from water-level elevations. 

Of the 172 surveillance monitoring wells in Alabama added to the NGWMN for this 

project, 116 are classified as background. Moreover, 22 of the 29 GSA-GAP trend 

network wells were classified as background in the NGWMN water level database (see 

GSA Open-File Report 2011, November 2020). Background wells are spatially 

distributed throughout all of the principal aquifers located in Alabama (figure 3). 

SUSPECTED OR ANTICIPATED CHANGES SUBNETWORK 

The suspected changes subnetwork includes monitoring wells in principal aquifer 

systems that have water level variations due to observed or anticipated anthropogenic 

influence. The suspected or anticipated changes subnetwork may be in areas where 

land-use changes or pumping effects are known or anticipated based on population 

growth and property development. At this time, 37 of the surveillance wells and 7 of the 

GSA-GAP trend network wells are listed in the suspected or anticipated changes 

subnetwork (see figure 3 and appendix table A-1). Most of these wells are in the 

southern half of the state in the Southeastern Coastal Plain and confining units, the 

Floridan, and the Coastal Lowland aquifer systems.  A limited number of wells (6) within 

principal aquifers in the northern half of the state are classified in this subnetwork. 
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Figure 3. NGWMN surveillance wells classified by water-level characteristics. 
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KNOWN CHANGES SUBNETWORK 

The known changes subnetwork includes monitoring wells that provide data from 

principal aquifer systems that have documented anthropogenic effects. At this time, 19 

of the 172 surveillance wells were placed into the subnetwork of known changes as 

defined by the USGS NGWMN. Most of these wells are in the southern part of the state 

(see figure 3). As more data becomes available and reviewed, this determination could 

change. The complex geologic diversity in the state combined with shared state 

boundaries, demonstrates the need for careful assessment and water resource 

planning. 

FIELD TECHNIQUES 

Water levels in the periodic program wells are measured manually by GSA staff using 

a steel tape and chalk or an electronic metering tape. Field sampling methods are 

described in detail in the groundwater assessment report (GSA, 2018), and a graphic 

overview of the sampling methodology is included on the GSA website, 

https://www.ogb.state.al.us/gsa/groundwater/periodic. 

DATA MANAGEMENT PROCEDURES 

Periodic water-level data is manually entered and stored in Excel spreadsheets on 

the GSA-GAP data server and uploaded to the Risk Based Data Management System 

(RBDMS) database. The data is copied and stored on a separate data back-up storage 

device each evening. The updated data is served once per day to the USGS portal. 

MINIMUM DATA ELEMENTS 

Criteria entered for wells selected for upload to the NGWMN registry include: 

• Agency name. 

• Unique site number and name. 

• Location information including state, county, latitude and longitude with 

the horizontal datum and method used, and accuracy. 

• Altitude in specified units with the vertical reference datum and method 

used and accuracy. 

https://www.ogb.state.al.us/gsa/groundwater/periodic
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• Well depth in specified units. 

• The national aquifer designation and local aquifer name. 

• The type of groundwater well and aquifer type. 

• Whether the site is in a water level (WL) subnetwork and the WL 

subnetwork name from which the data is uploaded. 

• Whether the well meets the criteria for WL baseline (five years of data), 

well type, well characteristics, well purpose, and well purpose notes. 

• Whether the well is part of the water quality (QW) subnetwork.  

• The URL to the specified data on the data provider’s website. 

SITES THAT DO NOT MEET NGWMN REQUIREMENTS 

As discussed in section 4.5.1, of the SOGW report (2013), public supply wells do not 

meet NGWMN requirements because water levels from these actively pumped wells are 

within the cone of depression influenced by nearby active groundwater withdrawal. 

WEB SERVICES FOR THE NGWMN SURVEILLANCE WELLS 

The GSA web services were developed using an existing ArcGIS Server. Pertinent 

well data was aggregated and extracted from the agency’s two water databases via SQL 

queries. These SQL results were loaded into three empty tables in a new NGWMN 

geodatabase where each table represents a web service (water levels, construction 

data, and lithology). A new map was created from each of the tables using ArcGIS Pro,  

and published to the ArcGIS Server as a new REST WFS web service. Each web 

service returns XML formatted data by passing a unique well identifier as a parameter in 

the URL. Data from these web services will be maintained from scheduled tasks that 

execute Python scripts to update the source data for each web service. At the time of 

this report, the tasks execute on a monthly schedule but have the flexibility to be 

executed upon any query. 

WATER-LEVEL SERVICE 

Water levels for a well can be retrieved by accessing the water-level service and 

passing the unique site number as a URL parameter. As an example, in the web service 
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URL below, the USGS NGWMN Site Number 92278 is queried. When the matching 

record is accessed, an XML formatted document returning required elements is 

returned. The query and response shown below depicts a water-level record. A 

complete water-level measurement includes the date of measurement, depth-to-water, 

units, method for measuring, and the accuracy. 

https://map.gsa.state.al.us/arcgis/services/NGWMN/Water_Levels/MapServer/WFSSer 

ver?&service=WFS&request=GetFeature&typename=NGWMN:Water_Level&outputFor 

mat=GML3&filter=<ogc:Filter><ogc:PropertyIsEqualTo><ogc:PropertyName>Site_Num 

ber</ogc:PropertyName><ogc:Literal>92278</ogc:Literal></ogc:PropertyIsEqualTo></o 

gc:Filter>. 
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CONSTRUCTION SERVICE 

The construction service, which contains casing and screen information, can also be 

accessed via passing a unique site number inside the URL, as follows: 

https://map.gsa.state.al.us/arcgis/services/NGWMN/Construction/MapServer/WFSSer 

ver?&service=WFS&request=GetFeature&typename=NGWMN:Construction&outputFor 

mat=GML3&filter=<ogc:Filter><ogc:PropertyIsEqualTo><ogc:PropertyName>Site_Num 

ber</ogc:PropertyName><ogc:Literal>92278</ogc:Literal></ogc:PropertyIsEqualTo></o 

gc:Filter>. 

For both casing and screen information, the web service returns tops, bottoms, 

diameters, construction materials, and units for each casing and screen. The service also 

supplies well depth and well depth units. The features described by this query are 

illustrated as follows: 

 

 

https://map.gsa.state.al.us/arcgis/services/NGWMN/Construction/MapServer/WFSServer?&service=WFS&request=GetFeature&typename=NGWMN%3AConstruction&outputFormat=GML3&filter=%3cogc%3AFilter%3e%3cogc%3APropertyIsEqualTo%3e%3cogc%3APropertyName%3eSite_Number%3c/ogc%3APropertyName%3e%3cogc%3ALiteral%3e92278%3c/ogc%3ALiteral%3e%3c/ogc%3APropertyIsEqualTo%3e%3c/ogc%3AFilter
https://map.gsa.state.al.us/arcgis/services/NGWMN/Construction/MapServer/WFSServer?&service=WFS&request=GetFeature&typename=NGWMN%3AConstruction&outputFormat=GML3&filter=%3cogc%3AFilter%3e%3cogc%3APropertyIsEqualTo%3e%3cogc%3APropertyName%3eSite_Number%3c/ogc%3APropertyName%3e%3cogc%3ALiteral%3e92278%3c/ogc%3ALiteral%3e%3c/ogc%3APropertyIsEqualTo%3e%3c/ogc%3AFilter
https://map.gsa.state.al.us/arcgis/services/NGWMN/Construction/MapServer/WFSServer?&service=WFS&request=GetFeature&typename=NGWMN%3AConstruction&outputFormat=GML3&filter=%3cogc%3AFilter%3e%3cogc%3APropertyIsEqualTo%3e%3cogc%3APropertyName%3eSite_Number%3c/ogc%3APropertyName%3e%3cogc%3ALiteral%3e92278%3c/ogc%3ALiteral%3e%3c/ogc%3APropertyIsEqualTo%3e%3c/ogc%3AFilter
https://map.gsa.state.al.us/arcgis/services/NGWMN/Construction/MapServer/WFSServer?&service=WFS&request=GetFeature&typename=NGWMN%3AConstruction&outputFormat=GML3&filter=%3cogc%3AFilter%3e%3cogc%3APropertyIsEqualTo%3e%3cogc%3APropertyName%3eSite_Number%3c/ogc%3APropertyName%3e%3cogc%3ALiteral%3e92278%3c/ogc%3ALiteral%3e%3c/ogc%3APropertyIsEqualTo%3e%3c/ogc%3AFilter
https://map.gsa.state.al.us/arcgis/services/NGWMN/Construction/MapServer/WFSServer?&service=WFS&request=GetFeature&typename=NGWMN%3AConstruction&outputFormat=GML3&filter=%3cogc%3AFilter%3e%3cogc%3APropertyIsEqualTo%3e%3cogc%3APropertyName%3eSite_Number%3c/ogc%3APropertyName%3e%3cogc%3ALiteral%3e92278%3c/ogc%3ALiteral%3e%3c/ogc%3APropertyIsEqualTo%3e%3c/ogc%3AFilter
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LITHOLOGY SERVICE 

Similar to the web services described in prior sections, lithologic information can be 

obtained by passing the same unique identifier from the previously mentioned services 

as a parameter to the web service URL, as follows: 

https://map.gsa.state.al.us/arcgis/services/NGWMN/Lithology/MapServer/WFSServer? 

&service=WFS&request=GetFeature&typename=NGWMN:Lithology&outputFormat=G 

ML3&filter=<ogc:Filter><ogc:PropertyIsEqualTo><ogc:PropertyName>Site_Number</o 

gc:PropertyName><ogc:Literal>92278</ogc:Literal></ogc:PropertyIsEqualTo></ogc:Filt 

er> 

The lithology web service provides the lithologic ID, description, top and bottom of the 

unit, and the observation method. All lithologic observations were determined from drilling 

records reviewed by geologists on staff in the GSA-GAP. Where necessary, these depths 

were correlated with available electrical logs. The features described by the lithologic 

query are illustrated as follows: 
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https://water.usgs.gov/ogw/aquifer/map.html
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