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INTRODUCTION 

 Due to rapid and continued development in Madison County in northern 

Alabama, the Madison County Water Department (MCWD) requires additional water 

sources to meet the growing demand for public water supplies. MCWD sought to locate 

and develop suitable water supplies from groundwater sources in the county by drilling 

test wells and conducting pumping tests of existing wells. The Geological Survey of 

Alabama (GSA) assisted MCWD by providing hydrogeological data, analyses, 

interpretations, and technical support in keeping with the overall functions of GSA's 

Groundwater Assessment Program to assess and report on the groundwater resources of 

the state.  This report documents and summarizes the hydrogeological data collected 

through efforts by MCWD in 2010 and 2011 to evaluate the feasibility of developing a 

public water supply from groundwater in the Meridianville area of Madison County and 

is submitted in partial fulfillment of a contract between GSA and MCWD, GSA project 

11-7080. 
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BACKGROUND AND PREVIOUS WORK 

 In the period from fall 2007 to summer 2010, MCWD drilled a series of test wells 

in northern and eastern Madison County and conducted pump tests on several additional 

existing wells in efforts to locate and develop groundwater for use as public water 

supplies. Test wells included three drilled at the Winfred J. Thomas Agricultural 

Research Station of Alabama A&M University and one test well drilled near the MCWD 

water treatment facility near New Market, Alabama in 2007 (Baker and Henderson, 2003; 

Jennings and Cook, 2008).  Additional test wells were drilled by MCWD elsewhere in 

north-central Madison County, northeast of New Market, and south of U.S. Highway 72 

in the Flint River basin in the eastern part of the county. MCWD also conducted pumping 

tests of several existing wells in the general proximity of MCWD's public water supply 

well west of Hazel Green. Data obtained from the test wells and pumping tests indicated 

that development of economically viable supplies of groundwater was unlikely at any of 

the locations. One well drilled near the southwest end of Gurley Mountain in eastern 

Madison County indicated the availability of significant quantities of groundwater in the 

Fort Payne-Tuscumbia aquifer. Pump testing, however, revealed evidence of hydraulic 

connection of the groundwater with surface water, resulting in an uneconomic outcome 

and abandonment of the project. 

 These efforts were followed by drilling three test wells in the Meridianville area 

north of Huntsville in September 2010. Preliminary testing by MCWD was promising for 

development of a groundwater source east of U.S. Highway 231 near Meridianville 

spring. In 2011, GSA was contracted to assist with planning and conducting a pumping 

test of the most promising of the three wells, monitor possible drawdown in existing 

wells in the area, monitor any possible effects on the nearby Meridianville spring, 

provide hydrogeological support during enlargement of the original test well by the 

drilling company, Hand Service Company, and provide hydrogeologic data and 

interpretations in the project area. 
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PURPOSE AND SCOPE 

This report presents a summary of well data, water level data, and geological data 

collected in the course of conducting a pumping test and hydrogeological assessment in 

the Meridianville area in August and September 2011.  The purpose of the investigation 

was to determine the potential for public water supplies from groundwater in the Fort 

Payne-Tuscumbia aquifer in the Meridianville area by the Madison County Water 

Department. Data collected and analyzed are used in conjunction with on-going 

hydrogeological data collection efforts and studies of the groundwater resources of the 

region by GSA.  

 

PROJECT AREA 

 The Meridianville area is in north-central Madison County, Alabama, 

approximately 10 miles north of Huntsville (fig. 1). The test well is located east of U.S. 

Highway 231 and several hundred feet north of Meridianville spring on land owned by 

the Smith family (plate 1). Ground level elevations vary from about 700 feet to 850 feet 

above mean sea level within an approximate 1 mile radius of the test well site. Table 1 

provides information about wells and spring used in the pumping test. Well locations and 

elevations were established by MCWD personnel using conventional engineering 

surveying methods and/or by GSA using Real Time Kinematic (RTK) Global Positioning 

System (GPS) equipment and methods. Where slight differences in elevations measured 

at control points by both MCWD and GSA occurred, MCWD measurements were 

assumed to be more precise and were used in the data analyses.  

 

GEOLOGY 

GENERAL GEOLOGY 

 Lying on the southeastern flank of the Nashville Dome, the strata in the 

Meridianville area generally dip to the south-southeast at about 20 to 40 feet per mile 

(Chaffin and Szabo, 1975; Szabo and Chaffin, 1982; Cook and others, 2011). 

Sedimentary rocks of Ordovician, Silurian, Devonian, Mississippian, and Pennsylvanian 

ages are exposed in Madison County (fig. 1).  
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Figure 1. – Index map and geology of Madison County, Alabama (modified from 
Geological Survey of Alabama, 2006). 
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Table 1.—Locations of wells and spring evaluated during the  
Madison County Water Department test well pumping test. 

 

Well or spring 
Latitude 
(north) 

Longitude 
(west) 

Ground 
elevation 

(feet above 
sea level) 

Total 
depth 
(feet) 

Distance 
from 

MCWD test 
well (feet, 
calculated) Current use 

MCWD test 
well 34.8465895 86.5680102 755.82 138 NA test well 

Keller well 34.8509883 86.5718677 787.97 197.5 1,980 
unused (open 
casing) 

Dempsey well 34.8441133 86.5757355 776 95.5 3,593 
unused 
(standby) 

Smith well 34.8449883 86.5686622 730.79 105 617 
irrigation 
(nursery) 

Meridianville 
spring 34.8452090 86.5682746 707.43* NA 511 

water supply 
(Smith 
family) 

*Elevation control point in rock outcrop at spring, approximately 3.5 feet above spring 
pond water level, September 20, 2011.  
 

 Geologic formations exposed in the Meridianville area are the Lower 

Mississippian Fort Payne Chert and the overlying Tuscumbia Limestone. Water wells and 

test wells in north-central Madison County commonly penetrate Lower Mississippian, 

Devonian, and, locally, the uppermost Silurian or Ordovician rocks. The thickness of the 

Fort Payne Chert is approximately 160 feet in the north-central part of Madison County 

(Chaffin and Szabo, 1975) and the Tuscumbia Limestone is about 150 feet thick (Szabo 

and Chaffin, 1982). The Fort Payne Chert and Tuscumbia Limestone commonly contain 

porous and permeable intervals that constitute the principal aquifer in the region. The 

Tuscumbia Limestone is composed of thin- to massive-bedded fossiliferous limestone 

with subordinate amounts of chert, which generally occurs in nodules and thin 

discontinuous lenses. In most of the area of investigation where the Tuscumbia 

Limestone is present, only the lower beds of the formation are preserved due to the 

overlying portions of the unit having been removed by erosion. The Fort Payne Chert is 

composed primarily of light-gray to very dark gray chert; gray, brownish-gray, and 

greenish-gray siliceous limestone and dolomite; and minor gray and greenish-gray shale 

beds. Chert in the Fort Payne primarily results from the replacement of carbonate 

sediments and cements by microcrystalline quartz. The unit is commonly fossiliferous, 
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with crinoids and brachiopods the most abundant and conspicuous macrofossils. At lower 

elevations in the Meridianville area, only the Fort Payne Chert is present; the Tuscumbia 

Limestone has been entirely removed by erosion.   

 Conformably below the Fort Payne Chert is the Maury Formation, a thin (1 to 2 

feet) but widespread interval of green, commonly glauconitic, and locally calcareous 

shale. The Maury overlies the Chattanooga Shale, which is a relatively thin (5 to 20 feet) 

interval of black to brownish-black, carbonaceous, fissile shale that locally contains 

minor siltstone and fine-grained sandstone beds and lenses. The Chattanooga Shale is 

easily recognizable by its color and is conspicuous on fresh exposures and in drill 

cuttings for its petroliferous and sulfurous odor. The unit also exhibits a relatively high 

response on natural gamma radiation logs, making the Chattanooga a useful mapping 

horizon.  The Chattanooga Shale unconformably overlies the Silurian Brassfield 

Limestone, a 20- to 40-foot-thick interval of greenish-gray to brownish-gray limestone 

with minor greenish-gray shale beds that constitutes an aquifer of local significance.  

 

HYDROGEOLOGY OF THE MERIDIANVILLE AREA  

Though the Fort Payne Chert and the Tuscumbia Limestone are separate geologic 

formations, no attempt was made to differentiate them in this investigation. The 

formations are considered to be hydraulically connected and are termed the Fort Payne-

Tuscumbia aquifer. The Fort Payne-Tuscumbia aquifer is the principal aquifer in the 

Meridianville area. Groundwater storage and transmissive properties of the Fort Payne-

Tuscumbia aquifer result primarily from solution cavities at scales ranging from 

microscopic to large-scale caverns, fractures transverse to bedding, and conduits along 

bedding planes. Although beyond the scope of this report, the presumably long and 

complex diagenetic history of the Fort Payne and Tuscumbia sediments included 

considerable dissolution of carbonate grains and cements. Karst features of various scales 

are evident in the Meridianville project area and are likely related to dissolution of the 

carbonate rocks.  Fractures are believed to be important in hydraulically connecting 

dissolution cavities and bedding plane dissolution features, and they likely have acted to 

augment dissolution. Fractures are evident in outcropping Fort Payne Chert at the 

Meridianville spring (fig. 2). 
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As reported by Hand Service Company, several large (2 to 5 feet height) caverns 

and other "broken" rock intervals were encountered in drilling the test well in the general 

interval from 35 feet to 83 feet below land surface (Appendix). As seen in the borehole 

camera video recorded by the driller, these voids have the appearance of carbonate 

dissolution features likely developed by enlargement of bedding plane conduits. Poor 

recovery of cuttings from drilling the original 8-inch hole drilled in 2010 as well as poor 

return of cuttings during enlargement of the borehole in 2011 to accept 18-inch steel 

casing in preparation for the pumping test presumably indicates that the voids became the 

resting places for most of the drill cuttings.  

Figure 2. – Fractures in the Fort Payne Chert, Meridianville spring, Madison County, 
Alabama. Fracture azimuth sets (measured here as horizontal direction east of north) are 
approximately 27 degrees (green lines), 53 degrees (magenta lines), 96 degrees (blue 
lines), and 310 degrees (orange lines). (Writing pen is approximately 6 inches long.) 
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 The Fort Payne Chert and/or Tuscumbia Limestone is nearly everywhere in the 

investigated area overlain by a highly weathered interval (residuum) consisting of soil, 

clay, and limestone and chert fragments.  This soil, clay, and weathered rock residuum 

layer, termed regolith, is formed in place from the weathering and decomposition of the 

parent rock over which it lies. The hydrogeological significance of the regolith is that 

locally the clay beds somewhat restrict downward percolation of surface water (rain 

and/or water in streams and impoundments), thus reducing potential recharge to the Fort 

Payne-Tuscumbia aquifer, but also acting to protect the aquifer from possible 

contaminants. Water-level data, coupled with the hydrogeologic data, indicate the Fort 

Payne-Tuscumbia aquifer is essentially unconfined in the investigated area, and 

groundwater in the aquifer occurs under water-table conditions despite the presence of 

overlying clay-rich regolith. Thus the regolith does not act as a true confining layer, a 

finding that conforms to a similar conclusion made from the analysis of data from the test 

well area at the Alabama A&M research farm, approximately 3.5 miles north of the 

Meridianville test well location (Jennings and Cook, 2008). Surface runoff in the area of 

investigation drains to the Flint River, and most of the relatively shallow groundwater of 

the Fort Payne-Tuscumbia aquifer likely discharges into the Flint River. 

 Notwithstanding the thin Maury Formation, the top of the Chattanooga Shale 

demarcates the base of the Fort Payne-Tuscumbia aquifer, and mapping that surface is 

important in delineating the hydrogeology of the area and in drill site selection. Baker 

and Henderson (2003) considered structural lows delineated on the top of Chattanooga 

Shale to be important in site selection in north-central Madison County due to the 

potential for greater thickness of the Fort Payne Chert in those areas and greater potential 

for fracturing of the brittle chert resulting from downwarping. Mapping of the top of the 

Chattanooga Shale, coupled with topographic maps, also serves to locate those areas 

where the overlying Fort Payne-Tuscumbia aquifer is too thin to meet the guidelines of 

the Alabama Department of Environmental Management (ADEM) that groundwater for 

public water supply be sourced from depths greater than 100 feet. Under this regulation, 

groundwater from depths greater than 100 feet is not considered under the influence of 

surface water and hence likely requires fewer precautions to protect public health and less 

water treatment.  With much of MCWD's service area in areas of Tuscumbia Limestone 
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and/or Fort Payne Chert outcrop, estimating the depth of the base of the Fort Payne-

Tuscumbia aquifer at a given location is critical to developing groundwater sources that 

satisfy the ADEM guidelines. Revision and expansion of structural mapping of the top of 

Chattanooga Shale by Jewell (1969), Faust (1975), and Baker and Henderson (2003) has 

resulted in more comprehensive and detailed structure maps in northern Alabama 

(Jennings and Cook, 2008; Cook and others, 2011). In the Meridianville area, a northwest 

trending structural high is evident on the top of Chattanooga Shale map, corresponding 

generally with a low-relief topographic ridge (plate 1). This topographic and structural 

ridge is truncated in the Meridianville spring area by a structural and topographic low 

which forms a valley that influences the flow of Beaverdam Creek from a general 

southeast flow direction to a northeast direction. Within the low area, Beaverdam Creek 

is joined by discharge from Meridianville spring as it flows toward Brier Fork.  

 

WATER LEVEL AND PUMPING TEST DATA 

  A pumping test of the MCWD test well was conducted September 20-21, 2011, 

following preliminary measurements and preparations conducted August 23, 2011 to 

September 19, 2011. The well was completed in the Fort Payne-Tuscumbia aquifer, and 

the purpose of the test was to determine water-level drawdown effects resulting from 

high pumping rates, specific capacity, and water quality. Hand Service Company 

conducted the pumping test with assistance from GSA and MCWD.  The pumping 

duration was 25 hours and 45 minutes.   

Water level measurements were made at the pumped well by Hand Service 

Company personnel, while measurements of water levels in three additional wells in the 

area and the Meridianville spring were made by GSA (table 1 and plate 2). Visual 

observations of flow from Meridianville spring and staff gage measurements of the spring 

pond were made by GSA and MCWD personnel. Conditions at the spring pond (beaver 

activity and numerous discharge points), however, did not allow for an accurate 

measurement of spring discharge. Total drilled depths, drillers' logs, and well 

construction data from the wells used in the pumping test indicate they are constructed in 

the Fort Payne-Tuscumbia aquifer. Water levels were measured by pressure transducer in 

the Keller observation well (open steel casing); by steel tape in the Dempsey observation 
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well (unused well with steel casing and submersible pump); by electric water level 

indicator ("electric tape") in the Smith irrigation well (intermittent use well with 

polyvinyl chloride casing and submersible pump); and electric tape in the MCWD test 

well (steel casing with large submersible pump). The difficulty of measurement and 

variability of water levels measured in the Dempsey observation well only allow general 

conclusions to be made from the data obtained. Water level data was collected and 

recorded every two minutes in the Keller well, but for illustration purposes (plate 2) is 

shown at 10-minute intervals. Electric power to the Smith irrigation well pump was not 

turned off during the test due to the needs of the owner. Though it is possible that the 

irrigation well may have pumped briefly during the pumping test – none was noted by 

periodic checking by the authors – the relatively low rate of pumping and low total 

volume of groundwater that may have been withdrawn from the aquifer is not considered 

to be a significant factor in interpreting the overall results of the test.  

Comparisons of static water levels measured in the wells and Meridianville spring 

prior to commencement of the pumping test (plate 2) indicate water level elevations 

(head) less than 1 foot higher than the spring level. These data strongly suggest hydraulic 

connection and a common water table, with groundwater flow toward the spring 

discharge area. 

Well pumping rates began at approximately 1,820 gallons per minute (gpm) and 

were increased in steps to approximately 2,300 gpm after about 3 hours (plate 2). This 

rate was maintained for most of the test until it was determined that flow from the spring 

had ceased and then reversed, at which time pumping was decreased in steps to 1,800 

gpm prior to cessation of pumping. This was done in an attempt to estimate the flow from 

the spring. 

 

WATER QUALITY DATA 

Water samples were collected by MCWD and GSA during the pumping test for 

measurements of water quality parameters for both the test well and the Meridianville 

spring. Field measurements were made by GSA with a Horiba Model U-10 meter, 

whereas water quality data reported by MCWD were laboratory measurements.  
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 Water quality data for the test well water samples are shown in table 2. A water 

sample collected by MCWD for more comprehensive laboratory analysis toward the end  

of the test, when the pumping rate had been reduced to 1,800 gpm, produced the 

following results: pH – 6.76, fluoride – 0.04 mg/L, alkalinity (CaCO3) – 91 mg/L, CO2 – 

64 mg/L, iron (Fe) – 0.07 mg/L, turbidity – 1.16 NTU, bacteria – sample 1: coliform - too 

numerous to count, fecal – 20, sample 2: coliform – too numerous to count, fecal – 36. 

While water temperature, pH, and specific conductance remained relatively constant 

throughout the pumping test – disregarding the slight increase in specific conductance – 

turbidity changes were most notable. A rise in turbidity became apparent after several 

hours of pumping, and the increase was visibly evident by the morning hours of 

September 21 when flow in the Meridianville spring had reversed. Turbidity dramatically 

decreased when the pumping rate was reduced to 1,906 gpm and later to 1,800 gpm (plate 

2), finally going below detectable levels for the field meter and, as noted above, 1.16 

NTU in the laboratory water sample. 

 

Table 2.—Water quality measurements from test well water samples collected 
during the MCWD test well pumping test, September 20-21, 2011. 

 

Duration of test   
(hours: minutes) 

Flow rate 
(gpm) 

Temperature 
(degrees C) pH 

Specific 
conductance 

(µS/cm) 
Turbidity 

(NTU) 

0:45 1,820 16.5 6.4 167 6.8 

1:45 2,010 16.4 6.4 168 9.0 

2:47 2,204    17.2* 

3:00 2,204 16.4 6.3 168 17 

4:59 2,295    20.7* 

19:05 2,290 17.5 6.4 174 61 

22:50 1,906 16.6 6.2 174 2.3 

23:45 1,800 16.7 6.2 174 0 

25:15 1,800 16.6 6.3 175 0 

* Laboratory measurement by MCWD. 
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At Meridianville spring, turbidity measured by MCWD on a water sample 

collected August 31, 2011, at 1600 hours by GSA from the spring pond was 9.7 NTU. 

Turbidity measured by MCWD of a spring discharge sample collected closer to the 

spring source at 1545 hours on September 20, 2011, was 0.297 NTU. There appeared to 

be little change in turbidity of the spring and spring pond until the morning of September 

21, 2011, when reversal of spring flow and reduction of the spring pond level by more 

than 0.7 foot from the pre-test level (plate 2) resulted in visibly turbid water. Murky 

water from old water cress ponds downstream from the spring slowly flowed back into 

the small spring pond adjacent to the spring as a result of the lowered pond level and 

reversal of flow due to pumping the test well. 

 

CONCLUSIONS 

 The principal findings and interpretations of the data obtained from the pump test 

are summarized below: 

1. The Meridianville spring area, including the site of the test well, lies in a 

structurally low area as indicated by the structural configuration of the top of the 

Chattanooga Shale as well as a topographic low. The structural and topographic 

low transects a northwest-southeast oriented structural high and topographic ridge 

in the Meridianville area. 

2. Features common to karst development, such as sinkholes, cavernous voids, and 

enlargement of fractures and joints by dissolution of carbonate rocks, are evident 

in the Meridianville area. 

3. The driller's observations of voids in the stratigraphic section drilled, the general 

lack of returns of drill cuttings to the surface during drilling, and a video camera 

survey made of the test well prior to the pumping test are evidence of cavernous 

openings both above and below the static water level in the test well. 

4. Though fractures are evident in the Fort Payne Chert at Meridianville spring, their 

continuity across the investigated area is unknown and their contribution as 

conduits to flow were not quantified by the pumping test. 

5. Static water level elevations measured prior to the pumping test in three 

observation wells and at the Meridianville spring showed differences of less than 
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1 foot, likely indicating hydraulic connectivity and common water table 

conditions in the Fort Payne-Tuscumbia aquifer in the area, with a low hydraulic 

gradient toward the spring. The source of spring discharge is likely from the 

northwest, though data are insufficient to delineate a potentiometric surface for 

the Meridianville area. 

6. Hydraulic interconnection of the Fort Payne-Tuscumbia aquifer intervals with the 

Meridianville spring was demonstrated by water level data, visual observation, 

and water quality data collected during the pumping test. 

7. The area affected by the 25 hours and 45 minutes of pumping extended at least 

1,980 feet to the northwest of the test well to the Keller observation well, but 

drawdown at the farthest observation well (Dempsey property well), 

approximately 3,593 feet to the northwest of the test well, was deemed negligible, 

if any, and within the variability of the measurements.  

8. The maximum flow sustained in the test well without cessation of flow from 

Meridianville spring was estimated to be approximately 1,900 gpm.  

9. The rapid water level recovery measured at the test well within two minutes of 

cessation of pumping to within 1.32 feet of the static water level is consistent with 

a karst aquifer system with cavernous, hydraulically well-connected reservoirs 

and flow pathways.  

10. Turbidity of the water discharged from the test well increased during the test, very 

slowly in the early hours of the test, but then significantly when flow reversal 

occurred at the spring. Turbidity at the well discharge dramatically decreased 

from 61 to 2.3 NTU after lowering the pumping rate to 1,906 gpm, finally 

reaching approximately 1 NTU with further reduction of the pumping rate to 

1,800 gpm. 

11. Measurements of bacterial contamination (coliform and fecal) in the test well 

samples collected near the end of the test indicate hydraulic interconnection of the 

aquifer intervals tested with a surface source or sources, including, but not limited 

to, the Meridianville spring.  
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12. Groundwater in the Fort Payne-Tuscumbia aquifer in the Meridianville area 

should be considered at least in part, if not entirely, under the influence of 

surface-water sources. 
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Appendix: Driller's log – MCWD (Smith) test well 
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