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Honorable George C. Wallace
Governor of Alabama
Montgomery, Alabama

Dear Governor Wallace:

I have the honor to transmit herewith a report entitled “Ground-Water Chemistry
and Salt-Water Encroachment, Southern Baldwin County, Alabama” by Robert V.
Chandler, James D. Moore, and Blakeney Gillett which is published as Bulletin 126.

Ground water is the primary source of fresh water for municipal and domestic
supplies, industrial needs, and irrigation in southern Baldwin County. Excessive
withdrawals of ground water to meet these needs can lead to salt-water encroach-
ment. This report contains information on water chemistry and hydrogeology and
identifies areas of potential and existing salt-water encroachment. Information in the
report will be useful in the future development and management of the ground-water
resources in the coastal areas of Alabama.

Respectfully,

Rux G Wamerns

Ernest A. Mancini
State Geologist

Geological Research—Key to Alabama’s Future
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GROUND-WATER CHEMISTRY AND SALT-WATER ENCROACHMENT,
SOUTHERN BALDWIN COUNTY, ALABAMA

By

Robert V. Chandler, James D. Moore, and Blakeney Gillett

EXECUTIVE SUMMARY

Ground water is a vital resource in southern Baldwin County where it is the only source of fresh
water for industrial, municipal, and private use. Although ground water is abundant in this area, the
possible encroachment of salt water into the freshwater zones in response to overpumping and
possible salt-water contamination of ground-water supplies may place constraints on the increased
use of water. , ‘

The principal aquifer zones occur in Pleistocene-Holocene, Pliocene-shallow Miocene, and deep
Miocene siliciclastic sediments. The average annual rainfall of about 64 inches provides recharge to
these aquifer zones, which may yield from 10 to 1,500 gallons per minute per well.

The chemistry of water in the aquifer zones reflects the depositional environments and natural
chemical and biochemical processes related to depth and proximity to the Gulf of Mexico. in coastal
and bay-shore areas, high concentrations of iron, bicarbonate, chioride, and sometimes sulfate ions
occur in the water, accompanied in some areas by high levels of calcium and sodium. The water in
inland recharge areas is typically acidic, low in sodium-chloride content, and low in mineral content
and hardness. Sporadic high iron contents also characterize these inland recharge areas. In the deep
subsurface, at depths normally exceeding 1,000 feet, saline waters may have high pH values and high
trace-metal contents. Gases in water include dissolved carbon dioxide in the inland areas and
hydrogen sulfide, a product of sulfate reduction, in the coastal areas.

Three specific areas of coastal salt-water contamination or lateral salt-water encroachment have
been identified in southern Baldwin County. These are the Gulf State Park golf course, where
overproduction of an aquifer zone has resulted in salt-water encroachment; western Fort Morgan
peninsula, where sea-water flooding and natural sea spray have caused high chloride contents in the
shallow ground water; and the Claude Peteet Mariculture Center, where leakage from salt-water
ponds has caused salt-water contamination of the fresh ground water.

A feasibility study for the need of a ground-water management plan for coastal areas of Baldwin
County should be considered . The proper spacing of wells and regulated pumping may prevent the
overproduction of aquifer systems and assist in the control of salt-water encroachment.

INTRODUCTION

Fresh ground water is a resource of vital importance to the southern Baldwin County area,
particularly its rapidly expanding coastal residential zone. Ground water is the only source of water
for private homes, municipalities, businesses, industries, and large-scale agricultural enterprises.
Water use is increasing at a rapid rate. The increasing use of water may cause overdevelopment of
the ground-water resources and cause salt-water encroachment in freshwater zones. Salt-water
encroachment (or contamination) and other water-quality problems may inhibit the use of this
resource. These problems have been recognized for a number of years in the coastal areas of
Alabama and are a subject of much discussion by water planners.

PURPOSE OF STUDY

This report presents the results of a 1-year study of the fresh ground-water resources of southern
Baldwin County, Alabama. The study was initiated on January 1, 1984, as part of the water-resources
program of the Geological Survey of Alabama.



The purposes of this study were to assess the fresh ground-water resources and hydrogeology of
the area, to identify areas of potential salt-water encroachment, and to identify potential
management techniques that may assist in the prevention or control of water-quality problems
related to overdevelopment of the aquifer systems. This report should provide information useful in
the development and future management of the ground-water resources of southern Baldwin
County.

LOCATION AND EXTENT OF STUDY AREA

The research area encompasses 628 square miles (mi2) of southern Baldwin County, Alabama.
The area is south of Interstate Highway 10 and is bordered by Mobile Bay, Perdido Bay and the
Perdido River, and the Gulf of Mexico, on the west, east, and south, respectively (fig. 1). Included in
the area is the Gulf Shores/"Pleasure Island" area, where freshwater aquifer zones are subject to salt-
water contamination.

PHYSICAL FEATURES

The physical features of the southern Baldwin County area are those of a gulf coastal
environment. The principal physiographic divisions of the area are the Coastal Lowlands, or "Pine
Meadows" of Fenneman (1938), and the Southern Pine Hills (fig. 2). The Coastal Lowlands occupies a
narrow zone. of land along the Guif of Mexico, Perdido Bay, and Mobile Bay and has a maximum
width of approximately 20 miles. This area is characterized by low topographic relief and a coastal
plain featuring tidewater streams, bays, and estuaries. Beaches, Gulf shoreline, beach ridges,
marshes, bay inlets, islands, and peninsulas are major features of the Coastal Lowlands.

Inland of the Coastal Lowlands is the Southern Pine Hills. Included in the Southern Pine Hills is an
elevated cuesta-like plain that slopes southward. This elevated plain, with flat interfiuves and rolling
terrane, has a maximum elevation of approximately 150 feet above mean sea level (msl) near
Interstate Highway 10, the northern limit of the study area. Located in the interfluvial areas are a
number of circular-to-elliptical depressions that retain water for part of the year and are swampy.

Planimetric and bathymetric features of the Gulf Shores/"Pleasure Island" area are shown on the
National Oceanic and Atmospheric Administration Chart No. 11378, "Fiorida-Alabama Intracoastal
Waterway from Santa Rosa Sound to Dauphin Island" (U.S. Department of Commerce, 1980). The
topography of the entire southern Baldwin County area is illustrated on the 21 U.S. Geological
Survey 7.5-minute topographic quadrangie sheets indexed on plate 1.

CLIMATE

The climate of the area is markedly influenced by the Gulf of Mexico and is classified as humid,
nearly subtropical (McBride and Burgess, 1964). The average air temperature of the area is about 68
degrees Fahrenheit (°F), and monthly variations are less than 20°F from this average. The winds are
generally southerly during the spring and summer and northerly during the winter. Tides in the
coastal waters are diurnal and average about 1.5 feet. Tropical storms and hurricanes in the Guif,
which occur normally between June and November, the “hurricane season," occasionally produce
high winds, storm tides, coastal flooding, and torrential rains in the area. An average of one
hurricane every 5 years has impacted the Gulf of Mexico coastline since 1711 (O'Neil and Mettee,
1982).

Due to the warm climate, precipitation in the area is nearly all in the form of rain. Rainfall
averages about 64 inches each year with a slight concentration during the summer thunderstorm
season, followed by a normally dry late fall. Two comparative rainfall climographs for the
Robertsdale, Alabama, National Oceanic and Atmospheric Administration weather station are
shown in figure 3. These climographs, illustrating monthly variations in rainfall and temperature, are
for the periods 1910-83 and 1984. For the 1984 study period, below-average rainfall was recorded in
the months of June and September to December, causing a yearly precipitation amount about 10



i ) &\
| Loxley l}

Great Point Clear R. 7E.

T.
() 5
&3 s
Daphne \ )
| . ——
Robertsdale @‘ <

104 \ T.
Fairhope - i [ s ber [0 6
4 ck“’ate, \ S

I 30°30'

X ?s'\"e‘ \ﬂ‘ T
59T |Summerdal¢

ﬂ;\

Y

Magnolia 6

- W
Springs | N |
D

Y4 N

5@7@6—/ Foley

MOBILE BAY

BON SECOUR

ate) ==
Fort Morgan Rom%‘s
(6//, Beach R.SE.
= ) R 3E
S R.1E. R.2E. S GULF OF MEXICO
% )
]

1. 01 2 3 4Miles ALABAMA
== —— ——]

5 0 5 10 15 Kilometers
)

== - —|

Study area

Figure 1.--Location of the southern Baldwin County study area, Alabama.



s
3

SV 7k
S
7 y /

oA

% '//,,,4 %

SN

N
Wip

IS
»
o

ENSA

MOBILE
BAY

CL

cn.—g}

MISSISSIPPI SOUND SECOUR

DAUPHIN ISLAND

ALABAMA

\ j\STUDYAREA

SCALE 1:1,000,000

10 0 10 20 MILES
S HET i | J
10 0 10 20 30 KILOMETERS
[FECATARREN = | k = |

GuLF OF MEXICO

District (and map symbol)

Southern Pine Hills (SPH)

Coastal Lowlands (CL)

Alluvial-deltaic Plain (Ad)

PHYSIOGRAPHIC CLASSIFICATION

Characteristics

Upland underlain by Pliocene-Pleistocene terrigenous
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Figure 2.--Physiographic map for southwest Alabama.
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inches below the average. Long-term average precipitation rates range from a low of 54 inches for
Fort Morgan to 65 inches for the Robertsdale area (Crance, 1971).

GROUND-WATER USE

In the southern Baldwin County area, ground water is widely used for drinking, irrigation,
industrial, and numerous special-use purposes. Virtually all of the water used in the area is from
ground-water sources.

Figure 4 provides a 5-year comparative graph for two major water-use categories, municipal
water supply and irrigation, for the period 1980-84 in southern Baldwin County and in the Gulf
Shores/"Pleasure Island” area. The two major water-use categories account for an estimated 94
percent of the water used in 1984. Water use in the Gulf Shores/"Pleasure Island" area increased 248
percent during the 5-year period, 1980-84. Because of this rapid increase in water use, a better
understanding of the area’s fresh ground-water resources is essential.

PREVIOUS STUDIES

Previous studies of ground-water chemistry in the southern Baldwin County area were limited to
specific areas and problems (Geological Survey of Alabama, 1973; Walter and Kidd, 1979; Malatino,
1979). The most significant of these studies is that of Walter and Kidd (1979) for the coastal Gulf
Shores/Orange Beach area. Management aspects for preventing salt-water encroachment and
preserving the freshwater aquifer systems are, in part, identified in their report. The regional
availability of ground and surface waters is presented in reports by Reed and McCain (1971) and
Riccio and others (1973). The historic water-analysis data presented in this report are, in part, from
those publications. Reports by Peterson (1947), the South Alabama Regional Planning Commission
(1979), Chandler and Moore (1983), and Hinkle (1984) provide a general description of the
mechanisms responsible for salt-water encroachment in the Alabama Gulf coastal aquifers.

The surface and subsurface geologic features of the area are described in reports by Reed (1971)
and Raymond (1985), and specific details are provided on coastal geomorphology and sedimentation
in reports of Ryan (1969), Boone (1973), Chermock (1974), Eleuterius (1974), Hardin and others
(1976), Otvos (1982), Smith (1981), O'Neil and Mettee (1982), and O’Neil and others (1983). The
deeper geologic section is described in reports by Alverson (1970), and structure maps are given in a
series of Geological Survey of Alabama Special Maps (Nos. 199A-199D). Interpreted elevations for
ground water containing 3,000 and 10,000 milligrams per liter (mg/l) of total dissolved solids (an
indicator of water salinity) are shown on maps by Ellard (1977) and Epsman and others (1983).
Water-use data for Alabama are presented in the reports of Peirce (1972), Baker and others (1982),
Baker and Moore (1983), and Baker (1983) for the respective years 1970, 1980, 1981, and 1982. These
data provide a basis for assessing water-use trends in the area.

METHODS OF STUDY

The water chemistry and hydrologic and geologic characteristics of aquifers were determined
through a well survey; evaluation of the chemical analyses of water samples; the review of electric,
sample, and driller’s logs for wells; and other water-evaluation techniques.
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Figure 4.--Municipal and irrigation water use in southern Baldwin County and the
Gulf Shores/"Pleasure Island” area, Alabama, 1980-84.



WELL SURVEY

An inventory of 320 water wells and test wells was conducted as part of this study. The types and
numbers of wells are summarized as follows:

Well type Number of wells
municipal and public 74
industrial 33
irrigation 24
gas-test 4
water-test holes 38
private 147

The locations for these wells are shown on plate 1. Available information on the use,
construction, water level, yield and/or flow, and access to driller’s, sample, and electric logs for each
well is presented in appendix A.

WATER SAMPLING AND ANALYSIS

Chemical analyses of samples of ground and surface water were made as part of the study. The
chemical-analysis parameters measured (table 1) were selected on the basis of the known chemical
character of coastal waters. Values for eight of the water-analysis parameters were determined in
the field and the remaining parameters were determined by the Geochemistry Laboratory of the
Geological Survey of Alabama (table 2). Over 2,350 analysis values were determined for 219 water
samples as part of the study. Additionally, voluminous historic water-analysis data were collected as
part of the study. The results of ground-water analyses are summarized in appendix B by source well;
the results of surface-water analyses are summarized in appendix C.

WELL-NUMBERING SYSTEM

Identification numbers for wells include an abbreviation for the U.S. Geological Survey 7.5-
minute topographic quadrangle sheet and a number for each well located within the quadrangle
(plate 1). For example, wells 1, 2, and 3 located in the Gulf Shores Quadrangle are numbered Gul-1,
Gul-2, and Gul-3 in consecutive order. Twenty-one quadrangle sheets indexing well numbers are
shown on plate 1. For cross-reference, Geological Survey of Alabama Water Resources Division
(WRD) file numbers are presented in appendix A. These numbers are assigned on the basis of the
federal subdivision of land into townships and sections and appear in other WRD reports.

WATER SALINITY

Salinity is a common expression for the mineral content of water. High salinity inhibits water use
for specific purposes. The classification of the U.S. Geological Survey (Swenson and Baldwin, 1965)
was adopted for this report to describe the salinity of water. According to this classification, fresh
water has a total dissolved solids (TDS) or mineral content of less than 1,000 mg/l; slightly saline
water, a TDS content ranging from 1,000 to 3,000 mg/l; moderately saline water, a TDS content
ranging from 3,000 to 10,000 mg/|; very saline water, a TDS content ranging from 10,000 to 35,000
mg/l; and brine, a TDS content over 35,000 mg/l. Some coastal ground and surface waters are very
saline according to this classification. In this report, the distinction between fresh water and saline
water is made on the basis of a 1,000 mg/l TDS content. Chloride content of water is also considered
an indirect indicator of salinity. In this report, waters with a chloride content exceeding 250 mg/! are
considered salty.



Table 1.--Water-analysis parameters determined for water
samples from southern Baldwin County

Field determinations! Laboratory analyses!

Temperature Calcium (Ca)
pH (as units) Chloride (Cl)
Alkalinity (as CaCO3) Potassium (K)

Specific conductance Magnesium (Mg)

(umhos/cm)2
Color (Pt-Co)3 Sodium (Na)
Turbidity (NTU)4 Sulfate (SOg)
Chloride Trace metals (ug/l)s

iron (Fe)
Strontium (Sr)

TAnalysis values in milligrams per liter, except as noted.
2Micromhos per centimeter.

3Platinum-Cobalt scale units.

4Nephelometric Turbidity Units.

5Micrograms per liter.

WATER-ANALYSIS EVALUATION TECHNIQUES

A variety of techniques were used in the evaluation of the area’s ground-water zones. Included
were the mapping of major chemical constituent values of water and the use of water-analysis
diagrams. For the present study, only recent (1983-85) water-analysis data were utilized. Chemical
constituent concentrations are expressed in milligrams per liter (mg/l), or milliequivalents per liter
(meq/1) for comparative purposes.

The diamond-shaped analysis diagram of Back (1361) can be used to compare relative amounts
(as a percentage) of anion and cation species (with concentrations expressed in milliequivalents per
liter) in water. (See fig. 5, for example.) The diagram was used to type water and to trace the
transitional changes in the water chemistry that occur downdip and vertically in geologic units. The
chemical ions identified on the diagram {(calcium and magnesium, sodium and potassium, chloride
and sulfate, and bicarbonate and carbonate) are those of major importance in evaluating ground-
water zones. Forms of the diagram have been used previously to evaluate transitional chemical
changes in coastal aquifer systems (Back, 1960; Morgan and Winner, 1962; Walter and Kidd, 1979).

To compare historic and recent water-analysis data, the modified Stiff diagram (Stiff, 1951) was
used. This diagram features a characteristic polygon pattern that reflects the type and relative
amounts of chemical elements in water. Figure 6 shows the preparation and utility of this diagram.
In the illustration, the amounts of major chemical constituents, expressed in milliequivalents per
liter, are plotted according to a predetermined scale. Plotted points are connected by lines that form
a geometric pattern or polygon form. The polygon patterns identify specific types of water, as shown
in figure 6. Saline water has a characteristic polygon reflecting a high sodium-chloride type water;
fresh water has a polygon reflecting a low sodium-chloride or sodium-calcium bicarbonate type
water. From prepared polygons, a comparison of water types at different locations and changes in
water chemistry with time at specific locations can be made. Salt-water contamination of fresh
ground water can be readily identified through the use of Stiff diagrams.
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Table 2.--Results of chemical analyses of representative
coastal waters (1984) in Baldwin County

Gulf of Mexico Rainfall sample  Municipal water well
at Romar Beach at West Beach at Gulf Shores
(05/10/84) (10/29/84) (03/01/84)

Iron (Fe) .07 .00 .08
Calcium (Ca) 340 3 7.9
Magnesium (Mg) 1,100 2 3.5
Sodium (Na) 9,500 2.1 7.7
Potassium (K) 360 A 6.2
Bicarbonate (HCO3) 102 0 0
Carbonate (CO3) 0 0 0
Sulfate (SO4) 2,400 .0 9.8
Chloride (CI) 16,000 24 18
Dissolved solids (TDS) 30,610 2 54
Hardness (Ca, Mg) 5,380 2 34
Specific conductance 41,000 16 172

(micromhos @ 25° Q)
Turbidity (NTU) 0 - 0
Color (Pt-Co) 0 -- 0
pH (units) ’ 71 39 4.1
Temperature

°C 24 - 20

°F 74 -- 69

Note: Analysis values in milligrams per liter, except as noted.

The spontaneous potential (SP) method of electric-log interpretation (Schiumberger, 1979) was
used to estimate formation-water salinity, or TDS content, of ground water for 29 gas-test wells. This
method relies on a knowledge of the water chemistry of aquifer systems and on the assumption that
the formation water being evaluated is of the sodium-chloride type and is saline. This condition
apparently exists where SP values are less than zero (0) millivolts.

STRATIGRAPHY

The subsurface stratigraphy of coastal and offshore areas of Alabama is represented by a thick
section of sedimentary rocks that range from Jurassic to Holocene in age (Tolson and others, 1983).
Present in the shallow subsurface are interbedded sand, silt, gravel, and clay of middie Miocene to
Holocene age that include the freshwater aquifer zones of the southern Baldwin County area (fig. 7).
These sediments, which have a low regional dip towards the Gulf of Mexico, are part of three -
recognized geologic units (Reed, 1971): the Miocene Series undifferentiated; the Citronelle
Formation; and alluvium, low terrace, and coastal deposits. The outcrop areas (recharge areas) of
these geologic units are illustrated in figure 8.



Note: Numbers at edge of diamond-shaped diagram
represent percent of total anion or cation species
expressed as milliequivalents per liter. For example,
the water represented by point “A” would be a
Na + K-HCO3 + CO3 type fresh water and the water
represented by point “B” would be a Na + K-Cl + 504
“type saline water.

Figure 5.--Back diagram for water analyses (after Back, 1961).

"
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Water-quality diagram
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High sodium-chloride (NaCl) Low sodium-chloride (NaCl)
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Figure 6.--Stiff diagram for water analyses (after Stiff, 1951).
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MIOCENE SERIES UNDIFFERENTIATED

The Miocene Series undifferentiated is primarily a regressive marine sequence of sediments.
Siliciclastics of the unit overlie a distinctive marine clay, named the Pensacola Clay (Marsh, 1964),
which is a major aquiclude in the area. The Miocene estuarine-marine siliciclastics were laid down as
shallow seas retreated. The siliciclastics appear to be characterized by abrupt facies changes. The
coarser fractions of the siliciclastics consist of fine- to very coarse-grained sand, granules, and quartz
gravel. The sands in the unit range generally from 10 to 100 feet in thickness and comprise an
estimated 50 percent of the upper section of the unit. Interbedded with the sands are sandy clays
and silts and shell fragments (Walter and Kidd, 1979). The siliciclastics are micaceous and pyritic in
part, and contain wood fragments, small mollusk shells, and heavy minerals. The microfossil Rangia
(Miorangia) microjohnsoni Gardner is characteristic of the unit (Raymond, 1985). The upper limit of
the Miocene Series undifferentiated is difficult to identify. Raymond (1985) indicates that some of
the Miocene Series undifferentiated may actually be Pliocene in age.

CITRONELLE FORMATION

The Citronelle Formation consists essentially of nonfossiliferous clastic sediment and is Pliocene-
Pleistocene in age. The unit is described by Reed (1971) as "reddish brown gravelly sand, which
locally contains light-gray clay balls and partings, and lenticular beds of light-gray, orange, and
brown sandy clay." In its inland outcrop area, the unit consists of a relatively thin layer (10 to 50 feet
thick) of sediment over, and in unconformable contact with, the Miocene Series undifferentiated.
The base of the unit is 50 to 100 feet above msl and slopes 2 to 10 feet per mile toward the Gulf of
Mexico.

ALLUVIAL, LOW TERRACE, AND COASTAL DEPOSITS

Alluvial, low terrace, and coastal deposits represent complex beach, dune, lagoonal, estuarine,
and deltaic sediments built up in lowland areas in late Pleistocene to Holocene times.
Paleontological evidence (Wade Howat, 1985, personal communication) indicates that geologic units
older than Pleistocene to Holocene in age occur along the Gulf coast at 60 to 110 feet below the land
surface. Generally, the alluvial, low terrace and coastal deposits consist of fine to coarse sand, locally
rich in heavy detrital minerals (Hsu, 1960), silt, sandy clay, and shell hash. Upper shoreface-beach
deposits consist generally of well-sorted, medium-grained, quartzose sand.

THE HYDROLOGIC SYSTEM

The hydrologic system of the study area is a complex interaction between water and the physical
environment. The area is bordered for the most part by brackish-to-saline bay and coastal waters.
The source of fresh water for the area’s aquifer systems is precipitation, which averages about 64
inches per year. Losses from the freshwater zones are by diffusion into the surrounding subsurface
saline waters, by spring discharge, by evapotranspiration, and to a limited extent, by water-well
production.

Key elements of the hydrologic system include precipitation, evaporation, transpiration, surface
runoff, and ground-water recharge and discharge. Hydrologic research conducted in the Fish and
Styx River basins by Walter (1976) suggests that about 55 percent, or 35 inches, of annual
precipitation returns to the atmosphere through evapotranspiration. Surface runoff and streamflow
account for an additional 33 percent, or 21.5 inches, of the 64 inches of precipitation. Ground-water
recharge, roughly equal to dry-weather streamflow and estimated diffusion losses, is approximately
7.5 inches, or equivalent to 0.12 million gallons per day (mgd) per square mile of the recharge area of
the aquifer systems.
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HYDROGEOLOGIC UNITS

The hydrogeologic units described in this report have distinctive geologic and hydrologic
characteristics. These units are shown on the hydrogeologic map (plate 2) and in the cross section on
plate 3. Specific descriptions of the units are provided in table 3. The units include coarse siliciclastics,
mainly sand and gravelly sand that contain sporadic clay ‘lenses. They are marked by areally
continuous lower aquicludes. The distinction of coastal hydrogeologic units used in this report
follows that of Chandler and Moore (1983) in the study of the fresh ground-water resources of the
Dauphin island area, Mobile County, Alabama.

Table 3.--Hydrologic and geologic properties of aquifer zones

Hydrogeologic unit Unit character
Previously
Aquifer Geologic recognized
zone interval Lithologic Hydrologic aquifers (source)
A, Pleistocene (?)- Sand, white to pale-orange, | Predominantly medium-grained | Beach sand
Holocene fine- to coarse-grained; silt; | sands in upper 20 to 60 feet of unit | aquifer (Walter

clay; and sea-shell hash. Finer | comprise principal aquifer. The | andKidd, 1979)
grained sediments predomi- | aquifer is a water-table aquifer and
nant in lower part of unit as dis- | is a potential source of more than

continuous layers. 100 gpm of water per well.

A, Pleistocene- Sand, white- to light-gray, fine- | Sand and gravel in unit comprise | Guif Shores
shallow to very coarse-grained, gravelly | major aquifers. The lower aquifers | aquifer
Miocene and carbonaceous in places, | are generally semiconfined. Poten- | (Walter and

interbedded with sandy silty | tial source of 100 to more than | Kidd, 1979)*
clay. 1,000 gpm of water per well.

Az Deep Miocene Same as A, except sediments | Major aquifers are semi-confined or | 350- and 500-

form more persistent and | confined and yield water to wells | foot aquifers
traceable layers in the sub- | under low-head artesian pressure. | (Walter and
surface. The siliciclastics im- | Potential source of more than 1,500 | Kidd, 1979)*
mediately overlie the Pensacola | gpm of water per well.
Clay.

*Pliocene-Miocene aquifer {Riccio and others, 1974)

PLEISTOCENE-HOLOCENE INTERVAL (AQUIFER ZONE A;)

Aquifer zone A; corresponds to the alluvial, low terrace, and coastal deposits of Pleistocene-
Holocene age in lowland areas ( fig. 8). The aquifer zone consists of fine- to coarse-grained quartzose
sand that contains varying fractions of heavy minerals and shell fragments, silt, and locally
carbonaceous sandy clay. These sediments occur as sporadic and discontinuous layers, except for a
coastal beach sand (the "Beach Sand aquifer” (Walter and Kidd, 1979)) that ranges from 20 to 60
feet or more in thickness along the coastline: A persistent layering of sand, silt, and clay that is locally
fossiliferous, normally marks the lower limit of this aquifer zone. Aquifer zone A, is the source of
water for a number of private and semipublic water wells in the Gulf Shores/"Pleasure Island" area.
The yields of wells producing water from the aquifer zone typically range from 10 to 35 gallons per
minute (gpm), and the potential yield is more than 100 gpm.

The aquifer zone receives recharge from rainfall infiltrating the surface sands and is classified as
a water-table or unconfined aquifer. Fresh water is lost from the zone as the result of diffusion into
surrounding surface and subsurface salt-water bodies. The diffusion of water is a function of the rate
of recharge, hydraulic head, and effective permeability of the aquifer zone. The upper surface of the
zone is represented by the water table, which conforms generally to topographic features. Available
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information indicates that the water-table surface may fluctuate seasonally as much as 3 feet. The
zone is subject to the effects of coastal flooding and salt-water spray, particularly in low-lying areas,
and contamination from surface sources. The perennial yield of the aquifer zone between Gulf
Shores and Fort Morgan is estimated to be 40 mgd (Alabama Coastal Area Board, 1978). Because of
the potential for salt-water encroachment, only about half of this water is exploitable.

PLIOCENE-SHALLOW MIOCENE SILICICLASTIC INTERVAL (AQUIFER ZONE A;)

The siliciclastics of Pliocene-late Miocene age comprise aquifer zone A,. These sediments have a
general thickness of 200 to 250 feet. The siliciclastics are part of the Citronelle Formation and the
upper part of the Miocene Series undifferentiated. The aquifer zone is roughly equivalent to the
upper part of the Miocene-Pliocene aquifer of Reed and McCain (1971). The aquifer zone is
extensively developed throughout the southern Baldwin County area as a source of water for
private, industrial, municipal, and irrigation supplies. The aquifer zone is a source of 100 to more
than 1,000 gpm of water per well. The coarse siliciclastics include fine-to coarse-grained sand,
granules, and pebbles and comprise approximately one-half of the zone. Clay layers in the unit
separate the siliciclastics and produce semiconfined conditions in the aquifer zone. A bifurcated clay
bed is present in the hydrogeologic unit in the Gulf Shores/Orange Beach area (plate 2). This clay bed
appears to thicken appreciably westward.

Recharge to the aquifer zone is by rainfall infiltrating the land surface in the immediate area or
in updip (generally northward) areas. For this reason, the zone is subject to the localized effects of
excessive water-well production and variations in rainfall. The effects are evident in the hydrograph
for well Fol-8 at Foley, Alabama (fig. 9), which illustrates cyclic patterns in ground-water levels.

In coastal areas where water levels are typically low, excessive water-well production may lower
ground-water levels to below sea level, resulting in salt-water encroachment. An area of low water-
table elevations is illustrated on the map of the Gulf Shores (Alabama) Quadrangle in figure 10. In
this area, centered at the Gulf State Park golf course, water-well production rates are high.

DEEP MIOCENE SILICICLASTIC INTERVAL (AQUIFER ZONE Aj3)

Hydrologic data for this aquifer zone are limited. The zone represents essentially the middle
siliciclastic section of Miocene sediments. It is similar lithologically to aquifer zone A,, except that it
contains more persistent and laterally traceable sand and clay layers. The clay layers are recognizable
on electric logs of deep wells for distances of tens of miles. The aquifer zone occupies the interval
between the aquiclude marking the lower limit of aquifer zone A, (plate 2) and the top of the
Pensacola Clay (700 to more than 1,000 feet below msl). It contains water generally under confined,
or artesian, conditions. Wells developed in this zone in the coastal areas typically flow. The yields of
wells may be more than 1,500 gpm of water per well. Recharge to the aquifer zone is by infiltrating
water in the updip (northward) areas. The aquifer zone has an apparent low regional dip south-
southwestward. The evaluation of water analyses and SP-electric log data indicates that salt water is
present in the lower part of the aquifer zone in areas coastward (southward) of Summerdale, but
inland the aquifer zone contains fresh water.

WATER CHEMISTRY

The principal water-quality problems identified in southern Baldwin County include high
content of iron, sulfate, chloride, sodium, and total dissolved solids; excessive color, odor (hydrogen
sulfide, H,S) and excessive hardness; and low pH. These problems are common to coastal areas
underlain by fluvial-to-marine sediments. Generally, the type and amount of constituents in ground
water are a reflection of the depositional environments and the composition of the sediments with
which water comes in contact.

Table 4 provides a comparison of the recent water-analysis data for the aquifer zones with the
drinking water standards of the U.S. Public Health Service (USPHS) and U.S. Environmental Protection
Agency (USEPA). In table 4, low, high, and median values for analysis parameters are listed. These
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values reflect the differences in the water chemistry of the specified aquifer zones. The median pH
value of water in aquifer zone A,, for example, is 4.5, and that of the deeper aquifer zone A3 is 6.2.
Water in aquifer zone A3 also has higher values of iron, calcium, magnesium, sodium, potassium,
bicarbonate, total dissolved solids, color, and turbidity. These differences in water quality may reflect
a change in depositional environment from predominantly marine to fluvial-marine and/or other
natural processes. The high iron content and low pH of water in aquifer zones Ay and A; may be the
result of the absorption of carbon dioxide (CO,) as rainfall infiltrates the soil biosystem. The high
chloride concentrations indicated for the aquifer zones may be the result of ancient sea-water
entrapment. The effects of recent sea-water contamination are reflected by locally high sulfate
values for water in aquifer zone A;.

SALT WATER/FRESH WATER RELATIONSHIPS
INTERFACE ZONES

Salt water interfaces with fresh water along the coastal area of southern Baldwin County and
projects inland along a concave interface in each aquifer zone. The interface for each aquifer is not
sharply defined due to the mixing of fresh water and salt water along a zone of diffusion. The zone
of diffusion in coastal areas may extend laterally for more than 1,000 feet.

Figure 11 illustrates salt-water intrusion into coastal aquifer zones. The figure presents a cross
sectional view of an area at the near sea level location of wells Gul-36, Gul-37, and Gul-38. At this
location, the extent of salt-water intrusion is controlled by clay beds and hydrostatic pressures in the
aquifer zones, producing a "layering" effect of fresh and saline ground waters. Inland of this
interface zone, salt water underlies fresh water at progressively deeper horizons. At Gulf Shores, for
example, salt water is at an estimated elevation of 500 feet below msl; near Interstate Highway 10,
salt water is more than 750 feet below msl (plate 2), or 900 feet below the land surface.

HYDROCHEMICAL FACIES

A noticeable change in the chemical facies of ground water occurs between the areas of inland
aquifer recharge (outcrop area) and downgradient discharge, in the direction of the sait water/fresh
water interface. This change is principally a function of natural chemical and biochemical processes.
Chemical analyses of water show the cation-anion facies of inland waters to be sodium chloride or
sodium-calcium bicarbonate in type (fig. 12). The pH of water in these areas ranges from less than 4
to 6 (plate 4). The dissolved solids content is typically low, normally less than 100 mg/l. The low pH is
attributed to the absorption of CO, from the soil-biosystem as rainfall infiltrates the land surface.
Back (1960) indicates that low pH in combination with a low dissolved-solids in water is indicative of
a highly leached soil zone.

As water moves through the subsurface and downdip (generally southward), it tends to become
more mineralized, accumulating iron (plate 5) and increasing in calcium, sodium, and bicarbonate
content and slightly in pH. An analogous condition seems to occur from shallow to deeper aquifer
systems in the subsurface. Near coastal waters, the ground water tends to become more mineralized
with sodium and chloride and has a generally high iron content. The downdip changes in
hydrochemical facies as a function of chioride content of water in the aquifer zones are illustrated in
figure 12.

In some instances, coastal ground water contains noticeably low levels of sulfate with respect to
sea water. This may be due to the presence of organic or carbonaceous material in sediments that
promotes a reducing environment in the subsurface, and the formation of HS and H,S from the
sulfate ion in that water (Freeze and Cherry, 1979). This is supported by the presence of H,S in water
from a number of coastal wells. Iron is a common element in the area’s ground water. The “rust”
color and high iron content of some water samples may be due to the presence of suspended ferric
oxyhydroxides. Whittlemore and Langmuir (1975) indicate that this type of iron compound is present
in coastal aquifer waters. Bicarbonate and chloride values of water from aquifer zones Ay, A, and A3
are shown on plates 6, 7, and 8, respectively. Areas susceptible to salt-water contamination of
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EXPLANATION

Chloride content of water from wells Arrow indicates downdip hydrochemical
- changes that occur in aquifer zones A; and A,
s >250 milligrams per liter
~— . Arrow indicates downdip hydrochemical
& 25-250 milligrams per liter changes that occur in aquifer zone A3

Note: Water-analysis diagram is based on 1984
data. Concentrations of anions and cations
shown are expressed as percent of ion
concentrations in milliequivalents per liter.

¢ <25 milligrams per liter

-0 Gulf of Mexico waters

Figure 12.--Hydrochemical facies as a function of downdip movement
and chloride content of water in the aquifer zones.
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aquifer zones near the coastline are shown on the maps. As expected, these areas form a band along
the Gulf of Mexico. In these areas, the chloride content of ground water normally exceeds 25 mg/i.
Coastal flooding by sea water during storms or hurricanes can cause increases in the chloride content
of water in aquifer zone A;. Areas susceptible to flooding therefore correspond to the areas of
potential salt-water encroachment shown on plate 6.

SALT-WATER ENCROACHMENT

The intrusion of salt water into coastal aquifers is generally recognized by an increase in chloride
and TDS contents in water produced from wells. Also, changes in water-quality type in a well from a
bicarbonate to chloride type may indicate local salt-water encroachment. Where TDS content of
water is not determined by chemical analysis, it can be estimated from the measured specific
conductance by multiplication with 0.7 (a conversion factor for 1,000 mg/l TDS) and equated to
salinity. :

MECHANISMS

In the southern Baldwin County area, salt-water encroachment can be the result of three factors:

1. Salt-water spray and coastal flooding of lowland areas, particularly as the result of hurricanes

and tropical storms in the Gulf of Mexico,

2. High water-well production in combination with the presence of salt water in aquifer zones,

and

3. Salt-water losses from retention ponds.

In the coastal areas, exploitable fresh ground water is near the salt-water interface. The position
of the interface, therefore, is an important consideration when constructing water wells in these
areas. Under natural conditions, the position of the salt water/fresh water interface is relatively
stable and a function of natural factors. (See "Salt Water/Fresh Water Relationships.") Water-well
production exceeding the freshwater recharge potential, however, can cause the migration of the
salt water/fresh water interface toward the wells. The theoretical migration of the interface toward
wells is illustrated in figure 13 for an unconfined and a confined coastal aquifer. The effect of the
encroachment is the inland, and sometimes vertical, movement of salt water in the forms of
“wedges" or "cones" toward points of ground-water withdrawal. Salt-water encroachment may be
preceded by a noticeable lowering of ground-water levels to a point below sea level.

METHODS OF CONTROL

The chemical character of water controls the water’s use for specific applications. Less than 2
percent of sea water in fresh water can render water unacceptable for drinking. To assist in the
prevention of salt-water encroachment into the freshwater aquifer zones, it is necessary to
formulate a strategy for the future mangement of the coastal aquifer systems.

Todd (1974) provides a list of methods that can be employed to control sea-water encroachment:

1. Controlling pumping patterns. The rate of pumpage and spacing of wells in an area can be

altered to lower the potential for localized dewatering of an aquifer and control salt-water
encroachment. Aquifer tests are necessary to establish proper well spacings and to determine
proper pumpage rates for wells. ‘

2. Direct artificial recharge. This method requires the surface application of water to recharge

unconfined aquifers and the injection of water through wells to recharge confined aquifers.

3. Maintenance of a fresh-water ridge. A fresh-water ridge, inhibiting salt-water

encroachment, can be established by artificial recharge of water in a seaward position of the
freshwater zone in aquifers. Typically, a line of recharge wells is established parallel to the
coastline. Where an induced fresh water/salt water interface has developed through
pumping of inland wells, this interface may not parallel the coast. Instead, it may exist as a
salient(s) extending toward wells of greatest withdrawal. A series of test wells may be
necessary to adequately define the position of the salt water/fresh water interface.
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4. Extraction barrier. A line of water-extraction wells can be established parallel to the coast,
forming a "trough” to remove both salt and fresh water from the subsurface. The objective is
to maintain a subsurface seaward movement of fresh water in the aquifers. This effectively
prevents salt-water encroachment inland of the extraction barrier, provided fresh-water
movement rates in the subsurface equal or exceed the movement rate of salt water.

5. Combination injection-extraction barrier. Using the preceding two methods, a combination
of an injection ridge and water-extraction barrier can be formed, protecting the aquifers
from salt-water encroachment near the coast.

6. Impermeable subsurface barrier. A subsurface barrier of sheet piling, clay, emulsified asphalt,
cement grout, etc., can be placed in an aquifer to prevent the intrusion of salt water. This
type of barrier allows a greater utilization of inland waters without producing salt-water
encroachment.

Some of the methods used to assist in the control of salt-water encroachment require approval
from the Alabama Department of Environmental Management. The injection of water through wells
to recharge an aquifer or to establish a fresh-water ridge must be approved by the Alabama
Department of Environmental Management through the Underground Injection Control Program of
the United States Environmental Protection Agency.

Of the methods mentioned, only the control of pumping patterns has proven to be practical and
cost-effective (Freeze and Cherry, 1979). A modified form of this method of salt-water control has
been used in the Gulf Shores/"Pleasure Island" area. Some public-supply wells have been established
north of the Intracoastal Waterway in recent years to assist in the control of salt-water
encroachment,

AREAS OF SALT-WATER CONTAMINATION

Three areas of apparent active salt-water contamination are shown on the hydrogeologic map
(plate 2). They are the Gulf State Park golf course, western Fort Morgan penmsula and the Claude
Peteet Mariculture Center.

GULF STATE PARK GOLF COURSE

Wells Gul-49 and Gul-50 produce water from aquifer zone A, for irrigation purposes at the Gulf
State Park golf course. These wells have estimated yields of 450 to 550 gpm. The wells have recently
shown signs of increased levels of chioride and TDS in produced water, indicating salt-water
contamination. Well Gul-49 is located near the inferred salt water/fresh water interface zone in
aquifer zone A; shown on the hydrogeologic map (plate 2). This well had an initial chloride content
of 50 mg/l when constructed in April 1971. On April 12, 1984, a water sample collected from the well
had a measured chloride content of 410. mg/l. Water from well Gul-50, located further inland
(northward) of the interface zone, has also increased in chloride content, but to a lesser extent.
Present chloride levels in water from well Gul-50 are about 45 mg/l. A comparison of 1984 water-
analysis data for wells Gul-49 and Gul-50, a salt-water test well (Gul-35), and Shelby Lake (coastward
of the probable position of the salt-water interface zone) is provided in figure 14. A similarity in
water chemistry is evident from the Stiff diagrams.

The increase in salt-water content of water produced at the golf course may be a result of the
lateral movement of salt water (salt-water encroachment) in aquifer zone A,. This hypothesis is
supported by the comparison of well-pumpage time and chloride content data for well Gul-49,
presented in figure 15. The chioride content of the water increases gradually with the time of well
pumpage, a condition reflecting lateral movement of salt water. An increase in calcium and
bicarbonate ions and depletion of sulfate ions relative to sea water in the area’s ground water may
reflect a transition between fresh and salt water (Walter and Kidd, 1979). Sulfate reduction is a
natural process that takes place in coastal waters (Freeze and Cherry, 1979).
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Figure 14.--Chemical-analysis diagrams (Stiff) for water produced from
aquifer zone A; in the Gulf State Park golf course area.
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Figure 15.--Comparative graph of pumpage-time and chloride-test data for

well Gul-49, August 30, 1973, and June 29-30, 1977.
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WESTERN FORT MORGAN PENINSULA

In this area, aquifer zone A; is subject to the effects of coastal flooding, particularly during
hurricanes, and to the natural effects of salt-water spray. The chloride content of water in the
aquifer zone therefore is generally high. This aquifer zone contains brackish-to-saline water of the
sodium-chloride and calcium-bicarbonate types. It is extensively developed throughout the
peninsula area for private and semipublic supplies. The effects of sea-water contamination of
aquifer zone A; are evident in the Stiff diagrams for surface water and water from wells in the area.
Examples of Stiff diagrams are shown in figure 16 for the Gulf of Mexico, Bon Secour Bay, a test well
(Sai-4), and water wells Sai-1 and Sai-8. The similarity in water chemistry is suggested by the similar
shape of Stiff diagrams. Further indications of the effects of salt water on the aquifer zone are the
reports of residents in the area on water quality. (See appendix A--Remarks.)

CLAUDE PETEET MARICULTURE CENTER

The Claude Peteet Mariculture Center immediately north of the Intracoastal Waterway utilizes a
series of salt-water ponds to raise marine fish species. Water of high salinity is obtained from the
Waterway for the salt-water ponds. Located at the center is a 191-foot deep utility well, Gul-59,
developed in aquifer zone A;. This well and other wells downgradient (southward) of the salt-water
ponds produce water with high chloride contents. The water is similar in quality to water in the
Intracoastal Waterway (fig. 17). Well Gul-59 produced salty water in January 1978, 5 years after its
construction. In recent years, the chloride content of the water has increased dramatically. On
February 27, 1978, for example, the chloride content of a water sample collected from the well was
1,900 mg/l; on May 10, 1980, the chloride content of a water sample was 7,200 mg/l. Available
information suggests that the salt-water contamination is the result of loss of water from the salt-
water ponds. This inference is supported by an observation on March 12, 1985, that the chloride
content of water from well Gul-59 initially increased, then roughly stabilized with pumpage time.
Stabilization of the chloride content may indicate that a persistent source of salt-water
contamination occurs in the area of the salt-water ponds. Plans are being formulated (Walter Tatum,
1985, personal communication) to line the salt-water ponds with impermeable materials to prevent
further contamination of aquifer zone A;.

WATER-RESOURCES MANAGEMENT FACTORS
SAFE YIELD

Safe yield is generally defined as the amount of water that can be withdrawn during a given
period of time from a ground-water basin without producing an undesirable result. Domenico
(1972) identifies an undesirable result as the depletion of ground-water resources or the intrusion of
poor-quality water (including salt water).

Using the concept of safe yield, it can be shown (Barksdale and Moore, 1976) that safe yield in
the study area is a function of:

1. Fresh-water (precipitation) recharge,

2. Aquifer-storage capacity, and

3. Water transmission, withdrawal, and discharge rates for a given aquifer system.

Assuming a current water-use value of 1.6 mgd for public supplies in Gulf Shores, a calculated
recharge rate of 0.12 mgd/mi2, and a recharge area of 17 mi2 for aquifer zone A, in the Gulf Shores
area (plate 2), production from the aquifer for municipal water use alone is approximately 78
percent of the safe yield, which is estimated to be 2.0 mgd. If irrigation and other uses of ground
water are included, withdrawals of water from aquifer zone A, may exceed the safe yield during
some periods of the year.

Although ground-water discharge from aquifer zone A; may be exceeding the safe yield, major
public water supplies apparently have not been affected by salt-water encroachment. This is
indicated on plate 9, which shows water-analysis diagrams (Stiff) for water samples collected from
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Figure 16.--Chemical-analysis diagrams (Stiff) for water produced from
aquifer zone A1 in the western Fort Morgan peninsula area.
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selected municipal wells. The analysis diagrams reflect various fresh-water types, principally the low
sodium chloride and calcium-bicarbonate types. For comparison, water-analysis diagrams for salt-
water samples from selected wells and surface-water bodies are shown on plate 9. As the demand
for ground water in the coastal areas increases, the continued production of water from aquifer
zone A; has the potential to contribute to salt-water encroachment in this aquifer.

THE WATER-BUDGET CONCEPT

Changes in the hydrologic system of southern Baldwin County can be expressed by a simple
equation where water income equals water losses plus changes in storage. In southern Baldwin
County, water income is derived solely from precipitation and water losses occur as evaporation,
transpiration, surface runoff, and water-well pumpage. Changes in storage are represented by
changes in the quantity of ground water and are indicated by water-level fluctuations in wells. In the
future, if the water income includes significant amounts of water transported by pipeline into the
study area, the budget could be balanced simply by assuming that a corresponding loss, such as
wastewater discharge, existed. If, however, the water in storage is subject to a continual drain by
excessive pumpage, the water-budget equation can be temporarily imbalanced in general ratio to
the magnitude of the drain. The overdraft of aquifers can result in declining ground-water levels,
salt-water encroachment, decreased surface runoff, or a combination thereof. For the southern
Baldwin County area, problems may be minimized through future prudent management and
conservation of the ground-water resources.

WATER MANAGEMENT

Presently, ground water is the only source of the area’s water supply, and the fresh ground-
water resources of the area have the potential to be overdeveloped, leading to possible salt-water
encroachment. The future management of the ground-water resources, therefore, is an essential
consideration for the protection and preservation of this resource. The spacing and production of
water wells in the Guif Shores/"Pleasure Island" area is presently unregulated. The potential
negative effects of this are:

1. Potential salt-water intrusion into the aquifer systems,

2. Excessive heavy ground-water demands that can lead to aquifer dewatering and localized

depression in the water table, and

3. Mutual interference between irrigation and municipal wells.

RECOMMENDATIONS

Aquifer zone A; is extensively developed as a source of irrigation and public-water supplies in
southern Baldwin County. Overproduction of the aquifer at the Gulf State Park golf course has
resulted in apparent local salt-water encroachment. Continued development of the aquifer zone
could result in additional salt-water encroachment. Therefore, it is recommended that a continuous
ground-water monitoring program be considered for the collection of hydrologic data necessary for
evaluating potential ground-water problems. The collection of information on water use, water
levels, and water chemistry would be useful as part of the monitoring program.

Drilling and testing of wells in southern Baldwin County would be helpful in determining aquifer
characteristics and in defining the ability of the aquifers to supply future water needs.

Computer modeling of flow characteristics and water-quality conditions of the aquifer systems
should be considered for the future management of the ground-water resources of southern
Baldwin County. The three-dimensional (3-D) finite difference ground-water flow model (McDonald
and Harbaugh, 1984) and the computer program RESSQ (Javandel, Doughty, and Tsang, 1984) are
specifically applicable to solving ground-water problems. The 3-D model simulates the effects of well
production, recharge, and the influence of rivers, evaporation, general-head boundaries, and other
hydrologic items on water-table and confined (artesian) aquifer systems. The computer program
RESSQ determines two-dimensional contaminate (solute) transport in an aquifer where regional
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flow, contamination sources, and ground-water withdrawals are well defined. These two models
have the capabilities of examining general ground-water conditions and identifying potential
problems of salt-water contamination or other forms of pollution of the aquifer systems. The models
can be used to determine proper well spacing and pumping rates in order to control well
interference, water-level declines, and salt-water encroachment. Other models may also be
applicable to solving ground-water problems.

Information obtained from ground-water monitoring programs, aquifer testing, and computer
modeling could be used in a feasibility study for the need of a management plan for the ground-
water resources of southern Baldwin County.
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APPENDIX B

Results of chemical analyses of water from selected
wells in southern Baldwin County, Alabama.

Well number corresponds to that shown on plate 1 and in appendix A.
Water-bearing unit: Tmu - Miocene Series undifferentiated of
Tertiary age; Tci - Citronelle Formation of Tertiary age;

Qalt - alluvium, low terrace deposits, and coastal
deposits of Quternary age.

Suffix terms (A4, A; and A3z) identify aquifer zones (see report).

Analysis values in milligrams per liter (mg/l), except as noted.
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Appendix B. (cont'd)

INTU - Nephelometric Turbidity Units
2pt-Co - Platinum-Cobalt scale units
3Calculated from analysis information
“*Law and Company analysis
SAlabama Department of Public Health analysis
SGulf Coast Laboratories, Inc. analysis
Vester J. Thompson, Jr. analysis
8Pensacola Testing Laboratories analysis
*Pittsburg Testing Laboratory analysis
1A, W. Williams Inspection Company analysis
l1Research Products, Inc. analysis
12Reid H. Leonard, Biochemist, analysis
!30rlando Laboratories analysis
t*Carloss Well Supply Company analysis
!spjoneer Laboratory, Inc. analysis
'$Nalco Chemical Company analysis
17Southern Earth Science analysis
8Universal Water Softener Company analysis
19 ayne Central Company analysis
2o0ater Treatment and Controls analysis

Notes: The absence of a footnote number by the sampling date indicates
that the analysis was conducted by the Geological Survey of Alabama or
the U.S. Geological Survey (Tuscaloosa). Historic (pre-1984) analysis
results may include parameters not shown. These analysis data are in the
files of the Water Resources Division. Analysis values are standardized

for entry into the computer STORET system.
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APPENDIX C

Results of chemical analyses of surface waters
in southern Baldwin County, Alabama.



Appendix C. Results of chemical analyses.of surface waters in southern Baldwin County, Alabama

Note: Concentrations of chemical constituents expressed in milligrams per liter.
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Pond at Mariné
Research Center
(SW4SW4 sec. 3,

T,

9S.,R.4E.)

Rainfall sample col--

lected at West Beach
(W. edge sec. 29,
T. 95., R. 3E.)

P . Lok
Gulf of Mexico at
Governor's Mansion
(SWy4SWy4 sec. 29,
T.9S., R. 2 E.)

GuTf of Mexico
at Romar Beach

(NE%NWI; sec. 23,
T. 9S., R. 4 E.)

Date of
collection
Silica .
(s10,)
Iron
(Fe)
Manganese
(Mn)
Calcium
(ca)
Ma?nesium
Mg)
Sodium
(Na)
Potassium
()
Bicarbonate
(HCo3)
Carbonate
(€03)
Sulfate
(S04)
Chloride
(c1)
Fluoride
(F)
Dissolved
solids

Calcium/
magnesium
hardness

(as CaCOj)

Specific
conductance

{micromhos

@ 25°C)

Turbidity
(NTU)2

Color
(Pt-Co)3

pH
Temperature
°c

°F

03-12-85

1,300

7,500

25,200

6.5

27
81

10-29-84

.00

21

05-10-84

.08

90
1,100
9,000

350

134

2,400

16,000

30,590

4,7501

42,000

7.3

26
79

\

05-10-84"

.07

340
1,100
9,500
360
102

0
2,400,

16,000

30,610

5,3801

44,000

7.

24
74

1
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Appendix C. (cont'd)

Bayou St. John ‘ Intraéoasta]»Waterway Bon Secour Bay at Hwy. Shelby Lake
at Perdido Pass at Gulf Shores 182~-State boat ramp at Gulf State
(W. side sec. 3, (SEHNEY sec. 8, (NW5SEY sec. 20, Park
T. 9S., R. 5E.) T. 9S., R.4E.) T. 9S., R 2E)
Date ‘of . ,
collection 05-10-84 07-18-84 . 05-10-84 ° | 05-10-84
Silica -~ : -— - -
(Si04)
Iron .06 .07 - .49
(Fe) v
Manganese ‘- .- B -
(Mn) ,
Calcium 410 150 51 ' 14
(Ca)
Magnesium 1,200 440 120 13
(Mg)
Sodium 10,000 3,600 1,000 98
(Na) .
Potassium 360 140 .7 . 4.0
(K) ,
Bicarbonate 136 74 ¢ 44 34
(HCO3) o
Carbonate 0 0 0 0
(C05) ‘ ’
Sulfate 2,700 i 8.2 270 18
(50, [
Chloride 17,600 6,900 2,000 170
(c1)
Fluoride -- -- -- --
(F)
Dissolved
solids 33,680 12,800 3,720 500
Caicium/
magnesium
hardness 5,960} 2,190! 6221 89!
(as CaC0j)
Specific
conductance 49,000 21,000 6,600 630
(micromhos
@ 25°C)
Turbidity 0 18 25 160
(NTU)2
Color 5 70 110 700
(Pt-Co)3
pH 7.7 7.2 7.6 ' 6.6
Temperature .
°C 27 28 27 24

°F 81 82 81 . 75

Icalculated value
2NTU - Nephelometric Turbidity Units
3pt-Co - P1atinum-poba1t scale units





