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PRIMARY WATER TYPES

The concept of primary water types, as used in this report is to delimit areas of a particular type
of water on the basis of the principal cation and anion in ground water of each aquifer division within
the Tertiary and Quaternary aquifers.

The primary water type, as mapped on this sheet for each designated aquifer, shows the areal
change in primary water type from one 100-mi? area to another. The delimited areas of primary water
type were determined by the concentration of major cations and anions composing the dissolved solids
of ground water in that area expressed in milliequivalents per liter. The concentration of ions, in
milligrams per liter, may be converted to milliequivalents per liter by multiplying by the reciprocals of
the combining weights of the appropriate ions (Hem, 1970). Milliequivalents per liter expresses the
concentration of major chemical constituents in terms of chemical equivalence, and more accurately
describes the composition of water and the relationship between ions in solution. One milliequivalent of
a cation (positively charged ion) will react with one milliequivalent of an anion (negatively charged ion).

The major ions determined in ground-water analyses and used to designate a primary water type
are the cations—calcium, magnesium, and sodium-potassium—and the anions—bicarbonate, sulfate, and
chloride. The cation and the anion that compose the largest percentage of milliequivalents per liter of
the dissolved solids in a ground-water sample, determine the primary water type for that sample. For
example, if the percentage of major ions were: calcium =40, magnesium=35, sodium-potassium =25,
bicarbonate =45, sulfate =25, and chloride =30, the primary water type is calcium bicarbonate.

Although the primary water type was computed for the most recent analysis at each site, only the
mode value for all analyses in each 100—mi* area was shown on the map. Blank areas occur where there
were no analyses for a 100-mi* area or where it occurred outside the area of the aquifer group.
Following is a discussion of primary water type in aquifers comprising each of the groups in ascending
order (oldest to youngest).
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Wilcox Aquifers

The primary water type is sodium bicarbonate in a large part of the Wilcox aquifers. This water type
primarily occurs in northeast Texas, northwest Louisiana, northeast and southwest Arkansas, northem
Mississippi, and the northern one-half of the study area in Alabama.

The primary water types in Kentucky and Missouri are calcium and sodium bicarbonate. In
Tennessee, the primary water types are calcium bicarbonate, magnesium bicarbonate, sodium
bicarbonate, and sodium chloride.

The primary water type is sodium chloride in the downdip, southern part of the mappable area of
the Wilcox aquifers. The sodium chloride water occurs in an area about 40 mi wide, extending from the
Rio Grande on the west side of the study area to Alabama on the east side of the study area. Most of
the analyses used to determine the primary water type in this area are from the petroleumn industry; most
of the data probably are analyses of brackish ground water.

Claiborne Aquifers

Except for areas noted below, the primary water type in the Claibome aquifers in the northem
three-fourths of the study area is sodium bicarbonate. The excepted areas are northwest part of the study
area in Texas, eastern Mississippi, westem Tennessee, and Alabama where calcium bicarbonate is
predominate.

In the southem one-fourth of the study area, where the Claiborne aquifers are at a greater depth,
the primary water type is sodium chloride. The sodium chloride water occurs in an area 10 to 80 mi
wide and extends from the Rio Grande on the west side of the study area to Mississippi on the east side
of the study area. Most of the data used to determine the primary water type in this area came from
the files of the petroleumn industry; most of the data probably are analyses of brackish ground water.

Jackson Aquifers

The primary water types in the Jackson aquifers in Arkansas are calcium sulfate and sodium sulfate.
In Texas, the primary water type principally is sodium chloride except in eastem Texas where sodium
bicarbonate and sodium sulfate types predominate.

Vicksburg Aquifers

Water is obtained locally from the Vicksburg Group in small areas in Mississippi (Gandl, 1979).
However, primary water types were not mapped because these aquifers are not significant regionally.

Miocene Aquifers

The primary water type in the Miocene aquifers is sodium bicarbonate in the southern one-third of
Mississippi and the middle one-third of Louisiana. The primary water type is about 50 percent calcium
bicarbonate and 50 percent sodium bicarbonate near the updip limit of the aquifers in Texas. In southern
Alabama, the primary water type is sodium combined with either bicarbonate or sulfate or chloride. On
the Continental Shelf and 30 to 80 mi inland from the coast, the primary water type is sodium chloride.

Pliocene Aquifers

(3
The primary water type in the Pliocene aquifers is sodium bicarbonate in southern Mississippi and
in a 50-mi wide band across Louisiana just south of the Mississippi border. The primary water type is
calcium bicarbonate and sodium bicarbonate in southeast Texas and sodium bicarbonate and sodium
chloride in southwest Texas. On the Continental Shelf south of the Louisiana coast, the primary water
type is sodium chloride.
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Quaternary Aquifers

The primary water type in the Quaternary aquifers in the east-trending band is shared somewhat
equally between calcium bicarbonate, sodium bicarbonate, and sodium chloride. In the south-trending
band, the primary water type is calcium bicarbonate.

ILLINOIS fLLINOIS fLLINOTIS

DATA APPLICATION A B
Because this study is regional in scope, it probably is not possible to determine the acceptability of A ‘ S

the quality of ground water at a specific site for a particular use based on the mapped data. For such
a case, it may be necessary to collect and analyze additional ground-water samples from the local area

of interest. The analyses need to include water-quality properties and constituents for which water-quality 36° —36°
standards or criteria have been designated for the intended use. It is possible, however, to draw some . ’ . L= E
inferences from the mapped data as to the acceptability of the water for imrigation, municipal, and f i ¥ o ﬁ\N ik S E S EE

industrial uses by comparing the mapped data with water-quality standard or criteria based on use.
Dissolved-solids concentrations and primary water type are two useful water-quality characteristics
for appraising the significance and source of dissolved minerals in ground water. For example, if ground
water in a delimited area contains 500 mg/L. dissovled solids and the primary water type is calcium
bicarbonate, the inference could be made that the soluble material in the Tertiary or Quaternary aquifers
is composed chiefly of calcium carbonate rock and that the water is fresh and acceptable chemically for
most uses. In contrast, if the dissolved-solids concentrations were 40,000 mg/L and the primary water
type was sodium chloride, the inference could be made that the aquifer is mostly composed of sand
deposited in or affected by a marine environment and that the water is brine and would require

treatment for most uses. ¢ -15 > p e

The suitability of water for irrigation depends on both dissolved-solids concentration—commonly 3° sy e S Rif p ' % w‘fﬁ?‘/
referred to as salinity—and the sodium content in relation to the proportion of calcium and magnesium oy DN _soe ‘. \;Yl‘:_ ey ¥ - oy e T
(most abundant cation). When water containing a large proportion -of sodium is applied to soil, some ik &»’/ At T ,m N\ b <, 2 s
of the sodium is taken up by the clay in the soil. The clay gives up calcium and magnesium in exchange l?’i{“ e L fr;"rv"}* [ e - } s
for sodium. Soil containing a substantial excess of calcium and magnesium ions tills easily and is Ly oA, e ; i %

permeable. If the same soil takes up sodium, it becomes sticky and slick when wet and has negligible
permeability. When dry, this soil shrinks into hard clods that are difficult to break up by cultivation. Large
concentrations of sodium salts develop alkali soils in which little or no vegetation will grow.

In contrast, if irrigation water contains calcium and magnesium ions in a quantity that equals or
exceeds the sodium, a sufficient concentration of calcium or magnesium may be retained on the clay
particles of the soil to maintain good tilth and permeability (Thome and Peterson, 1954, p. 58-79).

Salinity, or concentration of dissolved solids affect the osmotic pressure of soil solution which in turn
limits the availability of soil moisture for plant consumption. Consequently, excessive salinity may create
physiological drought conditions. The severity of such conditions on the plant depends on the plant’s
tolerance to salinity and the concentration of dissolved solids (Thome and Peterson, 1954, p. 62).

The maps in this report present data on the two water-quality characteristics—dissolved-solids
concentrations (salinity) and primary water type (the most abundant cation and anion). From these
mapped data it is possible to tentatively select areas within the aquifer groups from which acceptable
imigation-water supplies may be obtained.

The suitability of water for municipal use is determined by comparing the water analysis with Federal
drinking-water standards which include bacteriological purity (U.S. Environmental Protection Agency,
1973). However most municipalities are prepared to treat their water for bacteriological quality, thus, the
suitability of water for municipal use can not only be inferred, but tentatively determined, from the maps
showing the concentrations of dissolved solids and the primary water types. For example if dissolved-
solids concentrations are less than 500 mg/L, the water meets the Federal drinking water standards for
dissolved minerals. If the primary cation, based on primary water type, is calcium or magnesium, the
water probably is hard to very hard and may require treatment for hardness. If the primary cation is
sodium, the water may be soft to slightly hard and probably requires little or no treatment for hardness.

The suitability of water for industry is determined by its use in a specific industry. Because of the
numerous industrial uses, no meaningful criteria can be set to encompass a majority of such use.
However the quality characteristics—dissolved solids concentrations, and primary water type—of raw
water can be used by an industry to determine the probable treatment necessary to meet the standards
set by that industry.
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PRIMARY WATER TYPES

Calcium bicarbonate Magnesium chloride

Calcium sulfate Sodium bicarbonate

Calcium chloride Sodium sulfate

Magnesium bicarbonate Sodium chloride

Magnesium sulfate No data
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