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GLOSSARY
Aquifer
A formation, group of formations, or part of a formation that con-
tains sufficient saturated permeable material to yield significant
quantities of water to wells and springs.
Artesian aquifer
An aquifer in which water is confined by an overlying clay or fine-
grained bed. Water levels in wells screened in the aquifer rise
above the top of the aguifer.
Confining bed
A body of relatively "impermeable" material stratigraphically
adjacent to one or more aquifers that serve to confine water in the
aquifer so that the water level rises above the base of the con-
fining bed.
Hardness
The U.S. Ceological Survey classifies hardness as follows: Water
having a hardness of 0-60 mg/L is considered soft, 61-120 mg/L is
moderately hard, 121-180 mg/L is hard, and more than 180 mg/I is
very hard.
Hydraulic conductivity
The volume of water at the existing kinematic viscosity that will
move through a unit area of an isotropic porous medium in unit time
under a unit hydraulic gradient through a unit area measured at
right angles to the direction of flow. Replaces the term "field
coefficient of permeability."
Potentiometric surface
A surface, as related ©o an aquifer, that everywhere coincides with
the water level in tightly cased wells penetrating the aquifer,
Specific capacity
The rate of discharge of water from a well divided by the drawdown
of water level within the well expressed as gallons per minute per
foot of drawdown for a specified period of pumping, usually 24 hours.
Specific yield
The ratio of the volume of water that will drain by gravity from
saturated aquifer material to the total volume of the material.
Storage coefficient
The volume of water an aguifer releases from or takes into storage
per unit surface area of the aquifer per unit change in the head.
Transmissivity
The rate at which water of the prevailing kinematic viscosity is
transmitted through a unit width of the aguifer under a unit
hydraulic gradient. Tt is equal to an integration of the hydraulic
conductivities across the saturated part of the aquifer perpendi-
cular to the flow paths. Replaces the term "transmissibility."
Water-table aquifer
An aquifer in which the water table or upper surface of the zone of
saturation is unconfined.



FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM (SI)

Multiply inch-pound units

foot (ft)
foot per day (ft/d)
foot per year (ft/vr)

foot squared per day
(£t2/d)

gallon {gal)

gallon per minute {gal/min)

gallon per minute per foot
[ (gal/min) /ft]

gallon per minute per square

mile {(gal/min)/mi2]

inch (in.)

mile {mi)

million gallons per day
(Mgal/d)

square mile (mi2)

OF METRIC UNITS

By
0.3048
0.3048
0.3048
0.09290

3.785
6.309%10~5

0.06309
2.070x1074

0.2070

2.,436x10™2

0.02436

2.540
25.40

1.609

3.785x103

3.785x106

2.590

To obtain metric units

meter (m)
meter per day (m/d)
meter per year (m/year)

meter squared per day
m2 /)

liter (L)

cubic meter per second
(m3/s)

liter per second (L/s)

cubic meter per second per
meter [ (m3 /8 /m]

liter per second per
meter [ (L/s)/m]

cubic meter per second per
square kllometer

[ m3/s) /km?]
liter per second per

square kilometer

[(L/s) /kn?]
centimeter (cm)
millimeter {(mm)
kilometer (km)

cublc meter per day
3 ,/Q)

liter per day (L/d)

square kilometer (km2)

To convert temperature in degree Celsius (°C) to degree Fahrenheit
(°F}, multiply by 9/5 and add 32.
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GROUND-WATER RESOURCES OF THE ARCADIA-MINDEN AREA, LOUISTANA

By G. N. Ryals

ABSTRACT

The Sparta Sand of Focene age comprises the Sparta aquifer, which
vields 97 percent of the water used in the Arcadia-Minden area of
north-central Iouisiana along Interstate Highway 20 and U.S. Highway
80. The Sparta aquifer underlies all of the area except the extreme
southwest corner, Pumpage from the Sparta aquifer in 1980 was 6.2
million gallons per day. Wells with specific capacities of 5 to 10
gallons per minute per foot of drawdown can be developed in this
aquifer at most places. The potentiometric surface, which is 220 feet
above to 180 feet below the National Geodetic Vertical Datum of 1929,
is about 150 to 400 feet above the top of basal sand units of the
aquifer; locally it is below the top of the aquifer. The potentio-
metric surface is declining at the rate of 1/2 to 4 feet per year;
however, the rate of decline will decrease with time as hydraulic
conditions change from artesian to water table.

Water from the Sparta aquifer may require treatment for iron for
public-supply use at or near the outcrop of the Sparta Sand. North-
east and downdip from the outcrop, the water has low iron and higher
dissolved-solids concentrations. Generally, the water downdip from
the outcrop meets the current standards recommended by the U.S.
Environmental Protection Agency for drinking-water.

The Wilcox-Carrizo aquifer is comprised of the Wilcox Group and
Carrizo Sand of Paleocene and Eocene age. The aquifer underlies all
of the Arcadia-Minden area but contains freshwater only in the south-
western part. This part of the area is relatively undeveloped and
pumpage is only 0.2 million gallons per day. Some sand beds can yield
50 gallons per minute or more of water to wells., However, the
occurrence of such beds is variable; at some sites, yields of only a
few gallons per minute are possible. Freshwater in the aquifer meets
the U.S. Environmental Protection BAgency drinking-water standards
(1976) without treatment except at some sites where iron concentra-
tions are excessive. :



The terrace aquifer, which occurs in the western part of the
study area, is not utilized for public supply but may be used for
stock waterlng Water from the terrace aquifer generally is soft and
low in iron; however, locally, the water may be hard, corrosive, and
high in iron. vYields of wells screened in the terrace aquifer west of
the study area range from 10 to 60 gallons per minute. The terrace
aquifer may be used to supplement supplies from the Sparta and Wilcox-
Carrizo aquifers and for domestic wells.

The Arcadia, Bistineau, Gibsland, Minden, and Vacherie salt domes
are disturbances caused by the local intrusion of salt., The vertical
salt movements have dlsrupted the base of freshwater in the Sparta and
Wilcox-Carrizo aquifers in the vicinity of the domes; however, the
area affected is only about 4 square miles at each dome. Freshwater
sands may be absent over a dome, and freshwater may occur to greater
depths on the flanks of a dome than in the surrounding area. Test
drilling near salt domes is necessary to find sand beds that will
yield an adequate water supply.

INTRODUCTION

Along U.S. Highway 80 in northern Iouisiana, population density
is increasing. The area from Arcadia to Minden located adjacent to
Interstate nghway 20 and U.S. Highway 80 (pl. 1) has the potential
for further increases in population and in industry. 1In 1975 the
Arcadia-Minden area had a population of about 35,000, an increase of
about 3,000 since 1960. Ground water is the principal source of
freshwater for this area. Development will require more water; there-
fore, existing ground-water supplies will need to be expanded, or new
ground-water sources developed.

The Arcadia-Minden area comprises approximately 700 mi? and
includes the northern part of Bienville Parish, the southern part of
Claiborne Parish, the western part of Lincoln Parish, and the south-
eastern part of Webster Parish (pl. 1). The area is mostly rural; is
characterized by steep-sided valleys, flat valley floors, and rolllng
timbered hills; is well drained; and has a humid, subtropical climate.

During the past 25 years, total ground-water pumpage has steadily
increased in the study area. The average daily pumpage for the area
(table 1) was 6.4 Mgal/d in 1980, which is an 88 percent increase from
3.4 Mgal/d in 1960. The large increase is mostly attributable to
© increased public-supply pumping. Ground-water pumpage for public
supply responds to changes in population and per capita consumption.
Industrial pumpage for older installations decreased as a result of
improved water-use methods, including water recycling, and as a result
of some industrial plants closing. However, total industrial pumpage
doubled because of water demands by new industries.



Table 1l.--Cround-water pumpage in the Arcadia-Minden area
[In million gallons per dayl

Rural
Year Public supplies Industrial Total
Domestic  Livestock
1960 1.8 1.1 0.4 0.1 3.4
1965 1.9 1.5 .4 -1 3.9
1970 2.2 .9 o3 .1 3.5
1975 3.4 2.3 o2 .1 6.0
1980 3.8 2.4 -1 o1 6.4

The trend for the past 25 years has been for rural communities to
develop public water-supply systems. The number of public-supply
systems has more than doubled in the Arcadia-Minden area during this
time. More systems probably will be developed; thus, more production
wells capable of producing 50 gal/min or more will be needed. BAS
public water-supply pumpage increases, rural-domestic pumpage will
decrease because many home wells are abandoned when public-supply
systemns are available.

The purpose of this study is to describe and evaluate the ground-
water resources as an aid in the development of ground-water supplies
for the Arcadia-Minden area. By mapping the aquifers and determining
their hydrologic characteristics and current water use, the available
ground-water supply was evaluated, including the effects of salt
structures on the ground-water supply. The hydrologic-data-collection
program of the U.S. Geological Survey, conducted in cooperation with
the Iouisiana Department of Transportation and Development, Office of
Public Works, provided much of the ground-water data for the Arcadia-
Minden area. The ILouisiana Department of Natural Resources, Office of
Conservation, provided electrical logs used in mapping the aquifers.
City and public water-supply system officials cooperated generously by
providing records of wells and records of water use. Several offi-
cials allowed wells to be used for observation and tests.

HYDROGEGLOGIC SETTING

Regional hydrologic studies include information on the Arcadia~
Minden area, and detailed studies have been made east and west of the
area, Regional studies by Cushing, Boswell, and Hosman (1964 des-
cribe the Tertiary aquifers in the Mississippi embayment. Reports by
Payne (1968, 1970, and 1972) describe the hydrologic significance of
the lithofacies of the Sparta Sand, the Cockfield Formation, and the
Cane River Formation, respectively. A detailed study by Sanford
(1973) evaluates the water resources of the Ruston area, which is east
of and adjacent to this study area. Immediately to the west of the
Arcadia-Minden area, a study by Snider (in press) evaluates the
ground-water resources of the Fillmore-Haughton-Red Chute area.

3



Freshwater occurs in the Arcadia-Minden area in aquifers of
Tertiary (Paleocene and Eocene) and Quaternary (Pleistocene) age
(table 2). Within the Arcadia-Minden area, Tertiary formations that
contain sand beds capable of yielding 50 gal/min or more for public
supply are (from oldest to youngest) the Wilcox Group, the Carrizo
Sand, and the Sparta Sand. The Carrizo Sand was deposited over an
eroded and irregular Wilcox surface., Because of nondeposition or
erosion over some Wilcox highs, the Carrizo Sand is discontinuous.
The Wilcox is hydraulically interconnected with the overlying Carrizo
Sand; therefore, the Carrizo and the Wilcox are considered to be a
single hydrologic unit, called the Wilcox-Carrizo aquifer, in the
project area. Formations that consist chiefly of clay (the Midway
Group, the Cane River Formation, and the Cook Mountain Formation) are
confining beds and separate most of the water-bearing formations,
retarding water movement between these formations. The Tertiary beds
dip gently to the east because the area is on the west limb of the
Mississippi structural trough.

In the western part of the area, nearly flat-lying Pleistocene
terrace deposits were deposited on the eroded surface of the Sparta
Sand, Carrizo Sand, and Wilcox Group. The sand and gravel in the
terrace deposits form an aquifer, the terrace aquifer, that probably
is capable of yielding 50 gal/min or more at some sites.

The Tertiary aquifers in the Arcadia-Minden area are recharged
principally from rainfall on outcrop areas. Freshwater enters the
Wilcox~Carrizo aquifer from outcrop areas to the west and southwest of
the study area. The Sparta Sand crops out in a northwest-southeast-
trending band in the south-central part of the area (pl. 1). Much of
the Sparta Sand is covered by terrace deposits in the western part of
the area. 1In addition to direct recharge by rainfall, the Sparta
aquifer is recharged by leakage from the terrace deposits. The Cook
Mountain Formation, which is mostly clay, contains a basal sand in
some areas that also may contribute water to the Sparta, These clay
deposits are the dominant outcrops in the eastern two-thirds of the
area (pl. 1), and retard the infiltration of rainfall. Deposits of
the Cockfield Formation cap many of the hills in the area. Recharge
is by vertical infiltration of rainfall, and most discharge is by
lateral movement of water to nearby streams. Recharge to the terrace
aquifer is by vertical infiltration of rainfall through the soil zone.

In most of the area, the deepest occurrence of freshwater is
either in the Wilcox~Carrizo aquifer or the Sparta aquifer (table 2).
Although the Wilcox-Carrizo underlies all of the study area, fresh-
water occurs in the unit in only 25 percent of the area (pl. 23). The
interface between saltwaterX/ and freshwaters/ is very irregular,

1/In ground-water studies in Iouisiana, the U.S. Geological Survey
has generally defined saltwater as that containing more than 250 mg/I
of chloride, Water containing 250 mg/L or less of chloride is con-
sidered fresh. Freshwater has also been defined as containing 1,000
mg/L or less of dissolved solids, which is essentially equivalent to
water containing 250 mg/L of chloride.

4
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Most of the freshwater in the Wilcox-Carrizo agquifer is in the south-
western part of the area, but an isolated body of freshwater occurs in
Claiborne Parish. This isolated body was mapped on the basis of
electrical logs. Freshwater in the Wilcox-Carrizo aquifer ranges from
0 to 1,300 £t below land surface.

The Sparta aquifer contains freshwater throughout the area where
the unit is present (pl. 2A). However, basal sands in the eastern
part of the area may contain slightly saline water. Freshwater in the
Sparta occurs to maximum depths of about 400 ft below NGVD of 1929
{(National Geodetic Vertical Datum of 1929) or about 800 ft below land
surface.

As shown on plate 27, abrupt and large differences in the altitude
of the bhase of freshwater occur because the base of freshwater changes
from one unit to another. The Wilcox~Carrizo and Sparta are separated
by about 200 ft of the Cane River Formation (mostly clay), Where the
Wilcox-Carrizo contains no freshwater, the base of freshwater is in
the Sparta and is at least 200 ft shallower than in the Wilcox-Carrizo.

The Arcadia, Bistineau, Gibsland, Minden, and Vacherie salt domes
occur in the study area (pl. 1l). Salt domes are local structural
anomalies caused by the vertical intrusion of salt. The top of the
salt body (stock) for an individual dome averages about 1 mi in
diameter and ranges in depth from 700 to 1,400 ft below land surface.
The intrusion of salt has caused faulting and uplift of overlying
beds, which has disrupted geologic units from the top of the salt
stock to land surface. Each dome affects about 4 mi2 or a total of
about 20 miZ in the study area. About 3 percent of the study area
is disturbed by the salt intrusions.

The salt domes have a pronounced local effect on the base of
freshwater. Generally, freshwater may be absent over the apex of a
dome and may occur at greater depths on the flanks of a salt dome than
in the surrounding area. As shown by the base of freshwater map (pl.
28) , the Wilcox-Carrizo contains freshwater on the flanks of the
Arcadia, Gibsland, and Minden domes; however, in the general area of
these domes the Wilcox-Carrizo contains saltwater., Over the apex of
the Bistineau, Gibsland, and Vacherie domes, beds of the Midway Group
are at or near the surface, Because the Midway contains no sand beds,
freshwater probably does not occur over the domes, Iocally, fresh-
water may be present in shallow terrace and alluvial deposits.
Although most units of Tertiary age were eroded as uplift occurred -at
a dome, downfaulted blocks that contain sand beds of Tertiary age may
contain freshwater. The hydrologic patterns around salt structures
are complex, and a detailed study of each one would be needed to
determine hydrogeclogical conditions. Generally, salt domes are not
favorable gsites for freshwater wells.,



GEOHYDROLOGIC PROPERYTIES OF THE PRINCIPAL AQUIFERS

Wilcox-Carrizo Aquifer

Description

The Wilcox-Carrizo aquifer is comprised of the Carrizo Sand and
the Wilcox Group; the latter congists of nonmarine sand, silt, clay,
and numerous thin lignite beds. The top of the aquifer ranges from
about 100 ft above NGVD eof 1929 in the southwestern part of the area
te 700 £t below NGVD of 1929 in the northeastern part (pl. 2B}. Sand
beds make up approximately 20 to 30 percent of the Carrizo Sand and
Wilcox Group interval. the largely interconnected sand beds range
from a few feet to 115 ft in thickness. Lateral extent of sand beds
is highly variable (pl. 3). For example, the log of Union Production
Company's test well in T, 18 N., R. 8 W. (Walker Unit No. 1, pl. 3,
no. 6l) shows one massive sand 125 ft in thickness at the top of the
unit. By contrast, lesg than 2 1/2 mi away at the Carter 0il Company
test well in T. 18 N., R. 8 W. (R. M. Davis No. 2, pil. 3, no. 59), the
Carrizo Sand is absent; and the upper part of the log shows numerous
thin sand beds. Sand-grain size is also variable., In the Wilcox
Group interval, sand ranges in size from very fine to medium and is
silty in many places. Where present, the Carrizo Sand consists of
medium to coarse sand.

Hydraulics, Yield, and Water Levels

The hydrologic characteristics of the Wilcox-Carrizo aguifer were
determined from pumping tests of five wells in the study area in
Webster Parish. Values for hydraulic conductivity from these tests
range from 1 te 19 ft/d and, based on the higher three values, aver-~
aged 17 ft/d (table 3). The variability is due to differencegs in the
grain size and sorting of the sand, A sand that is 40 ft thick and
has a hydraulic conductivity of 17 ft/d would have a transmissivity of
680 ft2/d.

Water in the aquifer is confined under artesian pressure:; there-
fore, the storage coefficient is estimated to be about 0.0001.
Iocally, the water in the aguifer may be under water-~table conditions
where sands are near the surface near salt structures; however, such
sands are not extensive and, thus, are not important in the develop-
ment of water supplies.

Yields of wells greater than 4 in. in diameter range from about
10 to 100 gal/min and average 50 gal/min (table 7). Most public-
supply and industrial wells yield more than 50 gal/min. The average
specific capacity for the Wilcox-Carrizo in the area is 1.3
{gal/min) /ft of drawdown., Specific capacity is a function of the
ability of the aguifer to yield water over a given period of time and
is also a function of well construction (including relative amount of



Table 3.--Hydraulic conductivity determined from tests of wells
screened in the Wilcox-Carrizo aquifer

Sand thickness  Hydraulic conductivity Yield Drawdown

Well No. (Ft) (F£/d) (gal/min)  (Ft)

Wo-265 42 19 25 25.9
Wo-270 36 17 40 35,9
Wo-306A 13 2 25 98.6
Wo-306B 15 1 22 150.5
Wo-329B 29 16 50 17.3

screen compared to aquifer thickness) and the degree of well
development. For example, a properly developed 6~in, well with a
specific capacity of 1.3 (gal/min)/ft of drawdown would have a
dreawdown of 38 ft in 24 hours at a pumping rate of 50 gal/min.
However, 1if the well were not properly developed or only partially
screened, resulting in a specific capacity of 0.8 (gal/min)/ft of
drawdown, the drawdown would be 62 ft after pumping 24 hours at a rate
of 50 gal/min.

Water levels in the Wilcox-Carrizo where sands contain freshwater
generally range from 10 to 60 ft below land surface or from 135 to 223
ft above NGVD of 1929 (fig., 1). Iarge pumping centers have not been
developed in the Wilcox-Carrizo aguifer, thus water-level fluctuations
are small.

Quality of Water

In the study area, water from wells screened in the Wilcox-Carrizo
aquifer is generally suitable for public supplies. However, the
concentration of iron may exceed the limit (table 4) recommended by
the U.S. Environmental Protection Agency (1976), and in some areas the
water may have a hydrogen sulfide (H;S) odor and require treatment
for removal of hydrogen sulfide. Freshwater from the Wilcox-Carrizo
is soft to moderately hard. About half of the chemical analyses
(table 8) of water from the aguifer show iron concentrations that
exceed 0.3 mg/L (milligrams per liter). Iocally, different sands may
contain water with different concentrations of iron. The sand
screened in well Wb-306A (pl. 1 and table 8) is separated from that
screened in well Wb-306B by 38 ft of clay. Water was collected from
each well for chemical analysis. The iron concentration in water from
well Wo-306A is 0.12 mg/L; whereas, the concentration for well Wh-306B
is 1.3 mg/L. The concentrations of other chemical constituents also
can vary from one sand to another. Where two or more sands occur at a
site, it may be necessary to complete several test wells to determine
the best source for a production well.
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Table 4.--Summary of chemical and physical properties of water
from the Wilcox-Carrizo aquifer

Recommended limits

Constituent or Rande (U.S. Environmental
physical property e Protection Agency,
1976)

Bicarbonate (HQO3)-~- 86 - 540 mg/L. === eeememmeeo
Chloride (Cl)---~-ww= 4.7 -~ 360 mg/L 250 mg/L
Color (platinum-cobalt

Units) === e 0 - 40 15
Dissolved solidg~-~-- 130 - 975 mg/L 500 mg/T,
Fluoride (F)-~=-w—w=—- I 1.4 mg/L .8-1.0 mg/L
Hardness (as CaCO3) =~ 2 = 65 mg/L 0 e
Iron (Fe}=—=mmwoemam—— L01- 4.5 mg/L «3 mg/L
PH (unitg) ~———memmee 7.3 - 8.8 6.5-8.5
Specific conductance

(micromhos/cm at

25%C) mrmm e 164 1,790 0 e
Sodium (Na)-——==mmm——— 16~ 370 mg/L 0 e
Temperature—mwe——w——- 19 - 25.5°C (66-78°F)  wrmmm————eee

Samples from two wells, Wb-281 and Wo-306A, show fluoride concen-
trations greater than the recommended limits (tables 4 and 8). Bene-
ficial health effects reportedly occur in areas where water contains
natural fluorides; however, excessive amounts of fluoride can cause
mottling of teeth.

Present and Potential Development

In the Arcadia-Minden area, the only wells presently completed in
sands of the Wilcox-Carrizo aquifer are located in Webster Parish.
The wells in Webster Parish yield approximately 0.2 Mgal/d or about 3
percent of the total ground-water pumpage in the area. The village of
Heflin, McIntyre Water Works District, the Central Water System,
Jenkins Water System, and the Horseshoe Road Water System pump water
from the Wilcox-Carrizo (fig. 2). These five public water-supply
systems pumped about 0.16 Mgal/d and served about 2,200 people in 1980
(table 9). The rest of the water pumped from the aquifer is for
domestic or industrial use.

A major problem concerning development of the Wilcox-Carrizo is
the possible increase in chloride concentration in water from wells
tapping the aquifer near the downdip limit of freshwater (pl. 2A}.
Pumpage from wells located near the interface could eventually cause
salty water to move into areas containing freshwater. A test well
(Wo-265) was drilled to a depth of 200 ft for the Jenkins community at
the freshwater-saltwater interface., Water from this well had a
chloride concentration of 361 mg/L, which is above the concentration
of 250 mg/L recommended by the U.S. Environmental Protection Agency
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for public supply. "wo public-supply wells (Wh-316 and Wo-317), both
drilled to a depth of 225 ft for the Jenkins communlty 1 mi northwest
from the test well, yleld freshwater, The maximum estimated rate of
ground-water movement in the Wilcox-Carrizo in the vicinity of the
Jenkins community is about 25 ft/yr. Thus, if the freshwater-salt-
water interface were only one-half mile from the production wells,
more than 100 years would be required for saltwater to reach the
production wells at a rate of 25 ft/yr. However, the precise location
of the freshwater-saltwater interface is not known, In addition,
because of the discontinuity of the sand beds, the actual rate of
movement 1is probably much lower.

Large well fields capable of producing 2 Mgal/d or more will be
difficult to develop because Wilcox-Carrizo wells are usually low
yielding and many wells would be needed. Approximately 28 wells, each
well pumping 50 gal/min continuously, would be needed to produce 2
Mgal/d. Such a well field would probably cover many square miles.
Because of the variability in thickness and extent of sands beds, a
large-scale test-drilling program would also be necessary.

Pumpage from the Wilcox-Carrizo has increased only slightly
because population growth in the area where the aquifer is utilized
has been small. Projected growth there also is small: therefore, the
Wilcox-Carrizo should have the capability to furnish suff1c1ent quan-
tities of water to meet projected needs. Some increase in production
can be met by expanding existing systems.

Sparta Aquifer

Description

The Sparta Sand consists of nonmarine massive sand, silty sand,
shale, lignitic shale, and some lignite beds. Intercomnection of the
sand beds causes the Sparta Sand to respond as a single acuifer, the
Sparta aquifer. 'The Sparta Sand ranges from 400 to 700 ft in thick-
ness, and the base of the unit ranges from 300 ft above to 400 ft
below NGVD of 1929 within the area (pl. 2C). Sands 100 ft thick are
comwon and may occur at any depth in the formation but generally occur
in the middle or basal part. Sand makes up from 20 to 100 percent of
the formation; at most places the unit averages between 50~ and
75-percent sand.

In Webster Parish the aquifer consists of a massive sand in the
lower part and thinly bedded, sandy clay and sand with some lignite in
the upper part. Geologic section B-B' on plate 3 shows the vertical
distribution of the Sparta Sand in Webster Parish. Sand beds are
exceptionally thick at wells Wh-277 and Wb-260 (T. 19 N., R. 9 W., pl.
1). 1In the eastern part of the study area, individual sand beds range
from a few feet to 250 ft in thickness. Sand intervals shown on
sections A-A' and B-B' (pl. 3) are typical for the area.

12



Hydraulics and Yield

The hydrologic properties of the Sparta aguifer were determined
from 21 pumping tests in Webster, Lincoln, and Bienville Parishes.
Variations in transmissivity and hydraulic conductivity as related to
sand thicknesses are given in table 5. The variations given in table
5 agree with the conclusion of Payne (1968) that the hydraulic con-
ductivity of the Sparta generally increases with increased sand
thickness. The average hydraulic conductivity for the area is 60 ft/d.

Sands in the Sparta aquifer generally are confined. A storage
coefficient of 0.0004, which is typical of artesian aquifers, was
determined from a pumping test of well Bi-157 (T. 18 N., R. 7 W.).
This value for the cecefficient of storage is in agreement with another
determined for the Sparta aquifer in Union Parish {Snider and others,
1972, p. 15). Unconfined conditions would be expected in or near the
outcrop, although deeper sands might be confined, In the study area,
the storage coefficient probably ranges between 0.0001 (artesian
conditions) and 0.1 (water-table conditions).

Table 5.--Hydraulic characteristics of the Sparta aquifer as a
function of sand thickness

Hydraulic conductivity

Sand thickness Transmissivity
range
(Et) (ftz/d) Range Average
(Et/d) (££/d)
10~36 390-2,000 17-1701/ 50
37-70 1,500-4,000 33-120 60
70 3,7060~9,600 90-1302/ 110

l/Hydraulic conductivity of 170 ft/d determined in test of well
Wb~322, near Minden.

E/Hydraulic conductivity of 130 ft/d determined in test of well
Bi~149A, near Bryceland.

Many industrial and public-supply wells screened in the Sparta
aquifer that are greater than 6 in. in diameter yield as much as 300
to 500 gal/min from sands less than 50 ft in thickness; wells yield as
much as 800 gal/min from sands greater than 50 ft in thickness. The
average yield for production wells screened in the Sparta aquifer in
the study area is 500 gal/min.
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The efficiency of a well can be determined by comparing the actual
specific capacity to the theoretical specific capacity. For example,
in the Sparta, a sand that has a thickness of 50 ft and a hydraulic
conductivity of 62 ft/d@ has a tranemissivity of 3,100 ft2/d. The
theoretical specific capacity (Meyer, 1963} of a completely developed
6~in, diameter well screened in the total thickness of a sand with a
transmissivity of 3,100 ftz/d and a storage coefficient of 0.0001 is
10 (gal/min)/ft of drawdown., With a pumping rate of 500 gal/min the
well would have a theoretical drawdown of 50 ft after pumping 24
hours. If the well had a measured specific capacity of 4 (gal/min) /ft
of drawdown due to poor development, the well would have a drawdown of
125 ft after pumping 24 hours and would be 40 percent efficient.
Regional water-level declines coupled with the additional drawdown of
a poorly developed well may cause pumps to be lowered, the well
redrilled, or yields to be reduced. Values for specific capacity of 5
to 10 (gal/min)/ft of drawdown probably can be expected where sands
are at least 50 ft thick and the wells are properly constructed and
developed.

Water ILevels

In 1980 in the Arcadia-Minden area, the altitude of the potentio-
metric surface of the Sparta aquifer ranged from 220 ft above to 180
pelow NGVD of 1929 (fig. 3). In most of the area, differences between
water levels in wells in sands at different depths at a specific site
are just a few feet because the Sparta sands are connected, However,
in local areas where the interconnection is poor, larger differences
in water levels exist, Pumpage at Minden has lowered water levels
near the well field and created a cone of depression as shown by the
closed contours on the potentiometric map (fig. 3).

The potentiometric surface in 1980 (fig. 3) was about 150 to 400
ft above the top of basal sands in the Sparta aquifer. The potentio-
metric surface has been declining at the rate of 1/2 to 4 ft/yr in the
Sparta in northern Iouisiana. This decline is the result of large
amounts of pumpage from the Sparta, especially in the major pumping
centers at Bastrop, Hodge, Monroe, Ruston, and Springhill in Iouisiana
and at El Dorado and Magnolia in Arkansas. Although Ruston is the
nearest major pumping center to the Arcadia-Minden area, pumpage at
the larger Hodge and El Dorado pumping centers probably have the
greatest influence on the study area. Veatch (1906) reported water
levels at Arcadia of 130 ft below land surface. Water levels measured
at Arcadia in 1980 are about 230 ft below land surface, a decline of
100 ft in about 75 years. Water levels at Minden have not declined as
much as in other areas because of local recharge from the overlying
terrace aquifer. Currently, water levels at Minden range from about
50 to 100 ft below land surface compared to about 30 to 50 ft below
land surface in 1906.

14
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Since the mid-1960's, water levels in wells in the middle and
lower sands of the Sparta Sand have been below the clay unit of the
Cook Mountain Formation throughout the area. Because sands of the
Sparta are interconnected, the upper part of the Sparta 1is probably
undergoing dewatering in the Arcadia-Minden area. Before the regional
decline caused water levels to drop below the Cook Mountain Formation,
only pumping levels at gpecific sites were below the Cock Mountain
Formation. No air could reach the upper sands in the Sparta; however,
when the water levels declined below the Cook Mountain Formation
regionally, air entered the system and dewatering of the uppermost
sand beds began. Even though water levels continue to decline at the
rate of 1/2 to 4 ft/yr in wells in deeper sands, it would take over
100 years before dewatering of the lower producing sands begins. Well
yields will decrease as water levels are lowered because of the
increase in pumping head and less available drawdown. As pointed out
by Sanford (1973), the most permeable sands are in the lower part of
the Sparta. According to Sanford, as water levels are lowered below
the clay unit of the Cook Mountain Formation and air enters the forma-
tion, water-table conditions will prevail., ‘herefore, the storage
coefficient will approach water-table values. As this condition
develops, the rate of water-level decline will be reduced. Ieakage
will occur from sands in the upper part of the Sparta Sand and lower
part of the Cook Mountain Formation, which provide a water source
having a high storage capacity. Drainage is now contributing to the
vield of the lower sands; however, according to Sanford it has not
been evaluated quantitatively because of the uncertainity in estima-
ting the actual specific yield of the deposits. Because the upper
sands act as a recharge source, the rate of water-level decline in the
lower sands will decrease,

Cbservation wells C1-136 (T. 19 N., R. 6 W.} and [-113 (T. 18 N.,
R. 4 W., pl. 1) screened in basal sands have water levels 5 and 60 ft,
respectively, below the top of the Sparta acquifer. Hydrographs of
these wells (fig. 4) show water-level declines of 3 ft/yr for well
I~113 and 2 ft/yr for well Cl-136. ‘The decline at well I-113 reflects
pumpage at Simmsboro, and well C1-136 reflects pumpage at the South
Claiborne Water System. Observation well Bi-l44 (T. 18 N., R. 5 W.,
pl. 1), located between wells C1-136 and I~113, has a water level that
is at or slightly above the top of the Sparta. As indicated by the
hydrograph of well Bi-144 (fig. 4), between 1970 and 1973 the water-
level decline was very great compared to the decline since 1973, The
hydrograph of well Bi-~144 is similar to that for well I-113. The
general trend for all wells in figure 4 reflects the regional water-
level trend in the Sparta aquifer.

Water levels in shallow wells in the outcrop area of the Sparta
Sand fluctuate seasonally. This is caused by changes in the amount of
water in storage as a result of cyclic recharge by precipitation that
occurs mainly in winter and spring.

16
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Quality of Water

Water from the Sparta aquifer is a soft, sodium bicarbonate type.
Chemical analyses of water samples from selected wells screened in the
Sparta and other aquifers are given in table 8. Downdip from the
outcrop of the Sparta the water generally is suitable for public-
supply use without treatment. Water in or near the outcrop area may
require treatment to remove iron and raise the pH.

Changes in iron concentration, pH, and dissolved solids occur as
water in the Sparta aquifer moves downdip., In and immediately downdip
from the outcrop area, the water may be corrosive (pH less than 7
units), have iron concentrations greater than 0.3 mg/L, and have a low
concentration of dissolved solids. The area where the probability is
high that wells will yield water with relatively high iron concentra-
tions and low pH is shown on plate 2C. The iron concentration
generally decreases, the pH increases, and the dissolved solids
increase (table 6) downdip from this area.

The temperature of water in the Sparta aquifer ranges from 18 to
25°C (64 to 77°F).

Table 6.--Updip and downdip ranges in pH, iron, and dissolved solids
in water from the Sparta aquifer

. pPH Iron Dissolved solids
General location units (tg/L) (mg/LL
At or near the outcrop--~ 5,1-7.0 0.3-6.0 30-150
After movement downdip
from outcrop=—~=-==—-- 7.0-8.5 <.3 150-350

Present and Potential Development

In 1980, 97 percent of the water used in the area was obtained
from the Sparta aquifer. Twenty public-supply systems in the Arcadia-
Minden area have wells screened in the Sparta aquifer (fig. 2}. 'he
city of Minden, which has the largest public supply, pumps an average
of 2.58 Mgal/d. Pumpage for the towns of Arcadia and Gibsland, the
village of Sibley, and the South Claiborne Water System ranges from
0.06 to 0.2 Mgal/d (table 9).

Well fields capable of producing 1 Mgal/d or more can be developed
at most places in the area; however, development of a large well field
would affect water levels. Increasing the pumpage by several million
gallons per day would accelerate the rate of water-level decline.

18



Pumpage in 1980 in the area was 6.2 Mgal/d. Should current trends
in ground-water pumpage continue, by the year 2000, approximately 8
Mgal/d will be needed from the Sparta aquifer to meet demand. At the
current rate of development, future demands can be met by the Sparta
aquifer. Iarge increases in usage can be met by expanding existing
water-supply systems by installing additional wells.

Terrace Deposits

Terrace deposits form the terrace aguifer and occur in the western
part of the study area (pl. 1). The deposits consist of sand and
gravel at the base grading upward to silt and clay. Thickness of the
unit is typically 50 ft but may be as much as 100 to 150 ft in
places. Although no wells are known to be screened in the terrace
aquifer in this area, it is an important source of water in the
Fillmore~Haughton-Red Chute area to the west. The terrace acuifer is
capable of yielding an adequate supply of water for some domestic and
public-supply uses.

The data from development in the Fillmore-Haughton-Red Chute area
may be indicative of the potential for development of the terrace
aquifer in Webster Parish. The average hydraulic conductivity in that
area igs 120 ft/d. Thus, a saturated sand 40 ft thick would have a
transmigsivity of about 5,000 ft2/d, Most wells screened in the
aquifer west of the study area yield between 10 and 60 gal/min. The
aquifer is probably under water-table conditions in the Webster Parish
part of the area. According to Snider (in press), if the annual rate
of rainfall infiltration is 3 in., a continuous yield of about 100
(gal/min) /mi2 is possible in the Fillmore-Haughton-Red Chute area.
A sustained vield of 200 to 300 gal/min could be possible 1f the
pumpage cone covered several square miles and the available drawdown
was sufficient. Similar vields probably can be obtained at some sites
in the Webster Parish part of the study area.

Water from the terrace aquifer may be similar to that from wells
west of the area. 'The water generally requires little treatment;
however, water from the aquifer may be corrosive, high in iron, and
moderately hard to very hard., Chemical analyses of water from the
terrace aquifer in the Fillmore-Haughton~Red Chute area show iron
concentrations ranging from 0.05 to 4.4 mg/L, hardness from 49 to 380
mg/L, and pH from 5.4 to 8.2 units.

The terrace is an alternate source of water for some parts of
Webster Parish in the study area. It can be used to supplement
existing supplies of water from the Wilcox-Carrizo and Sparta
aquifers. WNear the Bistineau salt dome in an area less than 4 mi2,
the terrace is the only aquifer that contains freshwater. (See pl. 2.)
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SUMMARY AND CONCLUSIONS

The Sparta Sand, Carrizo Sand, and sands of the Wilcox Group are
the principal socurces of ground water for the Arcadia-Minden area.
Pumpage from the Sparta and Wilcox-Carrizo aquifers in the study area
amounted to 6.4 Mgal/d in 1980. Projected ground-water demands can be
met from the two aquifers in the area. The terrace aquifer can be
used in the western part of the area to supplement existing supplies.

The Wilcox-Carrizo aquifer contains freshwater in 25 percent of
the area and ranges from a few feet to 1,300 ft below land surface.
The interface between saltwater and freshwater is irregular, and care
should be taken not to locate wells near the interface. Water from
the aquifer contains iron and hydrogen sulfide at most places, and
treatment may be required for public-supply use. Yields of wells
usually are low; however, yields of 50 gal/min are possible in
places. Because of the variability in extent and thickness of sand
beds, test drilling and aquifer testing would be desirable before
developing a production well or well field.

The Sparta is the most extensive aquifer in the area and supplies
97 percent of all water now used. Freshwater in the Sparta extends to
depths of 800 ft below land surface and is a soft, sodium bicarbonate
type. At or near the outcrop, water from the Sparta may require
treatment for iron removal. Wells with yields of 500 gal/min can be
developed at most places. Continuing water-level declines of 1/2 to 4
ft/yr is the major problem in the area. As the water-level decline
continues with time and water-table conditions are approached, the
rate of water-level decline will decrease as the storage coefficient
converts from artesian to water-table conditions.

The terrace aquifer is limited to the western part of the area and
is not being used as a source of water for public~supply systems, The
quality of water and potential yields of wells probably varies from
site to site, but the quality and yields may be good locally. The
terrace aguifer could be used as an alternate source of water or to
supplement existing supplies from the Wilcox-Carrizo and Sparta
aquifers.

Salt-dome structures have caused local disruptions in the base of
freshwater. The disruptions interfere with the development of ground-
water supplies only locally--generally in areas immediately around the
domes.
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HYDROIOGIC DATA

Tables 7-10
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Table 7.--Description of selected wells in the Arcadia-Minden area

Abbreviations used in the table are as follows:

Pguifer: §, Sparta Sand
W, Wilcox~Carrizo

Data Available: C, chemical analysis
D, driller's log
E, electrical log
MA, mechanical analysis of sand samples
PT, pumping test

Owner : (m) , municipality
W5, water system

Status of Welli: D, well destroyed

0, observation well
P, production well
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Table 9~Availability of ground water at population centers

[BOUIFER: Sparta, Sparta Sand; Wilcox, Wilcox-Carrizo aquifer)
[=]
7] —~ L k)
[+ w 44 [ R
) 8 g 3 8 §é¢ =3 = . E": Popula~
Water system aquifer Well Mo, «SE 3 E g §’ 3d.§ 8 é’ - %3 s:rlgzd Remarck s
il ﬁwsgmﬁ §F 4 sy 8
& g S hwdd D S 8 [STR I ]
27 BT Ho- m00 gol
Bienville Parish
Alabama Water System----- Sparta Bi-147, 240-- 493 265 P800 ----—- %500 0,082 735
Village of Bryceland----- Sparta Bi-19l-----~- 425 55 550  eme--- 535 .014 160
Located near freshwater-
Village of Taylor-w----«- Sparta Bi-90B------— 300 o %450 3650 1,006 ,031 400 ‘saltwater interface in
Lviloox-{‘arrizo aquifer
; . a a .
Pown of Arcadia------~+--- Sparta Bi-l9, 36---- 594, 602 a20() a?BO ------ a'.'SG .187 3,700
Mt, Calm Water System---~ Sparta Bi-198ewwuon- 476 100 O L 700 .012 200
Toun of GLbSLanG=-wmmnnm sparta (B30 350§ 399465 (P - 435 056 1,380
Town of Mt. Lebanon-wwww- Sparta Bi-177--c=rn- 514 FoR 111 J— 520 .014 184
Claiborne Parish
South Claiborne Water Cl-145, 146
Syste—mm e s Sparta 147 567-610 295 750 ----—- N0 0,143 2,100 .
Wilcox may contain fresh-
Village Gf BEheng-w-es---- Sparta ©1-120, 121-~ 530, 610 %200 oo M1,100  x,200  .04B 42?{water but no water-cuality
data are available.
Lincoln Parish
Fellowship Water System-- Sparta 762 a230 825 3765 0,038 500
Mt, zion Water System~-~-~ Sparta 537 200 00 550  .036 800
village of Simsbopoe-rwm=-n Sparta 520, 644 210 795 725 064 700
Webster Parish
Central Water System=--~-- Wilcex Woe36l-----—- 454 ———— wemw 385 590 0.034 450
Dixie Gverland Water a a
System-—-—-—-—-r—-=nuu- Sparta Wo-2978, 406- 620, 640 220 740 740 .056 500
Germantown Water System-- Sparta Wh-362, 397-~ 611, 615 155 680 685  .082 1,100
Gilark Water Systeme--~--- Whe260-----~- 442 [¢] 455 455  .016 200
Jenkins Water System wh-316, 317-- 225 e e 23 .03 600
McIntyre Water Works a a
Districtrreeesmmee——— -~ Wiloox Wb-276, 377-~ 190, 174 --w-  wve- 330 200 .036 00
Fown of Dubberlymsrwwa-we Sparta Wo-271, 359-- 154, 220 0 260 em-e—- 255 048 650
. Sands capable of meetirg
;hblég7'lé§9‘ a increased demands are avail-
City of Minden--—-==w=wun Sparta | N roY 206-300 €0 315 e 300 2.578 15,332 { able; preferred areas are
264, 269
l 349_’_____:__$ lnorth or east of Minden vhere
sands are thicker.
Horseshoe Road Water a a
System-me - e —— e e 244 -y 200 a250 .008 150
Union Grove Water System= 263 10 a2'1‘() —————— 20 022 300
Village of Dixie Innw-w-- Sparta Wh-162a, 357~ 75, 167 45 215 —--rew 2215 .044 500
village of Heflin-------- wiilcox Wo-250, 358-- 403, 458 --v-  ceew 370 460  .049 300
|Wo~247, 208 Freshwater~saltwater inter-
Village of Sibley-rr~veaww Sparta y r } 107, 170 50 170 ——eee 76,076 1,312 ¢ face in Wilcox is at southern
354, 347--- edge of Sibley,
Bgstimated.
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PLATE 3. GEOQLOGIC SECTIONS OF THE ARCADIA-MINDEN AREA, LOUISIANA,



