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WATER RESQURCES OF THE RUSTCON AREA, LOUTSIANA

By T, H., Sanford, Jr.

ABSTRACT

Ground water, the present source of water supply in the Rusten area, 1is
adeguate to meet the present and projected needs through the year 2000, de-
spite the proposed large increase in ground-water use at nearby Hodge. The
principal aguifer, the Sparta Sand, is the only aquifer capable of vielding
large quantities of fresh water in this area. The water level at Ruston has
declined 175 feet since 1920; most of this decline is attributed to indus-
trial pumpage at El Dorado, Ark., and at Monrece, Bastrop, and Hodge, La.
Aquifer dewatering, which began in the mid-1960's, will increase the yield
from storage manyfold, and thus the rate of water-level drawdown will de-
crease significantly.

The quality of water from the Sparta is generally good, but treatment
is required for a '"red water' problem believed to be caused by a combination
of slightly corrosive water and iron bacteria in the water system,

As an alternative or complementary source, Bayou D'Arbonne Lake, 15
miles northeast of Ruston, can supply water of good quality. The lake has a
capacity of 130,000 acre-feet (42.4 billion gallons) and can supply about
200 million gallons per day of water.

INTRODUCTION

Ruston gets its water supply from the most extensive and productive
agquifer in northern lLouisiana, the Sparta Sand. Water levels in the Sparta
have been declining regiomally for many years, principally because of large-
scale industrial pumping from the aquifer in northern Louisiana and scuthern
Arkansas. This study, which defines the geohydrology of the area and evalu-
ates past and current effects of pumping, was made to predict future effects
of pumping. Additional objectives of the study were to evaluate problems
resulting from declining water levels and to investigate other socurces of
water supply.

Previous publications describe the rvegional hydrology of the Sparta
Sand. The hydrologic significance of the lithofacies of the Sparta Sand in
Arkansas, Louisiana, Mississippi, and Texas is described by Payne (1968).



Hosman, Long, Lambert, and others (1968) describe the Tertiary aquifers, in-
cluding the Sparta Sand, in the Mississippi embayment. Surface- and ground-
water resources in the eastern part of the Ruston area are discussed by
Gaydos, Rogers, and Smith (1973, in press),.

The Ruston area, in north-central Louisiana (fig. 1 and pl. 1), com-
prises an area of 144 square miles in south-central Lincoln Parish and a
small part of north-central Jackson Parish, The area is a dissected plateau
characteristic of the upland topography of the West Gulf Coastal Plain.
Ruston is on the drainage divide between Bayou D'Arbomne and the Dugdemona
River (fig. 1). The streams that dissect the surface form steep-sided,
flat-bottomed valleys, The 200 feet of relief in the Ruston area is between
altitudes of 140 to 340 feet above mean sea level,

At Ruston, the municipally owned water system pumped an average of
about 3 mgd (million gallons per day) in 1970, and the State-owned Louisiana
Tech University system pumped an average of about 0.5 mgd. In addition,
seven other public water systems supply the Ruston area. They are Grambling
(0.10 mgd), Grambling College (0.37 mgd), Ruston State School (0.03 mgd),
Mount Olive Water District (0.01 mgd), Greater Ward One Waterworks District
(0.01 mgd), Water District No. 3 (0.0l mgd), and Riser Road Water District
(0.01 mgd).

The population of Ruston has increased at a steady rate to 17,265 in
1970 and has more than doubled since 1940,

The climate of north-central Louisiana is mild and humid. The average
annual temperature is 66°F (19°C), and the average annual precipitation is
about 52 inches,

This study was made by the U.S. Geological Survey in cooperation with
the Louisiana Department of Public Works. Mr., E, J, Tayloxr, Chief of the
Water Resources Section, Louisiana Department of Public Works, provided data
and advised in the study. The collection of basic data was facilitated by
the full cooperation of the city of Ruston (through the office of Mr. Ben
Clary) and Louisiana Tech University (through the office of Mr. Jack Potter).
Larry D. Fayard, hydrologist, U.S. Geological Survey, made field determina-
tions of pH and oxidation potentials of water at each well site and analyzed
the chemical-quality data for the report. Richard A, Rohlf, hydrologist,
U.S. Geological Survey, analyzed the surface-water records for the report.
John Ferris, S. S. Papadopulos, and P. C. Trescott, research hydrologists,
U.S. Geological Survey, furnished technical advice on aquifer modeling and
on use of the Trescott iterative digital model for aquifer evaluation.
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GENERAL GEOHYDROLOGIC FRAMEWORK

Ruston is on the west limb of the Mississippi structural trough, and
regionally the geologic formations dip gently to the east. The formations
in the fresh-water zone inciude (from youngest to oldest) the Cockfield
Formation, the Cook Mountain Formation, and the Sparta Sand--all of the
Claiborne Group of Eocene age (fig. 2). The base of fresh water, which is
at or mear the base of the Sparta, ranges from 650 to 900 feet below land
surface in the Ruston area.

The lower Cockfield and upper Cook Mountain beds crop ocut in the Ruston
area (fig. 2 and pl. 1), The Cockfield beds form and cap the rolling hills;
the underlying Cook Mountain beds form the steep-sided, flat-hottomed stream
valleys. The Sparta occurs in the subsurface in this area; it is overlain
by the Cook Mountain and underlain by the Cane River Formation (fig. 2).

The Cockfield Formation generally is sand interbedded with silt, clay,
and lignite., Erosion has removed the formation in part of the Ruston area;
where present, it ranges from a few feet to about 140 feet in thickness.
The base of the formation is at an altitude of between 200 and 260 feet
above mean sea level,
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Figure 2.-~East-west gechydrologic section.



Cockfield sand, generally fine grained and silty, occurs in beds up to
30 feet thick. TLocally, the sand may be well sorted and fine to medium
grained. The saturated beds yield water in amounts adequate for small do-
mestic supplies but are neither thick enough nor extensive enough to yvield
large quantities.

The Cockfield and Sparta ave separated by the relatively impermeable
Cook Mountain Formation, which retards movement of water between the two
formations. Before pumping began, water levels in the Sparta were already
below the base of the Cockfield., Subsequent pumping of water from the
Sparta has not noticeably affected the water level in the Cockfield at
Ruston.

The Cook Mountain Formation is mostly clay but contains fine glauco-
nitic sand and silt, fossils, and calcareous concretions. The thickness
ranges from about 100 feet where erosion has removed the upper beds to 200
feet in the subsurface where the entire formation is present. The base of
the formation in the Ruston area ranges from about sea level to nearly 100
feet above sea level. Fine-grained silty sands in the upper part of the
Cook Mountain are as much as 30 feet thick and are adequate to supply small
domestic wells,

A massive clay ranging from 100 to 140 feet in thickness occurs in the
lower part of the formation and is continucus throughout the Ruston area.
This relatively impermeable clay effectively retards the vertical movement
of water and is the regional confining bed for sands in the basal Cook Moun-
tain and for the underlying Sparta Sand. The altitude of the base of the
confining clay in the Cook Mountain ranges from a4 low of 5 feet below mean
sea level in the central part to nearly 100 feet above in the northwest cor-
ner of the area (pl. 1).

Pumping from the Sparta probably has not affected the water level in
the upper Cook Mountain for the same reason the Cockfield water level has
not been affected., However, pumping from the Sparta has had a measurable
effect on the water level in the basal Cook Mountain sands, which are in
direct hydraulic connection with the Sparta. An observation well (L-123)
was screened in a Cook Mountain sand near the middle of the formation at the
Ruston airport in 1970 and will be used to monitor the water-level changes
above the massive clay,

The Sparta Sand crops out on both the west and east sides of the Miss-
issippi embayment and dips toward the axis of the embayment and southward
toward the gulf. 'The dip in the project area is to the east. Ruston is
about 20-25 miles northeast and east of the nearest Sparta outcrop (fig. 3).
Direct recharge to the aquifer occurs by precipitation on the outcrop area.

The Sparta Sand, as the formation name implies, is mostly sand with
interbedded silt, clay, and lignite. Although the sand beds are discontin-
uwous and individual sands cannot be traced for any distance, they are mostly
interconnected and form thick sandy zones that are areally extensive. The
formation is about 600 feet thick in the Ruston area, and the depth to the
base ranges from about 720 to 940 feet below land surface.

5
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Depressions in the potentiometric surface have formed at the major cen-
ters of pumping from the Sparta (fig. 3). The typical development pattern
in the Sparta is to screen wells in single massive sands in the middle or
lower part of the aquifer. Although some head difference between sands is
ereated as a result of this type of development, the differences do not ap-
pear to be large. At some distance from pumping centers where the head dif~
ferences can be readily measured, the water level of the upper part of the
Sparta may be several feet higher than that of the middle or lower sands.

The water level in the Sparta at Ruston (1970) is about at sea level,
ranging from 200 to 340 feet below land surface. Generalized contours on
the potentiometric surface of the Sparta in the Ruston area (pl. 1) show a
slope to the east., Although Hodge is the nearest majoxr center of pumping
to Ruston, the eastward slope indicates the dominating influence of the
larger Bastrop-Monroe pumping cone onm the Ruston area.

GROUND WATER IN THE SPARTA SAND

Description and Aquifer Characteristics

The Sparta Sand is the only aquifer in the Ruston area that alone is
capable of supplying enough water for municipal-use. The aquifer consists
mostly of fine-grained sand. The grain size increases slightly with depth,
both in the formation and in individual beds., Very €fine or fine-grained
sand may occur at any depth in the formation, but beds containing medium-
grained sand occur only in the lower half of the formation. The sands are
well sorted, having a uniformity coefficientd/ generally less than 2 and an
effective sizes’ that averages about 0.005 inch.

At Ruston the Sparta consists of 25 to 75 percent sand and probably
averages 50 percent, Individual sands range from a few feet to 2°0 feet in
thickness. Sands 100 feet thick are common and may occur at amny o .pth in
the formation but generally are in the middle or lower part. The thickest
individual sand at any one site in Ruston is no less than 50 feet and,
locally, as much as 250 feet. (See tables 2 and 3.)

The average permeabilityl/ of sands in the Sparta is about 300 gpd perv
sq £t (gallons per day per square foot). Although no test information is
available in the upper third of the formation, the permeability of the fine-
grained silty sands is relatively low. The permeability generally increases
with the increase in grain size with depth. The permeability of sands in
the lower two-thirds of the formation ranges from about 200 to 900 gpd per
sq fr, More hydrologic data are available for sands in the middle third of
the formation at Ruston because most wells are developed in sands in that
interval. The permeability of sands in the middle third of the formation
averages about 300 to 400 gpd per sq ft and ranges as high as 800 gpd per
sq ft. Sands in the lower third of the formation have permeabilities as
high as 900 gpd per sq £t and probably average 400 gpd per sq ft or more.

1/See "Glossary. "



The transmissibility of individual sands in the Sparta at Ruston ranges
from about 10,000 to 110,000 gpd per foot and averages about 50,000 gpd per
foot., The average transmissibility for the entire thickness of the Sparta
in northern Louisiana is estimated to be 90,0003/ gpd per foot. This wvalue
probably can be applied to the Sparta Sand in the Ruston area where the av-
erage total thickness of sand units in the aquifer is about 300 feet.

The regional storage coefficient3/ for the Sparta Sand is about lO"4
where the water is confined by the Cook Mountain clay (artesian conditions
prevail). Where water in the Sparta is confined only locally by clay lenses
within the formation, as in the outcrep area or where the water level is
below the Cook Mountain clay, the apparent storage coefficient probably ap-
proximates the regional wvalue (10‘4) for only short periods of time (hours,
days, or even weeks). Tor longer periods of time (months or years) storage
should approach the specific yield of the sediments (10"1) in the cone of
depression as water-table conditions develop.

The apparent storage coefficient at Ruston should be intermediate be-
tween values for artesian (10“4) and water-table (10'1) conditions because
the potentiometric surface crosses the contact between the Cook Mountain
clay and the Sparta Sand in the cone of influence produced by pumping at
Ruston,

The Sparta Sand in northern Louisiana and southern Arkansas yielded
more than 70 mgd in 1970 and has yielded an average near that amount during
the past 20 years or more. Altrhough pumping has increased at some pumping
centers, it has decreased at others. The average withdrawals from major
centers of pumping in 1970 were: Springhill, La., 6 mgd; Bastrop, La., 12
mgd; Monroe, La,, 1! mgd (reduced from 16 mgd inm 1960); Hodge, La., 13 mgd;
Magnolia, Ark., & mgd; and EI Dorado, Ark., 19 mgd. The Sparta yields as
much as 2,000 gpm (gallions per minute) to individual wells and can yield
even move at some places in northern Louisiana,

In the Ruston area at either the airport well (1-30)} site or the Barnet
Springs Road well (L-48) site, the Sparta has the capacity to yield all the
city's present needs (including the peak-day demand of 7 mgd). The airport
well (L-30, table 4), screened in the middle sand, yields 600 gpm with a
specific capacity of 32 gpm per foot of drawdown; the Barnet Springs Road
well (L-48), screened in the lower sand, yields 800 gpm with a specific ca-
pacity of 33 gpm per foot of drawdown. At either site, a single well 24
inches in diameter screened opposite the full thickness of the sand unit
(110 feet at well L-30 and 155 feet at well 1-48) and developed to the same
efficiency (near 100 percent) as the existing well on that site could vield
7 mgd. Theoretically, pumping continucusly at 7 mgd (more than twice the
present average pumping rate at Ruston) for 10 years would lower the water

2/ Although the transmissibility of the Sparta will be reduced somewhat as dewatering occurs, the
actual change from dewatering of the upper third of the formation will be negligible because sands in this
section are thin and have very low permeability, (See p. 15.)

3/5cc "Glossary, "



level in the well about 145 feet. The available drawdown (1970) to the top
of the sand screened is 180 feet at the airport well (L-30) and 400 feet at
the Barnet Springs Road well (EL-48).

The 1ithologic and hydrologic characteristics of the formation indicate
that the Sparta probably can yield a million gallons per day from a single
well almost anywhere in Ruston., For example, a 50-foot sand in the lower
half of the formation (available drawdown at least 300 feet) having an aver-
age permeability of 300 gpd per sq ft will have a transmissibility of about
15,000 gpd per foot. A well finished in this sand with an effective radius
of 12 inches will have a theoretical specific capacity of 7 gpm per foot of
drawdown after pumping continuously for 1 day. Under these conditions a
well only 50 percent efficientd/ pumping 700 gpm (1 mgd) would have a draw-
down of 200 feet.

Water-Level Decline

The water level in the Sparta at Ruston has declined about 175 feet
during the last 45 years (figs. 2, 4). There was probably little or ne de-
cline before the early 1920's in northern Louisiana and southern Arkansas,
The rate of decline at Ruston increased continually from 1925 to about 1948
(fig. 4) owing to the continued increase in regional pumpage. Since 1950,
the rate of decline at Ruston has been fairly steady at about 3% feet per
vear and, with the reduction of pumping at Monroe, probably would have been
decreasing except for the increasing pumpage at Ruston.
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4/ Typical wells that yield 1 mgd or more are about 75 percent efficient.



As previously mentioned, the major centers of pumping fxom the Sparta
have created depressions on the potentiometric surface (fig. 3). Some of
the depressions are caused by rather large but short-term pumping. An ex-
ample is the depression near Lisbon, at the northwest corner of Lincoln
Parish, caused by large water use for petroleum production and refining.
This depression has dissipated with the decline in water use at this site
since 1965. Relatively minor centers of pumping, including Ruston, do not
show up as closed depressions on the potentiometric map because the decline
caused by these centers 1s less than one contour interval. The potentio~
metric map of the Ruston area (pl. 1) shows only a trough (valley) on the
potential surface in response to pumping at Ruston. The average water-level
decline at Ruston caused by pumpage at Ruston is about 20 feet, or approxi-
mately one contour interval., A smaller contour interval was not used be-
cause the seasonal range in water level at Ruston exceeded 20 feet (fig. 7).

Calculations by the Theis (1935) nonequilibrium method indicate that
only 10 to 15 percent of the water-level decline2/ at Ruston has been caused
by pumping at Ruston. Five major pumping centers in northern Louisiana and
southern Arkansas are responsible for most of the decline at Ruston. The
complex problem of determining the individual effect of five overlapping
drawdown cones, further complicated by the proximity of the outcrop
(recharge) area of the aquifer, can be solved most efficiently by digital
computer simulation of the aquifer,

The iterative digital model developed by Trescott (1973) was used to
estimate the effect of these pumping centers on water levels at Rustomn.

An area of about 46,500 square miles (fig. 6) was modeled using 1,833
nodes with a grid spacing ranging from 3 to 13% miles. A constant trans-
missibility of 90,000 gpd per foot and storage coefficient of 0.0001 were
used throughout the model., Although values of these parameters range widely
in the Sparta, experience confirms that the values used are valid region-
ally, and generally valid at most of the pumping centers affecting Rustom.
The outcrop (recharge) area was modeled by graduaily decreasing the tramns-
missibility from 90,000 to 3,000 gpd per foot to simulate decreasing thick-
ness across the outcrop of the formation. Recharge was simulated by main-
taining a constant head along the outcrop, making recharge dependent on
drawdown. The north boundary of the model was made a discharge boundary to
simulate the divide caused by the large pumping center northeast of El
TDorado, A line of no drawdown (constant head) was placed far enough to the
east and south to simulate water movement from outlying areas of the aquifer.

For verification of the model, past pumpage was averaged for each well
field for 1925-65 (table 1) and imposed on the model as one continuous pump-
ing period. The model was tested, after imposing this average historical
pumpage on the system, by comparing (1) the shape and magnitude of the ac-
tual drawdown map (fig, 53) with the simulated drawdown map (fig. 6) obtained

5/ This is the average areal decline as measured in nonpumping wells. Pumping wells at Ruston are
dispersed, and there is no concentrated center of pumping.

10



from the model and (2) comparing the simulated drawdown with actual drawdown
at the major pumping centers and at Ruston (table 1). The model results are
in reasonable agreement with actual measurements except at Springhill, La,,
and Magnolia, Ark.,, where local hydrologic complexities cannot be modeled
accurately,

Table 1.~-Average pumping rates used in Sparta digital model and simulated
and actual drawdown, 1925-65

Average Actual Simulated
Well field pumpage drawdown drawdown
(mgd) (ft) (ft)

LOUISIANA
BAG LI O = o o o ot o s e o 10 180 200
HOd ge m oo o e e e e Lo 160 170
MOME Q@ m ot o o e e ot o e 13 220 220
RS ton-—— -~ mm e e e - 1.6 160 150
Springhill--e-rommm e 6.8 60 160

ARKANSAS

El Dorado~-e-memmmm i rmc e e 16 300 230
Magnoligm me wu s o e e 3 220 130

It should be emphasized that this truncated form of the Trescott digi-
tal model was planned solely to estimate drawdown in the Ruston area, Tor
more general use, a more sophisticated model utilizing the full potential of
the computer program could be developed for the Sparta when the need justi-
fies the additional work that will be reguired. Such a model could be used
as a planning tool to sclve management problems throughout the area. Al-
though some of the data needed for a refined model is available in published
reports (Payne, 1968; Hosman and others, 1968; and Reed, 1972), additional
information on variations in transmissibility, storage, and leakage coeffi-
cients is needed, as well as more precise pumpage and recharge data. With
this type of information available, major refinements could be made in the
model to include (1) variable transmissibility of the aquifer, (2) leakage
from the confining Cook Mountain clay, (3) conversion from artesian to
water~table conditions in parts of the area, (4) multiple pumping periods
for historical pumpage, and (5) extension of the model area to include all
of the outcrop of the aquifer and a reasonable distance downdip. The re-
finements can be easily handled by the Trescott iterative digital model.

1t
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In addition to the effects of regional pumping, the water level at
Ruston responds to local variations in pumpage, as shown by the short-term
fluctuations in figure 7. The monthly pumpage at Ruston more than doubled
from winter to summer in 1969 owing to a high demand caused by very low pre-
cipitation, This caused a seasonal decline of about 25 feet in the water
level at well L-25 (pl. 1). However, the water level recovered in response
to the reduction in pumping rate.

The average decline at well L-25 over the past 3% years has been about
4 feet per year. Well 1-25 is near the center of pumping in Ruston and is
ideally situated to monitor future changes in water level.

A well completed in a middle Sparta Sand can be pumped simultaneously
with a well completed in a lower Sparta Sand at some sites without appreci-
able drawdown interference, For example, well L-25, screened in the middle
sand, shows no short-term drawdown in response to pumping 700 gpm from a
nearby well screened in the lower sand. However, the static water level in
the two wells is nearly the same, indicating that the two sands are reflect-
ing the same regional hydrologic controls. Other sites where the two sands
are separate and might be pumped with little or no drawdown interference are
at wells L~108, L-122, and L-130 and oil-test sites in sec. 30, T. 19 N.,

R. 2 W.; sec. 21, T. 18 N., R. 2 W.; and sec, 7, T. 18 N., R. 3 W. (See
table 3 and pi. l.) Because the two sands coalesce locally, some sites may
not be favorable for development of adjoining wells because of immediate
drawdown response to one another.

Land subsidence caused by the decline of artesian head has occurred in
several heavily pumped areas in the United States, including Baton Rouge,
La., where maximum subsidence of mnearly 1 foot is related to an average head
decline of about 200 feet. Although the artesian head has declined about
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Figure 7.--Changes in water level in respomse to pumping &t Ruston.
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175 feet at Rustom, subsidence is not likely to become a major problem in
the near future. (A comparison of U.S. Coast and Geodetic Survey leveling
data for 1958 and 1970 at Ruston indicate that little or no subsidence oc-
curred during that period.) The relation of subsidence to head decline in
the Sparta should be studied at heavily pumped areas such as Monroe or
Bastrop. Should one of these major centers of pumping develop problems
associated with subsidence, it would serve as a warning to areas such as
Ruston.

Local Dewatering of Sands

At Ruston and in the area between Ruston and the Sparta outcrop (£ig.3),
water levels in the middle and lower sands of the Spavrta have been below the
massive Cook Mountain clay since the mid-1960's., As the sands below the
Cook Mountain clay are connected, dewatering of the lower sands of the Cook
Mountain and the uppermost sands of the Sparta probably has begun.

For several vears prior to the time the regional water level declined
helow the massive Cook Mountain clay, the pumping level in wells at Ruston
was below the massive clay. Theoretically, during this period dewatering
did not occur because no air could enter the formation, although water in
the upper part of the formation near the well was under less than atmos-
pheric pressure. As there was no dewatering, the storage coefficient re-
mained about the same. When the water level declined below the massive clay
between Ruston and the Sparta outcrop, allowing air to enter the system,
dewatering began, and the storage coefficient began changing.

The Sparta water level (1971) at Ruston ranges from 10 to 60 feet below
the Cook Mountain clay. Although drainage of the material being dewatered
is now a contributing factor in the yield of the Sparta, it has not been
evaluated quantitatively because of the uncertainty in estimating the actual
specific yield of the deposits.

The transmissibility will decrease with decrease in the saturated
thickness of the aquifer; however, even if as much as two-thirds of the
aquifer is dewatered, the decrease in transmissibility probably will only
amount to one-half or less because the lower part of the formation contains
the bulk of the permeable sands. However, the storage coeificient will
probably approach 1,000 times its initial value of the artesian range as the
formation is dewatered.

Dewatering of the Sparta has a negligible effect on water levels in
sands in the Cockfield and upper Cook Mountain because recharge by precipi-
tation to the Cockfield is greater than loss by slow movement from the Cock=
field to the Sparta through the Cook Mountain clay. The low flow of streams
in the Ruston area is maintained by water discharged from sands in the Cock-
field and the upper Cook Mountain; therefore, dewatering of the Sparta does
not affect streams in the area except where the Sparta outcrops.



Tuture Supply

Only a small part of the potential ground-water supply at the beginning
of the century had been developed by 1970 at Ruston; many times this amount
remains available. The amount of water pumped per foot of decline, so long
as the water level remains above the top of the Sparta and artesian condi-
tions prevail, is only a fraction of that potentially available per foot of
decline once the water level falls below the top of the Sparta and dewater-
ing begins.

Although the water level at Ruston has declined 175 feet, at least 200
feet of available drawdown remains (1970), The Sparta water level at Ruston
is about 200 feet above the top of the middle (upper producing) sand and 400
feet above the top of the lower producing sand. The pumping water level in
most of the public-supply wells at Ruston is at least 200 feet above the top
of the screen,

At the present rate of water-level decline (3% feet per year) the water
level will not decline to the middle (upper producing) sand for nearly 60
vears, and the water level will not decline to the lower producing sand for
nearly twice that long. The rate of water~level decline is not expected to
remain the same but will decrease as the apparent storage coefficient in-
creases in response to aquifer dewatering.

The projected gradual increase in water use at Ruston, from 3.5 mgd in
1970 to 5.5 mgd in 1980, is equivalent to an added volume of withdrawal rep-
resented by an average increase of 1 mgd for the 10-year period. This pro-
jected increase will cause a theoretical additional decline in water level
of about 10 feet at Ruston by 1980,

At present, the average pumpage at the city of Ruston is 3 mgd, and the
peak demand is about 6.5 mgd. The projected average municipal use by 1980
will be about 5 mgd, and the peak demand will be about 11 mgd. If a total
of 12 wells were developed at the average yield of the existing wells, they
would meet the peak demand of 11 mgd, If demand increases as predicted,
then five additional wells (similar to the existing wells) would be needed~- .
an average of one new well every 2 years. Of course, if new wells were de-
veloped to produce more tham the average yield of existing ones, fewer wells
would bhe reguired.

The decreased production of individual wells, particularly of some of
the older wells, results from the increase in pumping head due to the de-
cline in water level at Ruston (not diminished capacity of the aquifer, as
had been suggested), In other communities having similar problems, the
yvields of wells have been increased by using centrifugal booster pumps at
the surface to provide the external head and thus increase the discharge
capacity of the well pumps (E. J. Taylor, Louisiana Department of Public
Works, oral Commun,, 1971).

The effect of increased pumping at Hodge on the Ruston water supply has
been a topic of concern at Ruston. Pumping from the Sparta at Hodge was
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originally expected to double early in the 1970's. However, based on addi-
tional tests in the new well field west of Hodge, apparently 8-9 mgd will be
developed instead of the originally proposed 14 mgd. The estimated water-
level decline at Ruston at the end of 20 years, caused by pumping an addi-
tional ¢ mgd at Hodge, is about 30 feet, based on the digital-model solution,

If the water-level decline at Ruston continues at the present rate (3%
feet per vear) for the next 20 years, water levels will be about 70 feet
lower. An additional 30 feet of decline caused by the increased pumping at
Hodge would mean about 100 feet of water-level decline at Ruston by 1990.
The remaining available drawdown to the top of the middle Sparta Sand (the
upper producing sand at Ruston) would be about 100 feet,

Although Ruston's ground-water supply appears more than adequate for
the immediate future, major changes in pumpage could change the outlook.
For example, if the proposed 9-mgd pumpage increase planned at Hodge were
made the same distance (20 miles) from Ruston but nertheast of Ruston at
Farmerville, the resulting decline at Ruston after 20 years would also be
about 30 feet. Should an additional 9 mgd be developed at Ruston, the addi-
tional decline there in 20 years would bhe about 85 feet, These hypothetical
water-level declines are based on the digital model,

Water-Quality Problems

The water from the Sparta at Ruston is a soft, sodium bicarbonate type,
having a hardness of less than 20 mg/l (milligrams per liter); low in dis-
solved solids, ranging from about 150 to 250 mg/i; and fairly high in silica
content, ranging from about 15 to 50 mg/l. The water is well within the
U.S5. Public Health Service drinking-water standards (1962) with the possible
exceptions of iron and manganese content (table 5) and corrcsiveness. Ear-
iier chemical analyses of water from the first city wells (welis L-1 and
L~2, table 5) compared with recent chemical analyses from the same wells
indicate little or no change in water quality. However, water from the
middle Sparta sands is slightly different from that in lower sands. Water
from the lower sand has less dissolved-solids content, lower pH, and higher
silica content than water from the wmiddle sand,

Although earlier analyses of water from several wells at Ruston indi-
cated iron concentrations slightly in excess of the recommended 1limit (0.3
mg/1), no iron (red water) problem was experienced until recently., Analyses
of water samples collected from the wells during this study indicate that
concentrations of iron have not increased with time. The previously re-
ported relatively high concentrations appavently resulted from sampling
problems. TField measurement of oxidation potentials of water from the city
wells indicates that the theoretical concentrations of iron agree approxi-
mately with the iron concentrations found by the latest analyses.

No comparison can be made between past and present corrosiveness of the
water because no field determinations of pH were wade prior to the late
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1960's at Ruston. However, water from the lower sand was recently deter-
mined to be more corrosive than the water from the middle sand,

"Red water" was reported in the city system during 1970, first only in
a few areas of the city but eventually throughout most of the system. Be-
cause the iron concentration of water in the aquifer is probably too low to
be responsible for this problem, the high iron apparently is picked up from
sources outside the agquifer. The combination of slightly corrosive water
and iron bacteria may be the cause of the 'red water'" problem. Iron bac-
teria were observed in water samples from several points in the water system;
and water from the wells is slightly corrosive, based on the Langelier cor=-
rosion index.

A possible reason for the 'red water' problem could be the increase in
pumping of corrosive water from the lower sand. Until late 1958 all city
wells were completed in the middle sand; at that time, well L-33 (ILW-6) was
developed in the lower sand., The capacity of well L-33 (LW-6) represented
only 20 percent of the system's potential capacity; but in late 1966, well
L-48 (IW-7) was developed in the lower sand. Although the addition of well
L-48 increased the potential from the lower sand to 35 percent with all
wells pumping, the amount actually pumped from the lower sand was usually
greater than 35 percent. The first wells to be cut off after periods of
peak demand were usually those in the middle sand.

The city began treatment for the iron problem in eariy 1971 by inject-
ing sodium hexametaphosphate and chlorine in the water at each well site.
It may be too soon to appraise the long-range effect of the treatment in
eliminating the "red watexr" problem, but to date the treatment appears to be
successful,

Some changes in water quality may result from the dewatering of the
Sparta. Because the sands being pumped at Ruston are still 200 feet below
the water level in the Sparta, it may be a long time before such changes
could alter the water quality appreciably. Any change will probably be
gradual; and periodic analyses, including field determinations for pH and
oxidation potentials, should be made so future problems may be anticipated.

Changes in water quality may also occur if water of a different quality
moves in from an adjacent area. FElectrical-log data indicate that the lower
100 feet of Sparta Sand contains salty water at Grambling. Well L-48 {(IW-7),
at the west edge of Ruston, is screened in the lower 100 feet of the Sparta.
The estimated velocity of ground-water movement from Grambling to Ruston is
a maximum of about 200 feet per year. The distance from well L-91 at Gram-
bling, where salty water is believed to occur in the lower 100 feet of the
Sparta, to well L-48 (ILW-7) is 2.6 miles (14,DOOT feet); thus the minimum
time for salty water to reach well L-48 would be about 70 years. However,
the small pumping cone at Grambling and the discontinuity of the Sparta
sands will tend to reduce this rate of movement. '
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SURFACE WATER

Bayou D'Arbomne Lake, with a capacity of 130,000 acre-feet (42.4 billicn
gallons), is 15 miles northeast of Ruston. The lake can provide a supply of
about 200 mgd of water (Snider and others, 1972, p. 44). The water is gen-
erally of good quality, being soft and low in iron and dissolved solids,
(See table 6.) However, during the summer months, water in the lake strati-
fies, causing significant changes in quality in the lower part (Shampine,
197%, p. 93,

As indicated in table 7, no stream closer to Ruston than Bayou D'Arbonne
Lake can supply the amount of water needed by the town without construction
of storage facilities. Records from three low-flow stations within 10 miles
of Ruston (Cypress Creek near Unionville, Big Creek near Vienna, and Bayou
Choudrant at Tremont) were correlated with the records for Baycu D'Arbomne
near Dubach, and storage requirements for selected draft rates were com-
puted. (See fig. 1 for station locations.)

About 2,500 acre~feet of water would be needed in storage along any of
these streams at the sites analyzed to provide the average pumpage at Ruston
(See table 8.) The maximum daily pumpage at Ruston is about twice the aver-
age daily pumpage; and because the maximum pumpage occurs during the low-
flow period of the streams, the reservoir volume should be based on a draft
rate equal to the maximum daily rate, or about 5,000 acre-feet. These stor-
age requirements do not include evaporation or seepage, nor would this vol-
ume be adequate for year-round recreatiomal or other uses. The minimum
amount of water needed in storage along these streams to meet the city's
present needs, assuming a uniform draft rate, is about 50 percent of the
annual volume pumped.

The quality of water from these streams (table 6), like that from Bayou
D'Arbonne Lake, is generally good. However, Colvin Creek, a tributary of
Cypress Creek upstream from the station near Unionville, contains effluent
from part of Ruston's sewage-disposal system,
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Table 7. ~~Summary of low-flow frequency and flow-duration datal/

Annual low flow, in
cubic feet per second
for 7 consecutive days

Flow, in cubic feet per
second, which was
equaled or exceeded

Station name Location Drainage area, and for indicated for indicated percent
insquare miles  recwwence interval, of time
in years
Sec. T, R. 2~year S~-year 60 80 90 95

Big Creek

near Vienna, La~-~--- i8 19N, 3WwW. 68,9 0.2 0 10 6.7 0.1 Q
Cypress Creek

near Unionville, La--- 7 19N, 2W, 63.3 .1 G 10 .3 .2 ¢
Stowe Creek

near Farmerville, La~-- 33 20N, 1W, 29.0 0 0 3.1 .1 0 0
Bayou Choudrant

at Tremont, La ~===~- 260 18N. 1W, 87.5 1.3 .6 9.7 2,9 1.7 L1l
Castor Creek

at Chatham, La------ Z 15N, 1W, 60, ¢ .1 G 50 .6 .2 0
Dugdemona River

near Quitman, La ---~- 26 16 N. 4 W, 117 .2 .4 11 2.9 1.7 L1
Cypress Bayou

at Quitman, La ------ 30 16N, 3 W, 46,0 0 0 12 .3 0 0

1/ Partial record and short-term gaging station in north-central Louisiana. Data adjusted to period

1929-57 on basis of relation to data of regular gaging station (Page, 1963, p. 107),

Table 8, --Storage required for selected draft rates for streams near Ruston
I:Approxirnate average daily pumping rate at Ruston: § cabic feet per second; maximum average rate: 32
cubic feet per second]

Storage required, in acre-feet

Cypress Creek

Draft rate, in
cubic feet per

near Unionville

Big Creek
near Vienna

Bayou Choudrant
at Tremont

second 10-percent S-percent 10~percent S-percent 10~percent S-percent
chance chance chance chance chance chance

deficiency deficiency deficiency deficiency deficiency deficiency

6 (3.9 mgd} 2,120 2, 200 2, 210 2,410 2, 060 2,230

12 (7. 8 mgd) 4, 760 5, 000 4,795 5,250 4, 540 4,930
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SUMMARY AND CONCLUSIONS

The Sparta Sand is the only aquifer at Ruston suitable for use as a
public supply. The Sparta yields as much as 2,000 gpm to wells, and larger
vields are possible. Although the water level has deciined 175 feet since
pumping began, only about 20 feet of the decline was caused by pumping at
Ruston. Industrial pumping at El Dorado, Ark., and at Monroe, Bastrop, and
Hodge, La., is responsible for about 90 percent of the water-level decline
at Ruston,

Dewatering of the lower Cook Mountain and upper Sparta sands probably
began in the mid-1960's; and as dewatering continues, there will be a de~-
crease in rate of water-level decline, owing to an increase in the quantity
removed from storage as water-table conditions are created. At least 200
feet of available drawdown remains at Ruston (1970), and at the present rate
of decline the available drawdown will not be depleted for nearly 60 years.
The decrease in water-level decline at the present rate of pumping, caused
by dewatering, may partially compensate for the effect of increasing decline
caused by increased pumpage at Hodge. The Sparta should adequately meet the
present and future water-supply needs of the Ruston area at least through
the year 2000, Periodic monitoring of water quality should be started to
detect any changes in quality that may be caused by dewatering.

GLOSSARY

Available drawdown
The height the water level in an artesian well stands above the top of
the artesian water body it taps; in a water-table well it is the height
the water level stands above the top of the screen.

Confining bed
A body of relatively impermeable material stratigraphically adjacent to
cne or more aquifers.

Effective size
The particle size where 10 percent of the sand is finer and 90 percent
is coarser (Edward E. Johmson, Inc., 1966, p. 183),

Langelier corrosion index (Langelier pH saturation index)
A representation of the degree of supersaturation or undersaturation
with respect to calcium carbonate, used in evaluating the stability of
water supplies after treatment.

Oxidation potential
The relative intemnsity of oxidizing or reducing conditions in solutions.

Permeability, coefficient of (2)
The rate of f£low, in gallons per day, through a cross-sectional area of
1l square foot of aquifer material under a hydraulic gradient of 1 foot
per foot at a temperature of 60°F (15,5°C). The field coefficient of
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permeability is the same except that it is measured at the prevailing
temperature of the water,

Tn recent Geological Survey reports the term "hydraulic conductivity,”
expressed in consistent units of feet (or meters) per day, 1ls generally
used instead of permeability. The coefficient of permeability divided
by 7.48 is equal to hydraulic conductivity.

Potentiometric surface
A surface which represents the static head., As related to an aquifer,
the surface is defined by the levels to which water will rise in tightly
cased wells, The water table is a pavticular potentiometric surface.
(Replaces the term 'piezometric surface.')

Specific yield
The specific yield of a rock or soil is the ratio of (1) the volume of
water which, after being saturated, the rock or soil will yield by
gravity to (2) the volume of the rock or soil. Specific yield is gen-
erally observed as the change in the amount of water in storage per
unit area of unconfined aquifer that occurs as the resulf of a unit
change in head.

Storage coefficient (S)
The volume of water an aquifer releases from or takes into storage pex
unit surface area of the agquifer per unit change in the component of
head normal to that surface, (In confined aquifers containing appre-
ciable silt and clay, part of the water is released from storage in-
stantaneously; the remainder is released very slowly as the clay and
silt compact. Im unconfined aquifers, water is released slowly, mainly
by gravity drainage; and only a very small part by elastic compression
of the aquifer and expansion of the water. After long periods of
drainage, as by pumping, the storage coefficient may equal to specific
yield.)

Transmissibility, coefficient of (T)
The number of gallons of water that will move in 1 day through a verti-
cal strip of the aquifer 1 foot wide having the full height of the aq-
wifer, under a hydraulic gradient of 1 foot per foot, at the prevailing
temperature of the water,

In recent Geological Survey reports the term "tramsmissivity,” ex-
pressed in consistent units of square feet (or meters) per day, is gen-
erally used instead of transmissibility. The coefficient of trans-
missibility divided by 7.48 is equal to tramsmissivity.

Uniformity coefficient
An expression of the variety in the sizes of grains that constitute a
granular material, It is defined as the quotient of the 40-percent
size of the sand divided by the 90-percent size (Edward E. Johnson,
Inc., 1966, p. 184).
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[Underlined numbers refer to figures]

Aquifer, 1
characteristics, 7
dewatering, 8, 15, 16, 18, 22
modeling, 2
Arkansas, 1, 6, 8-10, 12, 13
El Dorade, 6, 8, 10, 11, 12, 13, 22
Magnolia, 6, & 11, 12, 13
Artesian, 8, 11, 14-16
Available drawdown, 9, 22
Rastrop, 6, 7, 8, 11, 12, 13, 15, 22
Bayou Choudrant, 3, 19
Bayou D'Arbonne, 2, 3, 19
Bayou D'Arbonne Lake, 3, 19
Bienville Parish, 3
Big Creek, 3, 19
Cane River Formation, 4, 4
Castor Creek, 3
Choudrant Creel, 3, 4
Claiborne Group, 4
Climate, 2
Cockfield Formation, 4, 4, 5, 15
Colvin Creek, 3, 19
Contour, potentiometric, 6
Cook Mountain Formation, 4, 4, 5, 8, 11, 15, 22
Cypress Bayoun, 3, 19
Cypress Creek, 3, 19
Digital model, 2, 10, 11, i3, 17
Drawdown, 12, 13, 14
available, 16
cones, 10
Dugdemons River, 2, 3
Dubach, 3, 19
Effective (grain) size, 7
Flectrical log, 18
Focene age, 4
Farmerville, 12, 13, 17
Fresh water, base of, 4
Geohydrologic cross section, 4
Glauconitic, 3
Grambling, 2, 4, 18
Grambling College, 2
Ground water, potentizl supply, 16
Greater Ward One Waterworks District, 2
Hodge, 3, 6, 7, 8 11, 12, 13, 16, 17, 22
Jackson Parish, 2, 3
Jonesboro, 3
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Land subsidence, 14, 15
Langelier corrosion index, 18
Leakage coefficients, 11
Lignite, 4
Lincoln Parish, 2, 3, 10
Lisbon, §, 10
Louisiana Department of Public Works, 2, 16
Louisiana Tech University, 2, 4, 14
Milligrams per liter (mg/l), 17
Mississippi, 2, G, 12, 13
embayment, 2
Jackson, 6, 12, 13
River, 6, 12, 13
structural trough, 4, 6
Yazoo City, §
Monroe, 6, 7, 8, 11, 12, 13, 15, 22
Mount Olive Water District, 2
Nepeguilibrium (Theis} method, 10
QOuachita Parish, 3
Oxidation petentials, 2, 17, 18
pH, 2, 17, 18
Population, 2
Potentiometric swface, 6, 7, 8, 10
Precipitation, 2, 14, 15
Pumpage, 14, 14, 17, 15
Quitman, 3
Rate of water movement, 18
Recharge, 10, 11, 15
Riser Road Water District, 2
Ruston, 1, 2, 3, 4, 1l
arvea, 2, 3, 4, 6, 7, 8, 12, 13
future water supply, 16
geohydrologic section, 4
population, 2
pumpage, 14
water use, 2
Ruston State School, 2, 4
Sewage-disposal system, 19
Shreveport, 6, 12, 13
Soutl: Choudrant Creek, 3
Sparta Sand, 1, 2, 4, 4, 5, 7-5, 14-16
dewatering, 15, 22
outcrop, 5, 6, 10, 12, 13, 15
potentiometric surface, 6, 7
yield, 8 9, 15, 22
Specific capacity, 8§ 9



Specific yield, 8, 15
Springhill, 6, 8, 11, 12, 13
Storage coefficient (8), 8§ 10, 11, 15, 16
Stowe Creek, 3
Surface water, 2, 19

discharge station, 3

draft rates, 19

drainage, 3, 15

low-flow station, 3

quality, 18

storage requirements, 19
Tertiary, 2
Texas, 1
Transmissibility, 8-11, 15
Tremont, 3, 19
Uniformity coefficient, 7
Union Parish, 3
Unionville, 3, 19
U. 8. Coast and Geodetic Survey, 15
U.S. Public Health Service, 17
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Vienna, 3, 19
Water District No. 3, 2
Water levels, 1, 14, 14, 15
decline, 9, 9, 10, 16, 17, 22
Water quality, 22
corrosiveness, 17
iron bacteria, 18
salty, 18
treatment, 13
Water-table conditions, 8, 11, 22
Water use, 2, 16, 17
Well
Barnet Springs Road, 4, 8
effective radius, @
efficiency, &, 9
public supply, 16
screen, 4, 8, 14, 16
yield, 16
West Gulf Coastal Plain, 2
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EXPLANATION

—— () m—— —

Structure contour
Showing altitude of base of Cook
Mountain clay. Contour interval 20
feet. Dashed where approximate.
Datum is mean sea level

e - 7 () woaaenam

Potentiometric contour
Showing altitude of water level.
Contour interval 20 feet. Datum is
mean sea level

2
@

Water well
Blue circle indicates water-level control
point, Numeral is U. S. Geological
Survey well number. See table 5 for
chemical analysis

+

Oil or gas test hole

]

Cockfield Formation

(]

Cook Mountain Formation

A A
[ L] L]

Geohydrologic section
(see figure 2)

PLATE 1. MAP SHOWING GEOHYDROLOGIC FEATURES (1970) OF THE RUSTON AREA, LOUISIANA.






