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The Sparta Aquifer in Arkansas’ Critical Ground-Water Areas—

NORTHWEST

Response of the Aquifer to Supplying Future Water Needs

Key Points

» The Sparta aquifer is a confined aquifer of great
regional importance that comprises a sequence of
unconsolidated sand, silt, and clay units extending
across much of eastern and southeastern Arkansas and
into adjoining States.

Water use from the aquifer has doubled since 1975
and continues to increase, and large water-level
declines are occurring in many areas of the aquifer.
To focus State attention and resources on the growing
problem and to provide a mechanism for locally based
education and management, the Arkansas Soil and
Water Conservation Commission has designated Criti-
cal Ground-Water Areas in some counties (see page 6,
“What is a Critical Ground-Water Area?”).
Ground-water modeling study results show that the
aquifer cannot continue to meet growing water-use
demands.

Dewatering of the primary producing sands is pre-
dicted to occur within 10 years in some areas if cur-
rent trends continue.

The predicted dewatering will cause reduced yields
and damage the aquifer.

Modeling also shows that a concerted ground-water
conservation management plan could enable sustain-
able use of the aquifer.

Water-conservation measures and use of alternative
sources that water managers in Union County (an area
of high demand and growth in Arkansas' initial five-
county Critical Ground-Water Area) think to be realis-
tic options result in considerable recovery in water
levels in the aquifer during a 30-year model simula-
tion.
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Figure 2. Diagrammatic section of Sparta aquifer in
El Dorado area.
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Figure 1. Study area location map showing critical ground-
water areas, model boundary, and approximate
areal extent of the Sparta aquifer in and near
Arkansas.

What is happening to the Sparta aquifer?

Historically, the Sparta aquifer has provided abun-
dant water of high quality in southeastern Arkansas
(fig.1). Withdrawals from the Sparta have doubled since
1975, and the demand for water in some areas signifi-
cantly exceeds recharge to the aquifer. As a result, consid-
erable decline has occurred in the potentiometric (water
level) surface, and water users and managers have begun
to question the ability of the aquifer to supply water for
the long term. Large cones of depression have developed
beneath the Grand Prairie area and the cities of Pine Bluff
and El Dorado (Joseph, 1998). In two areas, aquifer con-
ditions meet State Critical Ground-Water Area (CGWA)
criteria and have been designated as critical by the Arkan-
sas Soil and Water Conservation Commission (ASWCC)
(fig. 1). Figure 2 presents a diagrammatic section illustrat-
ing the condition of the potentiometric surface in the El
Dorado area. Water levels in the aquifer have declined at
rates greater than 1 foot per year (a CGWA criterion, see
page 5) for more than a decade in much of southern
Arkansas and are now below the top of the formation (a
second CGWA criterion) in parts of Union and Columbia
Counties. Potential problems related to overdraft in the
Sparta include increased drilling and pumping costs, well
interference, loss of yield, and saltwater intrusion.
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What tools can help in management and
planning for the use of the Sparta aquifer?

Annual collection of water-level data for the
Sparta aquifer enables close monitoring of aquifer
conditions. The U.S. Geological Survey (USGS), in
cooperation with the ASWCC and the Arkansas Geo-
logical Commission, has collected and analyzed wa-
ter-level data for more than 50 years. Ground-water
flow models are used to evaluate water-level changes
in an aquifer resulting from increases or decreases in
pumpage. In 1985, the USGS, in cooperation with
the ASWCC and the Louisiana Department of Trans-
portation and Development (LADTD) began a proj-
ect to evaluate the regional effects of increased pum-
page on water levels in the Sparta aquifer. The
primary product of the project was a computer model
of ground-water flow in the Sparta aquifer (Fitzpa-
trick and others, 1990). In 1997, the USGS and co-
operating parties reverified and updated the model to
evaluate potential pumping scenarios (Hays and oth-
ers, 1998). The updated Sparta model offers an ex-
cellent tool for evaluating aquifer management sce-
narios. The model can help us to understand the
probable effects upon water levels of continued in-
crease in pumpage as well as the benefits of de-
creased pumpage resulting from conservation meas-
ures and/or finding alternate sources of water.

What is a ground-water model?

Using hydrologic and geologic data and
ground-water pumpage information, a ground-water
model calculates the distribution of water levels and
flow across an area through time. The Sparta model
is aregional scale, digital ground-water flow model
that uses a finite-difference approach to solving the
equations for flow; this means that the aquifer sys-
tem is divided on a grid into rectangular blocks and
the equation for flow is solved for each block. Flow
models may be used to determine the limitations of
an aquifer in meeting current and future needs and
also are valuable for testing hypothetical conserva-
tion and management scenarios.
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Scenario 1- Baseline

If current (1997) pumping rates are held constant
through the year 2027, model results indicate that water
levels would decline slightly across most of southeastern
Arkansas (fig. 3; table 1). Results of this scenario show
that current withdrawals exceed recharge, and that in
some areas the aquifer cannot continue to provide water
at today's rate of withdrawal indefinitely.

How do we know ground-water model results are accurate?

Water levels calculated by the model are compared with actual water levels observed in the field. When
data input to the model have been adjusted such that the model closely simulates real, observed conditions, the
model is termed "calibrated" and results can be used with a degree of confidence. There will always be a differ-
ence between model and observed results. This difference is termed the model error. Model error determines how
much confidence can be placed in results; the lower the error, the more dependable the results. Model output for
the Sparta model compared very well with observed data, and the model error is very reasonable for a large-scale,

regional model.

What does thie model tell us about future effects of potential water-use scenarios on the Sparta aquifer?

The mcdel was used to predict the effects of five pumping scenarios on water levels over the period 1998-2027. To ensure that the predictive scenarios
are realistic and could be instituted, representatives of major water-using facilities in the ﬁvelcounty (Bradley, Calhoun, Columbia, Ouachita, and Union) Crit-
ical Ground-Water Area in south Arkansas were asked to describe possible water-use changes that could occur at their facilities in the future. Possible changes
included facility growth, water conservation, use of alternative water sources, and any other factor that could affect the amount or location of water pumped
from the Sparta aquifer. The five pumping scenarios represented (1) current pumping rates, (2) current rates of change in pumping, (3) decreased pumping in
the five-county area, (4) increased pumping in the five-county area, and (5) redistribution and increase of pumping in selected areas.
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Scenario 3-Minimum Estimated Water-Use
If minimum water-use rates—supplied by

major water-use facilities in the five-county Critical
Ground-Water Area—are applied in the model, wa-
ter levels in the cones of depression near El Dorado
would be substantially higher in 2027 than in 1997
(fig. 5). This scenario was intended to estimate the
effect of potential water-use minimization strategies
(such as conservation and use of alternative sources)
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Figure 3. Contoured difference in simulated 1997 and 2027 tive effects that planning and management of water-
water levels for scenario 1. use patterns can have on water levels.
Scenario 2 - Continuing Current Rate of Change—The Current Reality
If pumping continues to increase at the current rate through 2027, water lev-
els would decline throughout much of southeastern Arkansas, and large declines
would occur near major pumpage centers (fig. 4, table 1).
During the 1998-2027 model period, predicted water levels decline substan-
tially near El Dorado and Pine Bluff (table 1). Well yields would be adversely affect- 93° g0
ed by the declines predicted in this scenario; by 2027, water levels would approach EXPLANATION e P
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sand (locally termed the El Dorado Sand Unit, fig. 2) by 2009. As water levels drop D-zsxo 20 Faluki NG 7 Prairie
below the top of the El Dorado Sand Unit, well capacity will decrease and the aqui- Bl 50025 ’
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Scenario
1997 1 2 3 4 5
Prow Pumpage SHH|ERSH] 52.9 30.1 36.2 52.9
Water-level altitude
El Dorado =307 -311 -438 -123 -421 -378
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Figure 4. Contoured difference in simulated 1997 and 2027
water levels for scenario 2.



Scenario 4-Maximum Estimated Water-Use

If maximum water-use rates supplied by major
water-use facilities in the five-county Critical Ground-
Water Area are applied in the model, water levels in the
cone of depression near El Dorado would be substantial-
ly lower in 2027.The maximum estimated water-use
rates described by water-use managers are very close to
those obtained by extending the current water-use rate of
increase into the future (as done for scenario 2). Conse-
quently, simulated water-level declines in scenarios 4
and 2 are similar. A substantial difference in effects of
the minimum- and maximum-estimated water-use sce-
narios on water-level distribution is seen by comparing
scenarios 3 and 4 (fig. 6). The comparison underscores
the potential effectiveness of water-management plan-
ning and water-use minimization strategies.
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Figure 8. New wells drilled outside cone of depression
i spread pumpage and decrease maximum
drawdown depth, but do not decrease the
stress on the aquifer, that is, the total amount
of water removed is not decreased.
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Figure 6. Cell-by-cell difference in simulated 2027 water
levels for scenarios 3 and 4.
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Scenario 5-Lonoke-, El Dorado-, Monroe-Shuffle

If pumpage is redistributed in the El Dorado area, but continues at the current ~r

rate of increase, and the current rate of pumpage increase in Lonoke and central Prairie
Counties is doubled, minimum water levels near El Dorado would be higher (fig. 7), but
anew cone of depression would be initiated. Water levels in Lonoke and Prairie Coun-
ties would decline substantially (fig 7, table 1).

This scenario represents shifting some withdrawals in the El Dorado area to a
new well field located northeast of the city. The model shows that no reduction in de-
mand coupled with a simple redistribution of pumpage merely delays the negative im-
pacts upon the aquifer by deferring the date at which water levels drop below the top of
the El Dorado Sand Unit (fig. 8).
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water levels for scenario 5.



Figure 9. In areas where large water-level declines have occurred in the Mississippi
River Valley alluvial aquifer, the Sparta aquifer—which has much less
storage—is being used to augment agricultural water needs and consequent
declines are occurring in the Sparta aquifer also.

Figure 10. Sparta aquifer water users are undertaking
water-conservation public education programs
with support and input from Federal, State,
County, and local levels and are enacting more
direct water-reuse and conservation actions
such as use of treated wastewater for irrigation
purposes at a local golf course.
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