





STATE OF ARKANSAS

ARKANSAS NATURAL RESOURCES COMMISSION
101 EAST CAPITOL, SUITE 350
LITTLE ROCK, ARKANSAS 72201

MIKE BEEBE
GOVERNOR

COMMISSIONERS

Fred Fowlkes Corbet Lamkin Ann Cash
Commissioner Chairman Chairman

Vilonia Chidester Lake Village

David Feilke Sloan Hampton James Neal Anderson
Vice-Chairman Commissioner Commissioner
Stuttgart Stuttgart Lonoke

Mike Carter Jerry Hunton Don Richardson
Commissioner Commissioner Commissioner

Fort Smith Prairie Grove Clinton

J. Randy Young, P.E.
Executive Director

Jonathan R. Sweeney, P.E.
Deputy Director/Chief Engineer






Arkansas Natural Resources Commission
Groundwater Management and Protection Section Staff and Contributors

Edward C. Swaim

D. Todd Fugitt, R.P.G.
James L. Battreal, R.P.G.
Chris Kelley

Deanna Dorrough Ray, J.D.

Jacob Harvey

Jay Johnston, C.P.G.,R.P.G.

Britt Hill
Perry Dotson
Jackie Broach

Special Thanks to:

Chief, Water Resources Management Division
Geology Supervisor

Professional Geologist

GIS Analyst

Associate General Council

Water Well Inspector, Geologist

Professional Geologist

Engineer Technician

Water Well Inspector

Administrative Secretary

Acknowledgements:

Tony Schrader, Terry Holland, John Czarnecki, Bryan Clark, and David Freiwald of the
United States Geological Survey, Water Resources Division, Little Rock, Arkansas.

United States Department of Agriculture, Natural Resources Conservation Service.






Figures
1. Arkansas Groundwater Study Areas. p. 6
2. Comparison of Average Alluvial Aquifer Groundwater Change & Precipitation. p. 8

3. Average Groundwater Flow Budget (2000-2005) for the Mississippi Embayment
Aquifer System in Arkansas. p. 9

4. Alluvial Aquifer Depth to Water for 2013. p. 10
5. Sparta/Memphis Aquifer Depth to Water for 2013. p. 11

6. Years Until Alluvial Aquifer Wells Measured in 2013, Reach 30ft. or Less Saturated
Thickness. Based on MERAS model and 2013 Water Level Measurements. p. 12

7. Cache Study Area Alluvial Aquifer Water Level Changes 2003-2013. p. 13

8. South Arkansas Study Area Sparta Aquifer Water Level Changes 2003-2013. p. 14
9. Percentage of 2010 Water Use Sustainable for the Alluvial Aquifer. p. 15

10. Critical Groundwater Area Designations in Arkansas. p. 32

11. Estimated Water-Level Map of the Alluvial Aquifer in Eastern Arkansas (1915). P.33
12. USGS Map of Estimated Water-Level Change in alluvial Aquifer 1915-1953. p. 34
13. 1909 Alluvial Aquifer Potentiometric Surface. p. 34

14. USGS Figure of Water-Level Change in Alluvial Aquifer from Predevelopment
to 2007. p. 35

15. Altitude of Water Levels in Deposits of Quaternary Age in Part of Eastern
Arkansas, 1938. p. 37

16. Total Groundwater Use in Arkansas, 1936-2010. p. 40
17. Comparing the Characteristics of the Sparta/Memphis and Alluvial Aquifers. p. 41

18. Potentiometric Surface of the Alluvial Aquifer in Arkansas County, 1928. p. 60



19.(a) 2010 Groundwater Withdrawal from the Alluvial Aquifer by Use Type. p. 63
19.(b) 2010 Groundwater Withdrawal from Sparta/Memphis Aquifer by Use Type. p. 63

20. Wells That Would Have to be Reduced or Restricted to Reach Sustainable Yield
Without the Use of Excess Surface Water. p. 65

21. Current ANRC, USGS, NRCS, and ADEQ Groundwater Monitoring Locations. p. 69

Tables

1. Statewide Water Well Construction Reporting. p. 39
2. Deep Water Wells Constructed in the Grand Prairie Area. p. 41

3. Registered Groundwater Withdrawals from the Sparta/Memphis Aquifer in Arkansas,
Lonoke, and Prairie Counties, 1985-2010. p. 41

Appendices

I. Withdrawals of Groundwater from Aquifers of Arkansas, 2010.

Il. Alluvial Aquifer Water-Level Change Table; 2003, 2008, 2013.

I1l. Sparta/Memphis Aquifer Water Level Change Table; 2003, 2008, 2013.

IV. USGS Scientific Investigations Report 2013-5161 “Enhancements to the Mississippi

Embayment Regional Aquifer Study (MERAS) Groundwater-Flow Model and Simulations
Of Sustainable Water-Level Scenarios.

Plate

1. Public Groundwater Sources in Arkansas.



Abstract

The Arkansas Groundwater Protection and Management Report (AGWPM) is
produced annually by the Arkansas Natural Resources Commission (ANRC) pursuant
to the Arkansas Water Plan. The 2013 AGWPM report has been produced as a
coordinated effort with the update of the Arkansas Water Plan. Therefore, the report
includes current groundwater-level and water-use reports, as well as sections on
Arkansas groundwater policy history and development. This reports data covers water
level data from the spring of 2012 to the spring of 2013. The general trend in Arkansas’
long-term water level change is that the groundwater levels are declining in response to
continued withdrawals at a rate which is not sustainable. The continued unsustainable
pumping rates have caused cones of depression in both the alluvial and
Sparta/Memphis aquifers in the state. (fig. 4 and 5)

Arkansas Water Plan:

The Arkansas Groundwater Management and Protection Reports are produced
annually by the Arkansas Natural Resources Commission (ANRC) pursuant to Act 154
of 1991, Arkansas Code section 15-22-901. This act was passed in response to the
Arkansas Water Plan of 1990. The statute directed the ANRC to define critical
groundwater areas, sustainable yield, and groundwater level trends within the state’s
aquifers. This report is an update to the Arkansas Water Plan, and provides
hydrogeologic information needed for statewide water resources planning and
management programs. As a result, three critical groundwater areas have been
designated in Arkansas and resources have been focused on those areas through tax
incentives, education programs, and priority ranking for federal conservation program
funding such as the Environmental Quality Incentive Program, and the funding of large
scale diversion projects for agricultural water supply.

In 2012, the Arkansas Natural Resources Commission (ANRC) began the process of
updating the Arkansas Water Plan, which was last updated in 1990. The Plan will be
completed by November of 2014.

During 2013 the ANRC performed several tasks including;:

- An internal Water Management Division workgroup was formed to guide the
Water Plan update process. Meetings were held approximately every other
week.



The ANRC formed a Water Plan committee which continued to be utilized as a
part of the core planning tasks.

The CDM Smith team, including subcontractors FTN and Associates, worked
closely with ANRC to accomplish Water Plan tasks in accordance with the initial
work plans and schedules.

Tasks were completed such as the development of public stakeholder work
groups, gathering of information on statewide water issues, available
hydrogeologic data, and water resources modeling tools availability.

Fact sheets were developed on current water resources programs as well as the
Water Plan update process.

A Water Plan web site has been created to provide general information,
schedules and updates. Refer to http://www.arwaterplan.arkansas.gov.

The US Geological Survey, Arkansas District, has worked closely with the ANRC
Groundwater Section to produce a report to be titled Aquifers of Arkansas. This
report has been drafted, and hydrogeologic data has been utilized in all phases of
the Water Plan development.

Over twenty (20) public hearings were held by CDM, FTN and ANRC in order to
educate the public about the planning process and to get input on the Plan, as
well as input on demand, availability, and some general input on gap analysis
and water issues. Public meetings were held in key locations including -
Arkadelphia, Batesville, Clinton, El Dorado, Fayetteville, Forrest City, Fort
Smith, Harrison, Heber Springs, Jonesboro, Little Rock, Mount Ida, North Little
Rock, Pine Bluff, Russellville, Searcy, Smackover, Stuttgart, and Texarkana.

Technical committees were utilized for water demand and availability tasks,
including the categories of public supply, industry, navigation, irrigation, fish
and wildlife, recreation, and power generation.



Summary of Groundwater Availability, by Aquifer, in Arkansas

This summary provides a general, qualitative evaluation of Arkansas’s aquifers
based on water-quantity and quality. Specific information on hydrogeology, aquifer
locations, stratigraphy, and geochemistry/water quality is found in the “Aquifers of
Arkansas” report, and the 2013 Groundwater Protection and Management Report,
along with references cited in those reports.

Ozark aquifer - The Ozark aquifer (100 - 300 gpm), consisting primarily of deep
Ordovician limestone and dolomite strata such as the Roubidoux Formation and the
Gunter Member of the Gasconade Dolomite, is a reliable source of groundwater.
Groundwater level trends indicate a relatively stable surface in much of northern
Arkansas indicating that current and future water use needs can be supplied from the
aquifer. Groundwater yields are adequate to supply water for small to moderate size
public supply wells, livestock, poultry, and other uses.

Springfield Plateau aquifer - The Springfield Plateau aquifer (>30 gpm), including the
Boone Formation, is a reliable, though vulnerable, supply of groundwater for shallow
domestic water use in northern and north-central Arkansas. The karst terrain
associated with the limestone formations of this plateau make this aquifer extremely
vulnerable to surface contamination.

Ouachita Mountain aquifer system - The Ouachita Mountains aquifer (5 - 15 gpm),
consisting primarily of consolidated formations of sandstone, shale, and chert strata, is
a reliable, though vulnerable, supply of groundwater for shallow domestic water use
throughout the Ouachita Mountains of western Arkansas. Well yields typically are 5 to
15 gpm, from formations such as the Atoka and Big Fork Chert; therefore, the aquifer is
considered to be reliable only for domestic wells, and other small-yield wells.

Arkansas River Valley alluvial aquifer - The Arkansas River Valley alluvial aquifer
(300 - 700 gpm) of western Arkansas is a reliable source of available groundwater in
western Arkansas. Yields from the aquifer are appropriate for small to medium size
public supply water use needs, as well as moderately sized irrigation wells. The
Arkansas River, and is an excellent source of recharge to nearby wells developed in the
coarse-grained alluvial stratum. The maintained pools of the river, along with adjacent
coarse-grained sediments, bank storage, and other floodplain deposit features



hydraulically connected to the alluvial material, provides this constant source of
recharge.

Trinity aquifer - The Trinity aquifer (100 - 200 gpm) is an excellent source of
groundwater for domestic, poultry, and livestock wells of modest size in and near its
outcrop area in southwestern Arkansas. Water-quality becomes restrictive down-
gradient.

Tokio aquifer - The Tokio aquifer (150 - 300 gpm) is a reliable source of groundwater
for public supply, industry, poultry and livestock, and other uses in and near its
outcrop area in southwestern Arkansas. Water-quality becomes restrictive down-
gradient due to salinity. Some water-level declines and the development of at least one
cone-of-depression indicate that aquifer currently may be used at a rate that is near an
optimal sustainable yield.

Ozan aquifer - The Ozan aquifer (< 10 gpm) is a minor aquifer in southwestern
Arkansas that is no longer a reliable source of water to wells due to declines and poor
water quality. Historically, the aquifer was of importance to domestic well owners in
need of a shallow water supply. Future available supply is not adequate, and other
sources should be pursued.

Nacatoch aquifer - The Nacatoch aquifer (150 - 300 gpm) is a reliable source of
municipal, industrial, and other uses in and near its outcrop area in southwestern and
northeastern Arkansas. Groundwater quality is a concern down gradient due to high
salinity.

Wilcox aquifer - The Wilcox aquifer (100 - 500 gpm) is a reliable source of groundwater
for public supply, industrial, and other purposes primarily in northeastern Arkansas.
The aquifer also provides limited amounts of water to wells in the outcrop and sub crop
area of southern Arkansas. The water-quality of the aquifer generally if good, with well
yields of over 500 gpm; however, water-level declines and the development of cones of
depression indicate that the aquifer may be nearing maximum sustainable yield levels.

Carrizo aquifer - The Carrizo aquifer (50 - 150 gpm) is not a major source of
groundwater in Arkansas, but does yield modest amounts of water to wells in
southwestern Arkansas. However, this aquifer may be of future significance in Dallas,
Grant, and eastern Saline counties where the transmissivity of the aquifer is much
greater than in the outcrop area. Limited groundwater is available for future use from
this aquifer.



Cane River aquifer - The Cane River aquifer (<50 gpm) of southern Arkansas is a
limited source of water to small public supply and domestic users, and primarily
functions as a confining unit with restricted availability for groundwater use. In

northern Arkansas, the formation composes the middle sand layer of the Memphis
Sand.

Sparta/Memphis aquifer - The Sparta/Memphis aquifer (500 - 1500 gpm), including
the Cane River and Carrizo Sand formations, is a reliable groundwater source for
current and future water use needs within sustainable water use volumes over most of
eastern and southern Arkansas. Continued withdrawals above sustainable levels are
not reliable, and availability is of uncertain duration. The sustainable use estimates of
this report and previous ANRC/USGS reports should be relied on for all future
groundwater policy decisions in Arkansas. Locally, water-quality constraints may
restrict the use of this water or limit use altogether. High salinity concentrations
severely limit the use of the aquifer in southeastern Arkansas. A lithofacies change
occurs at about 35 degrees latitude, above which, the Cane River Formation has a large
percentage of high permeability sand, and contributes to the overall thickness of the
Memphis aquifer, locally called the 500 foot sand.

Cockfield aquifer - The Cockfield aquifer (100 - 350 gpm) is a reliable source of
groundwater for current and future domestic, small public supply and industrial wells
in southern Arkansas. @ Groundwater quality constraints, primarily chloride
concentrations, greatly restrict the use of the aquifer in southeastern Arkansas.

Jackson Group confining unit - The Jackson Group, though not typically known to be
an aquifer is a minor source of groundwater to small yielding wells. Poor groundwater
quality also restricts use from these strata to shallow domestic well supply. It is not
considered to be a reliable source for future water supply needs.

Mississippi River Valley alluvial aquifer - The Mississippi River valley alluvial aquifer
(1,000 - 3,000 gpm) may be relied on for current and future water use needs within
sustainable water use volumes over much of eastern Arkansas. Continued
withdrawals above sustainable levels are not reliable, and availability is of uncertain
duration. The sustainable use estimates of this report and previous ANRC/USGS
reports should be relied on for all future groundwater policy decisions in Arkansas.
Locally, water-quality constraints may restrict the use of this water or limit use
altogether.



Fig. 1



Update on Alluvial Aquifer and Sparta/Memphis Aquifer, Spring 2013

Alluvial Aquifer

During the spring 2012 to Spring 2013 monitoring period the U.S. Geological Survey
(USGS), Natural Resource Conservation Service (NRCS) and Arkansas Natural
Resources Commission (ANRC) monitored static groundwater levels throughout the
Mississippi River Alluvial aquifer. During this time 73.3% of the 307 wells monitored
showed declines in water level. Over the 10-year monitoring period 79.7% of the 232
wells monitored showed declines in static water levels. The drawdown of the alluvial
aquifer from spring 2012 to spring 2013 was calculated for the entire alluvial aquifer. It
was an average change of -1.44 feet, which is historically less than the typical change
observed during the irrigation season. There is approximately 2.00 feet recharge during
the fall-winter months leaving a long-term historical drawdown of approximately 1.00
foot per year. Many counties in the delta that utilize alluvial aquifer water for irrigation
of crops continue to withdraw an amount of water that is not sustainable. These
counties can be seen on figure 9. Precipitation during 2012 was reported by the
National Climatic Data Center as 39.95 inches which is typical. The average over the
last 10 years is 50.23 inches which included one of the wettest periods in one hundred
and thirteen years. Precipitation and average aquifer change can be seen on figure 2.

Sparta Aquifer

Data was also collected by ANRC and USGS in the Sparta/Memphis Aquifer during
the 2012-2013 monitoring period. Of the 150 wells monitored 63 (42.0%) showed
declines during this time. All the data collected on the Sparta/Memphis aquifer is also
attached in appendix III. The Sparta/Memphis aquifer monitoring network was also
calculated for the spring to spring change 2012-2013. The average change observed
during this time was +0.95 feet. During the 10-year monitoring period (2003-2013) 82 of
the 105 wells monitored (78.1%) showed declines, however the aquifer wide average
change was +6.75 feet primarily due to the recovery of the Sparta Aquifer in the South
Arkansas Study Area. Union County alone had an average change of +36.83 feet over
the last 10-year period (fig.8). Continued monitoring of the Sparta Aquifer in the South
Arkansas Study Area indicates that some groundwater levels in this area have
stabilized or risen. This study area is comprised of Ouachita, Calhoun, Bradley,
Columbia and Union counties, and was the first area to be designated as a Critical
Groundwater Area in 1996. The diminishing declines in average change seem to



indicate that the education, conservation, and development of excess surface water
from the Ouachita River in Union county have made an impact of groundwater levels.

Figure 3 illustrates the general hydrogeologic budget of the primary aquifers of the
Mississippi Embayment in eastern and southern Arkansas. The flow budget has been
derived from the average withdrawals and recharges from 2000-2005, and indicates that
withdrawals from wells is much greater than recharge from stream capture and
precipitation at land surface. This is not a sustainable scenario and water level declines

will continue to occur under these conditions.

Figure 2 shows both total yearly precipitation, as well as the overall alluvial aquifer
change, in feet, for the specific monitoring period in the Spring of the respective year. It
illustrates that under typical conditions, there is little change or even an increase in
average water-levels following a year of generally higher precipitation.

The USGS Mississippi Embayment Regional Aquifer Study (MERAS) has developed
and utilized a numerical groundwater flow model for the primary aquifers of the
Mississippi Embayment. This model has been utilized as a part of the update of the
Arkansas Water Plan as described in the USGS SIR 2013-5161. For the planning
purposes of the Arkansas Water Plan, three scenarios were developed to evaluate
potential future conditions: simulation of previously optimized pumping values within
the Mississippi River Valley alluvial and the Sparta aquifers, simulated prolonged
effects of pumping at average recent rates (2005), and simulation of drawdown
constraints on most pumping wells. These scenarios indicate significant water-level
declines in the future; however, much of these declines, especially those east of
Crowley’s Ridge, may occur after the 2050 study period of the current Water Plan
update. These scenarios as well as their respective figures and maps can be found in
appendix IV of this report Enhancements to the Mississippi Embayment Regional Aquifer
Study (MERAS) Groundwater-Flow Model and Simulations of Sustainable VWater-Level
Scenarios.

Fig. 2



Water Use Fig. 3

The most recent water-use data available from the USGS is 2010, and is attached as
appendix I to this report. In 2010 an estimated 7873.74 million gallons per day
(Mgal/d) of water were reported to be withdrawn from the State’s aquifers. The
greatest reported volume is pumped from the alluvial aquifer and used primarily for
irrigation. Poinsett County, Cross County, and Arkansas County used the most alluvial
water of all counties, with 842.99 Mgal/d, 519.32 Mgal/d, and 504.90 Mgal/d
respectively. The reported total ground-water use from the alluvial aquifer during 2010
was 7592.33 Mgal/d. The estimated total sustainable use for the alluvial aquifer is
3374.33 Mgal/d, which is only 44.4% of the reported 2010 use. The percentage of 2010
alluvial aquifer water use that is sustainable, per county, is seen in figure 9.

The Sparta/Memphis aquifer is the second largest aquifer in terms of withdrawals.
The reported ground-water use from the Sparta/Memphis aquifer for 2010 was 191.78
Mgal/d, mostly used for municipal and industrial purposes. The Sparta/Memphis
aquifer had a reported average withdrawal of 191.78 Mgal/d during the 2010 reporting
period. It is important to note that mainly due to increases in the Sparta/Memphis
aquifer for irrigation in the area, Arkansas County is now the largest user of this
aquifer’s resources, with a withdrawal of 58.29 Mgal/d. Jefferson County is the second
largest user of Sparta/Memphis groundwater, with a withdrawal of 45.50 Mgal/d. The
2010 reported ground-water use from the Sparta/Memphis aquifer was an estimated
32.8% for agricultural uses, 43.2% for public supply use, and 22.8% for industrial uses,
which combine with other uses for an estimated total use of 191.78 Mgal/d. The
estimated sustainable use for the entire aquifer is 87 Mgal/d based on 1997 reported
water use. This leaves a deficit of 104.8 Mgal/day, or 38.9% of the 1997 rate that is an
unmet demand. (Holland, 2003, 2007, 2013)
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Fig. 6
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Fig. 7
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Fig. 8
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Fig. 9



The following section of the Arkansas Groundwater Protection and Management
Report was produced during 2013 as a part of the update of the Arkansas Water Plan.
This section provides valuable background information on groundwater quantity,
quality, use, sustainability and the development of Arkansas water policy and law.
This information has been utilized in planning activities including water demand,
availability, and gap analysis.

ARKANSAS WATER RESOURCES CONSERVATION AND PROTECTION
PROGRAMS AND POLICY DEVELOPMENT

(Contributions to the Arkansas Water Plan Report — Aquifers of Arkansas)

Geology, Hydrogeology, and the Fall Line of Arkansas
Groundwater Policy Development and Critical Groundwater Areas
Long-term Groundwater Trends

Historic Groundwater Use

Potable Groundwater Use in Arkansas

Water Rights Authority

Water Resources Statutory Authority

Institutional Framework

Sustainable Yield and Groundwater Flow Modeling
10 Groundwater Monitoring Programs

11. Artificial Recharge

12. Groundwater and Climate Change

©OoNO~WNE

Arkansas Natural Resources Commission, Mission Statement:

“To manage and protect our water and land resources for the health, safety, and
economic benefit of the State of Arkansas.”
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Major Geologic Subdivisions and Hydrogeology of Arkansas

Arkansas is typically divided into two major geologic subdivisions. These are the
Interior Highlands of northern Arkansas, which generally consist of consolidated
Paleozoic formations, and the largely unconsolidated formations of the Gulf Coastal
Plain of the southern and eastern regions of the State. These subdivisions are further
divided into smaller geophysical units based on geologic characteristics such as
topography, petrology, and stratigraphy.  Formations of Arkansas range in
stratigraphic order from the earliest deposited layers of the Cambrian Period to the
Quaternary alluvium. The only recognized Cambrian formation in Arkansas is the
Collier Shale located in a valley in Montgomery County between the watersheds of the
Ouachita and the Little Missouri Rivers. The Quaternary alluvial and terrace deposits
are located across much of the Mississippi River Valley alluvial plain of eastern
Arkansas.

The major geophysical subdivisions of Arkansas are separated by the “fall line”
which generally is defined in geologic terms as the contact of the consolidated Paleozoic
formations with the unconsolidated formations of the Cretaceous, Tertiary, and
Quaternary Systems.

The outline below shows the relationship of the major geophysical regions of Arkansas.

Interior Highlands Division

Ozark Plateau Province Ouachita Mountain Province
Salem Plateau Arkansas Valley
Springfield Plateau Fourche Mountains
Boston Mountains Central Ouachita Mountains
Athens Plateau

Gulf Coastal Plain Province
West Gulf Coastal Plain
Mississippi Embayment

Interior Highlands - Ozark Plateau Province

The Interior Highlands are most commonly divided into the Springfield Plateaus,
Salem Plateaus, and the Boston Mountains, while further south the Ouachita Mountain
Province including the Arkansas River Valley is found. These regions consist of
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consolidated formations of primarily limestone, dolostone, sandstone, shale, chert,
novaculite and some shallow alluvial deposits along the Arkansas River and other
streams. The surface rocks of the Salem Plateau are the oldest of the Ozark Mountains,
younger ones having been removed by erosion. They are predominantly dolomite and
limestone with some sandstone and shale. The Cotter dolomite of Lower Ordovician
age, a massive formation 500 feet thick, covers most of the eastern and northern
portions of this region. The Everton Limestone is the prominent formation in the
western and southern areas. The Calico Rock Sandstone, a white colored sand, is at the
base of the Everton. Dolomite and silica-rich sand are quarried. The former zinc-
producing area of Arkansas is centered in the Ordovician rocks of Marion County but
zinc was mined in numerous other areas where the same strata were exposed by stream
cutting. Some lead is associated with the zinc deposits.

The Ozark Plateaus cover northern Arkansas and extend into eastern Oklahoma and
to the Missouri River to the north. They consist of consolidated sedimentary rock
which has undergone massive uplift and which remains relatively horizontal with only
minor deformations. Stream erosion has removed much of the original surface rock and
has dissected the area into hills and low mountains although some plains occur.

The Salem Plateau is mainly north and east of the White River in Arkansas.
Elevations are generally 500 to 1,000 feet above sea level. Streams are gradually
dissecting the broad uplands and the area is undulating to hilly, relief seldom exceeding
200 feet. The Springfield Plateau is found in northwestern Arkansas and in a narrow
belt eastward. Elevations generally are from 1,000 to 1,500 feet. Extensive relatively
level areas exist in Washington and Benton counties but relief of 200 to 300 feet occurs
along major streams. Outliers of the Boston Mountains appear as isolated low
mountains on the Plateau, the most notable being the Boat Mountain group near
Harrison.

The Boston Mountains are the higher southern edge of the Ozarks. They are capped
by Pennsylvanian sandstone, which has been removed from the areas to the north. The
mountains are primarily flat-topped, summit ridges representing the original erosion
surface of the plateaus. Great stream dissection has occurred, creating steep sided
mountains and deep narrow valleys. Elevations generally range between 1,500 and
2,200 feet but exceed 2,500 feet. Relief is mainly within the 500 to 1,000 feet range but
exceeds 1,600 feet. The northern boundary is well marked by a retreating escarpment in
most areas, being especially prominent in its central extent from Jasper to Mountain
View. On the south, the mountains descend rather sharply to the Arkansas Valley.

The Springfield Plateau is the surface feature of northwestern and north-central
Arkansas. It is commonly recognized at land surface as the Boone Formation,
consisting of limestone and chert. Weathering more easily reduces the limestone,

18



leaving large pieces of chert which are especially prominent on hillsides where the finer
materials have been eroded away. The limestone is quarried in many localities. The St.
Joe marble member is at the base of the Boone and is locally quarried for commercial
purposes. The St. Joe Member is also the source rock for the majority of springs flowing
in the Springfield Plateau. Outliers of the Boston Mountains are especially common in
the western part of the region. They consist largely of sandstone and shale found in the
Boston Mountains but lack the Atoka formation which caps the mountains.

The Boston Mountains and the eastern part of the Arkansas Valley are surfaced
primarily in sandstone and shale. The massive Atoka Formation, over 1,500 feet thick,
is the most prominent. The Atoka sandstone forms the bluffs at the top of the Boston
Mountains.

Interior Highlands — Arkansas River Valley

The Arkansas River Valley is from thirty to forty miles wide and the Arkansas River
traverses it from northwest to southeast. The ridges are widely spaced, with valleys
dominating. The Arkansas River Valley alluvial plain is a distinct lithologic and
hydrogeologic area.  Elevations of valleys generally are 500 feet, declining eastward.
Mt. Magazine, elevation 2,823 feet and the highest point in the state, is in the Arkansas
River Valley, as are Mount Nebo and Petit Jean Mountain. These prominent
“mountains” are known by geologists as monadnocks, isolated, prominent hills, often
formed by fluvial erosion, and generally found in a flat plain.

The western part of the Arkansas River Valley is composed of the Savanna
Sandstone, Paris Shale, Spadra Shale, and Harthshorne Sandstone is all significant.
Coal is important in the Paris and Spadra Shale. There are numerous natural gas fields
in this region, producing a dry gas. The central and eastern portions of the valley are
dominated by the alternating sandstone and shale of the Hartshorne and Atoka
Formation.

The Arkansas River Valley is bordered on the north and south by consolidated
formations of the Ouachita Mountains. These formations yield small quantities of
groundwater to wells and are susceptible to seasonal and weather variations in
precipitation. Drilling records from water well construction reports indicate a trend of
well depths in the range of 150 to 250 feet, with the highest yields being found along the
flanks of anticlines, synclinal valleys (AWWCC records, 1969 - 2012). Well yields of up
to 35 gallons per minute can be developed where there is significant fracturing and
bedding plane intersection. The best source of groundwater, with respect to quantity, is
the Arkansas River Valley alluvium which commonly yields 300 to 700 gallons per
minute to wells of 100 feet in depth. (Bedinger and others, 1963) The alluvium consists
of clay, sand and gravel ranging in thickness from 60 feet in the western portion of the
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State, to slightly over 100 feet where the valley opens into the Mississippi Embayment
near Little Rock.

Interior Highlands — Ouachita Mountains

The Ouachita Mountains are also of sedimentary rock but here it has been folded to
create generally parallel ridges and valleys which have an east-west orientation. Most
of the mountain ridges are narrow, with steep slopes; crests tend to be sharp; valleys are
generally rather broad. Within the Ouachita Mountains, the sections are distinguished
largely by the spacing of the folds.

Fourche Mountains contain several major ridges. The crest of Rich Mountain is 2,500
feet, while Fourche and Poteau mountains are little lower. The folding is closer than in
the Arkansas Valley, but valley floors are broad and often of considerable elevation,
around Mena reaching 1,100 feet at the center.

The Central Ouachitas are very closely folded. Some principal mountains are the
Caddo, Cossatot, Trap, Crystal, and Zigzag. Elevations of 2,000 feet are common
toward the center and the west and local relief is between 300 and 900 feet.

The Athens Plateau is a very narrow belt extending along the southern edge of the
Ouachita. Elevation is little above 500 feet and it has an undulating appearance.
Occasional hills are remnants of an older surface.

The Fourche Mountains and the Athens Plateau of the Ouachitas are dominant range
geophysical features of western Arkansas. The Jackfork Sandstone is particularly
important in the major mountain ridges. The Stanley Shale is the most widespread
formation.

The Central Ouachitas are closely folded ridges and valleys of Ordovician and
Silurian sandstone and shale. Two prominent formations are the Crystal Mountain
sandstone which is overlain by the Mazarn shale. Arkansas novaculite is exposed
along the outer edge of the Central Ouachitas, sometimes referred to as the Novaculite
Uplift. The novaculite is Devonian in age and is situated below the Hot Springs
sandstone. It is a very hard, fine-grained silica-rich rock, which has been broken by the
folding of the Ouachita Mountains producing a large amount of secondary porosity that
contains groundwater.
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Generally, the hydrogeology of the Interior Highlands can be described as an area of
consolidated formations which yield relatively low volumes of water to wells. The low
specific capacity in these wells is a direct result of the lithological nature of the strata
itself. The consolidated formations typically are confined with most of the water
yielded to wells coming through secondary porosity found in fractures and bedding
plains. Typically, the most noted aquifers within the Interior Highlands are the deep
Ozark aquifer, and the Bigfork Chert and Arkansas Novaculite aquifers in the central
Ouachita Mountains. The Atoka Formation is significant as a source of shallow
domestic wells in the Ouachita Mountains and Arkansas River Valley, but yields are
typically small and therefore, limited for other purposes.

However, with respect to surface water supplies, the topography of the area is
especially conducive to the development of lakes. Construction of dams in the narrow
valleys produces reservoirs with large volumes of water storage, such as Beaver, Bull
Shoals, Norfork, Ouachita, Greers Ferry, Hamilton, DeGray, Greeson, and others. In
general, if a quantity of water over 35 gallons per minute is needed in the Ouachita
Mountains, the potential user should develop surface water supplies.

Gulf Coastal Plain - West Gulf Coastal Plain

The Gulf Coastal Plain of eastern and southern Arkansas generally consists of
unconsolidated sands, clays, marls, and gravels. Lignite is also located within the strata
of these regions. The Gulf Coastal Plain is most commonly divided into the Western
Gulf Coastal Plain and the Mississippi Embayment of eastern and southern Arkansas.

The West Gulf Coastal Plain stands between 100 and 500 feet above sea level. It has a
gently rolling surface, only moderately dissected by streams. Much of the surface
material is unconsolidated sands deposited in the sea which once covered the area.
Some areas in the West Gulf Coastal Plain are interrupted by the more recent alluvial
deposits of the major rivers such as the Saline, Ouachita, and Red.

Generally, the surface materials are unconsolidated to semi-consolidated sand and
clay. Scattered deposits of lignite are found also, especially in the Wilcox Group. The
Midway Group contains some semi-consolidated white limestone. The bauxite deposits
of Pulaski and Saline counties occur in this surface area while the oil and gas deposits of
South Arkansas are in older and much deeper formations below the Coastal Plain.

Scattered Cretaceous formations occupy the inner edge of the West Gulf Coastal
Plain from the Oklahoma line to Clark County. Most of the beds are coarse sand, clay,
or gravel. The lowermost formation is the Trinity Group which also contains gypsum.
The Tokio and Ozan Formations represent the middle Cretaceous and contain some
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lignite; and the upper Cretaceous is represented by the Brownstown marl which is
fossiliferous, calcareous clay, and the Nacatoch Sand.

Gulf Coastal Plain - Mississippi Embayment

The Mississippi Embayment of eastern Arkansas is a geosyncline, a trough filled by
fluvial (stream) sediments of great depth. The surface is generally flat, with local relief
of less than 100 feet. Elevations range from 500 to 100 feet, decreasing southward.
Recent alluvium and terrace deposits cover much of the lowlands in the southeastern
half of the state. Particularly, they provide the surface materials in the Mississippi
Embayment and along the rivers of the West Gulf Coastal Plain.

The recent alluvium has been deposited by flood waters of the streams and consists
of a variety of water-washed material, especially clay, silt, sand, and gravel. The terrace
deposits are frequently older, often Pleistocene, representing former levels of
bottomland below which streams have now cut.

Crowleys Ridge is a striking irregularity in the Mississippi Embayment. It is 3 to 12
miles wide, rising 200 feet above the plain in the north and 100 feet in the south. It has a
deep cover of loess, fine wind-deposited material, and is dissected into a rolling hill
region. The outcropping edge of Crowleys Ridge and a large area of the Mississippi
Embayment are surfaced with the outcropping formations of the Claiborne and Wilcox
Groups. Loess caps the higher portions of Crowley’s Ridge. This is a fine, wind-blown
silt derived from the alluvial deposits to the west of the Ridge.

The Tertiary formations of Crowley’s Ridge basically act as a barrier to flow in the
alluvial aquifer from the east side of the ridge to the west side. The exception to this
constraint is found in certain areas such as Poinsett County where the Memphis Sand
sub crops beneath the silt and loess deposits of the ridge. Here the Memphis aquifer
may act as a conduit through the ridge allowing for some induced flow from the east
side where the aquifer transmissivity is higher, and recharge from the Mississippi River
is available. However, the amount of clay in the Memphis Sand in this area is uncertain
and the flow through the ridge is not easily quantified.

The hydrogeology of the Gulf Coastal Plain can be described as layers of
unconsolidated silt, sand, and gravel which function as aquifers, yielding large
quantities of water to wells. These aquifers are separated by clays which store greater
volumes of water but have relatively low hydraulic conductivity, and therefore do not
yield adequate volumes of water to wells. The aquifers of the Gulf Coastal Plain consist
of strata with high volumes of sand which has a high hydraulic conductivity and;
therefore, a high specific yield of water to wells. Major aquifers in the Gulf Coastal
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Plain include the Nacatoch, Wilcox, Sparta/ Memphis, Cockfield, and Mississippi River
Valley alluvial aquifers.

These large aquifers provide water to wells used for agriculture, public supply, and
industry. However, clay and marl formations of the Gulf Coastal Plain also serve as
water supply sources for rural domestic wells, especially where only a small amount of
water is needed.

Groundwater Recharge

Groundwater recharge throughout Arkansas generally comes from precipitation
which percolates into the groundwater system, especially where major aquifers are
exposed at land surface. Statewide groundwater recharge has been estimated at about 2
inches per year, and as low as 0.4 inches per year. (Broom and Lyford, 1981) Another
estimate ranges from 3 to 8 inches depending on the permeability of the surface
material. (Bedinger and Jeffery, 1964) Other sources of groundwater recharge include
rivers that are hydraulically connected to aquifers and lateral and vertical flow from
adjacent and underlying water-bearing strata.

Aquifer recharge from streams during high-flow is a natural process. However,
when the groundwater gradient is altered by pumping from wells, additional aquifer
recharge is induced. Recharge is induced when water is withdrawn from an aquifer
adjacent to a stream or other surface water source, to which it is hydrologically
connected. This process is also commonly referred to as “stream capture”. This
scenario was identified by the U.S. Geological Survey as early as the 1960’s. Analysis of
the potentiometric map for the fall of 1959 indicates that during this period water was
moving from the Arkansas River into the alluvial aquifer in Lincoln and Arkansas
counties at a rate of about 12 million gallons per day (mgd). The spring potentiometric
surface indicated a flow from the river to the alluvial aquifer of about 9 mgd. (Bedinger
and Jeffrey, 1964) “Withdrawals of water for rice irrigation...have resulted in a large
cone of depression centered in Arkansas County, Arkansas. The cone of depression has
now reached the White River, and movement of water from the stream into the river
apparently has begun. (USGS, 1968) These early observations of stream capture were
realized before the construction of the lock and dam system on the Arkansas River.

Purely by coincidence, the McClellan Kerr Navigation System on the Arkansas River
has functioned for years as one of the most efficient all-time artificial recharge projects
in the world. Water-level change data in the form of tables, maps, and hydrographs all
indicate that the Grand Prairie water supply has been augmented by the development
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of the navigation pools on the Arkansas River. The contrast between river stage
elevation and the potentiometric surface of the groundwater system creates a hydraulic
gradient in which water flows from the river to the alluvial aquifer. The water moves
into the aquifer through riverbank storage and floodplain percolation, then flow down-
gradient toward the center of the cone of depression in the Grand Prairie near Stuttgart
and DeWitt.

Another observed case of stream capture is in the alluvial aquifer along the Cache
River west of Crowley’s Ridge. As early as 1981, digital-model analysis indicated that
430,000 acre-feet per year of water was being removed from the Cache River basin into
the alluvium as a direct result of agricultural pumping. (Broom and Lyford, 1981)

In 2003, the USGS groundwater flow model reported data was evaluated to
determine the volume of White River flow being diverted/intercepted by irrigation
wells in the Mississippi River Valley alluvial plain. 20,231,644 cubic feet per day is the
volume of river flow that is indirectly withdrawn from the White River due to stream
capture and reduced base flow to the river from the aquifer. (ANRC file data, 2003)

Wetlands may best be understood to be a natural expression of a high water table,
often in an area where the surface material is of low permeability. The role of wetlands
as a source of groundwater recharge is minor compared to other factors in the overall
water budget. In one wetland study in the Cache River Basin, groundwater flow was a
minor component of the water budget, accounting for less than one percent of both
inflow and outflow. (Gonthier and Kleiss, 1996)

The Fall Line

One of the most significant geophysical features found in Arkansas is commonly
referred to as the “fall line”.  “This line is one of the most strongly marked
physiographic and cultural lines on the surface of the globe.” (McGee, American
Journal of Science, 1888) This line (Figure 11) generally runs from near Pocahontas in
northeastern Arkansas through the center of the State at Little Rock, then southwest to
just north of De Queen on the Oklahoma border. The line represents a very important
geological, topographical and hydrological transition within our State, and has
impacted every aspect of it including the development of cities, roads, railroads, power
generation, agriculture, and even our cultural development.

The fall line has been defined in many different ways for many years. It is most
typically observed as a line on a map of Arkansas which separates the consolidated
formations of the Interior Highlands from the typically unconsolidated formations of
the Gulf Coastal Plain and the Mississippi River Valley alluvial plain. Perhaps the best
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and earliest documented definition is - the “fall line of rivers”, which is the
demarcation between the Piedmont Plateau (Interior Highlands) and the Coastal Plain
(McGee, 1888). It seems to be most easily defined as the upper limit of navigation, and
the lower limit of water power. Keep in mind that when originally discussed, the
navigation referred to was steamboats, and the water power was not hydroelectric
plants, but rather was referring to saw mills and grist mills powered by large water
wheels. An interesting description has been provided by Mr. Gilbert Thompson, with
the Philosophical Society of Washington, April 24, 1886. It reads as follows:

“If we follow the course of any river in the eastern part of the United States, south of
New England, from its source to the sea, we discover that at a certain point is ceases to
be rapid and turbulent, and becomes broad and slow moving, and in many cases an
estuary of the sea. At this point where this change occurs there is usually a fall or rapid.
The familiar local example is the Potomac at Little Falls. I have traced this fall line from
near Troy, N.Y., southward by the interior cities of Washington, Richmond, Columbia
and Montgomery, and thence to the Muscle Shoals of the Tennessee River. It is always
the lower limit of water power and often the upper limit of navigation, and is therefore
marked, and destined to be marked, by cities and towns of importance.”

Mr. Thompson, comments further on the nature of the fall line in the southern U.S.
that - “This line becomes less distinguishable southward, so that instead of a constant
fall line there are many rapids extending over a long distance of the river’s course.”
(Thompson, 1888)

Some geologists define the fall line based on stratigraphy and petrology. In this case,
the fall line is defined as the eastern most outcrop of consolidated Paleozoic formation.
In northeastern Arkansas, the fall line can be described in terms of stratigraphy and
lithology as the contact of the Ordovician limestone, dolostone, and chert with the sand
and clay of the Mississippi Embayment. Further to the southwest, the contact of the
Bloyd shale and the alternating flysh deposits, of sand and shale of the Atoka
formation.

Though by purest definition the fall line is a hydrologic feature, the extent of
consolidated formation does in fact directly influence the occurrence of the “fall line of
rivers”.

In Arkansas, from Arkadelphia to the Oklahoma state line, the fall line ceases
altogether as a stable feature, and is replaced by a series of slight rapids that are
obliterated in highest water (Branner, AGS, 1888). It should be noted that the
alteration of hydrologic basins can change the fall line location and significance. For
instance, the construction of the McClellan-Kerr Navigation System on the Arkansas
River has significantly changed the prominence of the fall line in the Arkansas River
Valley. The fall line was once in the vicinity of Little Rock as evidenced by the location
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of sites such as the historic “Old Mill” in North Little Rock. The development of
navigational pools on the river has more or less created a series of artificial falls where
the lock and dams are now located and at some of these, hydroelectric plants are in
place. In this sense, Murray Lock and Dam (#7) could now be the most exact
representation of the fall line. Another easily observed expression of the fall line is the
series of rapids which occur just a few hundred yards northwest of Interstate 30 at
Rockport, Arkansas.

At the fall line of rivers, the topography becomes less mountainous and more fitting
for travel. Therefore, early Native Americans traveled along the fall line marking a
trace later to be known as the Southwest Trail. In time this trail would be used by early
travelers explorers like the Spanish explorer DeSoto. “Spanish diggings” are noted
along the trail in Saline and Hot Springs Counties (Griswold, 1890), and some accounts
state that DeSoto panned for gold near the strange rocks along the Little Missouri River
near Murfreesboro. He seems to have had the right location, but looked for the wrong
mineral. As history has since revealed, the igneous intrusion of kimberlite/lamproite in
this area was found to produce diamonds of excellent quality. The first of these
diamonds were found by John Huddleston in 1906. (Howard, 1989) In 1819, naturalist
Thomas Nuttall noted the existence of a “great road to the southwest” which connected
St. Louis to what is today Monroe, LA. (Nuttall, 1821) The trail also became a major
travel corridor as part of the “Trail of Tears”, and for Civil War soldiers along a portion
known as the Old Military Road.

Groundwater Policy Development

“In wealth of natural resources, no kingdom of Europe can compare with the
Mississippi Valley... It is politically and commercially more important than any other
valley on the face of the globe.” President Theodore Roosevelt, October 4, 1907,
Memphis Tennessee.

Arkansans have long recognized the value of all its natural resources including its
water resources. Water policy has developed around the strong desire to use, conserve,
and protect these valuable water resources. The Arkansas Natural Resources
Commission is the State’s primary water resources planning and management agency.
Its purpose is defined as follows:

The commission establishes policy that makes funding and regulatory decisions

relative to soil conservation, nutrient management, water rights, dam safety and water
resources planning and development.
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The Arkansas General Assembly enacted the nation's first conservation district law
in 1937. This law provided landowners with a mechanism for creating local political
subdivisions of the State of Arkansas to conserve land and water resources.

The organization that became the Arkansas Natural Resources Commission resulted
from the General Assembly's decision to abolish the Water Conservation Commission
and the Water Compact Commission in 1963. This Act transferred all functions, powers,
and duties of those commissions and the Arkansas Geological and Conservation
Commission's authority with regard to soil conservation and flood control, to the
Arkansas Soil and Water Conservation Commission.

In 1971, the General Assembly reorganized the Arkansas government and
transferred the Commission to the Department of Commerce. However, the
Department of Commerce was abolished in 1983, and the Soil and Water Conservation
Commission became an independent agency, functioning in the same manner as it had
prior to its transfer.

Because the Commission already had responsibility for other state water and sewer
infrastructure loan and grant programs, the construction Assistance Revolving Loan
Fund Program of the Arkansas Department of Environmental Quality was transferred
to the Arkansas Soil and Water Conservation Commission in 2001.

In 2005, at another time when state re-organization of the executive branch seemed
imminent, the Arkansas Soil and Water Conservation Commission remained the
Arkansas Natural Resources Commission.

The Arkansas Natural Resources Commission is composed of nine members
appointed by the Governor and confirmed by the Senate. The members serve staggered
seven-year terms of office. Each of Arkansas's four congressional districts is represented
by two commissioners with the ninth commissioner holding an at-large position.

The Executive Director is appointed by, serves at the will of, and reports to the
Governor. Commission employees are divided into three major divisions, Conservation,
Water Resources Development and Water Resources Management, which are assisted
by the Legal and Fiscal Sections.

Arkansas water resources policy, and related programs, has developed largely in
response to issues such as drought, overdraft, and flooding. With an average rainfall of
approximately 50 inches per year, Arkansas is a water-rich state. However, many
catastrophic water-resources events have occurred and water policy has emerged in
response to these. Long-term unsustainable water use for industry, municipal water
supply, and the agricultural economy of eastern Arkansas has also brought about water
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depletion issues. Water law, policy, and programs were developed accordingly, and a
summary of this development is described here.

One of the first documented water resources reports was published in 1939 by the
Arkansas State Planning Board. This report titled “Arkansas Water Resources”
identified the social and economic importance of our State’s water resources, and
recognized the lack of basic hydrologic data. At this time there was only a minimal
amount of data being gathered. The United States Geological Survey worked in
cooperation with the Arkansas Geological Survey and the State Highway Department
to collect stream gage data, while the State Board of Health collected some water-
quality data. The report stated that - “Present data, in the hands of State governmental
agencies, are entirely too meager to make possible the preparation of a complete plan,
and this deficiency has been indicated at several places in this report.” This report is
one of the first documents to identify a groundwater depletion problem in the Grand
Prairie, and to suggest a study of augmenting well water in the rice producing area with
a diversion and importation of water. Also of great importance, the report called for the
establishment of a permanent Water Resources Commission.

Arkansas water policy has evolved over the past few years in response to significant
groundwater level declines observed in the eastern Arkansas alluvial plain and
southern Arkansas Gulf Coastal Plain region. Water law has been developed by
working closely with Arkansas water users and with a strong underlying desire to
reach the necessary goals of a sustainable yield by voluntary, incentive based methods.

The most current version of the Arkansas Water Plan was developed in 1990, and
advocates conservation, education, and the development of excess surface water as the
primary means of groundwater protection in the State. However, it is also recognized
that regulation should always be reserved as a last-resort for water-resources
protection. In February of 1991, the Arkansas Ground Water Protection and
Management Act was signed into law. This law provided the Arkansas Soil and Water
Conservation Commission, the Arkansas Natural Resources Commission since 2005,
with authority to designate critical groundwater areas. This law mandated that the
Arkansas Soil and Water Conservation Commission (ASWCC) evaluate the condition of
the State’s aquifers on a biennial basis, and make recommendations concerning safe
yield and the designation of critical ground water areas. The ASWCC works with the
Arkansas District of the U.S. Geological Survey, the Natural Resource Conservation
Service, and the Arkansas Geological Commission to monitor water levels and water
quality in a network of over 1200 wells Statewide, in order to make this evaluation of
the State’s ground water resources.

Current state policy, as outlined by the 1975 and 1990 water plans, is to provide for
the unmet demand through the practices of conservation, education, and the use of
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excess surface water. Arkansas utilizes approximately 3 percent of the surface water
that flows through the State, and excess surface water has been calculated. To achieve a
sustainable yield pumping rate from groundwater in Arkansas, excess surface water
must be utilized. Without this surplus water, the only option identified by
groundwater flow modeling (Czarnecki, 2008) is to voluntarily reduce, or restrict
pumping from an estimated 25,000 of the 49,558 registered irrigation wells in eastern
Arkansas.

The Arkansas Water Plan from 1990 has guided water policy toward conservation,
education, and the use of excess surface water in a conjunctive use pumping strategy in
an effort of achieving water use needs without adversely impacting in-stream flow or
the sustainable yield of groundwater. It must be noted that the implementation of this
policy, especially with respect to the use of excess surface water, has progressed quite
slowly. Therefore, the withdrawal of groundwater remains at a rate that is not
sustainable and water-levels continue to decline at a critical rate throughout much of
the State. The success of Union County in using excess surface water is proof that this
policy is extremely successful. However, this water use strategy has not yet been fully-
implemented in Arkansas.

Historically, the Arkansas Soil and Water Conservation Commission (ASWCC) has
been an advocate of voluntary conservation programs as a proper response to water
resources depletion issues. At the February 18, 1999 meeting of the ASWCC,
Commissioner Neal Anderson of Lonoke made a motion for a unanimous vote by the
ANRC to “encourage continued voluntary conservation efforts pursuant to the
Arkansas Water Plan and the Arkansas Ground Water Protection and Management Act,
and opposes any efforts to enhance the regulatory powers available to it under the
Ground Water Protection and Management Act”. The motion passed as stated and was
termed Resolution 99-2. In so doing, the ANRC established precedent of opposition
against water use allocation, and indirectly, of support for the policy of development of
excess surface water to meet water use needs. This action emphasized the ASWCC
commitment made to individuals in the agricultural areas of the state, that it would not
advocate water use regulation, but would continue to support conservation, education,
and the use of excess surface water to reach our state’s water resources goals.

As Arkansas water resources policy and law continue to develop, important issues
must be considered. These issues will benefit Arkansas best, if they are framed with
good science and knowledge of the complex hydrology of this State. Any effective
water policy will continue to recognize and build on the process of the Arkansas Water
Plan, relying on conservation, education, and the conjunctive use of groundwater and
excess surface water, both within sustainable levels that protect all water users and
water use needs. Future water policy in Arkansas must recognize that the State’s
aquifers are still being pumped at a rate that is above sustainable levels. Current
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groundwater use trends rely on stream capture late during the irrigation season when
base flow to streams is extremely vulnerable with respect to in-stream flow needs. The
current Arkansas Water Plan (1990) advocates the use of excess surface water, which
would provide alternate agricultural water supply during the “wet season” when
Arkansas has a great abundance of surface water flow through its stream channels and
over its floodplains. During such periods of high-flow, surface water is available for
capture and on-farm storage, therefore protecting the in-stream flow needs during the
more-vulnerable times of the year.

In the absence of such alternative water supply, agricultural practices will have to
adapt to reduced groundwater availability. In areas of the most significant groundwater
decline, litigation between water users will occur. At some point in the future, there
may be increased interest in a legislated solution, such as state issuance of permits for
groundwater use.

Critical Groundwater Areas:

On February 20, 1991 the General Assembly of the State of Arkansas enacted the
Arkansas Groundwater Protection and Management Act (Arkansas Code sec. 15-22-901
et seq.). This Act provided the Arkansas Soil and Water Conservation Commission
(Commission) with additional groundwater protection and management authority to:
designate critical groundwater use areas, establish the authority for withdrawals,
establish ground water rights, set fees, and provide a mechanism for local ground water
management. As a result of this action, the Commission began updating the Arkansas
Water Plan on a yearly basis focusing on ground water protection concerns. This is
accomplished through annual data collection and analysis from a statewide monitoring
network of approximately 1200 wells. This information is presented in an annual
report, and includes recommendations to the Commission concerning critical ground
water areas.

Critical groundwater area criteria are evaluated by the Commission staff each year,
to determine if water levels are declining or if water quality is becoming degraded.
The specific criteria include; water levels declining at a rate of one foot per year or
more, water levels have declined to below the top of the formation (below 50 percent
saturated thickness for an unconfined aquifer), and water quality is becoming
degraded. These criteria were selected by a group of geologists and hydrologists in
Arkansas who had extensive background working with groundwater programs.
Agencies represented included the Arkansas Natural Resources Commission, Arkansas
Geological Survey, Arkansas Department of Environmental Quality, Arkansas
Department of Health, and the US Geological Survey. Each criterion was selected based
on observation of hydrologic trends in areas where cones of depression had developed,
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and a long-term history of water-level declines. Other factors considered are ground
water flow model projections and the safe yield of the aquifer.

Once a critical area designation is recommended, the Commission conducts public
hearings in accordance with the Administrative Procedure Act. These hearings are
held in each critical area county, and where requested by interested parties. Comments
are taken in oral or written form and evaluated by the staff. ~After consideration or
these comments, the Commission decides on whether or not it is appropriate to
designate the proposed area as critical. Once in place, the Commission is able to focus
resources in the critical area and provide greater protection and management of the
resource. Critical area designation is a positive step toward ground water protection
which emphasizes prevention, and a coordinated effort focusing on conservation and
education programs. Groundwater modeling efforts are enhanced, and additional
monitoring is conducted.

Regulation is not automatic with critical area designation. This is a separate process
requiring another round of analysis, reporting, and public hearings. The Commission
has always hoped to protect our state’s valuable ground-water resource through
conservation programs, and the development of excess surface water to sustain future
water use needs.

Since enactment of the Arkansas Ground Water Protection and Management Act, the
ANRC has designated three critical ground water areas in Arkansas. The first critical
ground water area was delineated in 1996, in a five county area in South Arkansas for
the Sparta Sand formation. The second area was designated in 1998 for a six county
area surrounding the Grand Prairie in East-Central Arkansas for the alluvial and Sparta
Sand formations, and the latest critical area was designated in 2009 for the Cache area
west of Crowley’s Ridge for both the alluvial and Sparta/Memphis aquifers. The
designation of a critical ground water area allows federal, State, and local groups to
work together in providing a managed and protected resource for current and future
water users by focusing on conservation and education. Critical area designation also
allows State and federal agencies to focus cost share and tax incentives for conservation
projects within those areas. Critical area designation does not involve regulation of
water use or well drilling. It is a proactive action, which focuses on the prevention and
mitigation of problems associated with ground-water level declines and groundwater
quality degradation. The most effective tools, which the State is currently using, are
education programs, conservation tax incentives, and the development of alternative
surface water supplies and a conjunctive use strategy.
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Fig.10

Long-term Groundwater-level Trends

Groundwater flow models have been used to determine the predevelopment-
potentiometric surface of the Mississippi River Valley alluvial aquifer. Such model
scenarios have shown that water levels in non-pumping wells generally were within 20
feet of land surface. (Broom and Lyford, 1981) Early records show significant
withdrawals beginning around 1910, and drawdowns in the potentiometric occurred in
response. As early as 1929, water-level declines were attributed to irrigation water use.
(Engler, 1945)
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Fig. 11

Figure 12 is a water-level change map for the alluvial aquifer in the Grand Prairie area
of eastern Arkansas. This map was produced from an unpublished potentiometric
surface map of the alluvial aquifer in 1915, as compared to the 1953 surface for the same
area. (Baker, 1955) Figure 15 is a water level change map for the alluvial aquifer from
1938 to 1953 in all of the Mississippi Embayment north of the Arkansas River.
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Fig. 12

An early source of documented groundwater level declines is from unpublished
maps produced by T.J. Fricke, as referred to by R. C. Baker in the 1955 US Geological
Survey Report “Arkansas’ Ground-Water Resources.” In this report, Fricke compares
groundwater levels from 1953 to estimated levels from 1915. These observations
indicated groundwater declines throughout much of the Grand Prairie, with some as
much as 60 feet.
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Fig. 14

As early as 1927, the US Geological Survey was approached by Arkansas Senator
Caraway, with concerns that some farmers are saying - “well water levels had been
going down more or less continuously” in the Grand Prairie. In 1929 and again in 1931,
US Geological Survey, Senior Geologist David Thompson, released hydrogeologic
reports including a “Memorandum for the Press”, a report on groundwater supplies for
rice irrigation in the Grand Prairie. In these reports, Thompson stated that by 1929
water levels had been lowered over a large portion of the prairie, and a big depression
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in this water surface was observed in which “water was flowing in from all sides”. This
is the first description of the cone of depression that exists in the Grand Prairie until the
present time. Mr. Thompson actually identifies that there were two initial cones of
depression, one north of Stuttgart, and another a few miles to the southeast. Mr.
Thompson goes on to say that “water was being pumped out here faster than it could
flow in from the outer lying areas”.

One indication of historically higher groundwater levels comes from the report
“Arkansas Water Resources” published in 1939 by the Arkansas State Planning Board.
This report indicates that there are 1,000 wells in the Grand Prairie “rice producing” are
of eastern Arkansas, and that these wells are all in the range of 85 to 100 feet in depth
and have very high yields. Water well construction reports from 2010 - 2012 indicate
an average depth for this same area that is consistently over 110 feet, and often much
deeper.

One of the first known potentiometric maps of the alluvial aquifer of eastern
Arkansas was produced by H. B. Counts and Kyle Engler of the U.S. Geological Survey
and the Arkansas Agricultural Experiment Station respectively (Figure 15). This water
level map shows the existence of a cone of depression in the Grand Prairie area in 1939.
The accompanying map for 1953 shows the cone of depression and how it has grown in
the 14 year period. This figure shows the change in water levels in the alluvial aquifer
over this period including a large area with declines of 20 feet or more. This report
identifies that the major reason for these declines is withdrawal for rice production.
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Fig. 15

In 2010 long-term water-level changes were evaluated using hydrographs from 173
wells in the alluvial aquifer for a period from 1984 to 2008. The mean annual change in
water level for the alluvial aquifer in eastern Arkansas was a decline of 0.38 feet per
year. These water-level changes varied considerably across the study area, such as in
Cross and Lonoke counties where declines averaged about 1.5 feet per year. For the
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same approximate time period 157 hydrographs were produced for wells in the Sparta
aquifer. The mean change for this period was a decline of up to 1.5 feet per year in
Arkansas, Bradley, Cleveland, Jefferson, Poinsett, and Prairie counties. A cone of
depression in the 1995 potentiometric surface of the Sparta aquifer was observed in
western Poinsett and Cross counties which were caused by withdrawals for irrigation.

In 2011, a US Geological Survey groundwater-flow model of the Mississippi
embayment was used to evaluate changes in water-level altitudes in response to the
addition of wells in the Bayou Meto - Grand Prairie area. This scenario was developed
to evaluate the trend of developing deep water wells in the study area, as an alternative
to the alluvial aquifer as an irrigation water supply. The increase in deep, Sparta wells,
in the study area created a significant decrease in water-levels. Declines averaged from
40 to 50 feet in the Sparta aquifer, with a maximum of 102 feet in Lonoke County.
These declines were shown to directly impact public supply wells in the area. (Clark,
Westerman, and Fugitt, 2011)

Groundwater Use Trends

Arkansas groundwater use became important on a large-scale with the development
of the rice industry of eastern Arkansas.

According to Thomas Nuttall (Nuttall, 1821), rice and other grains had already been
grown in the vicinity of Arkansas Post by the time of his journey through the
Mississippi River Valley alluvial plain of eastern Arkansas. According to Nuttall,
“...rice has been tried on a small scale and found to answer every expectation. Under
the influence of a climate mild as the South of Europe, and a soil equal to that of
Kentucky, wealth will ere long flow, no doubt, to the banks of the Arkansa.”

In 1896 W.H. Fuller observed a successful rice operation in southern Louisiana and
was so impressed that he bought rice seeds and brought them back to the Carlisle area
of eastern Arkansas and in 1897, planted 3 acres which he irrigated with two 4-inch
wells. By 1904 Fuller had planted 70 acres of rice and proved once and for all that the
conditions were right for its production. This was the beginning of rice-based economic
development in the Grand Prairie of eastern Arkansas. In 1906 about 4,000 acres of rice
were harvested in the area producing an average of 55 to 60 bushels per acre. The
region’s first mill, the Stuttgart Rice Mill, opened in October, 1907. (Gates, 2005)

By 1915 there was an estimated 135,000 acres of rice being produced in the Grand
Prairie. By 1954 there were 450,000 acres. (Baker, USGS, 1955) Rapid growth was
observed throughout all of eastern Arkansas and Stuttgart became known as the rice
capitol of the world. By 2008, 6.5 million acres were being cultivated annually for crops
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in eastern Arkansas with an average of 1.3 to 1.6 million acres of irrigated rice (NASS,
2007).

According to the report “Arkansas Water Resources”, by the Arkansas Planning
Board, 1939, groundwater withdrawals in Arkansas in 1936 were about 321 million
gallons per day (mgd). 301 million gallons per day were used for irrigation of rice.
Most of the remaining groundwater use was used to provide drinking water for 304,989
individuals statewide. Total groundwater use had increased to 685 mgd by 1953 and
continued to increase until the maximum withdrawal amount reached 7510 mgd in
2005. It should be noted that the estimated sustainable yield for the State’s major
aquifers was reached in the late 1970’s.

By 1980 Arkansas groundwater use had exceeded its estimated sustainable yield
from its two major aquifers, the Mississippi River Valley alluvial aquifer (alluvial
aquifer) and the Sparta/Memphis Sand aquifer. In 1980 withdrawals from the alluvial
aquifer were approximately 3860 mgd. This same year, withdrawals from the Sparta
aquifer were approximately 142 mgd.

In 2009, Arkansas groundwater use had increased to 6070 mgd with about 5900 mgd
being used for irrigation. There are currently 49,558 registered wells in Arkansas. Of
these, 48,599 are irrigation wells, 699 are public supply wells, and the rest are for
industrial, commercial, and mining purposes. There are also an estimated 170,000
private domestic wells serving about 680,000 individuals in Arkansas. These wells are
exempt from registration requirements.

Recent water use trends can also be evaluated by comparing water well construction

reports, as submitted by law, to the Arkansas Water Well Construction Commission
program staff. The chart below categorizes the reports for 1975 and 2012.

Table 1. Statewide Water Well Construction Reporting

1974 2012
Domestic 4491 523
Irrigation 548 1971
Municipal 35 12
Miscellaneous 150 265

Total 5224 2771
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These numbers indicate a decline in water well construction in Arkansas for this 38
year period. Though the construction of large irrigation wells increased significantly, it
was not enough to match the dramatic decrease in rural domestic well construction.
This is the direct result of the drastic increase in the development of public water
supply systems statewide.

Total Ground Water Use in Arkansas
1936 - 2010

Million Gallons / Day

Fig. 16

Of great concern to groundwater program managers and water users is the trend of
drilling deep wells in the Grand Prairie, as an alternative supply for alluvial aquifer
wells which have become unproductive due to water-level declines. This practice will
place greater stress on an aquifer that has much less capability of providing water to
wells due to its low storage as compared to the high specific yield of the unconfined
alluvial aquifer.

A comparison of the volume of water available to wells developed in the Sparta and
alluvial aquifers is summarized in the following table. Based on these basic calculations
the volume of water available from the Sparta aquifer, with a storage coefficient of .0001
is .06 acre-feet per square mile with one foot of saturated thickness. While the alluvial
aquifer, with a specific yield of .3, yields 192 acre-feet of water for the same area and
saturated thickness. This simple comparison shows the vast difference in available
water from the confined Sparta aquifer and the unconfined alluvial aquifer.
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Fig. 17

Table 2 shows the number of wells constructed in the Grand Prairie counties during
selected years. This data indicates a trend of drilling more of the deep wells into the
Tertiary formations such as the Cockfield and Sparta/Memphis aquifers. Likewise,
table 3 shows a 45 percent increase in the number of deep registered wells in these
counties from 1985 to 2012.

Table 2. Deep Water Wells Constructed in Grand Prairie Area

County 1974 1995 2000 2012
Arkansas 4 0 1 2
Lonoke 1 12 32 17
Prairie 1 12 11 4
Total 6 24 44 23

Table 3. Registered Groundwater withdrawals from the Sparta/Memphis aquifer in
Arkansas, Lonoke, and Prairie counties, 1985-2010.

County 1985 1990 1995 2000 2005 2010

Arkansas 100 99 97 94 98 196
Lonoke 29 29 41 47 58 o7
Prairie 42 42 45 43 43 48
Total 171 170 183 184 199 311
Source: US Geological Survey/ ANRC water use registration data
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Summary of Potable Groundwater Use in Arkansas

ALLUVIAL AQUIFER

The Alluvial aquifer (alluvial aquifer), mainly used for irrigation, serves a combined
retail population of 291,887 Arkansans in seventy-eight (78) community public water
systems (CPWS) in twenty-four (24) counties— Arkansas, Ashley, Clay, Craighead,
Cross, Desha, Faulkner, Hempstead, Independence, Jackson, Lawrence, Little River,
Logan, Lonoke, Mississippi, Pike, Phillips, Poinsett, Prairie, Pulaski, St. Francis, White,
Woodruff, and Yell (55 independents and 23 buyers).

This number includes a few CPWS, like Lonoke, with a roughly equal number of
wells in the Alluvial and other aquifer systems. It also includes Jacksonville and Cabot,
which either obtain or will obtain over 50% of their water supply from Lakes Maumelle
and Winona through Central Arkansas Water after 2010. [Both utilities will continue to
use their wells indefinitely.]

The combined average water demand from the 55 independent CPWS is 48,981,900
GPD. However, this excludes Arkansans who rely solely on private household wells in
the alluvial. According to a 2012 ANRC study, there are an estimated 210,982
Arkansans who use private wells instead of public water, and 10%, or 21,000, of them
tap into the alluvial, which would bring the total to 312,000 Arkansans. (Some sources
place the percentage of private well owners in the alluvial aquifers high as 20%.)

As much as 250 feet thick in parts, the alluvium is composed of coarse sand and
gravel at the base that grades upward to silt and clay near the surface. Alluvial wells
are generally 100 to 150 feet deep (maximum depth 200 feet) and generally yield 1,000
to 2,000 GPM (480,000 to 960,000 gallons in 8 hours)—up to a maximum rate of 5,000
GPM.

The hard ground water averages 246 parts per million (ppm) in calcium carbonate,
and over 1 ppm in iron. In parts of Chicot, Desha, Lincoln, Monroe, and White
Counties, the water may contain as much as 3,750 ppm of dissolved solids, restricting
its usefulness for irrigation.
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COCKFIELD AQUIFER

The Cockfield aquifer serves a combined retail population of 21,752 Arkansans in
eighteen community public water systems (CPWS) in seven counties — Ashley, Bradley,
Chicot, Cleveland, Columbia, Dallas, and Grant (ten independents and eight buyers).
This number includes a few CPWS that buy water from one or more utilities with a
roughly equal number of wells in the Cockfield and other aquifers. However, it does
not include Arkansans who own private household wells in the Cockfield. The
combined average water demand from the ten independent CPWS is 2,586,000 GPD.

The Cockfield formation consists of inter-bedded fine to medium sand, clay, and
lignite, and may be up to 400 feet thick in Chicot and Desha Counties. It is confined
(except in the outcrop). The water is soft, of a sodium bicarbonate or sodium chloride
type, and generally suitable for most industrial uses as well as drinking water. But it
may contain more than 0.3 mg/L of iron in places. In parts of extreme southeastern
Arkansas, it contains over 1,800 parts per million of chloride.

Wells in the Cockfield are typically 350 to 500 feet deep but may be up to 700 feet in
depth. They typically yield 100 to 350 GPM (48,000 to 168,000 gallons in 8 hours) —but
may exceed 500 GPM.

SPARTA AQUIFER

The Sparta Sand aquifer serves a combined retail population of 380,741 Arkansans in
one hundred sixty-nine (169) community public water systems (CPWS) in thirty-three
counties— Arkansas, Ashley, Bradley, Calhoun, Chicot, Cleveland, Columbia, Cross,
Dallas, Desha, Drew, Grant, Hot Spring, Independence, Jackson, Jefferson, Lafayette,
Lee, Lincoln, Lonoke, Miller, Mississippi, Monroe, Nevada, Ouachita, Phillips, Poinsett,
Prairie, Pulaski, Saint Francis, Saline, Sharp, and Union —one hundred twenty-one (121)
independents and forty-eight (48) buyers. The combined average water demand on the
Sparta from the independent CPWS is 49,057,000 GPD. (NOTE: Lonoke and Magnolia
obtain only about half their water from the Sparta.)

The Sparta formation is the middle stratum of the Claiborne Group, made of massive
fine to medium sands with inter-bedded clay lenses and lignite, and is up to 800 feet
thick. It is confined between the overlying Cook Mountain Formation and underlying
Cane River Formation. Sparta wells are generally between 500 and 1,000 feet deep
(maximum depth 1,200 feet) and typically yield 500 to 1,500 GPM (240,000 to 720,000
gallons in 8 hours) —up to a maximum rate of 3,000 GPM.
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The Sparta not only covers eastern Arkansas and northern Louisiana, but also
western Tennessee and western Mississippi, where it is often referred to as the
Memphis Sand or the “500-foot sand”. The increased thickness of the Memphis Sand is
the result of a lithofacies change which occurs approximately at the 35t latitude line in
eastern Arkansas. Here the Cane River formation changes from a clay confining strata
to a primarily sand layer, therefore combining with the overlying Sparta Sand and the
underlying Carrizo Sand to form the thicker stratum. The Sparta is the second most
productive aquifer in Arkansas (after the alluvial), and by far the most productive
among confined aquifers. About 70% of all Sparta wells in Arkansas are used for
irrigation or paper production.

Some of the utilities listed below, such as Fountain Hill, have a problem with color in
their water.

Unfortunately, the irrigation wells and paper mill wells have led to overdrawals or
“mining” (forcing the aquifer to produce above its sustainable yield). The Arkansas
Natural Resources Commission and U.S. Geological Survey have recorded 320-foot
declines in the Sparta water level since well records were first kept in Columbia,
Jefferson, and Union Counties. In some cases, saline water has contaminated the Sparta
due to these declines.

WILCOX AQUIFER

The Wilcox aquifer is the principal source of residential drinking water for an
estimated 136,062 Arkansans in fifty-five (55) community public water systems (CPWS)
in twelve counties — Clark, Clay, Craighead, Crittenden, Greene, Lawrence, Mississippi,
Nevada, Poinsett, Randolph, St. Francis, and Saline (43 independents and 12 buyers).
The combined average water demand from the 44 independent CPWS is 17,810,000
GPD.

This number includes a handful of CPWS that buy water from one or more utilities
with a roughly equal number of wells in the Wilcox and other aquifers. However, it
does not include Arkansans who rely solely on private household wells in the Wilcox.

Though it runs throughout most of the Coastal Plain in Arkansas, this generally
confined aquifer of fine to medium sand, silt, clay, and lignite is a major water source
only in eastern and northeastern Arkansas, where it is referred to as the “1,400-foot
sand.” The water is a soft, sodium bicarbonate type but saline in down-gradient areas.
Withdrawals are primarily for public and industrial supplies.
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Wells in the Wilcox are typically 750 to 1,100 feet deep (maximum depth 1,500 feet).
They typically yield 50 to 500 GPM (24,000 to 240,000 gallons in 8 hours)—up to a
maximum rate of 2,000 GPM in Crittenden and Mississippi Counties.

NACATOCH SAND AND
TOKIO AQUIFERS

The Cretaceous sands of the Nacatoch aquifer and the Tokio aquifer are the principal
sources of residential drinking water for an estimated 43,591 Arkansans in 26
community public water systems (21 independents and five buyers) in six counties—
Clay, Greene, Hempstead, Howard, Randolph, and Sevier. The 26 independents have a
combined average water demand of 5,395,300 gallons per day (GPD).

This number includes Hope, a special case, which obtains most of its water supply
from Lake Millwood but still depends on its nine wells in the Nacatoch Sand and Tokio
formation to supplement its supply, especially during summer months. However, this
number does not include Arkansans who rely on private household wells in the
Nacatoch Sand or Tokio.

The Nacatoch Sand and Tokio are confined aquifers, consisting of massive cross-
bedded sand, limestone lenses, and calcareous clay. During the 1970s, water level
declines exceeding 40 feet were observed at Prescott in Nevada County as a result of
large municipal withdrawals, prompting Prescott to switch to the Little Missouri River.

The typical Nacatoch or Tokio well is 500 to 800 feet deep (but may exceed 1,100 feet)
and yields 150 to 300 GPM (up to 500 GPM). It is equivalent to the McNairy aquifer in
Missouri. The ground water is of a soft, sodium bicarbonate type (less than 30 ppm of
hardness as calcium carbonate) and contains less than 500 ppm dissolved solids in the
freshwater areas, but may be saline in downdip areas.

ATOKA AND
MISSISSIPPIAN AQUIFERS

The Pennsylvanian stratigraphic system, which includes the Atoka aquifer, and the
Mississippian system aquifer, serves a combined retail population of 6,878 Arkansans in
seven independent community public water systems (CPWS) in six counties — Cleburne,
Craighead, Cross, Newton, Perry, and Poinsett —not including Arkansans who rely on
private household wells in the Carboniferous. The combined average water demand
from the seven CPWS is 631,000 GPD.
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OZARK AQUIFER

The Ozark Aquifer System, which includes the Gasconade-Van Buren (Gunter
Sandstone member), Roubidoux, Everton, Cotter Dolomite, Potosi Dolomite, Powell
Dolomite, and other formations, is the principal source of residential drinking water for
an estimated 73,863 Arkansans in eighty-five (85) community public water systems
(CPWS) in thirteen counties— Baxter, Benton, Boone, Carroll, Fulton, Izard, Lawrence,
Marion, Newton, Randolph, Searcy, Sharp, and Stone—consisting of eighty-one (81)
independents and four (4) buyers. This number does not include Arkansans who rely
on private household wells in the Ozark Aquifer.

The aquifer system consists primarily of dolomite, sandy dolomite, and sandstone,
and is the only significant aquifer system in the Interior Highlands. The Gunter
sandstone member, which belongs to the Van Buren Formation, and the Roubidoux
formation do not crop out in Arkansas.

The Roubidoux is 100 to 250 feet thick and ranges from 600 feet deep at the Missouri
state line to 2,300 feet deep at its southern limit around longitude 360. The Gunter is 50
feet thick and lies 300 to 600 feet below the Roubidoux. The massive dolomites between
these two formations do not yield significant water.

Wells in the Ozark are typically 600 to 2,400 feet deep (maximum depth 3,000 feet)
and typically yield 150 to 300 GPM (up to a maximum of 500 GPM). Ground water in
the Ozark aquifer system in Arkansas contains up to 1,000 parts per million of dissolved
solids and is of a hard or very hard calcium-bicarbonate type. (Polk, 2012)

Water Rights Summary

With respect to Arkansas water rights, Arkansas follows the "reasonable use" theory
of water use by riparian--landowners whose property borders a watercourse, stream, or
lake. See Meriweather Sand and Gravel Co. v. State, 181 Ark. 216, 26 SW. 2d 57 (1930).
Landowners may beneficially use water as long as they do not cause unreasonable
damage to fellow riparian land owners. See Id. The right to use surface water is incident
to the ownership of riparian property. Id at 226. It is appropriate to note that riparian
rights are usufructuary, not actual ownership of the water, but a property right that is
shared and protected by constitutional due process. Id at 230-31. Arkansas Statutory
law delineates water use priorities in the order of sustaining life, maintaining health,
and increasing wealth (Ark. Code Ann. §15-22-217(c)). Household use is given the
highest priority, and use of over 1 acre-foot of water per year requires registration
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through the Commission or your local conservation district. Ark. Code Ann. §15-22-301,
et. seq.

Groundwater is also subject to some regulation under the Arkansas
Groundwater Protection and Management Act, which provides for the establishment of
"critical groundwater areas" and under certain circumstances, the initiation of a
regulatory program. Ark. Code Ann. §15-22-901, et seq. Groundwater is also subject to
the reasonable use doctrine. The common law of groundwater rights and the
reasonable use concept was defined in 1957 when the Arkansas Supreme Court decided
on a case, Jones vs. Ozark-Val Poultry Co. In this case the court directly applied the
riparian rights reasonable use rule to groundwater by stating, “ As to water rights of
riparian owners, this State has adopted the reasonable use rule. We see no good reason
why the same rule should not apply to a true subterranean stream or to subterranean
percolating waters.” . Jones vs Ozark-Val Poultry Co., 228 Ark. 76, 79, 306 SW. 2d 111, 113
(1957). This wording clearly identifies that all groundwater, vadose and phreatic, is
being addressed here. Unlike the English Rule (capture), the American Rule described
in Jones is defined as a correlative right among property owners in which each has the
right to a reasonable amount up to the full extent of the water use need if the supply is
sufficient such that other users are not adversely impacted.

For drainage, the "common enemy doctrine" applies, allowing a landowner to
prevent damage to property by runoff without causing damage to neighbors. See Honey
v. Bertig Co., 202 Ark. 370, 150 S.W.2d 214 (1941).

The Arkansas Natural Resources Commission is charged with the responsibility of
helping the people of the State solve "water rights" problems. When a water shortage
occurs, the Commission has the power to allocate use. Ark. Code Ann. §15-22-201, et.
seq. To prevent excessive litigation, the Arkansas courts have ruled that a person must
exhaust all administrative remedies through the Commission before filing a lawsuit.

If a problem is not one of "water rights," it does not fall directly under the
Commission's jurisdiction. In such cases the Commission may be able to provide
technical assistance, though it would have no power to order any action. The
Commission can also provide information to you about regulation by other state and
federal agencies.

Water rights law and policy have evolved over many years, and the text
provided here is for summary purposes only. Water rights law is covered in much
greater depth in other sources such as:
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Kenneth S. Gould, Water Rights in the 21st Century: The Challenges Move East,
25 U. Ark. Little Rock L. Rev. 3 (2002)

J. W. Looney, Water Law in Arkansas, ].W. Looney (University of Arkansas 1998)

Water Resources Statutory Authority

Act 81 of 1957 created the Arkansas Water Conservation Commission and required
the reporting of all surface water use above one acre-foot per year. This law also gave
the AWCC authority to regulate surplus stream flow storage facilities, inspect dams,
allocate surface water, and have oversight of regional water districts. In 1963, the
Arkansas Legislature transferred the water conservation functions of Act 81 of 1957 to
the Arkansas Soil and Water Conservation Commission, now the Arkansas Natural
Resources Commission, including stream allocation authority and water use data
collection. Interstate compact authority and flood control authority were also
transferred to the ASWCC this same year. Flood control authority previously existed
under Arkansas, Irrigation, Drainage and Watershed Improvement District Act of 1949.
These transfers specifically enable the ANRC to cooperate with the Federal government
in the development of water supplies for the purpose of flood control, navigation, and
irrigation. These laws are now codified at Ark. Code Ann. §15-22-201, et. seq., §15-24-
100, et. seq., §15-20-201, et. seq.

The ASWCC received statutory authority to begin work on the first Arkansas State
Water Plan in 1969. Act 217 gave specific authority to the ASWCC to serve as the
designated State agency responsible for water resources planning at the state level. The
plan was to be comprehensive and coordinated for the protection, development and
utilization of the State’s water and related land resources. The ASWCC was also
directed to collect data, determine areas of need, facilitate planning, and administer the
water development funding, and oversee drainage and levee district plans. In 1985, the
Arkansas General Assembly passed Act 1051 which broadened the ASWCC planning
responsibilities to include preparing an inventory of surface- and groundwater
resources, determining water requirements to satisfy in-stream flow needs, determine
excess surface water volumes, establish minimum stream flows, and delineate critical
water areas. In response, the ASWCC undertook a major revision and update of the
Arkansas Water Plan. Eight basin reports and a supplement covering the entire State
were prepared along with several special water resources reports and an executive
summary. These basin reports inventory the water resources of each major basin,
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identify current and future water problems, and recommend actions necessary to
resolve or minimize these problems. The Executive Summary of the Arkansas
Water Plan is a compilation of the information gained in the basin reports into a concise
volume of statewide interest. This plan currently serves as the State’s primary guidance
document for water resources planning, management, and development. These Acts
are now codified at Ark. Code Ann. §15-22-201, et. seq., §15-22-501, et. seq.

Act 641 of 1969 created the Arkansas Committee on Water Well Construction whose
purpose was to regulate the water well drilling industry such that wells will be
constructed that provide good quality water. The Arkansas Water Well Construction
Act is codified at Ark. Code Ann. §17-50-101, et. seq. The Arkansas Committee on
Water Well Construction is now the Arkansas Water Well Construction Commission.

The Arkansas Water Resources Development Act of 1981 authorized the ASWCC to
assist cities, towns, improvement districts, water associations, and counties in financing
the construction of water, sewer, and solid waste systems and to issue water resources

development general obligation bonds. This Act is now codified at Ark. Code Ann. §15-
22-601, et. seq.

The Arkansas Groundwater Protection and Management Act passed as Act 154 of
1991 and provided the ASWCC with authority to designate critical groundwater use
areas (CGWA), to establish the authority for groundwater withdrawals within the
CGWA, the authority to set groundwater rights, establish water use registration fees,
and to establish a mechanism for local groundwater management. The Act provided
specific authority to the ASWCC to develop a comprehensive groundwater protection
program, assess and monitor groundwater quantity and quality, develop a
groundwater classification system and water-quality standards, to regulate
groundwater use through the issuance of water rights within a CGWA, and to establish
an information/education program statewide. In 2001, the Arkansas Groundwater
Protection and Management Act was expanded by Act 1426 which stated that any non-
domestic water well constructed after September 30t of 2001 to withdraw groundwater
from a sustaining aquifer shall be equipped with a properly functioning metering
device. Likewise, any non-domestic well used to withdraw groundwater from a
sustaining aquifer after September 30th, 2006, regardless of when constructed, must be
properly metered. Sustaining aquifers include the Roubidoux, Gunter, Nacatoch,
Wilcox, Carrizo, Cane River, Memphis, Sparta, and Cockfield aquifers. The Arkansas
Groundwater Protection Management Act is now codified at Ark. Code Ann. §15-22-
901, et. seq.
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In 2005, Act 1243 officially changed the name of the Arkansas Soil and Water
Conservation Commission to the Arkansas Natural Resources Commission. Ark. Code
Ann. §15-20-201. ANRC’s water related authorities can be found throughout Title 15 of
the Arkansas Code Annotated. The following chapters are specifically related to water
resources: §15-22-201, §15-22-301, et. seq., §15-22-401, et. seq., §15-22-501, et. seq., §15-
22-601, et. seq., §15-22-701, et. seq., §15-22-801, et. seq., §15-22-901, et. seq., §15-22-1001,
et. seq., §15-22-1101, et. seq., §15-22-1201, et. seq., §15-22-1301, et. seq.

INSTITUTIONAL FRAMEWORK

1980s Water Policy

The policy of the ANRC in the area of water management was defined early on as a
policy of providing Arkansans with sufficient quantity of water of a quality satisfactory
for the intended beneficial use. During the 1980’s groundwater management in
Arkansas was in the data collection and planning stages. Several state and local
agencies have limited or inferred jurisdiction over groundwater (Bennett and Young,
1985). State water resources protection authority has generally been described as being
divided, with the ANRC having comprehensive planning, and water quantity
authority, with ADEQ having primary water quality protection authority, and ADH
having authority over public drinking water supply programs. Other agencies have
specific authority over various protection needs such as the Arkansas Geological Survey
which provides analysis, mapping, and development of the State’s geologic resources.

The list below identifies the primary water resources protection agencies and
appropriate programs.

Federal Agencies

Department of Agriculture

Natural Resources Conservation Service (NRCS)

Natural Resources Conservation Service (NRCS) - In the future, NRCS plans to examine
interrelated issues that have implications for U.S. agriculture and forestry: climate
change, biofuels production, and the quality and availability of water. The Soil and
Water Resources Conservation Act (RCA) of 1977, provides the United States
Department of Agriculture (USDA) broad strategic assessment and planning authority
for the conservation, protection, and enhancement of soil, water, and related natural
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resources. Through RCA, USDA: appraises the status and trends of soil, water, and
related resources on non-Federal land and assesses their capability to meet present and
future demands; evaluates current and needed programs, policies, and authorities; and
develops a national soil and water conservation program to give direction to USDA soil
and water conservation activities.

The 2011 RCA Appraisal provides an overview of land use and the U.S. agricultural
sector; of the status, condition, and trends of natural resources on non-Federal lands;
and of USDA’s program for soil and water resources conservation.

National Water Management Center (of NRCS)
The National Water Management Center (NWMC) serves as a focal point for water
resources information exchange. It is a production support center for NRCS helping to
address water resource problems across the nation by providing leadership, direct
assistance, information, and technology for natural resources conservation. The NWMC
also provides expertise in and guidance with the application of water resource
technologies to assess watershed health and plan watershed-scale solutions. NWMC
responds to internal and external customer-identified needs and/or requests. Emphasis
on collaborating with other Federal water resource agencies to collectively support
locally led conservation processes. The NWMC has six major areas in which they
provide support and training: Environmental compliance, Hydrology and hydraulics,
stream geomorphology and restoration, water quality and quantity, watershed and
dam rehabilitation, and technology outreach. The support and training provide
assistance in various topics associated with watershed planning and other water
resource applications, stream health and restoration, water management, and through
enhancing conservation and sustainable farming.

US Forest Service - Groundwater concerns for the USFS are associated with
recharge/discharge relationship of groundwater and its effects on National Forests and
Grasslands. The mission of the USDA Forest Service is to sustain the health, diversity,
and productivity of the Nation’s forests and grasslands to meet the needs of present and
future generations. The goal is to achieve quality land management under the
sustainable multiple-use management concept to meet the diverse needs of people
including: Advocating a conservation ethic in promoting the health, productivity,
diversity, and beauty of forests and associated lands, providing technical and financial
assistance to State and private forest landowners, encouraging good stewardship and
quality land management, providing technical and financial assistance to cities and
communities to improve their natural environment, and providing international
technical assistance and scientific exchanges to sustain and enhance global resources to
encourage quality land management.

United States Department of Agriculture, National Agricultural Statistics Service -
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Department of the Interior - US Geological Survey (USGS) - Ecosystems, Climate and
Land Use Change, Natural Hazards, Water, Energy and Minerals, Environmental
Health, and Core Science Systems.

US Geological Survey (USGS) - USGS's mission is to collect and disseminate reliable,
impartial, and timely information that is needed to understand the Nation's water
resources.

The USGS Water Mission Area actively promotes the use of this information by
decision makers to: Minimize loss of life and property as a result of water-related
natural hazards, such as floods, droughts, and land movement; effectively manage
groundwater and surface water resources for domestic, agricultural, commercial,
industrial, recreational, and ecological uses; protect and enhance water resources for
human health, aquatic health, and environmental quality; and contribute to the wise
physical and economic development of our Nation's resources for the benefit of present
and future generations.

US Fish and Wildlife Service (FWS) The FWS Office of Law Enforcement

contributes to Service efforts to manage ecosystems, save endangered species, conserve
migratory birds, preserve wildlife habitat, restore fisheries, combat invasive species,
and promote international wildlife conservation.
Groundwater resource objectives include groundwater recharge/discharge concerns in
wetlands or streams of the state, and the resulting impact on fish and wildlife species or
their food sources and habitat. FWS law enforcement today focuses on potentially
devastating threats to wildlife resources, illegal trade, unlawful commercial
exploitation, habitat destruction, and environmental contaminants. The Office
investigates wildlife crimes, regulates wildlife trade, helps Americans understand and
obey wildlife protections laws, and works in partnership with international, state, and
tribal counterparts to conserve wildlife resources. This work includes: Breaking up
international and domestic smuggling rings that target imperiled animals; Preventing
the unlawful commercial exploitation of protected U.S. species; Protecting wildlife from
environmental hazards and safeguarding critical habitat for endangered species;
Enforcing Federal migratory game bird hunting regulations and working with States to
protect other game species from illegal take and preserve legitimate hunting
opportunities; Inspecting wildlife shipments to ensure compliance with laws and
treaties and detect illegal trade; Working with international counterparts to combat
illegal trafficking in protected species; Training other Federal, State, tribal, and foreign
law enforcement officers; Using forensic science to analyze evidence and solve wildlife
crimes; Distributing information and outreach materials to increase public
understanding,
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Environmental Protection Agency - Water and Air Pollution Control and Regulation,
delegates NPDES State Permit Program, Drinking Water, Hazardous Waste Disposal,
Toxic Waste Clean-up, Pesticide Regulation and Applicator Training, and Research.

The mission of EPA is to protect human health and the environment. EPA's purpose
ensures that: all Americans are protected from significant risks to human health and
the environment where they live and work; national efforts to reduce environmental
risk are based on the best available scientific information; environmental protection is
an integral consideration in U.S. policies concerning natural resources, human health,
economic growth, energy, transportation, agriculture, industry, and international trade,
and these factors are similarly considered in establishing environmental policy. EPA
believes that all aspects of society should have access to accurate information sufficient
to effectively participate in managing human health and environmental risks, and
environmental protection contributes to making our communities and ecosystems
diverse, sustainable and economically productive. EPA also strives to allow the United
States to play a leadership role in working with other nations to protect the global
environment.

Department of Defense, US Army Corp of Engineers - Water Resource Development,
Bank Stabilization, Navigation Channel Maintenance, Dredge and Fill Permits, Wetland
Regulation and Permitting, and Flood Control.

Since the Corps formation in 1775, the U.S. Army Corps of Engineers (USACE) has
played an integral part in the development of the country. Serving as the Nation’s
environmental engineer, the USACE owns and operates more than 600 dams (11 in
Arkansas), which not only provides valuable surface water and hydroelectric power,
but also decreases demand for groundwater in areas served by these lakes. USACE also
restores, creates, enhances or preserves tens of thousands of acres of wetlands in the
nation annually under the Corps’ Regulatory Program. The Clean Water Act (CWA)
requires no net loss of wetlands, which are important contributing areas for recharge of
Arkansas’ aquifers. USACE also supports Army and Air Force installations, provides
technical and construction support to more than 100 countries, and researches and

develops technologies to protect the nation’s environment and enhance the quality of
life.

Federal Emergency Management Association - Disaster Assistance and Flood
Response, including the National Flood Insurance Program.
The agency's primary purpose is to coordinate the response to a disaster that has
occurred in the United States that overwhelms the resources of local and state
authorities.
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Federal Energy Regulatory Commission - Oversees environmental matters related to
natural gas and hydroelectricity projects.

State Agencies

Forestry Commission -_AFC’s groundwater concerns are associated with aquifer
recharge/discharge relationship to the water table and its associated impact on the
state’s forests.

The Arkansas State Plant Board works to control of destructive plant insects; control
of pests and plant diseases; and to

Arkansas Natural Resources Commission (ANRC) - The ANRC serves as the State’s
primary water resources planning and management agency with authority to develop
the State Water Plan and other appropriate policy documents. Other authority includes
financial assistance for water resource and wastewater development, dam safety,
registration of water use, adjudication of water rights, the authorization of non-riparian
water use, interstate water compacts, soil conservation, and floodplain management.
With respect to groundwater authority, the ANRC operates under the Groundwater
Protection and Management Act of 1991, which directs the agency to study the State’s
groundwater resources, designate critical groundwater areas, and provide conservation
and education technology and training.

The Water Well Construction Commission (AWWCC) - This Commission basically
serves as a technical advisory board over matters involving the licensing and
registration of water well contractors/drillers and pump-installers, issues regulations
on construction, repair and abandonment of water wells, and performs inspections on
well complaints.

Department of Health - As regulatory agency for public water systems in the State,
groundwater mission objectives include preservation of aquifer water quality and yield
sustainability. The Department of Health’s mission is to protect and improve the health
and well-being of all Arkansans and promote the optimal health for all Arkansans to
achieve maximum personal, economic, and social impact.

Department of Environmental Quality - ADEQ’s regulatory programs set pollution
limits, determine compliance, and enforce environmental laws and regulations.
ADEQ’s regulatory divisions include Air, Water, Solid Waste, Hazardous Waste,
Regulated Storage Tanks and Mining. ADEQ protects the air, water and land from the
threat of pollution through programs of regulation, education and assistance. ADEQ
also oversees training and standards for various licensed professionals. ADEQ offers
citizens the tools and resources to protect natural resources by showing businesses and
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communities, alternatives to waste disposal and how to prevent pollution, and
involving students in environmental projects. ADEQ also implements understanding of
environmental requirements and responsibilities through workshops for teachers and
businesses, and helps citizens understand permitting issues. ADEQ’s authority is
bound and limited by federal and state laws and regulations. ADEQ maintains
partnerships with other agencies and stakeholders, sharing knowledge and expertise to
solve environmental problems. ADEQ depends on, and responds to, citizens’ concerns,
because they are often the first to witness environmental problems.

University of Arkansas Cooperative Extension Service - The U of A Cooperative
Extension Service provides technical assistance to the citizens of Arkansas on multiple
water-resources conservation and protection issues. The Cooperative Extension
Service is part of the University of Arkansas' Division of Agriculture. With offices in all
75 counties, its faculty and staff provide educational programs and research-based
information to the people of Arkansas. From agricultural programs to family financial
management to youth education, The UA CES offers educational programs that have
immediate and practical applications.

The Arkansas Water Resources Research Center (AWRC) has worked, since 1964, to
arrange for competent research addressing water-resources issues, and enhanced
understanding. The AWRC has also aided in the entry of new scientists and engineers,
along with the transfer of newly developed scientific research and technology to water-
resources managers and the public.

Natural Heritage Commission - Since 1973, the Arkansas Natural Heritage
Commission (ANHC) has been working to conserve Arkansas’ natural landscape.
ANHC’s professionals locate and evaluate occurrences of natural communities and rare,
threatened, and endangered species. Research findings and results are often published
in scientific journals and presented at national, regional and state forums. This
information is analyzed and housed in the Arkansas Heritage Program biodiversity
database. Their field surveys and research projects have provided a wealth of
information on more than 900 rare species and are used to evaluate the relative
imperilment of native species and shared for environmental planning purposes. ANHC
provides data to organizations and individuals involved with Arkansas conservation
efforts, economic development, scientific research and education. Based on sound
scientific research, ANHC evaluates the state’s ecologically important sites to set
priorities for conservation in Arkansas and provide stewardship of these lands to
preserve and sometimes restore unique and diverse ecosystems.

Arkansas Geological Survey - The AR Geological Survey (AGS) provides geological
information to develop and enable effective management of the State’s mineral, fossil
fuel and water resources while protecting the environment.
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Arkansas Game and Fish Commission - Groundwater resource concerns include
groundwater recharge/discharge concerns in wetlands or streams of the state, and the
resulting impact on fish and wildlife species or their food sources and habitat.

The Game and Fish Commission manages protection, conservation and preservation
of various species of fish and wildlife in Arkansas through habitat management, fish
stocking, hunting and fishing regulations, and many additional programs. Intrinsic to
this goal, the AG&FC works diligently to protect in stream flow and other water
resources interests that directly impact the States game and fish resources. Through
agency programs focused toward the public, the Commission works to generate
awareness of ethical and sound management principles by enforcing fishing and
hunting regulations and promoting environmental awareness through educational
programs.

The Forestry Commission (AFC) works with agencies, organizations and residents to
prevent and suppress wildfires, control forest insects and disease, grow and distribute
trees, and gather and disseminate information concerning the growth, use and renewal
of forests. In addition to wildfire suppression, AFC crews respond to all other natural
disasters, from tornadoes to ice storms to floods. Crews are often called upon to clear
roadways to allow emergency access, and organize incident command centers used to
provide a staging area for emergency responders. AFC County Foresters and Rangers
also work with non-industrial private landowners to manage for their forested
property. Since 1991, AFC Foresters have worked with more than 1,150 landowners to
help them earn Forest Stewardship recognition. Arkansas regulates services used in
agricultural production. The Plant Board has been monitoring groundwater since 2004
using an EPA approved Pesticide Management Plan, which allows the agency to work
with the Arkansas Department of Health to determine response actions in the event
pesticide groundwater contamination of a well (or wells) is confirmed. The Plant
Board's groundwater monitoring program targets agricultural wells susceptible to
contamination and investigates potential causes of contamination when pesticides are
detected in groundwater samples. 271 wells have been sampled since inception of the
program. The agency recommends implementation of Best Management Practices
(BMPs) as a preventative method to protect the groundwater resources and avoid
potential for both point source and non-point sources of groundwater contamination.
Pesticide use in Arkansas is regulated by the State Plant Board’s Pesticide Division in
accordance with the Arkansas Pesticide Control Act and Regulations. This allows the
Plant Board to confirm that all pesticides used in the State meet State and Federal
requirements to provide for both human and environmental protection. Each year the
Pesticide Division registers approximately 11,000 pesticides for use in the State. Dealers
who sell pesticides and applicators must receive proper training and follow approved
Best Management Practices to retain a license from the Board. The goal of the Arkansas
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State Plant Board's groundwater monitoring program is to prevent the state's
groundwater from being polluted by agricultural chemicals and, if pollution is found, to
respond appropriately.

Oil and Gas Commission (AOGC) - The purpose of the Arkansas Oil and Gas
Commission is to serve the public regarding oil and gas matters, prevent waste,
encourage conservation, and protect the correlative rights of ownership associated with
the production of oil, natural gas and brine, while protecting the environment during
the production process, through the regulation and enforcement of the laws of the State
of Arkansas. The commission: issues permits to drill oil, natural gas and brine
production wells and other types of exploratory holes; issue authority to operate and
produce wells through approval of well completions, establishes production volumes,
performs compliance inspections during drilling and the operational life of wells, and
issues authority to plug and abandon wells to insure protection of fresh water zones
and production intervals. AOGC also issue permits to conduct seismic operations for
exploration of oil and natural gas, issue permits to drill and operate Class II UIC
enhanced oil recovery injection wells and saltwater disposal wells, and issue permits to
drill and operate Class V UIC brine injection wells for the disposal of spent brine fluids
following removal of bromine and other minerals.

Waterways Commission -The Waterways Commission develops, promotes, and
protects the commercially navigable waterways of Arkansas for waterborne
transportation and economic development to benefit the people of Arkansas. The
Commission is concerned specifically with navigation activities, port development, and
the use and protection of the navigable streams within or adjacent to the State.
Groundwater concerns relate to planned irrigation projects on the White and Arkansas
Rivers which could reduce demand for groundwater in eastern Arkansas.

Other Entities

The entities listed below should be considered for stakeholder involvement
regarding future groundwater programs associated with conservation, resource use,
and/or educational programs, particularly in critical recharge or karst areas of the state.
Groundwater resource objects include preservation of aquifer water quality and yield
sustainability throughout the state. Municipal and County Governments, Regional
Water Distribution or Planning Districts, Water Associations, or the Rural Development
Commission or Department of Rural Services are other local or regional groups, or State
agencies that could also be included in groundwater conservation or educational
programs.
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The ANRC Conservation Districts provide for the control and prevention of soil
erosion, for the prevention of floodwater and sediment damages, and for furthering the
conservation, development, and utilization of soil and water resources and the disposal
of water, and to preserve natural resources, control floods, prevent impairment of dams
and reservoirs, assist in maintaining the navigability of rivers and harbors, preserve
wildlife, assist in the control of nonpoint source pollution, protect the tax base, protect
public lands, and protect and promote the health, safety, and general welfare of the
people of the state.

The drainage, levee, and irrigation districts in Arkansas originated through federal
programs which constructed levees following the extensive flooding of the early 20th
century. Various drainage and irrigation districts have been formed in the past, and
many have been less active in recent years. Most were focused on drainage concerns,
and with recent concerns regarding conservation associated with aquifer depletion,
some have become more active associated with conservation projects.

The Arkansas Farm Bureau’s mission is to advocate the interests of agriculture in the
public domain, disseminate information concerning the value and importance of
agriculture; and provide products and services which improve the quality of life for its
members. Farm Bureau is an independent, voluntary organization of farm and ranch
families united for the purpose of analyzing their problems and formulating action to
achieve educational improvement, economic opportunity, and social advancement and
promote the national well-being. Farm Bureau is county, state, national and
international in its scope and influence. Farm Bureau is nonpartisan, nonsectarian,
nongovernmental and open in character. Farm Bureau strives to be the voice of
agricultural producers at all levels.

Sustainable Yield and Groundwater Flow Modeling

Scientists, water users, and state officials have recognized that Arkansas
groundwater use was at a rate that is severely impacting water-levels in the state’s
major aquifers. Therefore, water users and managers alike have realized the
importance of understanding the groundwater flow systems of the State and the need to
identify what yields are safe or sustainable.

“In the Grand Prairie region as a whole, the present pumpage is roughly twice the rate
of recharge.” (USGS, Research Series No.19, June 1950)
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Arkansas water resources policy and programs have developed with a goal of
conjunctive use or the State’s surface- and groundwater resources at optimized levels
that are sustainable. This sustained yield/conjunctive use strategy has been estimated
using groundwater flow models developed largely through the ANRC/USGS
cooperative program. Additional federal funding, such as through the Mississippi
Embayment Regional Aquifer Study have also greatly benefited the State.

The ANRC has been an advocate for sustainable yield groundwater protection as a
means of achieving specific goals such as preventing groundwater-level declines,
preventing litigation, insuring a certain volume of groundwater, providing
groundwater supplies for drought, preventing groundwater-quality degradation,
protecting riparian rights, and providing courts with an objective means for
determining reasonable, and unreasonable, use.

Somewhat by default, Arkansas water policy has adopted a deferred perennial yield
strategy which accepts that current groundwater levels are reasonable or at least,
acceptable. The alternative of requiring the complete recovery of our state’s aquifers to
pre-development levels is viewed as being extreme and unreasonable.

The earliest potentiometric surface maps prepared in Arkansas identified significant

cones of depression in our State’s aquifers. One such example is the 1938 alluvial
aquifer potentiometric surface map (Counts and Engler, 1954).
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Fig. 18

Once the depletion of the alluvial aquifer was recognized in the Grand Prairie in the
1920s, hydrologists, geologists, and engineers began immediately trying to estimate the
“safe yield” of the aquifer. Perhaps one of the earliest estimates of safe yield is from
preliminary report by Thompson in which he provides an estimate for the Grand
Prairie. Thompson states that around 60,000 acres, out of 117,000 acres, of land can use
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irrigation from the alluvial aquifer in this area. This is roughly a 50 percent sustainable
level, with 50 percent of the water use being unmet demand.

In a report titled “Breaking the Land, Water Levels in Rice Irrigation Wells in the
Grand Prairie Region” Engler documents withdrawals from the alluvial aquifer of
around 200,000 acre-feet per year and further comments that this volume is
overdrawing the aquifer by about 50,000 acre-feet, inferring a safe yield of 200,000.
(Engler, 1958).

An early estimate of sustainable yield for the Sparta aquifer in the El Dorado area
was set at 15 mgd. This represents one of the first sustainable yield estimates for the
Sparta aquifer in Arkansas.

In 2003, an optimization and sustainable yield scenario was produced for the Sparta
aquifer in all of southeastern Arkansas. This report estimated a sustainable yield of 87
mgd for the Sparta aquifer in Arkansas (McKee, Clark, Czarnecki, 2003). Current (2010)
withdrawals from the Sparta in Arkansas are about 150 mgd, of which about 58 percent
is sustainable.

Such cones of depression indicate, in a qualitative way, that groundwater
withdrawals may be above safe yield or sustainable levels, especially if the aquifers do
not achieve equilibrium, and the cones continue to expand. With this in mind, water-
resources managers, engineers, and planners have adopted the concept of “sustainable
yield” as defined here. Though many definitions of sustainable yield exist throughout
Arkansas and the world, the most common and accepted version in Arkansas is as
follows:

“The development and use of groundwater resources in a manner that can be
maintained for an indefinite time without causing unacceptable environmental,
economic, or social consequences.” (Alley and Leake, USGS, 2004) Another definition
that is very similar and compatible is “the quantity of water that can be withdrawn
indefinitely by reaching a system equilibrium, or steady state, without compromising
the integrity of the aquifer or with respect to agreed-upon criteria.” (McKee, Clark, and
Czarnecki, USGS, 2004) One of the most succinct definitions is “the amount of water

which can be withdrawn from it annually without producing an undesired result”
(Todd, 1959).

Hydrologists today recognize that water resources sustainability is not a purely
scientific concept or mathematical algorithm, but rather a perspective that embraces
adaptive management, and frames scientific analyses. Groundwater flow modeling
should remain a valuable tool in this effort to quantify sustainable yield, emphasizing
optimization of water use while protecting both a minimum saturated thickness of the
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aquifer, as well as the base flow to streams necessary for instream flow needs. Though
historical debates on the subject of sustainable yield indicate that a consensus on a firm
number may never be reached, it is possible to achieve a workable definition and a
functioning process.

The original definition of safe yield has become obsolete in regards to water
resources protection goals and policies. As originally used, safe yield calculations were
strictly linked to water budget calculations. A more mature understanding of water
resources and associated program management now views the original concept as a
“water budget myth”. It is a common misperception that the development of a
groundwater system is “safe” if the average rate of groundwater withdrawal does not
exceed the average rate of natural recharge. Safe yield concepts historically focused
attention on the water budget, as well as the economic and legal aspects of groundwater
development. Sustainability concerns have brought more of the environmental aspects
to the forefront. (Alley, 2004) Sustainable yield concepts more accurately view this
issue from a perspective of how much water can be captured from increased recharge
and decreased discharge, without causing adverse impacts to the groundwater system,
the physical formation, or base flow to streams. Sustainability recognizes the complex
nature of water resources, and that no single environmental, or legitimate water use,
can be addressed in isolation. (Alley and Leake, 2004) From these concepts we realize
the need to stop trying to calculate a fixed safe yield, and rather to design groundwater
management system that is sustainable, adaptive, and responsive.

Calculation of a sustainable yield estimate for the state’s primary aquifers required a
quantitative definition. So, as conjunctive-use optimization modeling and sustainable
yield estimation was performed, the modelers referred to State policy which defined
unacceptable consequences as those conditions which defined an aquifer as critical.
Therefore, sustainable yield has been calculated as the level which maintains the water
level of an aquifer above critical area criteria in accordance with the Groundwater
Protection and Management Act. An aquifer is determined to be critical and above
sustainability when the ANRC determines that an area has significant groundwater
depletion or degradation. Factors that go into the determination include: 1) water
levels are declining at an average rate of one foot per year or more, or 2) the saturated
thickness of the formation is 50 percent or less, or 3) water-quality trends indicate
degradation. When a confined aquifer is evaluated, it is determined to be critical if the
potentiometric surface is below the top of the formation, rather than the saturated
thickness criterion. (Arkansas Code sec15-22-901 et seq)
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Figures 19(a) and 19(b) illustrate Arkansas” groundwater use as compared to the
estimated sustainable yield for the alluvial and Sparta aquifers.

Fig. 19a Fig. 19b

The value of a sustainable yield pumping strategy is the goal of reaching a steady-
state potentiometric surface, or water table. Such a target level will assure an adequate
saturated thickness for existing or planned wells, adequate saturated thickness to
sustain water use needs during time of drought, a stable groundwater flow system with
respect to quality concerns, protection of base flow to streams and wetlands, and
protection of legal water compact requirements.

During the 1980s, the Arkansas Department of Agricultural Engineering produced
several reports, mostly by Richard C. and Ann W. Peralta. Initial boundary conditions
were developed and a saturated thickness was evaluated for effectiveness in protection
from drought and litigation. Results indicated that a minimum of 13 feet of saturated
thickness are desirable for the center of cells to provide for a drought season. (Peralta,
1986) However, the report goes on to identify a previous recommendation of a 20 foot
saturated thickness requirement for a conjunctive use/sustainable yield strategy. Even
so, Peralta reports that 20 feet might be inadequate and that future determinations
would be wise. It must be noted that a sustainable yield can only be achieved through a
pumping strategy that has a specified rate and pattern of groundwater withdrawals.
Implementation of such a strategy will establish a specific target potentiometric surface.

Peralta and Kilian (Peralta, 1985) state that alternative sources of water will have to
be developed to meet current water needs in the Grand Prairie.

The Grand Prairie area of eastern Arkansas is typically defined as area of about 1,000
square miles. The total optimum steady-state pumping rate is approximately 5,053
million cubic-feet (mcf) per year which is about 41 percent of the 1982 pumping rate in
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the Grand Prairie. (Peralta and Yazdanian, 1986) Englar estimated approximately 5,227
mcf for this area which is comparable. (Counts and Engler 1954)

In accordance with the Arkansas Water Plan, the ANRC has supported the policy of
utilization of excess surface water to meet unmet demands for agricultural use. The
University of Arkansas, Department of Agricultural Engineering has provided
estimates of water use needs and alternatives for the Bayou Meto area. Bayou Meto
irrigation demand is about 1.9 percent of the total yearly discharge, of 14,360,000 acre-
feet per year, at Murray Lock and Dam in Little Rock. In an extremely dry year, the
irrigation demand has been calculated to be about 12.7 percent of the discharge.
(Peralta and Dutram, 1985)

Early modeling efforts through the U of A, Engineering Department, focused on
target levels and a safe yield pumping strategy, which centered on providing a
minimum saturated thickness for irrigation wells during pumping season, especially
droughts. As this concept evolved into a more desirable sustainable yield strategy, the
ANRC worked closely with the US Geological Survey to develop scenarios that would
provide optimization estimates along with sustainable yield values.

At the 1984 Summer Meeting of the American Society of Agricultural Engineers,
Professor Peralta stated that potentiometric surface of the alluvial aquifer in the Grand
Prairie in 1982 was about 36 feet below the optimal surface level, according to his
modeling efforts. (Peralta, Kilian, and Dixon, 1984)

Once a sustainable yield optimization yield was quantified, the unmet demand of
water use was also easily calculated for each aquifer. The unmet demand is estimated
as water use that is above sustainable yield amounts.

In 1983, the Arkansas House of Representatives passed a resolution directing the
ASWCC (ANRC) to conduct studies to determine the feasibility of diverting water for
agricultural irrigation purposes throughout the Grand Prairie Region to include
diversions from the Arkansas and White Rivers. Subsequently, the ASWCC began
working closely with the U.S. Army Corps of Engineers, Little Rock and Vicksburg
Districts, and the University of Arkansas, Agricultural Engineering Department to
study these areas and evaluate the water budget, hydrogeology, and economics of the
area.

In accordance with Arkansas Code section 15-22-901 et seq, the Arkansas
Groundwater Protection and Management Act, authority to establish safe yield values
for Arkansas rest with the Arkansas Natural Resources Commission. Since 1991, the
ANRC has worked closely with the Arkansas District of the U.S. Geological Survey to
develop and calibrate groundwater flow modeling tools to assist the State with water
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use scenarios, management decisions, and estimating optimization. Initial modeling
efforts were focused on the alluvial and Sparta aquifers, but have evolved into the
development of today’s Mississippi Embayment Regional Aquifer Study (MERAS)
model, which is a three-dimensional multi-aquifer model of the Mississippi Embayment
and much of the Western Coastal Plain of south Arkansas.

Current State policy, as defined by the 1975 and 1990 water plans, is to provide for
the unmet demand through the practices of conservation, education, and the use of
excess surface water. Arkansas utilizes approximately 3 percent of the surface water
that flows through the State, and excess surface water has been calculated. To achieve a
sustainable yield pumping rate from groundwater in Arkansas, excess surface water
must be utilized. Without this surplus water, the only option identified by
groundwater flow modeling (Czarnecki, 2008) is to voluntarily reduce, or restrict
pumping from an estimated 25,000, of 49,558 registered irrigation wells in eastern
Arkansas (Figure 20). Such a decrease in water availability would drastically change
agricultural practices, and severely impact the agricultural economy of the State and the
country.

Fig. 20
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The sustainable yield for the Mississippi River Valley alluvial aquifer, north of the
Arkansas River has been estimated to be approximately 2693 mgd, which is about 57
percent of the 1997 withdrawal amount. The other 43 percent is unmet demand.
Optimal sustainable yields from within the Bayou Meto irrigation project area and
within the Grand Prairie irrigation project area are 135.4 and 68.1 mgd respectively.
(Czarnecki, Clark, and Reed, 2003) These values represent a sustainable yield estimate
for both areas of less than 50 percent of the current (2010) water use. Unless agricultural
water demand is drastically reduced in this area, an alternative supply will be needed.
In the absence of excess surface water, water use reductions can only be achieved
through voluntary reductions and a change in cropping patterns, or government
restriction through water use permits.

If groundwater use from the alluvial aquifer in the Grand Prairie to be restricted to
sustainable levels, without surface water available to make up the difference, it would
require a shared reduction of 86 percent of the 1982 water use. This would result in a
severe economic loss. (Peralta, 1985)

Since 1990, the US Geological Survey has developed the groundwater flow and
optimization modeling tools to estimate the sustainable yield of the State’s aquifers,
unmet demand, and to determine excess surface water available in the streams. As
stated by Czarnecki, 2006, the optimization model does provide estimates of sustainable
yield from both the groundwater and surface-water sources that result in hydraulic-
head values remaining at or above an altitude corresponding to half the thickness of the
aquifer throughout the bulk of the model area, and maintaining streamflows at or above
specified minimum amounts (Czarnecki, USGS, 2006). CDM Smith and FTN and
Associates are using this same groundwater flow models to determine future needs and
unmet demand based on projected use, economic, and population growth forecasting
methods. These modeling efforts are being accomplished through the use of
groundwater flow modeling and optimization efforts, which build on years of data
collection and scenario development.

The ANRC has long been an advocate for conservation, education, and the use of
excess surface water, with water-use allocation being the last alternative. However,
most hydrologists and water managers recognize that ultimately, sustainable yield
implies some form of control of water use, usually resulting in the requirement for
withdrawal permits. (Alley and Leake, 2004).

The ANRC is continuing to work with the Arkansas District of the US Geological
Survey and CDM Smith and Associates, as a part of the Arkansas Water Plan update, to
further define sustainable yield for the State’s alluvial and Sparta/Memphis aquifers.
Previous estimated sustainable yield values have been produced through the ANRC
and USGS cooperative program, but the water plan process is providing a more
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comprehensive data set, and better forecasting methodology than was available for
these estimates.

Groundwater Monitoring Programs

The US Geological Survey began monitoring groundwater levels in eastern Arkansas
as early as 1927. As water-level declines, primarily in the Grand Prairie of eastern
Arkansas, were observed by farmers, State officials and legislators began to set up
monitoring sources at the State level. Over a period of many years, State agencies
developed a strong water resources partnership with the Arkansas District of the U.S.
Geological Survey. This State/Federal partnership and its monitoring network remain
as the primary source of water resources data statewide.

In the early 1960s, the U.S. Geological Survey began working closely with the
Arkansas Geological Commission and the University of Arkansas, Agricultural
Experiment Station to collect water-level measurements from a network of existing
water wells in the alluvial and Sparta aquifers of eastern and southern Arkansas.
Measurements were collected from 208 wells in the alluvial aquifer, and 75 wells in the
Sparta aquifer. These measurements were mapped, analyzed, and reported.

By 1970, a strong cooperative program had developed between the Arkansas District
of the U.S. Geological Survey, and the State’s primary water-resources agencies such as
the Arkansas Soil and Water Conservation Commission, the Arkansas Department of
Environmental Quality, and the Arkansas Geological Survey.

Arkansas experienced a severe drought in 1980, and many farmers in eastern
Arkansas were forced to lower pumps in irrigation wells as much as 20 to 30 feet. As a
result, Jackson County, and soon afterwards Arkansas, Prairie, and Woodruff counties
worked with the Arkansas Soil and Water Conservation Commission, today’s ANRC, to
initiate a well monitoring program that would try to evaluate the condition of the
groundwater system. This study was designed to answer the question “Will our water
supply recover or are we steadily diminishing the available supply?” The project area

included 26 counties in eastern Arkansas with over 6.5 million acres of agricultural
land.

Funding for the Eastern Arkansas Water Conservation Project was made available
through the USDA Soil Conservation Service, todays NRCS, and has resulted in one of
the broadest cooperative efforts of federal, state, and local entities on record. This
project along with the USGS and ANRC cooperative program has evolved into the
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groundwater monitoring network that we have today. This program relies on the use
of mostly existing wells for water-level and water-quality data collection, but some
dedicated monitor wells are found throughout the State. =~ US Geological Survey
monitoring protocol is relied on to insure the best possible quality control.

The groundwater monitoring network in Arkansas is obviously concentrated where
the aquifers of the state are utilized the most. The data collection sites are primarily
existing irrigation and domestic wells, with a few public supply wells included. Some
wells have been installed by ANRC and USGS to serve only as a data collection points
in specific aquifers.

The USGS currently has 28 real-time monitoring wells which can be accessed on-line
at http://groundwaterwatch.usgs.gov . These wells are spread across the state and
monitor Quaternary alluvium, Sparta/Memphis Sand, Hot Springs Sandstone,
Arkansas Novaculite, the Silurian System, Bigfork Chert, Stanley Shale, the Boone
Formation and the Atoka Formation. There are a total of 928 active monitoring
locations on this USGS web site including the wells monitored cooperatively with
ANRC on a yearly basis as well as the USGS Master Wells. USGS also has a Northern
Lonoke County Groundwater Monitoring Network consisting of 3 Memphis aquifer
wells and 21 wells in the Quaternary alluvium. There are also the 42 ANRC wells
installed specifically for data collection, and the data is collected on this web site. This
web site has become the best location to access all ANRC/USGS groundwater data
collected. Everything ANRC, USGS, and NRCS measures is compiled there showing
historical measurements, graphs, and trends.

ADEQ has approximately 430 sites that have been historically used since the
beginning of their monitoring program in the mid to late 80’s, of these approximately
250 are “active” monitoring sites. ADEQ primarily utilize domestic wells for their
groundwater monitoring, but also sample municipal, irrigation and industrial supply
wells. They also use springs where available. ADEQ’s network is broken down into 10
monitoring areas with 30-35 sites in each area; each area is sampled on a 3 year cycle.
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Fig. 21

Each year ANRC staff, works closely with the US Geological Survey (USGS) and the
Natural Resource Conservation Service to collect water-level data from a network of
approximately 1500 wells and springs statewide. This data is analyzed and reported in
the annual Ground-Water Protection and Management Report; a report generated as
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part of the Arkansas Water Plan activities since the early 1990s. This section also
provides data, presentations, and hydrogeologic evaluation to other agencies and the
public as requested.

Artificial Recharge

The benefits of artificial recharge include seasonal and long-term storage,
supplemental use, and prevention of saline water encroachment, water-quality
enhancement, and improvement in well production, restoration of groundwater levels
and subsidence prevention, and deferral of expanding water facilities where this option
may be problematic. Various techniques exist that allow for the artificial recharge of
aquifers. However, these techniques are not as efficient in all settings due to geologic,
groundwater quality, and economic factors.

A University of Arkansas published an abstract of aquifer recharge studies 1954
(Steinbruegge and others, 1954) which provides a summary of the three basic methods
of artificial recharge - surface spreading, recharge pits, and recharge wells. A team of
hydrologists from various backgrounds inspected artificial recharge sites at Richmond
and Los Angeles, California, and at El Paso, Austin, and King Ranch in Texas. Abstracts
from approximately 100 aquifer recharge investigations were collected and evaluated as
a part of this work. Though all three of these artificial recharge methods can work if the
conditions are favorable, the cost-effectiveness may be unfeasible. For example, in the
Grand Prairie of Arkansas, the clay cap of 50 to 80 feet in thickness prevents surface
spreading and recharge pits, and recharge wells only work at great cost.

The 1965 US Geological Survey report “Testing Procedures and Results of Studies of

Artificial Recharge in the Grand Prairie Region Arkansas”(Sniegocki and others, 1965)
provided information on this process. Seventeen recharge tests were made with a well
design similar to irrigation wells, and six tests were made with specially designed
recharge wells. The results were less than satisfactory.
According to this study, artificial recharge was found to be unsuccessful due primarily
to the high cost of water treatment. Without water quality treatment, the recharge wells
clogged rapidly and ceased to function. If recharge through wells is to be done under
hydrogeologic conditions similar to those at the test site, is recommended that the
injected water be chlorinated, contain less than 5 ppm turbidity and no entrained air, be
chemically compatible with the native groundwater and aquifer, and have
approximately the same temperature as the native groundwater. It was also noted that
redevelopment of the clogged wells was difficult and the original specific capacity of
the well could not be achieved.
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All of these studies reach the same conclusion, that the cost of well recharge is
excessive due primarily to initial well drilling costs, well rehabilitation, and the cost of
water treatment for water injected into wells. “It is the general opinion that the cost of
well recharge is excessive and can only be justified in special cases.” (Steinbruegge,
1954)

It is common for artificial recharge to be utilized as part of an overall aquifer storage
and recovery (ASR) program such as the ones observed in the San Antonio and El Paso
Texas areas where it is used to supplement public supply needs.

At the Twin Oaks ASR facility in the San Antonio, Texas area it has been successfully
demonstrated implemented to meet the growing public supply needs of that area.
However, it must be noted that this area has a different hydrogeologic and economic
setting. The Edwards aquifer is primarily composed of limestone which has a greater
transmissivity than the fine sediments of eastern Arkansas. Also, unlike a large-scale
agricultural area, the Twin Oaks facility targets a specific well field area and water use
need. Economically it must be considered that the Twin Oaks facility can provide 30
million gallons per day for $185 million dollars. However, during the irrigation season,
agricultural wells in Poinsett County, Arkansas, alone provide about 585 mgd for crop
production. Therefore, it would take many such ASR plants at a great cost to utilize this
technology to provide supplement for Arkansas’ agricultural use, and this at an
extremely high cost.

Though artificial recharge and ASR can both be made to work in Arkansas, the
hydrogeologic setting is not conducive, and therefore, not economically feasible. The
ideal hydrogeologic setting for these technologies is a highly permeable formation
found close to the surface, where the water use is for public supply wells, usually with a
single well field area. Large agricultural areas typically are not ideal due to the areal
extent of the water use and economic factors associated with the required water-quality
treatment. However, though limited in its applicability to Arkansas with its enormous
agricultural demands, ASR and artificial recharge may have a future in certain smaller
scale scenarios, such as those areas where surface water diversion is not possible, the
saturated thickness of the aquifer has been depleted, and the well field area is relatively
confined.

One summary of artificial recharge was produced in 1990 (Fitzpatrick, 1990).
Though recharge basins are less expensive to other forms of artificial recharge methods,
they rarely coincide with hydrologically favorable areas. Recharge wells are the only
functional alternative, but have serious cost drawbacks due to the cost of the well
construction, water treatment, conveyance of the water, well rehabilitation, pumping,
and energy consumption. For example, to maintain a minimum saturated thickness of
20 feet in the alluvial aquifer would require about 220 artificial recharge wells in the
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groundwater depletion area west of Crowleys Ridge, and about 500 in the Grand
Prairie, representing a significant expense with a marginal benefit, especially when
compared to the use of excess surface water.

Perhaps the early documented professional evaluation of artificial recharge wells in
eastern Arkansas was close to being accurate. “I can’t find any place in the country,
where recharge wells under conditions similar to what you have here are functioning
satisfactorily.” (Thompson, 1931) However, the use of artificial recharge may yet serve
as a valuable tool in Arkansas within certain site-specific locations where the
hydrogeology and economics are favorable.

Groundwater and Climate Variation

Groundwater-level change and the volume of water stored in our State’s aquifers are
a result of the long-term precipitation patterns and the recharge characteristics of the
aquifer’s area of outcrop/sub crop. Though the groundwater system is very robust
with respect to its response to floods and droughts, it is very slow to recharge once
water-levels are depleted. The State’s groundwater management policies and
management programs must take into account the normal variation of precipitation and
temperature within the State.

Global climate change could affect these variations in precipitation and temperature.
However, such planning should not overreact, but respond accordingly to good science.
Therefore, State water planners should not strive to define the causes of this matter, but
rather to prepare for the varying weather patterns that may result from it.

The following charts identify the historical rainfall averages for Arkansas on a
monthly basis. (Herndon, Dallas T., Centennial History of Arkansas, 1922)

1879 - 1920 1879 - 1937

January 412 491
February 3.49 3.7

March 4.75 4.54
April 4.65 4.93
May 4.52 4.74
June 4.06 3.66
July 4.02 3.44
August 3.79 3.54
September 3.36 3.11
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October 2.65 2.79

November 3.58 4.02
December 4.15 4.22
Statewide Total 4714 47.6

From 1951 to 1980 the average statewide precipitation was 49.0 inches. (Friewald,
1987)

During this same time period the average temperature was 57.7 in northern
Arkansas, 62 in the Little Rock area, and 64 in southern Arkansas. The growing season
ranged from 169 to 241 days.

In 2012, John Czarnecki and Tony Schrader published US Geological Survey
scientific investigations report 2012-5258 titled “Drought and Deluge: Effects of Recent
Climate Variability on Groundwater Levels in Eastern Arkansas”. This report provides
valuable insight to the effects of the precipitation extremes observed in Arkansas from
2005 through 2010. The year 2009 has been documented as the wettest year in the
meteorological records going back to 1878. 2005 and 2010 were the 7t and 14th driest
years in Arkansas. During this time, groundwater-levels generally responded to the
annual precipitation change. From 2004 to 2008, groundwater levels in the alluvial
aquifer decreased by an average of 1.62 feet. This represents an especially dry period of
time including 2005, the 7th driest year in historical records of Arkansas precipitation.
However, water levels increased an average of 1.36 feet from 2006 to 2010, resulting
from the record rainfall (89.71 inches) in 2009. This report demonstrates the value of the
groundwater - monitoring network and the need for additional sites in Arkansas, both
periodic and real-time continuous sites for the purpose of a better understanding of the
State’s water resources availability and limitations.
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Public Groundwater Sources in Arkansas
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