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WATER-RESOURCES APPRAISAL OF THE
SOUTH-ARKANSAS LIGNITE AREA

By J. E. Terry, C. T. Bryant, A. H. Ludwig, and J. E. Reed

ABSTRACT

The feasibility of developing lignite resources in south-central Arkansas
is an important question at the present time (1978). Part of the concern is
related to the possible impacts that mining and processing of lignite will
have on water resources. Not only will the disturbance caused by excavatina
affect the quantity and quality of surface and ground water, but the mining,
processing, and conversion processes will require the use and consumption of
significant quantities of water.

In order to assess the magnitude of the effects of strip mining upon
both surface and ground water, baseline conditions (hydrologic conditions in
tﬁe area prior to mining) must be well defined. A thorough data file and 1it-
erature search was made so that baseline conditions in the area could be de-
fined. In addition, data-collection networks have been established for the
collection of quantitative and qualitative information on streamflow and water
levels in the aquifers. Data collected to date at these sites are included in
the report. Collection of data at these sites will continue through at least
September 1979.

Information presented in this report can be used to estimate the quantities
of water available for use and the possible effects of mining and associated

dewatering on water resources.



INTRODUCTION

Lignite in Arkansas

Lignite occurs in Arkansas principally in the deposits of Eocene age.
These deposits are at the surface and in the subsurface southeast of a
line approximately from Texarkana, northeastward through Arkadelphia, Little ~
Rock, Bald Knob, and Pocahontas, to the Missouri State boundary. This line
coincides roughly with the western boundary of the Coastal Plain in Arkansas
(fig. 1). The area southeast of this line, which is almost one-half of the
State, can be divided into three subareas with differing characteristics. The
first subarea is a linear upland area called Crowleys Ridge which extends from
the Missouri State boundary, ndrth of Piggot, south to Helena. Deposits of
Eocene age occur along this ridge. In many places, these deposits of Eocene
age are covered by a substantial thickness of younger loess, silt, sand, or
gravel. The second subarea is a part of the Mississippi Alluvial Plain, an
area of flat terrain suited to agriculture. This area is of interest to lignite
producers. However, in the Mississippi Alluvial Plain, the deposits of Eocene
age are covered by 100 to 200 ft of alluvial deposits, which underlie the flood
plains and terraces of the Arkansas, White, St. Francis, Mississippi, and other
rivers. The sand and gravel in the lower part of the alluvial deposits con-

stitute a productive aquifer that furnishes water to thousands of irrigation

wells. Removing 100 ft or more of overburden, and pumping large quantities of

water from strip mines, will increase the cost of producing lignite in the

Mississippi Alluvial Plain. The third subarea includes all or parts of 20 .
counties in south-central Arkansas that contain outcrops of the deposits of

Eocene age. Much exploration by several energy companies has taken place in

this area, which contains several prospective lignite mining localities. These

20 counties constitute the most prospective area for development of the lignite

resource at the present time.
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Lignite found in Arkansas has a heating value of approximately 10,000
Btu/1b in dry form or 6,000 Btu/1b as mined. Lignite has a high moisture
and volatile content. The high volatile content makes it readily convertible
into gas or liquid form; however, the high moisture content and susceptibility
to spontaneous combustion present problems in transportation and storage.
Arkansas lignite is also low in sulfur content, ranging from 0.3 to 0.8 per-
cent, making it dedirable fuel for steam-electric generating plants.

Because it is not economically feasible to transport Arkansas lignite long
distances, it wf]] probably be utilized in near mine-mouth operations. Possible
uses would include steam-electric generation, gasification, distillation of

liquid hydrocarbons, and extraction of waxes.

Location of Project Area

The project area is all or parts of the above-mentioned 20 counties in
south-central Arkansas. This area lies within and shares a common eastern
boundary with the West Gulf CbastaT Plain (fig. 1). East of this boundary,
thick, highly saturated Quaternary deposits overlie the Eocene formations. To
the northwest, the project boundary is the base of rocks of Eocene age (contact
between Midway and Wilcox Groups on the geologic map of Arkansas). The southern
and western boundaries are the State boundaries between Arkansas, Louisiana, and

Texas.

Purpose and Scope of Investigation

The primary purpose of this investigation is to establish a data base

defining hydrologic conditions in the project area prior to lignite mining.



Such én assessment is vital if the possible impacts of strip mining and
lignite utilization upon water resources are to be evaluated.

Inevitably, environmental questions will be raised about the mining and
utilization of lignite. Along with the more obvious effects on quality and
quantity of surface water, strip mining of lignite could have an impact on
ground water, both in the vicinity of the mine and at updip and downdip loca-
tions. Indubtries which use the lignite, either as a fuel or as a source for
other products, will use and consume certain quantities of water. It is vital
to have hydrologic information that can be used to answer both water use and
environmental questions and to develop countermeasures to problems that may
arise. Establishment of a data base defining predevelopment conditions in the
project area is an important goal.

The information that must be contained in such a data base includes the
following:

1. The availability and quality of ground and surface water.

2. The location and areal extent of the significant aquifers and
their outcrops.

3. Water-level altitudes in the Tertiary aquifers.

4. Thickness of the Tertiary aquifers.

5. The areal extent and thickness of Quaternary deposits overlying the
Tertiary beds.

This report presents the above-mentioned information for the project area.

Additional studies in the south-Arkansas lignite area will use the infor-
mation presented in this report as indicators of the kinds of additional data
needed to further define the hydrology in the area and as part of the input to

a digital model which will be used to predict the impacts of mining upon the

ground-water regime.



Previous Investigations

Many reports cover one or several facets of the water resources of part
or all of the lignite area of south Arkansas. Reports dealing with surface
water include reports on low flow (Hines, 1975), storage requirements (Patterson,
1967), and floods gPatterson, 1971). Ground-water investigations encompassing
all of the south-Arkansas lignite area include reports on the aquifers of
Tertiary age (Hosman and others, 1968), aquifers of Quaternary age (Boswell and
others, 1968), aquifers of Cretaceous age (Boswell and others, 1965), and the
base of freshwater (Cushing, 1966). Areal ground-water investigations within
the project area include reports covering Ashley County (Hewitt and others,
1949), Bradley, Calhoun, and Ouachita Counties (Albin, 1964). Columbia County
(Tait and others, 1953), Drew County (Onellion, 1956), the E1 Dorado area in
Union County (Baker and others, 1948), Jefferson County (Klein and others, 1950),
and Lincoln County (Bedinger and Reed, 1961). Water-resources investigations of
areas within the project area include reports covering Clark, Cleveland, and
Dallas Counties (Plebuch and Hines, 1969), Grant and Hot Spring Counties
(Halberg and others, 1968), Hempstead, Lafayette, Little River, Miller, and
Nevada Counties (Ludwig, 1972), and Pulaski and Saline Counties (Plebuch and

Hines, 1967).




APPRAISAL OF IHE WATER RESOURCES

Water Use

In 1975, the combined use of ground water and surface water in the 20
counties containing the project area was 991 Mgal/d (Halberg, 1977). Surface-
water use wa; 569 Mgal/d and ground-water use was 422 Mgal/d. The use of
ground water and surface water for 1975 for each of the counties is shown in
figure 2. Of the surface-water use, 70 percent was for cooling at thermo-
electric powerplants. Substantial amounts of surface water were used for
public supply, self-supplied industry, irrigation, and fish farms. The largest
use of surface water (384 Mgal/d) was in Hot Spring County, and the smallest
use (0.2 Mgal/d) was in Nevada County (table 1). Most of the ground-water

use (table 2) was from the deposits of Quaternary age (312 Mgal/d) and from
the Sparta Sand (92 Mgal/d).
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Table 1.—Use of surface water, by county, in the project area, 197%

[Million gallons per day]

Il ying-
Publie ootzy Lives (90tion ggp  Themo- oty
County supply ?:gﬂ;;ﬁg stock f?gg impound- elﬁgﬁ;;c total

farms  Memts
Ashley------ b s 35.7 0.14  2.53 ———— e 38.38
Bradley----- ccccn ceee- .08 1.30 m——= me-e-- 1.38
Calhoun----- waa-- .38 .05 .08 e .51
Clark------- 1.28 1.41 .23 4.80 L EE LS 7.72
Cleveland--- ----= oo .06 .21 - .27
Columbia---- ----- 12 .22 .37 mmee memee- A
Dallas====== <ccoc  caee- .05 .78 seee eeeee- .83
Drew-=eeeceee  cocee ceeeo 17 5.65 === emeee- 5.82
Grante------ .05 .03 .07 .30 ———m meeee- .45
Hempstead--- «---- .03 .38 1.76 3.57  -e---- 5.74
Hot Spring-- 1.09 3.84 .18 2.99 ---- 376.07 384.17
Jefferson--- ----- w2 .14 18.19 e 18.84
Lafayette--- ----- .05 &l .51 e 77
Lincoln-=eee  —oee- -—-- 12 18.11 ——ms mmeee- 18.23
Miller------ 2.08 .49 w37 2.10 e 5.04
Nevada=----- i ———- 23 meeee e kS
Ouachita---- 1.88 8.11 .08 .10 - 20.60 30.77
Pulaski===-~- 37.97 1.30 .28  3.45 e 43.00
Saline------ 1.82 3.02 A7 g T 5.28
Union=-===== «=cce- .35 .07 .06 m-== meeeees .48
Total-- 46.17 55:35 3.30  63.56 3.57 396.67 568.62
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Surface Water

The largest source of surface water in the project area is the Red
River, which had an average flow at Fulton of 17,730 ft3/s for the period
1927-76. The Ouachita River at Camden, where it has a drainage area of
5,391 mi2, had an average flow of 7,562 ft3/s for the period 1928-75. These
and other mean flows for several streams in the lignite area are shown in
table 3. Downstream, at the Arkansas-Louisiana State boundary, where the
Ouachita River's drainage area is 10,835 mi2, it has an estimated average
flow of about 14,800 ft3/s. The average flow in a stream is related to its
drainage area. The relationship between average annual streamflow and drain-
age area for streams in Arkansas has been shown in map form by Patterson (1967,
fig. 15). The part of his map that includes the lignite project area is shown
in figure 3. The range for the lignite area is from (0.9 ft3/s)/mi2 to
(13 ft3/s)/mi2:

Flow Duration

Flow-duration data, as shown in table 4, for regular-gaging stations in
the project area indicate for a particular stream the discharge that is equaled
or exceeded for a given percentage of time. Flow duration ignores the charac-
teristics of individual events but combines all events into one relationship
for the stream. If the period for which the flow-duration data were collected
is representative, the flow-duration relationship should apply in the future
as long as hydrologic conditions do not change. Regulation of streamflow
usually changes the flow-duration relationship. Some of the stations shown
in table 4 have flow-duration data for both preregulated and regulated flow.
Variation in flow, as reflected in flow duration, is a function of climate

and the hydrologic characteristics of the drainage basin. Regulation of flow
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Table 3.—Drainage areas and mean flow for eontinuous-record gaging
stations in the project area

; Period of .
Station record Drainage Mean flow
~ (water argg (ft3/s)
Number Name years) (mi2)
07341500 Red River at Fulton--=-----c--- 1928-76 52,380 17,730
07349430 Bodcau Creek at Stamps---==--- 1959-70 234 207 °
07359500 Ouachita River near Malvern--- 1925-26 1,562 2,376
1928-76
07360000 Ouachita River at Arka- 1905-6, 2,311 3,558
delphia. 1929-75
07361600 Little Missouri River near 1937-42, 1,068 1,548
Boughton. 1945-75
07362000 OQuachita River at Camden------ 1929-75 5,391 7,562
07362100 Smackover Creek near Smack- 1962-76 377 399
over.
07362500 Moro Creek near Fordyce------- 1952-76 216 227
07363000 Saline River at Benton-------- 1951-76 569 422
07363200 Saline River near Sheridan---- 1971-76 1,129 1,813
07363300 Hurricane Creek near 1962-76 204 232
Sheridan.
07363500 Saline River near Rye--=-ece--- 1938-76 2,062 2,591
07365800 Cornie Bayou near Three 1957-76 180 183
Creeks.
07365900 Three Creeks near Three 1957-71 50.3 49.5

Creeks.
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by reservoirs reduces flow variation. Flow-duration relationships at each
station were defined by the percentage of time, during the period of record,
that the daily mean flow was greater than a specified value. "The daily
mean flow values for the period of record at each gaging station were sorted
by computer into about 30 classes. Each class represents a range in daily-
mean flow. These classes include the highest and lowest daily flows and
are uniformly distributed throughout the range of daily flow. Each daily-
mean flow for the period of record was included in its appropriate class.
The number of days thus represented in each class were accumulated, beainning
at the highest daily-mean flow glass, and the percentage of days when the
flow was greater than the lower 1imit of each class in the accumulation was
computed" (Hines, 1975). Flow duration is a cumulative frequency obtained
by summing the class frequencies beginﬁing with the class of highest flow.
Flow duration was estimated at low-flow partial-record stations and
the estimated flows at 99- and 90-percent duration are shown in table 5.
These flows were estimated by correlation with flows at continuous-record
gaging stations. They are not as accurate as data for continuous-record
stations but do indicate hydrologic conditions existing at partial-record sites.
Flow-duration data can be plotted on logarithmic-probability paper if a
graphical presentation is desired. The slope of the duration curve reflects
variations in flow caused by the hydrologic anngeo1ogic characteristics of the
river basin upstream from the station. The slopes of the curves for streams
that have large low-flow yields are flatter than those for streams that have
small low-flow yields. Thus, the flow-duration data are useful for comparing

the flow characteristics of different streams.

Low-Flow Frequency

Low-flow frequency for reqular-gaging stations was computed from

annual events occurring during the period of record. The events were the
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lowest mean discharges for 1-, 7-, 14-, 30-, 60-, and 120-day periods during
each year. The recurrence interval for these events was determined by
either fitting a mathematical-frequency distribution to the data or by plot-
ting the data on a graph and drawing a smooth curve through the data points
(Hines, 1975). The resulting annual low flows for given recurrence intervals
are shown in table 6 for streams in the project area. h
Estimates of Yow-flow characteristics at partial-record stations were
made by comparing measurements of low flow at the partial-record station with
concurrent daily-mean discharge at a continuous-record gaging station. These
continuous- and partial-record gaging stations are shown in fiqure 4. The
criteria for selecting a continuous-record station for comparison were that it
should have a long-term record, be near the partial-record station, and reflect
similiar hydrologic conditions as the partial-record station. If a curve relat-
ing discharge at the two stations could be found, estimates of low flow at the
partial-record station could be made based on corresponding frequency values, at
the continuous-record station. Estimates of low-flow frequency obtained by the
preceding method, for partial-record stations in the lignite area, are shown in
table 5.
Low-flow frequency is important in determining the water-supply potential
at a given site on a stream. Draft rates in excess of expected low flow must
be supplied from storage. Storage requirements for streams in the lignite
area are included in a report by Patterson (1967). Another use for low-flow

data is in determining the waste-assimilation capacity of streams, such as

the study by Jennings and Bryant (1974). ;i
Many streams in south Arkansas would be classified as not having sustained

base flow (Hines, 1975, fig. 7). The only part of the project area where

streams have sustained base flow is the drainage of the Ouachita River upstream

from Camden (Hines, 1975, fig. 7).
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Flood Frequency

Flood frequency is often used as an indicator of the use that could be
made of the flood plains of streams, the design characteristics of structures
that must occupy the flood plain, and flood-insurance rates for developed areas
of flood plains. The best method, at present, for estimating future flood
events is by the analyses of past flood events. Flood frequency at points on a
stream is détermined from annual peak events for the period of record. The
annual flood is the highest instantaneous discharge that has dccurred during a
year of record. A recurrence interval is determined from these annual floods,
either by fitting them to a frequency distribution or by plotting the flood-data
points and drawing a smooth curve through them.

An analysis of floods in Arkansas was made by Patterson (1971). His report
(p. 3) has a description of methods for determining recurrence interval from
gaging-station records by either the log-Pearson Type III frequency distribution
or by graphical methods. Characteristics of annual floods, as determined by
Patterson (1971), for sites in the project area are given in table 7.

The results of frequency analysis for gaging stations were expanded to in-
clude ungaged sites through the use of regression analysis (Patterson, 1971).
Patterson related annual peak flow to hydrologic characteristics of the streams.
Significant characteristics were found to be drainage area, main-channel slope,
annual precipitation, and mean basin elevation for streams within the lignite
area. Patterson's equations are given in table 8 for the parts of Arkansas that
include the lignite area. The simplest equations require only information on
the drainage area upstream from the site. However, the equation relating peak
flow to drainage area also has the largest standard error. Better estimates of
peak flow require more information on characteristics of the drainage basin. If

increased accuracy is desired, one or more equation variables, in addition to

drainage area, must be defined.
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Table B.—Regression equations applicable within the project area

g 2 b,.b,_b .
[Drainage area: 0.1 mi2 to 3,000 miz.  Model is Y=aA 1572 3Pb“; where S is greater than 30 ft/mi, use 30.
From Patterson, 1971]

Standard error of

Exponent of basin characteristic estimate, percent

Peak-flow Regression

b it e oramage  Mein  Membasin e sl hes, o hes
’ slope, S tion, E minus 30, P or more 25 mi2

9(a) 02' i 44.99 0.72 0.32 0.20 0.59 25 46
(b) q, 58.1 .77 .46 — S 30 a5
(c) Q, 276 -68 SR S e 4 50
10(a) Qs 1.8 .72 .35 .21 .43 22 40
(b) Qs 91.8 .78 .50 ——-- - 26 36
(c) Qs 498 .68 FERE Sl mres 40 40
1(a) Q0 17.2 .73 .37 .21 .36 22 40
(b) Q 12 .78 .52 —ee- - 26 36
(c) Q, 653 .68 ---- -—-- -——- 40 40
*12(a) Q;s 10.8 .62 .29 .36 .55 23 -~
(b) Qs 65.6 .69 .45 .22 - 24 =
(c) G nz .77 .63 . - 26 -
(d) Qs 2,680 .48 -—-- —-- -—— 40 s
*13(a) Qsp 21.9 .62 .33 3 .45 25 “a
(b) Qso 96.4 .68 .46 .20 — 26 -
(c) Q50 164 .75 .63 ———- S 27 -
(d) Qsp 3,620 .46 e s s 4 -

*Not applicable for drainage areas less than 25 miZ.
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For small drainage areas, generally less than 25 mi2, frequency
relations are not defined for recurrence intervals of more than 10 years.
Therefore, for drainage areas of this size, equations 12 and 13 in table 8
are invalid and should not be used. Patterson developed a method for estimat-
ing the Q,5 and 050 for drainage areas less than 25 mi2. He determined values
for the ratios 0251010 and 0501010 for long-term gaging stations throughout
the State. %hese values were then related to basin parameters and a reasonably
good correlation was obtained using mafn-channel slope as an independent variable.
The relation curves shown in figure 5 reflect the results of this analysis. Peak
flows for recurrence intervals of 25 and 50 years for small drainage areas in the
project area can be estimated by first determining the 10-year flood and then mul-

tiplying by the appropriate value from the relation curves in figure 5.

Flood Stage

The elevation of the water surface, as well as the discharge, is important
for planning purposes in the construction of structures or earthworks in the
vicinity of streams. Methods requiring extensive field surveys are available
to accurately determine the elevation and peak flow of design floods and should
be used if extreme accuracy is required. However, the following procedure may
be used in the absence, or in support, of other sfreamf1ow data to obtain an
approximation of the elevation of the 50-year flood for any gaged or ungaged sites
on streams in the project area. The procedure developed by Hines (1977) enables
the determination of the elevation of the 50-year flood using a stage increment
(aD) representing the surcharge produced by the 50-year flood discharge over
the 50-percent-duration (median) flow.
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FLOOD RATIOS (Qps/Qi0,Q50/910)
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Figure 5.—Relation between flood ratios and main-channel slope.
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For the project area, the increment of stage (aD) applicable to drainage
areas of from 80 to 1,000 mi2 is shown in figure 6. To use the graph, it is
first necessary to determine the elevation of the median flow, either from
topographic maps or from field observations, and second to add the AD value
for the particular drainage area from the graph to that elevation. A reason-
able assumptijon is that the contour "turnbacks" on streams (where the contour

lines cross the streams) are at the elevation of the median flow.
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Quality of Surface Water

One of the concerns of large-scale strip mining is the potential
degradation of environmental quality, especially surface-water qua]ify.
A part of this study is to determine water-quality conditions of streams
in the south-central Arkansas lignite area prior to mining activities.

To detegmine background (present) water quality, data for a number
of stations, which are located on selected streams in the study area,
were evaluated (fig. 7). The data were collected by the Arkansas Depart-
ment of Pollution Control and Ecology and by the U.S. Geological Survey
in cooperation with the Arkansas Geological Commission. A few of the
stations are inactive.

The results of statistical analysis of selected water-quality parameters
for these stations are presented in tabular form. The results are for a
period of 2 or more years and are based on data collected between 1967 and
1977.

In addition to current and historic water-quality stations, a number
of sampling sites have been established downstream from probable mining
areas (fig. 7). These sites include: 07348590, Bayou Dorcheat near Falcon;
07349415, Little Bodcau Creek at Bodcaw; 07360161, Cypress Creek near
Sparkman; 07360182, Brushy Creek near Ouachita; 07361650, Terre Rouge
Creek near Prescott; 07361660, Little Missouri River near Whelen Springs;
07361700, Caney Creek near Bluff City; 07361805, Terre Noire Creek at Vaden;
07361850, Tulip Creek near Pine Grove; and 07364035, L'Aigle Creek near
Ingalls.

In addition, water-quality stations 07363300, Hurricane Creek near

Sheridan, and 07363500, Saline River near Rye, have been reactivated for this

study.
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EXPLANATION

&°°2°° Gaging station and abbreviated
station number

¥3629%0 sampling station and abbreviated

station number
S Includes sediment sampling

Potential lignite mining area

34°

g
LA
oY £ &4
£ 348705 merson _
33 _ 9%

Base from U.S. Gcolow:;iogurvtl '348700

State base map, 1:500,

10 20 30 ‘IO MILES

Figure 7.—Water-quality data-co?lection network in the project area.
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Samples collected at all water-quality stations are analvzed for the com-
mon ions, organic carbon, suspended sediment, trace metals, dissolved oxyaen,
temperature, pH, conductivity, and benthic organisms. Organic carbon, sediment
data, and benthic organisms are also being collected at continuous-record stream-
gaging stations 07359500, Ouachita River near Malvern, and 07362550, Moro Creek
near Banks.

Samp]es,col1ected by the Geological Survey were analyzed usina the techniques
given in Brown, Skovgstad, and Fishman (1970). Analytical procedures used by the
Arkansas Department of Pollution Control and Ecology include methods published by
the American Public Health Association (1976). the American Society for Testina

and Materials (1974), and the U.S. Environmental Protection Agency (1974).

Red River

Two water-quality sampling stations operated by the Arkansas Department of
Pollution Control and Ecology are located on the Red River in Arkansas. One sta-
tion, 07336860, is located near where the river enters Arkansas and the other
station, 07344350, near where the river leaves Arkansas (fig. 7). Statistical
summaries for these stations are shown in tables 9 and 10. The Red River is char-
acterized by a very high concentration of suspended sediment, as evidenced by
excessive turbidity concentrations and total nonfilterable residue (the suspended
matter that will not pass through a 0.75-1.25 micrometer glass fiber filter)

(table 9). Turbidity concentrations at times exceed the Arkansas State standard

of 50 Jtu (Jackson turbidity unit). The annual sediment load of the Red River at

a long-term monitoring station at Index, Ark., averages 520 tons per square mile

of drainage area (U.S. Army Corps of Engineers, New Orleans District, 1966, p. I-23).
Most of the sediment originates in the upper Red River basin where red, sandy soils
are predominant and are subject to erosion. The iron-bearina, red soil probably

accounts for the high total iron concentrations shown in table 9.
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The stream is further characterized by the predominance of sodium, bicar-
bonate, sulfate, and chloride ions. These ions decrease in concentration from
the upstream station (07336860) to the downstream station (07344350), probably
due to dilution from tributaries between the stations. Chloride concentrations
in the Red River sometimes exceed the U.S. Public Health Service standard of
250 mg/L (milligrams per liter) for drinking water (table 11).

/

Sulphur River

A sampling station on the Sulphur River (07344275) has been operated by the
Arkansas Department of Pollution Control and Ecology since 1968. Water in the
Sulphur River is a calcium bicarbopate type and occasionally contains high con-
centrations of iron (table 12) which often exceed U.S. Public Health Service
standards. The stream is overloaded with wastes from municipal and industrial
discharges resulting in dissolved-oxygen concentrations often in violation of the

Arkansas standard of 5.0 mg/L (table 11).

Bayou Dorcheat

Statistical data are presented for two sampling stations on Bayou Dorcheat
(tables 13 and 14). The stations are operated by the Arkansas Department of Pol-
Tution Control and Ecology. The station near Taylor (07348650) has been operated
since April 1974. The other station (07348700) 10 mi downstream and located near
Springhill, La., was operated from March 1968 to September 1974. Bayou Dorcheat
receives municipal and industrial wastes through some of its tributaries and also
receives some impact on its quality from oil-field brines (Arkansas Department of

Pollution Control and Ecology, 1973, 1975).
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Table 11.—Water-quality standards and recommended water-quality limits

National Academy of Science and
National Academy of Engineering,

Water-quality Arkansas Public Health 1974, recommended 1imits
parameter / standard Service limit

Public water supply Livestock
Arsenic-------==-- il 50 ug/L 100 ug/L 200 ug/L
Cadmiumo-ooeeeeo- (1) 10 ug/L 10 ug/L 50 wg/L
Chloride-eccecace-- {2; 250 mg/L 250 mg/L  eeeeeeee--
Chromium.. . ccaua-- (13) 50 ug/L 350 ug/L 1,000 ug/L
Copper-.ueeeeeem-a- (1 1,000 ug/L 100 wug/L 500 wg/L
Dissolved solids.. (2) 500 mg/L  =memmme= eececeea--
Dissolved oxygen-- “5.0 mg/L  -===---=o= = cmcmccem cecccecne-
(2| IR (1) 300 ug/L 300 ug/L B y—
Lead--==memmmmmmm- {4 50 ug/L 50 wg/L 100 ug/L
Manganese--------- (1) 50 ug/L 50 ug/L = —emmemeeae
Mereury-«sssssmss= () s 2 ug/L 1,000 ug/L
] 6.0-9.0  —e-mmeeea- 5090 9 secdosss
Phosphorus---=e=-- 100 ug/L 100 ug/L emeemmme emmmmeee-
Sulfate----=c--um- 2 250 mg/L 250 mg/L  —=ceeecee-
Turbidity-e=ece=ea- L1 S 1 1 | S 50 U e —
ZinC-m=mmcmecencnn (1) 5,000 ug/L 500 ug/L  —-mmmmmee-

1Standards are based on 96-hour Median Tolerance Limit. See "Arkansas Water
Quality Standards, Regulation No. 2, as Amended," September 1975.

2Standards are set for individual streams. See "Arkansas Water-Quality Stand-
ards, Regulation Ng. 2, as Amended," September 1975.

3Hexavalent (Cr+°).

“Minimum of 5.0 mg/L, except for natural conditions.

Minimum of 6.0 mg/L for trout and small-mouth bass streams.

SFor trout or small-mouth bass streams, the standard is 10 Jtu.
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Water in Bayou Dorcheat, at the upstream site near Taylor, 07348650,
does not meet State water-quality standards (table 11). Dissolved oxygen
concentrations are often less than the minimum recommended 5.0 mg/L. Iron
and manganese concentrations are generally high at this location and exceed
recommended maximums for drinking water. Lead concentration, at times, also
exceeds standards.

Data for the downstream site near Springhill, 07348700, show some addi-
tional degradation in quality occurring between the two sites. For example,
the average chloride concentration increased almost fourfold, probably because
of oil-field brines.

No sediment data are available for this stream. Benthic organisms were
collected at the station near Taylor, 07348650, in 1973, and the findings were
published by the Arkansas Department of Pollution Control and Ecology (1976).

A good benthic population was found.

Cypress Creek

Cypress Creek is a tributary to Bayou Dorcheat and drains a potential

- mining area in the vicinity of Emerson. A water-quality station, 07348705, was

operated by the Arkansas Department of Pollution Control and Ecology at the
Arkansas-Louisiana State 1ine from March 1968 to April 1974. This stream is in
a low, marshy area and has infrequent flow and low velocity, that makes it dif-
ficult to interpret its water quality. Chromium, lead, iron, and manganese
concentrations have exceeded water-quality standards (table 15). In 17 .samples,
the maximum chloride concentration was 1,330 mg/L which indicates oil-field
pollution. The dissolved-oxygen concentration has been less than the State's

standard of 5.0 mg/L. No benthic or sediment data are available for this stream.
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Bodcau Creek

Statistical data are presented for two stations on Bodcau Creek (tables 16
and 17). The station near Lewisville (07349440) drains a low, marshy area
resulting in a summertime stratification of the water. Dissolved-oxygen
concentrations range from 0.0 mg/L near the bottom of the stream to 5.0 mg/L
near the surface.

As with'other streams in the area, iron, manganese, and lead concentrations
are high at times, exceeding standards for drinking water (table 16). In 1973,
upstream from this station and 5 miles downstrgam from where the Stamps sewage-
treatment plant effluent enters the stream, the Arkansas Department of Pollution
Control and Ecology found a good benthic community in the stream with a diversity
index of 2.5947, an indication that the stream is in good condition, with the
exceptions noted previously.

The station near Taylor (07349445) is downstream from Lake Erling, and water
quality at this site shows some improvement after the water moves through the
lake. The dissolved-oxygen concentration remains above 5.0 mg/L (table 17).
Iron concentration is less, but lead and manganese concentrations are a little
higher than concentrations upstream from the lake. Chromium concentration is
noticeably higher downstream from Lake Erling and exceeds drinking-water
standards. The source of the chromium is not known.

No recent benthic sampling has been done at either site. However, as men-
tioned above, in 1973, a good benthic population was found 5 miles downstream
from where the Stamps waste effluent enters the stream. No sediment data are

available for Bodcau Creek.

Ouachita River

Statistical data are presented for seven water-quality sampling sites

on the Ouachita River (tables 18 through 24). These sites are: Station 07359500,
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near Malvern, upstream from potential mining areas; station 07359580, near
Donaldson; station 07360162, near Sparkman; station 07362000, at Camden and
downstream from the confluence of the Little Missouri River; station 07362065,
"below" Camden; station 07362400 at Lock and Dam 8, near Calion, and downstream
from the confluence of Smackover Creek; and station 07364080, near Felsenthal
and near the Arkansas-lLouisiana State boundary, downstream from the confluences
of Moro Creek/ and the Saline River.

The stations "at" and "below" Camden, 07362000, and 07362065, are U.S.
Geological Survey stations. The station "below" Camden (07362065) is inactive.
The rest of the stations on the Ouachita River are operated by the Arkansas
Department of Pollution Control and Ecology.

Water quality of the Ouachita River at the three upstream stations near
Malvern, Donaldson, and Sparkman is similar. However, there is an increase
in iron and Tead concentrations from the station near Malvern (07359500) to
the station near Sparkman (07360162). Iron, lead, and manganese concentrations
at all stations on the Ouachita River sometimes exceed standards for dr1nk1ng
water. The sources of these metals may be the mining activities near Hot Springs.

Data for stations on the Ouachita River at and downstream from Camden
show some dilutional effect of the Little Missouri River whose confluence is
several miles upstream from these stations. Most noticeable are reductions in
specific conductance, sulfate, and chloride.

The station at Lock and Dam 8 near Calion (07362400), reflects the in-
fluence of Smackover Creek (table 23). Of particular note are increases in
specific conductance, sodium, chloride, and total filterable residue (see dis-
cussion of Smackover Creek). Those same parameters continue to increase, as
shown by data for the station near Felsenthal, despite some dilution by Moro
Creek and Saline River. Like Smackover Creek, the lower part of the Ouachita

River receives oil-field brines high in sodium chloride.
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The Ouachita River shows a general deterioration in quality from the
station near Malvern (07359500) to the Arkansas-Louisiana State line. Some of
the deterioration results from mining activities upstream from the study area.
In addition, there is a large number of municipal and industrial waste dis-
charges, both on the main stem of the Ouachita River and on a number of
tributary streams (Arkansas Department of Pollution Control and Ecology, 1977).
As a result of thege wastes, dissolved-oxygen cdncentrations are sometimes
suppressed to less than the State standard of 5.0 mg/L. The Ouachita River
water quality is further deteriorated downstream from Smackover Creek which
carries oil-field brines into the river.

No benthic or sediment data are published for the Ouachita River. How-
ever, benthic and sediment data are being collected at the stations near

Malvern and at Camden and will be published in a subsequent report.

Little Missouri River

The Arkansas Department of Pollution Control and Ecology has operated
a sampling station on the Little Missouri River near Boughton (07361600) since
April 1974, Statistical data for this station (table 25) show the stream to
be of good quality except for occasional high concentrations of iron, lead,
manganese, and unfilterable residues.

There are no waste sources directly on the main stem of the river, but a
few effluents are located on tributary streams (Arkansas Nepartment of Pollu-
tion Control and Ecology, 1977).

Benthic and sediment data are not available at this site. Both types of
data are being collected at station 07361660, near Whelen Springs, and will be

published in a subsequent report.
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Smackover Creek

Data are given for two stations on Smackover Creek (tables 26 and 27).
Station 07362110, north of Smackover, Ark., has been operated by the Arkansas
Department of Pollution Control and Ecology since April 1974, The other
station, 07362200, was operated by the GeoTogical Survey from 1959 to
1972. MWater in Smgckover Creek is of very poor quality. A number of re-
fineries, chemical plants, and municipalities discharge their waste water
into Smackover Creek or into one of its tributarifes. In addition, oil-field
brines are flushed into the creek during surface runoff. The results of
these wastes can be seen in the high concentrations of sodium, chloride, dis-
solved solids, and total filterable residue.

Benthic data were collected at several locations on Smackover Creek
during summer surveys in 1974 and 1975 by the Arkansas Department of Pollu-
tion Control and Ecology (1977). Population densities of benthic organisms

generally decreased downstream. No sediment data are available for this stream.

Moro Creek

Data for one station near Banks (07362550) are given in table 28.
This station has been operated by the Arkansas Department of Pollution
Control and Ecology since April 1974. Like most streams in the study area,
high concentrations of iron, lead, and manganese are present which sometimes
exceed standards (table 11). This stream usually does not flow during late
summer and fall. When streamflow becomes low, dissolved oxygen is sometimes
reduced to less than 5.0 mg/L.

No waste sources are discharged directly into Moro Creek, but three mu-

nicipal and two industrial waste sources discharge into tributaries of Moro
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Creek (Arkansas Department of Pollution Control and Ecology, 1970). Probable

cause of low dissolved-oxygen concentration in the stream is forest litter in

combination with low velocities.

Benthic organisms were collected in 1974 and 1975 at two locations upstream
from the station near Banks (07362550), in the vicinity of Fordyce, by the Arkansas
Department of Po1ﬂution Control and Ecology (1977). Sediment data are being

collected at the station near Banks but are not available for publication.

Saline River

Data are given for four stations on the Saline River (tables 29 through
32). Two of these, operated by the Arkansas Department of Pollution Control
and Ecology, are 07363002, west of Benton, and 07364012, near Fountain Hill
(fig. 7). The other two stations, 07363080, near Tull, and 07363500, near
Rye, were operated by the Geological Survey. The station near Rye has been
reactivated for the present study.

The Saline River water is of good quality except for certain trace
metals, which at times exceed levels recommended for drinking water. Metals
exceeding recommended 1imits include copper, iron, lead, manganese, and zinc
(tables 29 through 32).

No sediment or benthic data are available for publication, but both are
being collected at station 07363500, near Rye. These data will be published

in a subsequent report.

Hurricane Creek

Hurricane Creek is a tributary to the Saline River (fig. 7) and drains

an area of bauxite mining. The Arkansas Department of Pollution Control and
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Ecology has operated a water-quality station (07363270) near Sardis since
1974. The Geological Survey operated a water-quality station (07363300)
near Sheridan from October 1949 to September 1954 and from October 1967 to
September 1972. This station has been reactivated for this study.

As might be expected of a stream draining a mining area, high concen-
trations of some trace metals have been reported (tables 33 and 34). Metals
in excess of’ recommended 1limits include cadmium, iron, lead, and manganese.
Sulfates sometime exceed standards (table 33).

No sediment and benthic data are available for publication. However,
both sediment and benthic data are being collected at the station near
Sheridan. Early indications are that benthic communities are very small
(E.E. Morris, oral commun., 1978), probably as a result of upstream mining
activities. Both sediment and benthic data will be published in a subsequent

report.

Bayou de Loutre

Statistical data are given for a water-quality station (07364600) on
Bayou de Loutre near E1 Dorado (table 35). The station has been operated by
the Arkansas Department of Pollution Control and Ecology since October 1970.
This stream drains an area of oil-field activities, and the water quality of
the stream reflects those activities. High chloride concentrations resulting
from oil-field brines exceed 1imits for human consumption. Of metals present,
chromium, iron, lead, and manganese exceed limits. Dissolved oxygen is some-
times less than the State standard of 5.0 mg/L, probably as a result of low
flows, municipal and industrial wastes (Arkansas Department of Pollution Con-
trol and Ecology, 1975), respiration of aquatic plants, and oxygen demand of
the breakdown of organic detritus from forest litter. No sediment or benthic

data are available for this stream.
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Cornie Bayou

Station 07365800 (fig. 7), Cornie Bayou near the town of Three Creeks,
was operated by the Arkansas Department of Pollution Control and Ecology
from February 1968 to April 1974. Table 36 gives the statistical data for
this station. Part of the drainage area of this stream is comprised of oil
fields and is subject to degradation by oil-field wastes. Data for station
07365800 ref}ect some degradation from oil fields. The maximum chloride con-
centration of 240 mg/L (table 36), which is near the recommended maximum
allowed for drinking water, probably resulted from oil-field brine. Arsenic,
chromium, iron, lead, and manganese concentrations have exceeded standards.
Dissolved-oxygen concentration is sometimes less than the 5.0 mg/L minimum
recommended by State water-quality standards. No benthic or sediment data

are available for this stream.

Three Creeks

Table 37 gives statistical data for a water-quality station (07365900),
on Three Creeks, near the town of Three Creeks. This station was operated by
the Arkansas Department of Pollution Control and Ecology from February 1968
to April 1974, and data show the stream to be degraded by oil-field wastes
(Arkansas Department of Pollution Control and Ecology, 1975). However, two
samples collected during the summer of 1974, at the Arkansas-Louisiana State
boundary, indicate some improvement in water quality (Arkansas Department of
Pollution Control and Ecology, 1975).

At the station near Three Creeks, dissolved oxygen, chloride, chromium,
iron, lead, manganese, and zinc concentrations (table 37) are in violation of
one or more of the standards shown in table 11.

A varied benthic community was reported for this stream at the Arkansas-
Louisiana State boundary for the summer of 1974 (Arkansas Department of

Pollution Control and Ecology, 1975). No sediment data are available.
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Ground-Water Occurrence and Quality

The geologic column in south Arkansas is summarized in table 38. Lignite
occurs in Tertiary deposits of Eocene age. "Arkansas lignite is found princi-
pally in strata of Eocene age. It is most abundant in strata of the Wilcox
Group and successiyely less abundant in the overlying Claiborne and Jackson
Groups" (Stroud and others, 1969). The Eocene deposits also contain aquifers
that are important sources of water supply both locally and regionally. Total
ground-water usage in the study area was 422 Mgal/d in 1975 (Halberg, 1975).

Much of the definition of the geologic units in the subsurface is based
on interpretation of electric logs of test holes drilled for oil and gas
exploration. An example of such an electric log is shown in figure 8. The
geologic units have been correlated throughout the Coastal Plain of Arkansas
and in parts of adjacent States in regional hydrologic studies such as U.S.
Geological Survey Professional Papers 448 and 569.

The stratigraphic relationships of the Tertiary units in the project area
are shown by five geologic cross sections located as shown in figure 9. The
cross sections are shown in figure 10, sheets 1 through 4. Table 39 contains
information on the test holes and wells used to define the cross sections.

Most of the aqﬁifers that yield freshwater in the study area are part
of, or lie above, the Eocene Series. The exceptions are the Clayton Formation
of Paleocene age and the Macatoch Sand of Cretaceous age. These two aquifers
yield freshwater within small areas in the project area. The aeologic units

below the Nacatoch Sand do not contain freshwater in the project area.
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Electric log
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Carrizo Sand

Wilcox Group, Undifferentiated

Midway Group

Figure 8.—Composite example of an electric log.
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Table 39.—Test holes and wells used in defining cross sections

Control Location Owner Lease
point
Cross section A

A-1 Clark County, J. F. Stone Hunnicut No. 1.
sec. 274 T. 7 S., R. 18 W.

A-2 Dallas County, Lion 0il1 Co. Core Hole No.
sec. 34, T. 7 S., R. 17 K. 12-PW-7.

A-3 Dallas County, Lion 0i1 Co. Core Hole No.
sec. 31, T. 7 S., R. 15 W. PW21.

A-4 Cleveland County, Lion 011 Co. Core Hole No.
sec. 7, T. 8 S., R. 13 W. 8-F-1.

A-5 Cleveland County, Lion 0il1 Co. Core Hole
sec. 1, T. 8 S., R. 13 W. No. M-6.

A-6 Cleveland County, W. M. Coates J. L. Moore
sec. 3, T. 8 S., R. 13 W. No. 1.

A-7 Cleveland County, Desha Basin Corp. E. A. Merril
sec. 13, T. 9S., R. 9 W. No. 1.

A-8 Lincoln County, William L. Durham Tarner No. 1.
sec. 5, T. 9S., R. 9 W. '

Cross section B

B-1 Miller County, Arkla 0i1 Co. R. T. Dodd No.
sec. 11, T. 19 S., R. 28 W.

B-2 Lafayette County, McAlester Fuel Co. Cora Jeffus
sec. 4, T. 19 S., R. 23 W. No. 1.

B-3 Columbia County, Crow Drilling Co. Chaffin No. 1.
sec. 22, T. 18 S., R. 21 W.

B-4 Union County, Lion 0i1 Co. Lofton No. 1,
sec. 24, T. 18 S., R. 18 W.

B-5 Union County, C. H. Murphy, Jr. Cates No. C-1.
sec. 33, T. 18 S., R. 15 W.

B-6 Union County, McAlester Fuel Co. Crossett Lumber
sec. 31, T. 18 S., R. 10 W. Co. No. H-1.
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Table 39.—Test holes and wells used in defining cross sections——Continued

Control

2 Location Owner Lease
point
Cross section B—Continued
B-7 Ashley County, Patoil Corp. Georgia Pacific

see. 34, T. 18 S., R. 9 W.

Corp. No. 1.

B-8 Ashley County, Patoil Corp. Georgia Pacific
sec. 2, T. 19 S., R. 9 W. Corp. No. 2.

B-9 Ashley County, Lion 0il Co. Crossett Lumber
sec. 27, T. 18 S., R. 6 W. Co.

B-10 Ashley County, Chicago Corp. Mr. Morris No. 1.
sec. 31, T. 18 S., R. 4 W.

Cross section C

C-1 Grant County, Lion 0i1 Co. Exploratory Hole
sec. 13, T. 4 S., R. 15 W. No. G-2.

c-2 Grant County, C. A. Lee International Pa-
sec. 2, T. 5S., R. 14 W. per Co. No. A-1.

c-3 Grant County, Connelly & Ashcraft No. 1.
sec. 21, T. 6 S., R. 12 W. Froderman

c-4 Cleveland County, Richardson and Beulah Studdard
sec. 10, T. 8 S., R. 10 W. Sneed Brothers No. 1.

A-7 (See cross section A)

C-5 Lincoln County, Curtis Kinard Payne Estate No. 1.
sec. 18, T. 10 S., R. 7 W.

C-6 Drew County, Davis-McCauley Lucas No. 1.
sec. 2, T. 12 S., R. 5 W.

Cross section D

D-1 Dallas County, Lion 0il1 Co. No. 10-PW-7.
sec. 12, T. 7 S., R. 17 M.

A-2 (See cross section A)

D-2 Dallas County, J. F. Stone Herbert & Walsh

sec. 33, T. 8 S., R. 15 W.

No. 1.



Table 39.—Test holes and wells used in defining cross sections—Continued

sec. 34, T. 17 S.

s R. 9 W.

Control Location Owner Lease
point
Cross section D—Continued

D-3 Dallas County, Lion 0il1 Co. Core Hole No.

sec. 5, T. 10 S., R. 14 W. F-15.
'

D-4 Calhoun County, Garland Anthony Brazil No. 1.
sec. 25, T. 11 S., R. 13 W.

D-5 Bradley County, Pan Am Southern Mollie Turner
sec. 14, T. 14 S., R. 10 W. Corp. No. 1.

D-6 Ashley County, Placid 0i1 Co. Crossett Lumber

Co. No. 1.

Cross section E

E-1

E-2

E-3

E-4

E-5

E-6

E-7

Ouachita County,

sec. 8, T. 18 S.,

Ouachita County,

sec. 15, T. 13 S., R. 17 W.

Calhoun County,

sec. 15, T. 14 S., R. 16 W.

Calhoun County,

sec. 35, T. 14 5., R. 15 W.

Calhoun County,

sec. 17, T. 15 S.

Calhoun County,

sec. 3, T. 16 S.,

Calhoun County,

sec. 14, T. 16 S.

Bradley County,

sec. 34, T. 16 S.

Bradley County,

sec. 10, T. 17 S.

Bradley County

sec. 16, T. 17 S.

R. 18 W.

» R. 14 W.

R. 14 W.

66

Garland Anthony

Garland Anthony

J. T. 0'Neal
Placid 0i1 Co.

Mid-Century Petro-
leum Corp.

Ruth L. Markham

Placid 0il Co.

01in 0i1 and Gas
Corp.

William R. Wood,
Jr.

Placid 011 Co.

Hirsch No. 1.

Berg No. 1.

Gaughn No. 1.

Gorth No. 1.

Freeman-Smith
No. 1.

Calion Lumber Co.
No. 1.

Freeman-Smith
No. 5.

Ferguson No. A-1.

Hunt No. 2.

C. H. Murphy
No. 3.



Table 39.—Test holes and wells used in defining cross sections—Continued

ng?;gl Location Owner Lease
Cross section E—Continued
E-11 Ashley County, Tidewater 0il1 Co. Crossett Co.
sec. 3, T. 18 S., R. 8 W. No. D-T.
B-8 (See,cross section B)
E-12 Ashley County Union Production Crossett Lumber

sec. 24, T. 19 S., R. 7 W.

Co. No. F-1.
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A network of 600 observation wells has been established in the project
area. Water-level measurements will be made in these wells biannually. Spring
(1978) measurements have been made, and were used in defining the potentiometric
surfaces for the Cockfield Formation, Sparta Sand, Cane River Formation, and
the Carrizo Sand. Additional observation wells are being added, when possible,
to the existing network.

/

Nacatoch Sand

The Nacatoch Sand is present in the subsurface throughout most of the
project area (fig. 11). However, it contains freshwater in only a small area
near its outcrop. This area includes parts of Miller, Hempstead, Nevada, and
Clark Counties. The Nacatoch Sand consists mostly of sand and calcareous clay.
In‘the subsurface, adjacent to its outcrop in southwest Arkansas (Boswell and
others, 1965), the Nacatoch Sand is from about 150 ft to more than 500 ft
thick and the percentage of sand is from less than 20 to as much as 80 (fig. 12).
Most of the sandy material is in the upper part of the formation. The sandy
upper part of the formation is an aquifer that furnishes as much as 300 gal/min
to wells in or near the outcrop. The potentiometric surface (altitude to which
water will rise in wells tapping a confined artesian aquifer) for the Nacatoch
Sand is shown in figure 13. The general movement of water in the formation
is southeastward.

The quality of water from the Nacatoch Sand is generally poor in the pro-
ject area. Throughout most of the south-Arkansas lignite area, the Macatoch
Sand does not contain freshwater (Cushing, 1966). Only in parts of Miller, Hemp-
stead, Nevada, and Clark Counties does the Nacatoch Sand contain water having
less than 1,000 mg/L of dissolved solids. The averaae specific conductance, as
determined from 72 analyses (table 40), is about 1,900 (cm'iat 25°C) umho with

values ranging from 190 to 19,900 umho. The pH values range from 7.4 to 9.0
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and average 8.5. In Clark County, water from the Nacatoch Sand is hard in
many places. For the 18 analyses shown in table 4C, the maximum values of
hardness, as calcium carbonate (CaCO3). is 2,690 mg/L, with most values rang-
ing between 18 and 154 mg/L. Water from the Nacatoch in Nevada County 1is

soft, averaging 9.4 mg/L CaC03 for 14 samples. The average hardness is 46
mg/L CaCO3 in 15 samples from Hempstead County and 53 mg/L in 26 samples from
Miller County. OVErlying the Nacatoch Sand is the Arkadelphia Marl, which is
in turn overlain by the Midway Group. The Arkadelphia Marl consists of calcar-
eous clay and 1imestone and ranges from 0 to 150 ft thick. The formation con-

tains practically no sand beds and is not an aquifer in the project area.

Midway Group

The Midway Group in the project area consists of ca?cireous clay, sandy
limestone, and calcareous sandstone and is from about 400 to 600 ft thick in
the subsurface. A structural contour map of the top of the Midway is shown
in figure 14. The amount of sand in the Midway ranges from 0 to about 20 per-
cent. The calcareous sandstone and Timestone at the base of the Midway Group
make up the Clayton Formation, which is an aquifer in the northern part of the
project area. In some places there is appreciable sand in the Clayton Forma-
tion. The Clayton Formation (Kincaid Formation in the Arkansas bauxite area)
is generally about 35 ft thick and furnishes as much as 350 gal/min to wells
near its outcrop in Hot Spring, Saline, and Pulaski Counties. The upper part
of the Midway Group, the Porters Creek Clay (Wills Point Formation in the
Bauxite area), is not an aquifer in the project area.

The only information available at the present time on the chemical quality

of water from the Clayton Formation in the project area is from the analyses of
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six samples (table 41) from Hot Spring and Saline Counties. With so few
analyses concentrated in such a small area, very little can be said about

the general quality of water in the formation. However, the available
analyses do indicate a lower mineral concentration in the water from the
Clayton Formation in Hot Spring County than in Saline County (table 41).
Specific conductance averages 355 umho in three samples from Saline County,
and 149 quo in three samples from Hot Spring County. The pH of the water
from the two counties averages 7.2 and ranges from 5.5 to 8.1. The hardness
of the water ranges from soft (12 mg/L CaC03) to hard (154 mg/L CaC03) in the

two counties.

Wilcox Group, Undifferentiated

The lowermost unit of the Eocene section in Arkansas is the undifferen-
tiated Wilcox Group. It consists of interbedded fine-grained sand, clay,
silt, lignite, lignitic si1t, and lignitic clay. It occurs either at the
surface or in the subsurface throughout most of the project area. The ex-
ceptions are inliers of older rock (Midway'Group and ianeous rocks of Cre-
taceous age) in the northern part of the area. The outcrop area, the structural
contours of the top of the formation, and areas of use are shown in figure
15. In the project area, the Wilcox Group ranges in thickness from 200 to
500 ft and in percentage of sand from 10 to 60 (fig. 16).

The Wilcox Group is identified on electric loas as the sequence of
interbedded sand and clays above the distinctive clays of the Midway Group
and below the more prominent sands of the Carrizo formation. The sand beds
in the Wilcox Group are aquifers of local importance in or near the outcrop.
Typically, the water in the sands of the Wilcox Group becomes brackish or

saline within a short distance downdip and is unfit for most uses.
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The quantities of water available from the Wilcox Froup varies. "About
200-300 gal/min is available from individual wells in southeastern Hot Sprinq
and southwestern Grant counties" (Halberg and others, 1968). Throughout the
rest of the project area, quantities of water adequate for household supplies
or other small negds are generally available from the Wilcox. Water from the
Wilcox Group varies in mineralization. Seven water samples taken from wells
tapping the Wilcox' in Miller County have specific conductances rangina from
152 to 2,170 umho (table 42), with an average of 930 umho. In Hot Spring
County, the range in conductance for 16 samples is 16 to 661 umho. The
average pH for 30 analyses shown in table 42 is 7.3 and ranges from 5.0 to
8.9. Most of the pH values are between 6.2 and 8.4. Iron concentrations
range from 0.0 to 9.7 mg/L and average 1.2 mg/L in Hot Sprina County. For
the analyses given in table 42, hardness, as calcium carbonate (Caco3), ranges

from 2 to 143 mg/L and averages 35 mg/L.

Carrizo Sand

The Carrizo Sand, the basal formation of the Claiborne Croup in Arkansas,
crops out in central Miller, south Hempstead, and central Nevada Counties
(Ludwig, 1972, p. 15), northwest Quachita County (Albin, 1964 pl. 5), and pos-
sibly in southeast Clark County (Plebuch and Hines, 1969, p. A26). Its outcrop
in west Dallas County (Plebuch and Hines, pl. 1) and east Hot Spring County
(Halberg and others, 1968, p1. 1) has been inferred from updip projections of
electric-log data. It is not known whether the Carrizo Sand crops out in
Saline and Pulaski Counties, but it is present in the subsurface in north
Grant County. The Carrizo Sand generally is present in the subsurface south
and east of its outcrop. However, locally, it is missing, and the overlying

Cane River Formation rests directly upon the Wilcox Group. Fiqure 17 shows
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Figure 17.—Structural contours of the top and areas of use of the Carrizo Sand.
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the outcrop area and structural contours of the top of the Carrizo Sand. In
the lignite area, the Carrizo Sand is from a few feet to about 100 ft thick
in or near its outcrop and generally increases downdip, to a m?ximum of about
300 ft in Jefferson County (fig. 18). Within the project area, more than 80
percent of the material composing the Carrizo Sand is sand (fig. 18).

Figure 19 shows the potentiometric surface for the Carrizo Sand. Move-
ment of water is ggnerally to the southeast. There is only a small amount of
pumping from the Carrizo Sand and there are no significant cones of depression
in the project area.

The amount of water used by wells tapping the Carrizo Sand in the lignite
area is not large (table 2). Significant withdrawals from the Carrizo Sand in
Miller, Hempstead, Nevada, Ouachita, and Hot Spring Counties add up to a total
withdrawal of 0.33 Mgal/d. The Carrizo Sand is used as a source of water sup-
ply in other counties in the area, but the amount of water withdrawn is not sia-
nificant.

Most wells tapping the Carrizo are used for domestic supplies. Very few
municipal, industrial, or irrigation wells are completed in the Carrizo Sand.
Yields range from 30 to 100 gal/min. In the southwestern part of the project
area, low-yield flowing wells can be obtained.

Information on the quality of water from the Carrizo Sand is available
at a few places in the area. This information is given in table 43. Typically,
the water is a sodium bicarbonate type and has a low to moderate mineral con-
centration. Downdip, water in the Carrizo Sand is unusable for some purposes
because of increased chloride concentrations. The specific conductance of
water from the Carrizo Sand differs from place to place, ranging from 24 umho
in a sample from Hot Spring County, to 4,680 wmho in a sample from Ouachita

County. Figure 20 shows lines of equal specific conductance for the Carrizo
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EXPLANATION

Area of outcrop. Dashed where =200~ |SOPACH— -Showing thickness
approximately located of unit. Interval 100 feet
Area of outcrop covered 2

N By Quaternacy geposifs 81-100 Percentage of sand

Figure 18.—Thickness and percentage of sand of the Carrizo Sand
(modified from Hosman and others, 1968).
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Area of oufcrop, Dashed where
approximately located

Area of outcrop covered
by Quaternory deposits

EXPLANATION

—_——200 ——

POTENTIOMETRIC CONTOUR -- Shows
altitude of water level. Approximately
located. Contour interval 50 feet,

National Geodetic Vertical Datum of 1929

Approximate locatlon of saltwater
intferface

Figure 19.—Potentiometric surface of the Carrizo Sand.
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LINE OF EQUAL SPECIFIC CONDUCTANCE, in micromhos per centimeter
at 25 degrees Celsius. Interval as shown

m Area of outcrop of Carrizo \\‘ Area where outcrop of Carrizo Sand
Sand. Dashed where A is covered by Quaternary deposits
approximately located

Figure 20.—Specific conductance for the Carrizo Sand.
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Sand. Because of lack of available data, it was not possible to define contours
in the central and eastern part of the project area. The specific conductance
of water from the Carrizo Sand is generally less than 700 umho. The pH of
water in nine analyses, shown in table 43, ranges from 6.4 to £.4 and averaaes
7.7. Water from the Carrizo Sand is generally soft (hardness, less than /0
mg/L), with the exception of one sample of water from the formation in Ouachita
County thaé has a hardness of 79 mg/L (CaCO3). Silica concentrations for five

analyses, shown in table 43, averages 11.3 mq/L and ranges from 8.5 to 14 ma/L.

Cane River Formation

The Cane River Formation overlies the Carrizo Sand and is in turn over-
lain by the Sparta Sand. The Cane River occurs in the subsurface throughout
most of the project area. The formatfon crops out in a zone along the north-
western boundary of the project area, from just south of Little Pock to near
Texarkana (fig. 21). The Cane River Formation ranges in thickness from 150 ft,
in Pulaski County, to 500 ft, in Jefferson County (fig. 22). The formation is
generally from 21 to 60 percent sand. However, in west Grant, east Hot Sprina,
and central Miller Counties, the percentage of sand is 61 to 80. The percentaae
of sand decreases downdip (fig. 22). The potentiometric surface for the Cane
River Formation is shown in fiqure 23.

Relatively few wells have been developed in the Cane River Formation. The
formation is used mostly as a source of supply for wells in and near 1ts updip
Timits. In this area, yields of as much as 920 gal/min are obtained (Ludwiq,
1972). Total water use from the Cane River Formation in the lignite area was
3.48 Mgal/d in 1975 (table 2). The greatest water use was 2.47 Maal/d in

Lafayette County, with smaller amounts used in Miller, Mevada, Ouachita, Columbia,

Dallas, and Hot Spring Counties.
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EXPLANATION
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Figure 22.—Thickness and percentage of sand of the Cane River Formation
(modified from Hosman and others, 1968).
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The specific conductance of water from wells tapping the Cane River
Formation ranges from 22 umho, for a sample from Hot Spring County, to
4,360 wmho, for a sample from Ouachita County. The average specific con-
ductance for 39 analyses, shown in table 44, is 443 umho. Lines of equal
specific conductance for the Cane River Formation are shown in figure 24.
A general trgnd can be detected, with conductance increasing downdip, as
might be expected. Contours are not fully developed in the central and
easternparts of the project area because sufficient data are not available
at this time. The average pH is 7.5 and the range in pH is 4.5 to 8.8, with
most values between 6.4 and 8.6. The average hardness for the analyses shown
in table 44 is 35 mg/L (CaCOa), which indicates soft water. However, the hard-
ness of water in samples collected in Ouachita County is as much as 236 mg/L
CaC03. Bicarbonate averages 155 mg/L and ranges from O to 492 mg/L. Silica
averages 12.6 mg/L and ranges from 8.5 to 25 mg/L. Chloride concentrations in
water from the Cane River Formation are generally low except in the faulted zone
in the south-central part of the project area. Within this zone, chloride

concentrations can be so high that the water is unfit for some uses.

Sparta Sand

The Sparta Sand overlies the Cane River Formation and is overlain in turn
by the Cook Mountain Formation. The Sparta is present throughout the entire
project area. Areas of outcrop, structural contours of the top, and areas of
use are shown in figure 25. The Sparta consists chiefly of beds of fine- to
medium-grained sand in the lower part of the unit, and of beds of sand, clay,
and lignite in the upper part. The formation is 300 to 900 ft thick and
ranges from 21 to 100 percent sand in the project area (fig. 26). The thick-

ness of the Sparta Sand increases and the percentage of sand aenerallyv decreases
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EXPLANATION

200

LINE OF EQUAL SPECIFIC CONDUCTANCE, in micromhos per centimeter
at 25 degrees Celsius. Interval as shown

ea of outcro f Cane River rea where outcrop of Cane River
Ar u po N A w rop

Formation. Dashed where Formation |8 covered by Quaternary
approximately located deposits

Figure 24.—Specific-conductance contours for the Cane River Formation.
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EXPLANATION

200

STRUCTURE CONTOUR-—— Shews altifude Outcrop irregular due to faulting
of top of Sparta Sand. Contour interval
200 feet. National Geodetic Vertical Datum

of 1929
D
C')utctr%p area of Sparta Sand. Approximately Fault zone — - Approximately located
ocate
N =!
Qutcrop area where Sparta Sand Is Area of use

covered by Quaternary deposits

Figure 25.—Structural contours of the top and areas of use of the Sparta Sand.
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Figure 26.—Thickness and percentage of sand of the Sparta Sand

(modified from Hosman and others, 1968).
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downdip. The formation dips toward the Mississippi River and southward
toward the gulf. In the lignite area, the Sparta Sand is thinnest in southern
Pulaski County and thickest in northern Drew County.

Figure 27 shows the potentiometric surface of the Sparta Sand. General
movement of water is southeastward. Depressions exist around Magnolia, El
Dorado, and Pine Bluff, where heavy pumping has significantly lowered water
Tevels. /

The Sparta Sand is the most productive aquifer in the lignite area. As
shown in table 2, it is the source of significant withdrawals in 17 of the
20 counties in the lignite area. In 1975, total withdrawal from the Sparta
Sand within the project area was 91.51 Mgal/d. The Sparta Sand is also a
productive aquifer in eastern Arkansas, northern Louisiana, and in Mississippi.
The Memphis aquifer, of which the Sparta Sand is the upper part, is a dependable
source of water supply in northeast Arkansas and in Tennessee, Missouri, and
Kentucky. About 350 Mgal/d was pumped from the Sparta Sand and the Memphis
aquifer in 1965 in Arkansas, Kentucky, Louisiana, Mississippi, Missouri, and
Tennessee. The use of water from the Sparta Sand and the Memphis aquifer in
Arkansas increased about 30 percent from 1965 to 1975 and probably increased
about the same amount in the other States.

The largest use of water from the Sparta Sand (53.82 Mgal/d in 1975) is in
Jefferson County. Water withdrawn from the formation is used for municipal sup-
ply for Pine Bluff and smaller cities and industrial supply for two papermills
and other industries. The second largest use of water from the Sparta Sand is
in Union County (17.4 Mgal/d in 1975). The water is used for public supply by
E1 Dorado and smaller cities and by several refineries and other industries.
Substantial amounts of water from the Sparta are used in Columbia (6.02 Mgal/d
in 1975) and Ouachita (4.28 Mgal/d in 1975) Counties. In 1975, use in other

coun;ies ranged from 0.13 Mgal/d to as much as 2.97 Mgal/d per county. Where
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present, the Sparta Sand is used as a source of municipal supply by most towns
and cities in the project area.

Water in the Sparta Sand is generally soft and is a sodium bicarbonate
type. Within the project area, dissolved-solids concentrations range from 24
to 1,320 mg/L and have an average of about 93 mg/L (table 45). Although the
range in dissolved solids is large, the average indicates that in most areas
water in the Sparta 15 only moderately mineralized. Specific conductance
of water from the Sparta Sand ranges from 20 umho in a sample from Lafayette
County, to 4,610 umho in a sample from Quachita County. Figure 28 shows lines
of equal specific conductance for the Sparta Sand. Conductance increases down-
dip, as mineralization of the water increases. Also, locally, specific con-
ductance may be higher than the general trend indicates. These highs are
indicated by the closed 1ines on the map. The pH ranges from 4.0 to 8.8 and
averages 7.4. Hardness of water from the Sparta Sand ranges from 1 to 238 mg/L
and averages about 30 mg/L. Bicarbonate averages about 145 mg/L and ranges from
0 to 1,280 mg/L. Concentrations of silica range from 1.6 to 58 mg/L and average
about 15.5 mg/L.

Cook Mountain Formation

The Cook Mountain Formation overlies the Sparta Sand and is overlain
in turn by the Cockfield Formation. It is typically about 100 to 150 ft
thick. The formation is composed of carbonaceous clay, lignite, and lentic-
ular beds of sand ranging from a few inches to a few feet thick. These thin
sand beds do not contain substantial amounts of water, However, the forma-
tion does furnish small amounts of water to shallow wells in its outcrop area
in central Grant County east of the Saline River. The Cook Mountain Formation

is of only minor importance as an aquifer in the project area.
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, In micromhos per centimeter

LINE OF EQUAL SPECIFIC CONDUCTANCE
Interval as shown

at 25 degrees Celsius.

Fault zone - - Approximately located
U, upthrown side; D, downthrown side

m Qutcrop irregular due to faulting

.
0

Dashed where approximately

located
Area where outcrop of Sparta

Area of outcrop of Sparta Sand.

N

Sand is covered by Quaternary

deposits

Figure 28.—Specific conductance for the Sparta Sand.
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The results of analyses of 20 samples taken from wells tapping the
Cook Mountain Formation are shown in table 46. Most of the samples were
taken from wells in Ouachita and Grant Counties. Specific conductance
ranges from 78 to 3,040 umho and averages about 401 umho. The averaae pH
1s about 6.4 and the range in values is from 5.3 to 8.3. Average hardness
is about 98.5 mg/L and values range from 3 to 1,110 ma/L. Ricarbonate ranges

from 8 to 210‘mg/L and averages 56.0 mg/L.

Cockfield Formation

The Cockfield Formation overlies the Cook Mountain Formation and is in
turn overlain by the Jackson Group, undifferentiated. The Cockfield is pfesent
throughout the eastern part qf_the broject area. Areas of outcrop, structural |
contours of the top, and areas of use are shown in fiqure 29. The formation-is
about 200 ft thick and generally consists of 40 to 80 percent sand in the pro-
ject area (fig. 30). Figure 31 shows the potentiometric surface for the Cock-
field Formation. Movement of water is generally southward.

The Cockfield Formation is a significant source for around water in 11
counties in the project area. The largest use is for domestic water supply.
However, a few municipal and industrial wells also tap the aquifer. Within
the project area, yields range from a few gallons per minute to 400 cal/min.
The total water use in 1975 from the Cockfield Formation in the project area
was 3.19 Mgal/d (table 2). The largest water use from the Cockfield is in
Union (0.67 Mgal/d in 1975) and Cleveland (0.44 Maal/d in 1975) Counties.

Water in the Cockfield is generally soft and is a sodium hicarbonate type.
In the project area, dissolved solids range from 25 to 900 mg/L and averaae
about 241 mg/L (table 47). Specific conductance ranges from 25 to 1,740 umho
and averages 435 ymho. Lines of equal specific conductance for the Cockfield

are shown in figure 32. Closed contours in certain areas indicate local variations
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Formation (modified from Hosman and others, 1968).
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Figure 32.—Specific conductance for the Cockfield Formation.
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that do not follow the general trend. Hardness ranges from 3 to 598 mg/L
and the average is 54 mg/L. The average pH is 7.5 mg/L and the range in
values is from 5.8 to 8.8 mg/L. Bicarbonate ranges from 7 to 428 mg/L and

averages about 165 mg/L.

y Jackson Group, Undifferentiated

The Jackson Group, undifferentiated, is the uppermost part of the deposits
of Eocene age in the project area. It crops out in parts of Grant, Jefferson,
Cleveland, Lincoln, Bradley, Drew, and Ashley Counties. The Jackson Group in
the project area is a maximum of about 300 ft thick and consists mostly of
clay, but it also includes beds of silt, sand, and lignite. The Jackson Group
is not an important aquifer in the project area, but it does furnish small
amounts of water to domestic wells in Bradley, Cleveland, Drew, Grant, Jefferson,
and Lincoln Counties.

The quality of water from the Jackson Group is generally poor. Dissolved
solids range from 78 to 5,330 mg/L and average about 852 mg/L (table 48).
Average specific conductance is about 839 umhos and values range from 35
to 5,490 uymho. Hardness ranges from 4 to 2,620 mg/L and averages about
379 mg/L, indicating that water from the Jackson is generally hard. Where
large quantities of good-quality water are needed in the outcrop area of
the Jackson Group, it is usually necessary to drill a deeper well into the

Cockfield Formation or the Sparta Sand.

Deposits of Quaternary Age

The deposits of Quaternary age in the lignite area consist of gravel,

sand, silt, and clay. These deposits include alluvium, which underlies the
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flood plains of the streams, and terrace deposits, which are older alluvial
deposits situated at higher altitudes above the present flood plains.

Where present, these deposits are always at the surface; no younger forma-
tions overlie them. In many places the terrace deposits are dissected and
function as independent aquifers. The locations of terrace and alluvial de-
posits are shown in figure 33. Fiqure 34 shows the thickness of the Ouaternary
deposits in t;e project area. The terrace deposits are from 0 to more than

100 ft thick and are commonly about 40 ft thick. The alluvial material varies
in thickness from one drainage basin to another. Alluvium underlying the Red
River flood plain ranges from O to 90 ft in thickness. Ouachita River alluvium
ranges from 0 to 50 ft thick in most places. Alluvium underlying the Little
Missour{ River and the Saline River flood plains has a maximum thickness of
about 40 ft. Alluvium deposited by smaller streams in the project area is
generally less than 25 ft thick and commonly consists mostly of fine-arained
material (silts and clays).

A large percentage of the total ground water used in the 20 counties con-
taining the project area in 1975 (312.23 Mqal/d) is pumped from Ouaternary aqui-
fers. Most of this water (297.77 Mgal/d in 1975) s pumped from thick alluvial
and terrace deposits which are beyond the eastern boundary of the project area.
The water pumped outside the project boundary is used in Ashley, Drew, Lincoln,
Jefferson, and Pulaski Counties. Less than 20 Mgal/d of water is pumped from
Quaternary deposits within the project area. The largest use from the Nuatern-
ary aquifers in the 1ignite area is in Lafayette County (12.19 Mgal/d in 1975)
followed by Miller County (1.74 Mgal/d in 1975).

The alluvial aquifer can furnish as much as 1,500 gal/min to properly

constructed wells in Miller and Lafayette Counties (Ludwig, 1972), where
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EXPLANATION

Quaternary alluvium

Quaternary terraces

Figure 33.—Distribution of the Quaternary deposits

(modified from Boswell and others, 1968).
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EXPLANATION

0-50

51-100 | Thickness of deposits,
1o1-150 | in feet

> 151

Figure 34, —Thickness of the Quaternary deposits (modified
from Boswell and others, 1968).
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the alluvium is as much as 90 ft thick. Many large-yielding irrigation wells
tap the aquifer in these two counties. Little is known about the maximum
yield of the alluvial aquifer in other parts of the lignite area. VYields

of 240 gal/min were reported by Plebuch and Hines (1969, p. A29) for wells
tapping the alluvium in the Ouachita River flood plain, south of Arkadelphia,
in Clark County. ‘Halberg and others (1968, p. 33) reported that the maximum
yield of the alluvium in Grant and.Hot Spring Counties was probably about 25
gal/min.

In the project area, water from the alluvium is generally moderately
to highly mineralized, hard, and contains excessive iron (table 49). For the
counties represented in table 49, the range in dissolved solids is 28 to 1,610
mg/L and the average is about 414 mg/L. Figure 35 shows the distribution of
dissolved solids in the significant Quaternary aquifers (alluvium and ter-
races). Specific conductance ranges from 27 to 2,900 ymho and averages 523
wmho . Hardness averages about 158 mg/L and ranges from 6 to 864 mg/L. Dis-
solved iron concentrations are highly variable from place to place. For the
counties represented in table 49, the maximum concentration of dissolved iron
(24,000 mg/L) occurs in Drew County.

The only high yields (1,100 gal/min) reported from the terrace deposits
have been in Lafayette County (Ludwig, 1972, p. 12). In ofher parts of the
lignite area, the terrace deposits are known to furnish supplies sufficient
for only domestic use. The terrace deposits form only a thin surface mantle
in many areas of their occurrence and shallow dug and bored wells may tap
both the terrace deposits and underlying older formations of Tertiary age.

Table 50 shows the results of the analyses of samples taken from wells
tapping terrace deposits in 13 counties in the project area. The average

specific conductance is about 345 imhos and ranges from 21 to 4,130 umho.
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33°

EXPLANATION

[77] <250 261-500
501 -1000 EE) > 1000

Dissolved solids in ground water, In

milligrams .per liter

Based on specific conductance values and the refation-
ship dissolved solids (Mg/L)=(specific conductance
X0.585) +32

Boundary of area of significant
Quaternary aquifers

N |

Base from U.S. Geological Survey
State base mup, 1:500,000

10 o 10 20 30 40 MILES
1

Figure 35.—Distribution of dissolved solids in the Quaternary aquifers (modified from Boswell and others, 1968).
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Dissolved solids range from 47 to 406 mg/L and average about 179 mg/L.
Hardness averages 70.9 mg/L and ranges from 4 to 399 mg/L. The pH averaaes

about 6.59 and ranges from 4.3 to 8.6.

IMPACT OF LIGNITE DEVELOPMENT

The develonﬂent of lignite resources in south Arkansas could have a
variety of effects on available water resources. Direct effects will re-
sult from the mining activity, processing and conversion of the lignite, and
land reclamation. Indirect effects will be related to population growth,
increased public services, and expansion of commercial activities in the
area.

An in-depth analysis of direct and indirect effects of lignite develop-
ment is beyond the scope of this report. However, the reader should be aware
of both types of effects because each will cause impacts on local and reqional
water resources in terms of quantity and quality. The following is an over-
view of the possible direct effects of lignite development.

The direct effects of 1ignite development include not only the obvious
changes in the physical features of the land, but also changes in the hydro-
logic environment. The quantity and quality of surface and around water
can be affected. |

Before mining can begin, the area where a pit is to be located and
the perimeter area must be dewatered. This is generally done by using
galleries of dewatering wells around the perimeter and a grid network of
wells over the pit area. The dewatering directly affects the quantity and

quality of surface and ground water.
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In the project area, lignite aenerally is found in or near the outcrop
areas of the Tertiary aquifers. (See figures 17, 21, 25, and 29.) In many
places, large parts of these outcrop areas are covered by alluvial or terrace
deposits of Quaternary age. Therefore, the mine excavations will, in some
areas, cut through one or more shallow aquifers as well as sianificantly
incise the Tertiary outcrop. Dewatering of these aquifers in the area of
mining will pfobably have varying effects upon the ground-water reaime, depend-
on the local hydrologic characteristics of the aquifers. The shallow Ouatern-
ary deposits, which are disconnected and function independently in many places,
may be virtually "dried up" locally. This would affect primarily household
supplies in the immediate area which might be tapping that aquifer. The
dewatering of parts of the outcrop areas of the Tertiary aauifers will reduce
water levels updip and downdip from the excavation sites. Updip water users
may experience a continuing drop in water levels until eventually their wells
may “dry up" and deeper wells may have to be drilled. Downdip, the effects
could be equally or more severe.

When making plans for dewatering at a site in preparation for strip min-
ing, the depth below land surface, and the thickness, of the saturated zone are
of primary interest. In the outcrop areas of the Tertiary aouifers, water-
table (unconfined) conditions exist and the saturated zone is nearer to the
land surface than in areas where the équ1fers are confined. Dewaterina a
portion of a Tertiary outcrop will require the pumpage of substantial quantities
of water and could cause significant changes in water levels updip and downdip
from the excavation site.

The most extensive and productive aquifers in the project area are the
Cockfield Formation and the Sparta Sand. The outcrop areas of these aauifers

are quite large (figs. 25 and 29) and contain most of the potential lignite
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strip-mining sites (fig. 4) in the area. Figure 36 shows the saturated thick-
ness of material in in the outcrop areas of the Cockfield Formation and the
Sparta Sand. An estimate of the depth at which the saturated zone will be en-
countered can be made by subtracting the altitude of the potentiometric surface
(water-table in outcrop area) (figs. 27 and 31) from the land-surface altitude
(plate 1). /

For example, at site A (plate 1) the land-surface altitude is approxi-
mately 200 ft. The altitude of the water table (fig. 31) in the Cockfield
Formation at this site is 150 ft. The depth to the saturated zone is there-
fore approximately 50 ft. The saturated thickness of the Cockfield at this
site is approximately 300 ft (fig. 36). Therefore, if an excavation 150 ft
deep 1s planned, approximately 100 ft of saturated material will have to be
dewatered.

The land-surface contours on the map on plate 1 are rather coarse. wa-
ever, reasonable estimates of depth to the saturated zone can be obtained by
using them. Better estimates can be determined by obtainina more accurate
land-surface altitudes.

Dewatering also stresses the surface-water regime. Changes in both
quantity and quality may occur as a result of dewatering. Water discharaged
from the dewatering wells, and "mine water" pumped from the mines after
excavation begins, must be disposed of. The most obvious receptacles will
be Tocal streams. Downstream from a mining area, recefving streams will
experience increased flows that are directly proportional to the auantities
of ground water that is necessary to pump for dewatering. The discharged
ground water will also affect the quality of the stream. This chanae in

quality will present no problem if the quality of the ground water is as
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Figure 36.—Saturated thicknesc of the Sparta Sand and Cockfield Formation in outcrop areas.
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good or better than the water in the receiving streams. However, although by
existing standards the quality of water in the streams may not be reduced, the
character of the water may be altered somewhat. In some local areas, within
the project area, near oil wells and associated saltwater pits, shallow wells
are no longer used because of deterioration of water quality. "Chloride con-
centrations of as much as 46,250 mg/L have been found in the alluvium near
Garland City 1? Miller County. ~The high chloride content of the water in

the alluvial aquifer has made ground water in this area unsuitable for irriga-
tion. The contamination is assocfated with oil-field activity in the area and
1s related directly to effluent seepage from brine-storace pits, some of which
have been in use for as long as 30 years" (Ludwig, 1972). It would be wise to
sample the shallow ground water at each mine site before development and select
the best method for disposal if it shows poor quality.

When mining actually begins at a site, it may be necessary to divert
certain streams in order to maintain the integrity of existing surface-
drainage systems. These diversions, coupled with earth-moving activities
associated with the mine excavation, will cause increased sediment loads
in the streams unless controlled on the mining site. Greatly increased sedi-
ment loads could impact severely upon streambed biota. In most of the streams
in the project area the habitat for benthic organisms is generally aood (Arkansas
Department of Pollution Control and Ecology, 1976 and 1977). A sianificant in-
crease in sediment concentration in a stream over an extended period of time
could reduce the variety of benthic organisms by virtually "silting up" existing
habitat. This in turn would reduce the available food supply for larger
aquatic life. Figure 7 shows the locations of stations where sampling for
benthic organisms and sediment is continuing. In addition, plans are being
made to establish other sampling sites as necessary through the mining period

in order to monitor any changes that may occur.
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When processing the lignite as it is removed, water will probably be
used for ore-dust control when hauling, handling, and crushing the Tignite,
and for washing it to lower the ash and sulphur content. Road dust can be
controiled in the mine area and on the haul roads by wetting these areas.
A conservative estimate of water requirements can be made by assuming that
roads and mine areas are kept wet through the deposition of water equal
to the net anéua1-evaporat10n rate (Argonne National Laboratories, 1977).
The average annual lake evaporation rate in the project area ranges from
46 in. in the southwest to 43 in. in the northeast. Dust can also be a
problem during loading, unloading, and crushing the lignite. Generally,
application of a water spray is the best means of preventing the dust from
becoming airborne. Available data indicate that a consumptive use of 1
pound of water for every 50 pounds of ore handled and crushed is a reason-
able estimate (Argonne National Laboratories, 1977). Washing requires
about 1,500 to 2,000 gallons of water per ton of ore processed. However,
about 80 percent of this water is recirculated.

Because lignite has a low heating value and a high moisture content,
transporting it for long distances is not economical. Accordingly, the
lignite will probably be utilized in near mine-mouth operations. In the
case of a mine-mouth steam-electric generating plant, about 50 percent of
the energy generated is expended in waste heat. Removal of this waste
heat generally requires water for cooling purposes. Some of the lignite
could be converted to gas or oil. The gasification and liquification
procedures require water for processing and cooling.

There are two basic methods which require water for removing waste
heat from steam-electric powerplants: once-through and evaporative cool-
ing. In once-through cooling, the excess heat is transferred from the

steam to water which has been withdrawn from a large body of water. The
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heated water is then returned to its source where it is diluted and the
heat dissipated. This cooling method requires withdrawal of large amounts
of water and is used only where adequate surface-water flows are available.
For streams that are considered as a source of cooling water and as recip-
jents for plant discharge, the 7-day, 10-year low flow must be three times
the amount requined for withdrawal (Argonne National Laboratory, 1977). The
Red and Ouachita Rivers are the only streams within the project area that
could be considered as sources of water for a once-through cooling system.
Consumption of water for plants using the once-through cooling system is
0.011-0.018 (ft3/s)/MWe (megawatts of electricity) (Argonne National Laboratory,
1977).

In using evaporative cooling, excess heat is transferred to water
which is then exposed to the air so that most of the heat is dissipated as
some of the water evaporates. Cooling ponds or cooling towers may be used
in evaporative cooling. Use of cooling ponds involves taking water from
natural or artificial ponds, circulating it through the condenser and re-
turning it to the ponds. When using a cooling tower, the heated water is
cooled by the forced circulation of air through a falling spray of water.
These methods require withdrawal of water from streams, reservoirs or
ground-water sources to replace evaporation and spray drift losses. There
should be adequate quantities of ground water available for this purpose
almost anywhere in the project area. Water consumption by powerplants is
0.018-0.026 (ft3/s)/MWe for plants using cooling towers, and 0.022-0.037
(ft3/s)Mwe for those using cooling ponds (Argonne National Laboratory, 1977).

In the gasification and Tiquification processes, water is used in
processing and cooling. In processing, water is used to generate steam

and supply hydrogen for the reaction, and for quenching and sluicing and
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control of air pollution. Many of the conversion reactions are highly exo-
thermic, therefore, extensive process cooling is required. A aasification
plant generating 250 million scf/day (standard cubic feet per day) of gas
will require approximately 8-24 ft3/s of water. A gasification plant of
this size or a liquification plant producing 100,000 barrels of oil per

day will consume approximately 19 ft3/s of water (Argonne Mational Labora-
tories, 1977).

During reclamation, return of the overburden to the pits should be done
as carefully as possible in order to restore, as nearly as possible, the
integrity of the aquifers that have been disturbed. On properly reclaimed
lands, infiltration and ground-water movement in the area will eventually ap-
proximate premining conditions. Streams diverted during mining should be
rechanneled across the mine fi11 and premining gqradients approximated as
closely as possible. Postmining flows in such streams may differ somewhat
due to changes in the ground-water/surface-water relationship throughout the
mine area and that area in the perimeter affected by dewatering. The direc-
tion of water movement and (or) the quantity of water movino between stream
and aquifer may differ after reclamation. |

Soil stabilization plant cover should be established over the mine fi11.
This should be done immediately after filling the excavations in order to
minimize erosion and avoid excessive sediment transport. Studies have con-
cluded that strip-mined areas having greater than 10 in. of mean annual pre-
cipitation can be reclaimed without supplemental irrigation (Argonne Mational

Laboratories, 1977). Mean annual precipitation for the project area is 48-52

in., so no supplemental water for irrigation of plant cover should be necessary.
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SUMMARY AND RECOMMENDATIONS

Both water and lignite are important resources in south-central Arkansas.
Removal and utilization of the Tignite will undoubtedly have impacts upon the
water resources. In order to effectively assess the significance of these
impacts, existing baseline hydrologic conditions have been defined. Much of
the information presented represents a compilation of data that is available
as a result of previous water-resources investigations in the area. Data
currently being collected in the project area are being added to the data
base to more clearly define existing conditions.

Using data presented in this report as primary input, a digital model
will be used to predict the effects of mining upon the ground-water regime.
Various scenarios will be analyzed at each proposed mining site (fig. 7) to
determine the drawdown necessary for dewatering, the quantities of water
that will have to be pumped to maintain desired drawdown, and the distance
from the excavation sites that cones of depression will significantly affect
water levels.

Collection of data should continue at its current level in the project
area for a minimum of 3 years. Flow duration, flood freauency, and low-flow
frequency are already determined for the major streams. However, sediment
transport and stream biota should be well defined in the area before mining
begins. Also, seasonal ground-water fluctuations and local water-level
patterns should be defined. Ground-water samples should be collected in
the proposed mining areas to check the quality of water in the formations
that are 1ikely to be disturbed. A skeleton data-collection network should
be maintained throughout the mining period to monitor changes as they occur.

These data could be used to check the accuracy of long-term predictions and
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identify unforeseen problems. Early detection of problems in the hydrologic
environment is vital to proper and timely corrective action.

Lignite is a very valuable resource for Arkansas. Aside from its obvious
asset as an energy source, the mining and associated activity could be a stim-
ulus upon the economy of the south-central part of the State. However, care
should be taken that in utilizing one resource, irreversible damage is not done

to another.
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