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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

WATER RESOURCES OF PULASKI AND SALINE
COUNTIES, ARKANSAS

By Raymoxp O. Presuce and Marion S. Hines

ABSTRACT

Pulaski and Saline Counties constitute an area of 1,506 square miles in the
geographic center of Arkansas. The area is divided into a hilly western part,
known as the Interior Highlands, and a relatively flat eastern part, known as
the Coastal Plain.

In the Interior Highlands, surface water offers greater possibilities than ground
water for water supplies. Alum Fork, Middle Fork, and North Fork of the
Saline River offer excellent impoundment possibilities and will yield water of
good quality. In addition, with storage, many of the smaller streams are suit-
able for development of small supplies.

In contrast, in the Coastal Plain it is easier to develop ground water than
surface water in relatively large quantities. Two aquifers, units 3 and 9, yield
as much as 350 and 2,000 gallons per minute of water, respectively. A third
acquifer, unit 7, is as yet relatively undeveloped in the project area, but yields
860 gallons per minute to a well south of the project area. These aquifers
yield water that, with treatment, is suitable for most uses.

INTRODUCTION

This report is an appraisal of the water resources of Pulaski and
Saline Counties, Ark. It provides information on the occurrence,
availability, and chemical quality of surface and ground water in
sufficient detail to identify, locate, and describe the best potential
sources of water. The need for a study was made apparent by the
increased number of requests for water information. The number of
requests in Pulaski County was particularly great. This county, con-
taining 13.6 percent of the State’s inhabitants, is the most populous
in Arkansas. The area is becoming highly industrialized, and water
use is increasing rapidly. Average water use in the Little Rock met-
ropolitan area increased from 23 to 29 million gallons per day be-
tween 1962 and 1965.

This study, which began in July 1962, was made by the Water Re-
sources Division of the U.S. Geological Survey in cooperation with
the Arkansas Geological Commission. The report is based not only
on information obtained specifically for this investigation, but also

Bl
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on data collected previously as part of the continuing program of
water-resources studies in Arkansas. Previous geologic and hydro-
logic studies in the project area include a number of reports. (See
list of references.)

Pulaski and Saline Counties, constituting an area of 1,506 square
miles, lie in the geographic center of Arkansas (fig. 1). The project
area is bordered on the north by Perry and Faulkner Counties, on the
east by Lonoke County, on the south by Jefferson and Grant Counties,
and on the west by Garland County. The area is drained primarily
by the Arkansas and Saline Rivers and their tributaries. A few
square miles in northeastern Pulaski County is drained by tributaries
of the White River. This two-county area is divided physiographi-
cally into a hilly western part, known as the Interior Highlands, and
a relatively flat eastern part, known as the Coastal Plain. About two-
thirds of the area is in the Interior Highlands. Altitudes are lowest—
less than 250 feet—in the Coastal Plain and highest—more than 1,000
feet—in the Interior Highlands.
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The two physiographic divisions of the Pulaski-Saline County area
are topographically distinct primarily because of geologic conditions.
The Interior Highlands are underlain by consolidated rocks. In con-
trast, the Coastal Plain is underlain by a thick sequence of unconsoli-
dated sediments, which dip gently to the southeast. In this report 10
geologic units have been differentiated—1 in the highlands and 9 in
the Coastal Plain. The lithologic and water-bearing characteristics
of these units and their vertical relationships are summarized in table
1 and figure 2. The distribution of the units is shown on the geohy-
drologic map (pl. 1). Persons interested in a more detailed discussion
of the geology are referred to the list of references at the back of the
report.

The most significant chemical constituents and physical properties
of surface and ground water are discussed in the body of the report.
More complete analyses of water from wells are listed in table 5.
Wells listed in table 5 can be found on the geohydrologic map (pl. 1) by
means of the well-location diagram on p. B20.

Quality-of-water requirements vary according to the user, partic-
ularly among industrial users. Comparison of data in the text and
in table 5 with table 4, “Significance of dissolved mineral constit-
uents and physical properties of natural waters,” will be sufficient
for some users. Those requiring more detailed information should
refer to a publication by the California State Water Pollution Con-
trol Board (1952) entitled, “Water Quality Criteria.”

WATER RESOURCES

The contrasting geologic conditions of the two topographically dis-
tinct divisions of the Pulaski-Saline County area have a definite effect
on the water resources of the area. The consolidated rocks in the In-
terior Highlands have relatively low permeabilities, which limit the
amount of ground water available and hinder its movement. The
rocks are highly dissected, and the streams have steep gradients. Sur-
face runoff, which averages 18 inches per year, is rapid and the streams
crest and recede quickly, inhibiting flow of water from the streams to
the ground-water reservoir. During high flow, water probably is held
only temporarily in bank storage and released quickly to the streams at
low stage. Perennial base flow occurs at only a few locations, and
most of the tributaries cease to flow during periods of drought.

In contrast to the rocks of the Interior Highlands, the higher per-
meabilities of some of the Coastal Plain sediments favor the trans-
mission of water, and greater amounts of ground water are available.

Relief in the Coastal Plain is slight, and streams are sluggish. There
are many swampy areas in the eastern part of Pulaski County along the
Arkansas River. Tributary streams are not sufficiently incised to in-
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TaBLE 1.—Lithologic and water-bearing characteristics of the rocks in Pulaski and
Saline Counties, Ark.

Age Lithologic | Thickness Lithologic and water-bearing characteristics
unit (feet)
9 0-120 | Clay and silt grading downward into sand and gravel; in
places bordered or underlain by terrace deposits con-
Quaternary sisting of dark-red clay and white sand. The basal sand
amlil gravel unit yields from 300 to 2,000 gpm of water to
wells.
8 850+4-| Gray, green, bluish, cream, and ocher silty clay interbedded

with brown carbonaceous clay, thin ite beds, and
medium to coarse sand. Yields small quantities of water
to domestic wells.

7 207-412 | Continental homogeneous tan or gray fine to medium sand

containing lagers and lenses of gray silty clay; locally
contains a bed of dark-brown woody lignite at the base.
Utilized only for domestic supplies in the report area.
Well yields up to 860 gpm reported 12 miles south of
Saline-Grant County line.

6 0-450 | Dark-chocolate-brown silty to sandy carbonaceous clay
interlaminated with white micaceous sand and con-
taining scattered lignite and siderite layers; grades

Tertiary upward into dark-brown medium to coarse sand. A
(includes large deposit of gravel and coarse sand in the lower part
ackson?, fringes the highlands., Well yields are unpredictable,
Claiborne and test drilling is advisable.
Wilcox an
Midwa; 5 0-347 | Greenish- to bluish-gray silty clay and grayish-green fine
Groups sand alternate with lignite, black lignitic and brown

carbonaceous clay, and hard layers of siderite. Bauxite
deposits fringe the syenite hills. Not a good source of
water because of lack of coarse materials.

4A ? Nature of materials unknown, but apparently too fine
grained to yield more than 1 or 2 gpm to wells in Jackson-
ville area and south of Benton.

4 0-450 | Dark-bluish-gray to black silty clay containing layers of
siderite. Varicolored clay occurs at the top in places.
Does not yield water to wells.

3 0-185 | Greenish-gray and dark-gray clay, sandy in places, infer-
bedded with marl, sandy glauconitic limestone, and
calcareous sandstone, Well yields up to 350 gpm are
obtainable from the limestone and sandstone.

Cretaceous 2 Light-gray or bluish igneous rocks containing pendants of
altered older rocks. Does not yield water to wells.

1 ? Sandstones, shales novaculite, and chert. Well yields

Pennsylvanian normally are 10 %)m or less, although the highly shattered

to cherts have yielded up to 200 gpm in Garland County.

Ordovician Well yields are dependent on local conditions, and dry

holes are common. Well depths normally are less than

150 feet.

tersect the water table, and therefore most streams that originate in
the Coastal Plain cease to flow during extended dry periods.

The major sources of surface-water supplies in Pulaski and Saline
Counties are the Arkansas and Saline Rivers. The average water-
year flow of the Arkansas River at Little Rock (site 3, pl. 1) for the
period 1927-63 was 41,550 cfs (cubic feet per second). The daily
average flow exceeded this amount about one-third of the time but
varied widely throughout the years and from year to year. The
average annual flow reached a high of 84,780 cfs in 1945 and a low of
10,820 cfs in 1940. Peak flow of 536,000 cfs was recorded on May
27,1943, and a minimum flow of 850 cfs was reached on Aug. 23, 1934.
All aspects of water supply on the Arkansas River at Little Rock will
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be improved as a result of the construction program now in progress
(1965).

Streamflow in the Saline River at Benton (site 13, pl. 1) averaged
752 cfs for the period 1950-63. The daily average flow exceeded this
amount about one-fourth the time. Peak flow reached 49,500 cfs on
Dec. 4, 1952, and the stream ceased to flow for several days in 1954
and on Sept. 3, 1963, when the flow of the stream was diverted into the
Benton water system. The highest average water-year flow was 1,212
cfsin 1957, and the lowest was 282 cfs in 1963.

WATER-SUPPLY POSSIBILITIES IN THE INTERIOR HIGHLANDS
SURFACE WATER AND ITS QUALITY

The water-supply potential of a stream is determined by the
frequency with which streamflow recedes to minimal amounts
(frequency distribution of annual low flows) and the length of time
given flows are available (duration of daily flows). Minimum flows
vary from time to time, from stream to stream, and between different
points on the same stream. Statistical analyses of flow data are
necessary to determine the dependable amount of water available.
These statistical analyses of the magnitude and frequency of annual
low flows and the duration of daily flows are presented for the
Arkansas and Saline Rivers in table 2.

TABLE 2.—Frequency of low flows and duration of daily flows

Annual low flow (efs), for indicated recurrence interval (years)

Stream
Period (days) 1.2 2 5 10 20

Arkansas River at 7 9, 000 4,100 1,780 1,160 850

Little Rock, Ark. 15 9,700 4,350 1, 8380 1,240 920

30 11, 800 5,240 2,250 1,470 1,080

60 16, 700 7, 000 2, 800 1,820 1,380

120 24, 800 11, 600 4,950 2,960 1,970
Saline River at Benton, 7 28 12 5.3 2.7 1.4
Ark. 15 34 15 6.8 3.6 19
30 48 20 9.0 5.0 2.7
60 75 28 11 6.9 4.5

120 194 65 26 18 12

st Daily flow (cfs), which was equaled or exceeded for indicated percentage of time
ream

99 95 90 80 60 40 20 5 1
Arkansas River at
Little Rock, Ark_____ 1,410 2,850 | 4,540 | 7,450 | 15,000 | 28,000 | 62,000 | 155,000 | 280, 000
Saline River at Ben-
ton, Ark_____________. 2.3 12 23 44 118 328 890 3,500 | 11,400

The minimum average flow for 7 consecutive days that is expected
to occur once each 2 years (2-year recurrence interval) is considered
to be a good index of the stream’s low-flow character, and thus it is
a measure of the stream’s ability to meet a required water need.
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This streamflow statistic is referred to as the 7-day, 2-year low flow.
On the streams investigated in Pulaski and Saline Counties, the 7-day,
2-year low flow is available 90-95 percent of the time. For example,
the 7-day, 2-year low flow of the Arkansas River at Little Rock is
4,100 cfs (table 2), and it will be equaled or exceeded more than
90 percent of the time.

Some water-supply studies are concerned with minimum average
flows for several different periods of time and recurrence intervals.
In addition, the complete range of daily-flow duration is useful for
comparison of physical differences between streams. Therefore, av-
erage flows for arbitrary periods from 7 to 120 days with recurrence
intervals from 1.2 to 20 years and selected flow-duration values from
1 to 95 percent are shown in table 2.

Upstream reservoirs that are proposed or under construction (1965)
on the Arkansas River will affect the flow at Little Rock to the extent
that minimum flows will be increased about 50 percent, and maximum
flows will be reduced. At present (1965), the average annual flow in
the Saline River at Benton is reduced about 30—35 cfs by diversion
from Lake Winona to the Little Rock water system, and about 2.0 cfs
by diversion from the stream to the Benton water system. Lake
Winona, supplied by runoff from 48.5 sq. mi. of the Alum Fork
watershed, and Lake Norrell, supplied by runoff from about 5 sq. mi.
~ of the North Fork watershed, have only minor effects on maximum
and minimum flow of the Saline River at Benton. However, water
released from Lake Norrell increases the flow at Benton considerably
during dry periods.

Low-flow-frequency and flow-duration information, based on dis-
charge measurements, has been estimated for nine tributary streams
in the interior Highlands and is summarized in table 8. The data
for these sites show the variation in low flow between streams and
direct attention to areas where streams are suitable for water sup-
ply. Table 3 shows that the average flow of Middle Fork at Crows is
about 150 cfs, the 7-day, 2-year low flow is 8.6 cfs, and 90 percent of
the time the flow will be at least 6.4 cfs.

Although many of the Interior Highland streams have depend-
able water supplies without storage, the amount of water available
could be increased considerably by the construction of reservoirs. The
topography in the highlands is suitable for reservoir construction
as shown by Lakes Norell, Winona, and Maumelle, which have total
capacities of 6,600, 43,000, and 208,000 acre-feet, respectively. The
U.S. Army Corps of Engineers has recommended a multipurpose
reservoir at Benton to provide flood control, water supply, and rec-
reation, with basic facilities for future power installation. The
proposed reservoir would have a capacity of 979,900 acre-feet at the
flood-control pool altitude of 885.0 feet above mean sea level. The



CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

B8

*Suof(es 218049 = Awvp 1 J0] §jo [—AION

‘pejensay 5
“[[91I0N] 93®r] 78 UoI)8[ndox Aq pejoeyY g
“BUOUI A\ OX¥] 98 UOIIB[NI0L Aq PSPV ¢

POjBIISH 1
*1998M AHenDb-100J
*3ursse001d BUIWIN[B WO JUANPO SI MO [BruueIed | 8'Iy 0Ty 06 199  |TTTUoToTTTmomemmmeten opTTTTT “SIPIBS 189U 001D SUBOLIINEY | $T
*9J-910% (00‘8ST JNOYB JO 93BI0IS YIIM O[(B[IBAB
§]0 01T ‘UOJUSY 98 JI0AISOI posodoad Jo pleIh uo peseg [ 8T L 0l1s [<:3 S it Op~""""|~"""uojue g Jeou JI04 yMoN | 1
*MOT 0U 0] $9p89al Ajjuenberg 0 0 08 €1  |TTTTTTTTTTeeme JOATY oUI[eg |77 ToI8g 98 ¥I0g YuoN | 11
*LS6T 9OUIS §J0 €T 3889 I8 MO
wnwlaly  Ajuno) puslisy) uiselrsinqul Aq pey Sundg | 1°g 1 08T 14 8 SEE op==T= h QOUBN J8OU JI04 YInog | 0T
*9J-010% 000°0TT JO ©TBIOIS YIIM SMOID)
18 9[qB[IBAB §JO (6-CL ‘BUOUIAL 93®T] JO DIOIA WO posBy | %9 9°¢e 091 [0 S FI0g WY (777777 SM0ID) 8 FI04 OIPPIIA | 8
*93-910% (0008 JO 93BI0IS YIIM SMOID)
18 9[(B[IBAB §J0 §9-CG ‘BUOUIM OX®T JO PIOIA U0 poseg | $'Zg [ £ 90T z [:74 SR IOATY ouIeg ("7 SM0ID) 8 J104 WINLY | L
ujseq JaAlY duljes
*sjood
9318] wolj O[qB[iBAR SOI[ddNS 009S0All pUB UOIIBILII[ *d[IAUOSY OB P
‘uolsadsueijodBAd J0] JULIPNS MOJUT IOYBM-PUNOID 0 0 qz 811 |7ttt 010JAl nokeg IeoU j691) 3301103 | 9
‘sonddns 198m Jsowx N *}90Y
10 9[(BYNS JON ‘Juewdo[eAop UBQIN A pojosye Mol | 8§° z* (1744 4] S R JIOATY SBSUBYAY 911917 I8 ¥001) oyoInog | ¢
oq 0 (] 01 6r 7T H99 8YoIN0 g |“HO0Y S[NIT 38 Y381 sIpoag | ¥
*spotted L1p Sunmp e3edess pue uorjerdsuery *oTIoWNB A
-0deAo £q pewnsu0d sorreInqu1y oddn poj-Sunids Jo MO[] | €°¢ z'1 011 08t |7t “TI0ATY SBSUBNIY 98 JOATY SIOWNB A OINIT | 2
*$J0 g0°0 S8 YONUI §8 X0 [NJOST S|
0381075 INOYIIM °0Snjor eured AJUnop) Iyse[ng Surei | €0°0 10°0 [ [3 % S it JOALY O[[SWINEIAl 9[IFT |~O[d8uUlg 189U J00I) UIIMON | T
ulseq JOALY sesueyay
uonsInp IBQA-Z
Juao1ed-06 ‘Rep-L ogereAY | (1w bs)
SHIBUIOY %o18 —o09 Amnquay, oUIBU UOTIeIS *ON
98eurelq depy

(5§9) Molg PojeIISH

SwDa4I8 fanInqray f0 83181429040y Ajddns-49)p g4 —'¢ TIAV],



WATER RESOURCES, PULASKI AND SALINE COUNTIES, ARK. B9

portion of storage allocated to water supply by the Corps of Engi-

neers is sufficient to yield 300 mgd (million gallons per day), which

has been estimated to be the ultimate need for municipal and in-
dustrial uses and stream-quality maintenance in the vicinity of Benton.

The following discussion of the chemical quality of surface water,
although categorized under “Interior Highlands,” applies equally to
the Coastal Plain. The water samples were taken at or near the
boundary between the highlands and the plains, and no significant
change in water quality is expected to occur with the debouchment
of the streams onto the plain.

Quality of water, Arkansas River—Because the quality of the
Arkansas River water varies considerably with time, only the extremes
of certain selected constituents and properties are discussed. Daily
samples of the river water at Little Rock have been taken since Octo-
ber 1945 to determine conductance and chloride content. These
samples are composited for a period of 1-30 days, according to the
conductance, and partial or complete analyses are then made on the
composites. These analyses are found in the U.S. Geological Survey
Water-Supply Papers dealing with quality of surface waters, given
in the list of references.

Extremes at Little Rock between 1945 and 1964 were as follows:
Dissolved solids: Maximum, 2,400 ppm (parts per million) Nov. 28-29, 1953;

minimum, 105 ppm Mar. 3, 1957.

Hardness: Maximum, 556 ppm Nov. 28-29, 1953; minimum, 46 ppm Feb. 24,
9, 12-18, 1957, and Mar. 9-26, 1964.

Specific conductance ; Maximum, 5,050 micromhos Apr. 8, 1954; minimum, 173
micromhos Feb. 4, 1957, and Nov. 20, 1958.

Water temperature: Maximum, 98°F Aug. 16, 1954, and July 5, 1956 ; minimum,
the freezing point on several days during December, January, and February
of some years.

Arkansas River water is predominantly of the sodium chloride type
(sodium and chloride are the dominant dissolved chemical constitu-
ents), and is characterized by wide variations of dissolved-solids and
sediment content, in both time and place. The current multipur-
pose project, by the U.S. Army Corps of Engineers, for improvement
of the Arkansas River and its tributaries in Arkansas and Oklahoma
should reduce considerably the day-to-day fluctuations in dissolved-
solids and sediment content.

Quality of water, Saline River—Chemical analyses of Saline River
water near Benton are available for the period October 1949-Septem-
ber 1953. They are tabulated in U.S. Geological Survey Water-
Supply Papers 1188, 1199, 1252, and 1292.

Saline River water is of the calcium bicarbonate type. Extremes
between October 1949 and September 1953 were as follows:

Dissolved solids: Maximum, 96 ppm Nov. 1-10, 1950; minimum, 29 ppm Mar.
12-14, 1950.
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Hardness: Maximum, 74 ppm Oct. 21-81, 1950; minimum, 22 ppm, Mar. 12-14,
1950.

Specific conductance: Maximum, 204 micromhos Apr. 11, 1953 ; minimum 31.9
micromhos Feb. 13, 1950.

Water temperatures: Maximum, 91°F July 2-3, 1952 : minimum, freezing point
Dec. 16, 1949, Jan. 5, 1950, Jan. 30-31, Feb. 4, 1951.

GROUND WATER AND ITS QUALITY

Ground water in the Interior Highlands is obtained from a thick
sequence of sandstone, shale, slate, chert, and novaculite (unit 1, pl. 1).
The type of opening in which water occurs varies according to whether
the opening is in the zone of alternate wetting and drying or in the
zone of saturation. The lowest level of the water table separates these
zones. Weathering has altered the rock above the water table to soil
and “rotten rock,” which together attain a maximum thickness of about
20 feet. The materials in the weathered zone are more porous and
permeable than the original unweathered rock, and water occurs
between the individual soil particles. Weathering has not affected
the rock below the water table, and ground water occurs in secondary
openings such as joints, fractures, and solution channels.

Ground water moves in the direction of slope of the water table.
In the weathered zone this slope generally follows the topography.
In the unweathered zone the slope of the water table is controlled
mainly by geologic structure, and ground water generally moves
toward the synclinal axes and away from the anticlinal axes.

Permeabilities are relatively low in the rocks of unit 1. Wells
drilled into these rocks seldom yield more than 5-10 gpm (gallons
per minute). However, wells in the highly shattered cherts have
yielded as much as 200 gpm at some locations in adjoining Garland
County. Generally, wells in the rocks of unit 1 are less than 150 feet
deep. Water levels in the wells range from at or near land surface to
about 85 feet below land surface. Maximum water-level fluctuations
normally do not exceed 10-20 feet during a given year, although the
levels in certain wells may fluctuate as much as 80 feet in a 6-month
period.

Several factors control the depth to water in unit 1. Precipitation
has a direct effect, in that periods of heavy rainfall are accompanied
by corresponding decreases in depth to water. Conversely, dry
periods are coincident with increases in depth to water. Depth to
water is generally directly related to the topography of the area.
Depth to water is greater in wells on the crests or slopes of ridges
than in those in the nearby valleys.

Water from wells in the rocks of unit 1 may vary from a bicarbonate
to a sulfate type. In 13 samples iron concentrations ranged from
0.01 to 0.74 ppm, dissolved solids from 72 to 414 ppm, and hardness
from 12 to 330 ppm.
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WATER-SUPPLY POSSIBILITIES IN THE COASTAL PLAIN
SURFACE WATER AND ITS QUALITY

The water-supply potential of streams flowing out of the Interior
Highlands does not improve as the streams traverse the Coastal Plain.
Tributary stream channels in the Coastal Plain are not sufficiently in-
cised to intersect the ground-water table, precluding the possibility of
a ground-water contribution to low flows. Minimum flows of the
Arkansas and Saline Rivers, however, are increased slightly by ground-
water inflow in the Coastal Plain, but the increase is assumed to be a
small percentage of the total flow and therefore does not significantly
change water quality or flow characteristics.

Low-flow-frequency and flow-duration information for the Arkan-
sas and Saline Rivers, shown in table 2, is applicable to those parts of
the streams in the Coastal Plain of Pulaski and Saline Counties.
Estimates of water-supply characteristics for two tributary streams
(sites 5 and 14, pl. 1) in the Coastal Plain are shown in table 8. This
table shows that the average flow of Hurricane Creek at Sardis is 90
cfs, the 7-day, 2-year low flow is 1.0 cfs, and 90 percent of the time the
flow will be at least 1.8 cfs. However, minimum flows in Hurricane
Creek at Sardis represent effluent from an alumina processing plant,
which is supplied with water from Hurricane Lake. The data are use-
ful as an indicator of the water supply available when storage is
provided.

Without storage facilities, most Pulaski and Saline County streams
that originate in the Coastal Plain are without dependable water
supplies and cease to flow during dry periods. Storage on most tribu-
tary streams in the Coastal Plain is limited to inchannel facilities.
The flat topography is unsuitable for large reservoirs except for the
main stem of the Saline River, which follows a pronounced depression
about 2 miles wide and about 50 feet lower than the adjacent terraces.

GROUND WATER AND ITS QUALITY

Although nine geologic units are exposed in the Coastal Plain part
of the report area (pl. 1, table 1), only three—units 3, 7, and 9—are of
major importance as sources of water. Unit 2, which consists of
granitic-type igneous rocks, does not yield water to wells. Unit 4,
a dark-bluish-gray to black clay, also does not yield water to wells.
Units 4A, 5, and 8 consist of materials that are too fine grained to be
good sources of water. Wells in units 4A, 5, and 8 will yield only very
small quantities of water at best. Unit 6 varies considerably in li-
thology, both horizontally and vertically. Although the upper sand
yields water to shallow wells, drillers report difficulty in obtaining even
domestic supplies in those areas where the dark-chocolate-brown clays
in unit 6 are close to the surface.
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One note of caution is advocated. Some of the analyses of water
from wells in unit 6 (table 5) show a rather high concentration of
nitrate (over 45 ppm). Seepage into the wells from the surface prob-
ably causes the high nitrate content. Water with nitrate concentra-
tions greater than about 45 ppm may be harmful to infants, because
it could result in methemoglobinemia, the so-called “blue-baby” dis-
ease. Proper curbing and well sealing near the surface would prevent
contamination by seepage from the surface.

Unit 3, one of the three major aquifers, consists mainly of inter-
grading and interfingering beds of claystone, calcareous sandstone,
sandy limestone, marl, and conglomerate—in that order of abund-
ance—and includes minor beds of arkose, kaolin, and lignite (Gor-
don and others, 1958, p. 14). Where this unit is exposed at the
surface, its measured thickness ranges from 714 to nearly 60 feet.
At depth the unit is thin or locally absent along the flanks of buried
hills of igneous rock (pl. 1). The unit thickens rapidly eastward and
attains a maximum known thickness of 185 feet. Very little is known
about unit 3 in extreme eastern Pulaski County (pl. 1). However,
it should not be overlooked as a possible source of supply in this area
if suitable water is not obtained at shallower depths.

The sandstone and sandy limestone of unit 3 offer good prospects
for water. Well yields as great as 350 gpm have been reported.
A 40-gpm well near Mabelvale, T. 1 S., R. 13 W., had a reported
drawdown of 6-7 feet, giving a specific capacity of approximately
6 gpm per foot of drawdown. A number of wells have been developed
in the Mabelvale-Vimy Ridge-Bauxite area. Water levels in these
wells range from 11 to 86 feet below land surface.

Wells developed in the arkose and conglomerate beds of unit 3
sometimes flow. One domestic well flowed 10 gpm when drilled.
These beds are best developed near the upslope lip of the unit,
particularly along the slopes of buried hills of igneous rock.

Wells in unit 8 yield a sodium bicarbonate water in some areas,
and a calcium bicarbonate water in others, with no predictable pattern
of occurrence. In six samples iron concentrations ranged from 0 to
0.3 ppm, dissolved solids from 178 to 426 ppm, and hardness from
57 to 154 ppm.

Unit 7, the second of the three major aquifers, consists of a
homogeneous tan or gray fine to medium, loosely packed sand,
containing some interbedded gray clay lenses. A conspicuous lignite
bed is present locally at the base. The thickness of this unit ranges
from 207 to 412 feet and averages 320 feet (Gordon and others,
1958, p. 56).

Hydrologic data are lacking for unit 7. The outcrop area is
sparsely populated, and the aquifer is tapped by only a few shallow
domestic wells in the Sardis area. These wells are designed to yield
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no more than 8-10 gpm, and little information as to the potential
yield of the aquifer can be obtained from them. However, two wells
at Sheridan, about 12 miles south of the Saline-Grant County line,
yield 600 and 860 gpm, respectively, from this unit. The yields of
these wells suggest that the unit should be capable of yielding large
quantities of water in the outcrop area and in the subsurface to the
southeast (pl.1).

Yields in the project area are highest from wells drilled in unit 9.
This unit consists of terrace deposits and alluvium. The terrace
deposits consist of a maximum thickness of about 60 feet of dark-brick-
to salmon-red clay, containing a variable amount of fine silt that
grades locally into sand. The sand is common toward the top of the
unit. Although not differentiated in plate 1, the terrace deposits
border the highlands north of the Arkansas River. South and west
of the Arkansas River, the eastern limit of these deposits extends
south from College Station and approximately coincides with U.S.
Highway 65. The western limit is the contact with units 6 and 8.
South and west of the river, wells in the terrace deposits yield little
water.

The alluvium consists of a relatively thick sequence of fluvial de-
posits which cover the eastern part of the project area, exclusive of the
terrace deposits. The alluvium was deposited by the Arkansas and
Mississippi Rivers, and it blankets much of the eastern half of Arkan-
sas and adjacent States. It also includes the flood-plain deposits of
the Saline River, Fourche Creek, and the Arkansas River northwest
of Little Rock (pl. 1).

The predominant characteristic of the alluvium is the change from
gravel or coarse sand at the base, to fine material at the top. The
alluvium may generally be divided into two parts: a lower part con-
sisting of gravel and sand with minor amounts of silt and clay, and
an upper part consisting of silt and clay with minor amounts of sand.
The alluvium attains a maximum thickness of 120 feet in eastern
Pulaski County but is much thinner along the Saline River, Fourche
Creek, and the Arkansas River northwest of Little Rock.

Well yields as high as 1,000 gpm have been reported from the basal
sands and gravels of unit 9 in the Coastal Plain part of the project
area, and wells may yield 2,000 gpm in some areas. However, such
high yields are not available from the alluvium of Fourche Creek
and of the Saline River because those deposits are too thin (generally
less than 30 ft.) and too fine grained.

Northwest of Little Rock, well yields ranging from 800 to 700 gpm
are obtainable from the alluvium deposited by the Arkansas River
(Bedinger and others, 1963, p. 1.27).

Depths to water in wells in the alluvium deposited by the Arkansas
River range from 5 to 35 feet below land surface northwest of Little
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Rock. Annual fluctuations of water levels rarely exceed 20 feet. The
water levels generally respond to changes in river stage, rising and
falling with the river. However, the effect of changes in river stage
on ground-water levels diminishes with increasing distance from the
river (Bedinger and others, 1963, p. L13).

In eastern Pulaski County and in a small area in southeastern
Saline County, depths to water in the alluvium range from 10 to 40
feet. Annual fluctuations of levels seldom exceed 10 feet and are
caused by seasonal changes in pumpage and by variations in the rates
of recharge from precipitation and discharge by evapotranspiration.
Water levels normally begin to decline in late spring, reach their
lowest point in the late summer or early fall, and rise to their highest
point in the spring.

Wells in unit 9 yield a calcium bicarbonate-type water whose dis-
solved-mineral constituents and physical properties vary greatly.
Iron concentrations in 90 samples ranged from 0.1 to 52 ppm, dis-
solved solids in 3 samples from 242 to 327 ppm, and hardness in 76
samples from 6 to 505 ppm.

CONCLUSIONS

Alum Fork, Middle Fork, and North Fork of the Saline River offer
excellent impoundment possibilities. Alum Fork at Crows will yield
55-65 cfs with storage of 80,000 acre-feet; Middle Fork at Crows will
yield 75-90 cfs with storage of 110,000 acre-feet; and North Fork at
Benton will yield 110 cfs with storage of 158,000 acre-feet. How-
ever, the ultimate development of the Saline River is the proposed
dam at Benton, which would yield 465 cfs for water-supply purposes.
Most of the smaller streams in the Interior Highlands part of the
study area generally go dry in midsummer, but with storage they
would be suitable for development of small surface-water supplies.
The Arkansas River with a 7-day, 2-year flow of 4,100 cfs, or more
than 2.5 billion gallons per day, is sufficient for any foreseeable de-
velopment in areas accessible to the river.

Ground-water yields in the project area vary considerably. The
consolidated rocks of the Interior Highlands generally yield less than
10 gpm of water to wells, although larger amounts may be obtained
locally. Inthe Coastal Plain part of the area, the limestone and sand-
stone of unit 3, the sand of unit 7, and the basal sand and gravel of
unit 9 offer the best possibilities for water. Wells in unit 8 yield as
much as 350 gpm, and unit 7 could probably yield large amounts of
water. Maximum yields of unit 7 in the project area are unknown,
although yields of as much as 860 gpm are reported 12 miles south of
the area. Yields from wells in unit 9 range from 300 to 700 gpm
in the Arkansas River valley northwest of Little Rock to 2,000 gpm in
eastern Pulaski County. Prospects of obtaining water from the al-
luvium deposited by the Saline River and Fourche Creek are poor.
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TaBLE 4.—Significance of dissolved mineral constituents and physical properties of
natural waters

pl?y%lilg:itgggegy Source or cause Significance

Bilica (8i08)e-—o oo Dissolved from almost all Forms hard scale in pipes and boilers. Carried
rocks and soils, generally in steam of high pressure boilers to form de-
in small amounts from 1 posits on blades of steam turbines. Inhibits
to 30 ppm. High con- deterioration of zeolite-type water softeners.
centrations, as much as
100 ppm, generally occur
in highly alkaline waters.

Tron (Fe) e cveommenn Dissolved from almost all On exposure to air, iron in ground water oxidizes
rocks and soils. May to reddish-brown sediment. More than about
also be derived from iron 0.3 ppm stains laundry and utensils reddish
pipes, pumps, and other brown. Objectionable for food processing,
equipment. More than beverages, dyeing, bleaching, ice manufacture,
1 or 2 ppm of soluble iron brewing, and other processes. U.S. Public
in surface waters gen- Health Service drinking water standards rec-
erally indicates acid ommend that iron should not exceed 0.3 ppm.
wastes from mine drain- Larger quantities cause unpleasant taste and
age or other sources. favor growth of iron bacteria.

Manganese (Mn).......- Dissolved from some rocks | Same objectionable features as iron. Causes
and soils. Not as com- dark-brown or black stain. U.8. Public

Calcium (Ca) and mag-
nesium (Mg).

Sodium (Na) and po-
tassium (X).

Bicarbonate (HCOs)

and carbonate (COs).

Sulfate (804)-weuemoo -

Chloride (Cl)euee oo

mon as iron. Large
quantities commonly as-
sociated with high iron
content and with acid
waters.

Dissolved from almost all
soils and rocks but espe-
cially from limestone,
dolomite, and gypsum.
Calcium and magnesium
are found in large quanti-
ties in some brines.
Magnesium is present in
large quantities in sea
water.

Dissolved from almost all
rocks and soils. Found
also in ancient brines,
sea water, some indus-
trial brines, and sewage.

Action of carbon dioxide in
water on carbonate rocks
such as limestone and
dolomite.

Dissolved from rocks and
soils containing gypsum,
iron sulfides, and other
sulfur compounds. Com-
monly present in mine
waters and in some
industrial wastes.

Dissolved from rocks and
soils. Present in sewage
and found in large
amounts in ancient
brines, sea water, and
industrial brines.

Health Service drinking water standards rec-
ommend that manganese should not exceed
0.05 ppm.

Causes most of the hardness and scale-forming
properties of water; soap consuming (see hard-
ness). Waters low in calcium and magnesium
are desired in electroplating, tanning, dyeing,
and in textile manufacturing.

Large amounts, in combination with chloride,
give a salty taste, High sodium content com-
monly lmits use of water for irrigation. So-
dium salts may cause foaming in steam boilers.

Bicarbonate and carbonate produce alkalinity.
Bicarbonates of calcium and magnesium de-
compose in steam boilers and hot-water facili-
ties to form scale and release corrosive carbon
dioxide gas. In combination with calcium
and magnesium cause carbonate hardness.

Large amounts have a laxative effect on some
people and, in combination with other ions,
give a bitter taste. Sulfatein water containing
calcium forms a hard scale in steam boilers.
U.S. Public Health Service drinking water
standards recommend that the sulfate content
should not exceed 250 ppm.

Large quantities increase the corrosiveness of
water and, in combination with sodium, give
salty taste. U.8. Public Health Service drink-
ing water standards recommend that the
chloride content should not exceed 250 ppm.
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TaABLE 4.—Significance of dissolved mineral constituents and physical properties of
natural waters—Continued

phgggﬁigziwy Source or cause Significance
Fluoride (F)oemeo oo Dissolved in small to Fluoride in drinking water reduces the incidence
minute quantities from of tooth decay when the water is consumed

Nitrate (NOg). .o

Dissolved solids- —c-----_

Hardness as CaCOs. ...

Percent sodium and
sodium-adsorption-
ratio.

Specific conductance
(micromhos at 25°C).

Hydrogen-ion concen-
tration (pH).

Temperature___

most rocks and soils.

Decaying organic matter,
legume plants, sewage,
nitrate fertilizers, and
nitratesin soil.

Chiefly mineral constit-
uents dissolved from rocks
and soils. Includesany
organic matter and some
water of crystallization.

In most waters nearly all
the hardness is due to
calcium and magnesium.
All the metallic cations
other than the alkali
metals also cause
hardness.

See sodium. me ..

Mineral content of the
water.

Acids, acid-generating salts,
and free carbon dioxide
lower the pH, Carbon-
ates, bicarbonates, hy-
droxides, phosphates,
silicates, and borates raise
the pH.

during the period of enamel calcification.
However, it may cause mottling of the teeth
depending on the concentration of fluoride, the
age of the child, the amount of drinking water
consumed, and the susceptibility of the indi-
vidual. The maximum concentration of fluo-
ride recommended by the U.S. Public Health
Service for Arkansas is about 1.2 ppm; 0.9 ppm
is considered to be the optimum concentration.

Nitrate encourages growth of algae and other
organisms that produce undesirable tastes and
odors. Concentrations much greater than the
local average may suggest pollution. U.S.
Public Health Service drinking water standards
recommend that nitrate content should not
exceed 45 ppm, as there is evidence that higher
concentrations may cause methemoglobinemia
in infants, the so-called ‘“blue-baby’’ disease,
that sometimes is fatal. Nitrate has shown
to be helpful in reducing intercrystalline
cracking of boiler steel.

U.S. Public Health Service drinking water
standards recommend that the dissolved solids
should not exceed 500 ppm. Waters containing
more than 1,000 ppm of dissolved solids are
unsuitable for many purposes.

Consumes soap before a lather will form, and
deposits soap curd on bathtubs. Hard water
forms scale in boilers, water heaters, and pipes.
Hardness equivalent to the bicarbonate and
carbonate is called carbonate hardness. Any
hardness in excess of this is called noncarbonate
hardness. In general, waters of hardness up to
60 ppm are considered soft; 61 to 120 ppm,
moderately hard; 121 to 180 ppm, hard; more
than 180 ppm very hard.

Values for these properties are used with specific
conductance values to determine the suitability
of water for irrigation use.

Specific conductance is a measure of the capacity
of water to conduct an electric current. This
property varies with concentration and degree
of ionization of the constituents, and with
temperature (therefore reported at 25°C).

A pH of 7.0 indicates neutrality of a solution.
Higher values denote increasing alkalinity;
lower values, increasing acidity. pH is a
measure of the activity of the hydrogen ions.
Corrosiveness of water generally increases with
decreasing pH. However, excessively alkaline
waters may also attack metals.

Affects usefulness of water for many purposes.
Most users desire water of uniformly low
temperature. In general, temperature of
shallow ground water shows some Seasonal
fluctuation, whereas temperature of ground
water from moderate depths remains near the
mean annual air temperature of the area. In
very deep wells, water temperature generally
increases about 1°F for each 60-ft increment of
depth.
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Well IN-11W-15bdb

Well-numbering system.
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