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PREFACE

The Arkansas Scil and Water Conservation Commission
received statutory authority to begin work on the first
Arkansas State Water Plan in 1969. Act 217 gave specific
authority to the Commission to be the designated agency
responsible for water resources planning at the state level.
The act mandated the preparation of a comprehensive state
water plan of gufficient detail to serve as the basic document
for defining water policy for the development of land and
water resources in the State of Arkansas.

The first State Water Plan was published in 197% with
five appendices that addressed specific problems and needs in
the state. As more data have become available, it is apparent
that the ever-changing nature and severity of water-resource
problems and potential solutions require the planning process
to be dynamic. Therefore, periodic revisions to the State
Water Plan are necessary for the document to remain valid.

This report is the fifth of eight River Basin Reports to
be published as a component of the 1986 Arkansas State Water
Plan. The objectives of this plan are to incorporate new data
available from recent research, re-evaluate new and existing
problems, present specific soclutions and recommendations, and
satisfy the requirements of Act 1051 of 1985 for the Upper
Quachita River Basin.
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ABSTRACT

The Upper Ouachita Basin encompasses approximatelsy 3.5
million acres of land in the southwestern part of the state.

Forestland is the major land use, accounting for about 76
percent of the total land use in the basin. The basin is
characterized by two topographically distinct divisions. The

northern half of the basin lies in the Quachita Mountain
section of the Interior Highlands and the southern half of the
basin lies in the West Gulf Coastal Plain.

Water use in the study area totaled 53.3 million gallons
per day {(MGD} in 1980. By the year 2030, the amount of water
use in the study area 1is projected to increase to 446 MGD,
The possibility of an interbasin transfer of approximately 250
MGD o¢f water to Little Rock and adjacent areas to supplement
municipal water supplies represents approximately half aof the
total projected water use for the basin.

There are about 7400 lakes in the study area that impound
a total of approximately 1.5 million acre-feet of water. The
major impoundments in the basin are Lake OQuachita, DeGray
Lake, Lake Greeson, Lake Hamilton, Lake Catherine, and White
Oak Lake. The impoundments are operated for a wvariety of
purposes including flood control, power generation,
recreation, conservation, and water supply.

The principal streams in the Upper Ouachita Basin are the
Quachita, Little Missouri, and Caddo Rivers. Generally,
streams in the northern half of the basin that drain the
Quachita Mountains have steep gradients and narrow valleys
which result in rapid runoff. Streams in the southern half of
the basin that drain the Coastal Plain have relatively flat
slopes and generally are sluggish.

Streams in the Upper QOuachita Basin have a combined yield
of approximately 5.4 million acre-feet of water on an average

annual basis. Streamflow in the basin 1is adequate, on an
average annual basis, to satisfy existing water needs in the
basin. However, due to natural streamflow variability, the

majority of flow is available during the winter and spring
months of the year with considerably less water availlable
during the summer and fall months when water-use demands are

generally highest. Availability of streamflow can alsoc be a
problem downstream of reserveoirgs in the basin, especially in
those areas downstream of hydroelectric power facilities. Of

the total amount of water in the basin, 425,000 acre-feet 1Is
excess streamflow which 1s available on an average annual
basics for other uses, such as interbasin transfer.

Water quality of +the streams and lakes in the Upper
Quachita Baslin 1s generally good. Concentrations of most
constituents are within aceeptable limits, therefore, streams
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and reservoirs in the Dbasin support mcst beneficial uses.
Several water-quality problems do exist in the basin, however,
and are as follows: water—-quality degradation from municipal
and industrial discharges and from land-use practices;
naturally low buffering capacities of surface waters; and low
dissolved oxygen concentrations in tailwater releases from the
major reservoirs.

No streams in the Upper Ouachita Basin are designated as
critical surface water areas based on quantity or quality
problems. Shortages of water may exist, at times, on streams
due to reservoir release patterns or natural streamflow
variability. However, streamflow generally is adequate to
support the needs of the basin. Water-quality problems do
exist in the basin but the problems are generally localized
and do not cause a significant shortage of useful water.

Recommendations for mitigation of surface-water problems
in the Upper Ouachita Basin include: {l) development of
alternate water sources, such as construction of water storage
reservoirs and diversion of water from the Ouachita River; (2)
reallocation of reservolr storage and {or) conjunctive
management of reservoir releases; and (3) regulation and
enforcement of municipal and industrial effluent discharges.

Geologic units from the Paleozoic, Mesozolic, and Cenozoic
Eras are present on the surface and in the subsurface of the
Upper OQOuachita Basin. Formations and groups of formations
from the Quaternary, Tertiary, and Cretaceous Systems, in
addition to Paleozoic rocks, contain freshwater in the basin.

' Yields from rocks of Paleozoic age are small {generally
less than 10 gallons per minute) due to the limited storage in
the consolidated units and withdrawals are wused mainly for
domeslic purposes. Cretaceous units generally are non-water
bearing or yield water of unsuitable quality for most uses.
However, vields obtained from the Nacatoch Sand and the Tokio
Formation are adequate to satisfy small public systems, and

industrial and domestic needs. The Sparta Sand of Tertiary
age 1s the best aquifer for high yields of good gquality water
in the basin. Quaternary terrace and alluvial deposits are

principal aquifers in Clark, Hot Spring, and Pike Counties.
Elsewhere, these deposits are thin and capable of supplying
only small amounts of water to wells.

(roundwater withdrawals in the study area in 1980 totaled

12.97 MGD. Approximately 45 percent of the groundwater
withdrawn was used for livestock and domestic supplies.
Groundwater use has more than doubled since 1965, however,

total withdrawals in the study area represent less than one
percent of the groundwater withdrawn from all formations
statewide.
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In general, water from the Sparta Sand 1is the least
mineralized water from any of the formations in the basin and
is wused for public supply and self-supplied industry with
little treatment required. Water from the Nacatoch Sand and
the Tokio Formation is utilized by eight public supply systems
in the basin and is of good quality near the outcrop zone but
changes rapidly downdip where it contains excessive
concentrations of sodium, chloride, and iron. Paleozoic rocks
contain water that is highly variable from area to area but
commonly contains excessive iron.

No areas in the Upper Ouachita Basin have been designated
as critical groundwater use areas. Limited water-level data
indicate that water levels are declining in some areas of Lhe
basin, however, the present rate of decline does not meet +the
criteria established for critical areas. Similarly,
groundwater quality problems do not meet the established
criteria because they are either naturally occurring or are
isolated problems in individual wells.

The most common grcoundwater problems in the basin are low
vyields and poor water quality both of which are inherent 1in
the formations. Therefore, no solutions exist for these
problens.

Potential hazards to groundwater 1n the basin include
surface impoundments, landfills, hazardous and non-hazardous
wastes, salt-water intrusion, and pollution of the Sparta Sand

recharge zone. L.egislation is already in place for
controlling or denying construction of 1liquid waste-holding
impoundments. Proper administration of the Resource

Conservation and Recovery Act (RCRA) program should contribute
to the control of groundwater contamination from hazardous

wastes, Research is currently being conducted to address some
of the problems associated with potential pollution of the
Sparta Sand recharge =zone, An investigation 1s currently
being made on the recharge =zone in Quachita County. I'n

addition, a study of the Sparta Sand aquifer in Arkansas and
Louisiana is being conducted to develop a me thod for
evaluating the impact of present and proposed aquifer
development on water-level declines and groundwater
availability.



CHAPTER 1

GENERAL DESCRIPTION



The Upper Ouachita River Basin consists of all the area
that 1s drained by the OQuachita River, from it’s headwaters
near QOlklahoma to a point on the river downstream of the ecity

of Camden. The watershed, located in the scouthwestern part of
the State, consists of about 5,410 square miles or
approximately 3,462,000 acres. (82> (Numbers in angle

brackets refer to the references found in the bibliography.)
The shape of the basin, as shown in Figure 1-1, is basiecally
elongated in a northwest to southeast direction with
approximately 120 miles separating the mos! distant corners.
Average width of the basin is approximately 70 mlles. The
principal stream in the Upper Ouachita Basin is the Quachita
River. Major tributaries to the Ouachita River in the basin
are the Little Missouri River and the Caddo River. S1x major
reservoirs have been constructed in this hasin {See Figure
1-1}. Three of 1hese reserveoirs are U.5. Army Corps of
Engineers multipurpose projects. Lake Greeson on the Little
Missouri River, DeGray Lake on the Cadde River, and l.ake
Cuachita on the Ouachita River are owned and operated by the
Corps of Engineers. Lake Hamilton and Lake Catherine are both
on the Ouachita River downstream of Lake Ouachita. They were
the first major impoundments in this basin and were built by
the Arkansas Power and Light Company for hydroelectric energy
production. White Oak Lake, located in the south-central part
of the basin, was built as a Game and Fish Commission publino
fishing area.

3TUDY AREA

Seven counties comprise the study area of the Upper
Ouachita Basin. The counties are: Clark, Dallas, Garland,
Hot Spring#, Montgomery, Nevada, and Pike (See Figure 1-1).
Other counties are partially located within the basin, but
were omitted from the study area. These c¢ounties would best
be represented in other basin reports and inclusion of data
from these counties in this report could be misleading.

Available data pertaining to this basin vary in format.
Scome data are available by county and other data are available
by watershed area or hydrologic region. Where available, data
by hydrologic regions will be used because these data best
represent the basin area. Data by hydrologic regions will be
referred to as basin totals. However, other data needsgs are
best served by using county totals, Where county totals are
used this will be referred to as study area or seven-county
study area totals.
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PHYSTOGRAPHY

Two physical divisicons divide the basin into essentially
equal halves (See Figure 1-2). A line from the dam at Lake
Greeson to the dam at DeGray lLake and continuing to the Lake
Catherine dam divides the Ouachita Mountain section of the
Interior Highlands from the West Gulf Coastal Plain section of
the Coastal Plain. 2> These physical divisions correspond
to the major land resource areas discussed in Chapter 2.

The West Gulf Coastal Plain is characterized by a thick
sequence of underlying unconsolidated sediments that gently

dip toward the southeast. Sand, silt, clay, gravel and
limestone make up the sediments which are of Cretaceous and
Tertiary age. Cretaceous age deposits consist largely of
clay, limestone, and chalk of marine origin. Tertiary age

deposits consist o¢f both marine and continental sediments.
Within the flood plains of the major streams are deposits of
Quaternary age. <34, 48, 59>

Two major land resource areas (MLRA) are located in the
West Gulf Coastal Plain. The Blackland Prairie MLRA 1is
characterized by areas of exposed or shallowly  buried
Cretaceous deposits. The other MLRA is the Coastal Plain and
comprises the remainder of the West Gulf Coastal Plain within
the Upper Ouachita River Basin. <B4> See Chapter 2 for
further descriptions of MLRA’s and soil classifications.

The Ouachita Mountain section of the Interior Highlands
was formed by a series of changes Dbeginning with massive
filling of a sinking trough. This was followed by orogenic
movements, or folding, which squeezed the rocks into one half
their original width. Complex and thrust faulted folds of
nearly all types are present. The more recent changes, 1in a
geoleogic time frame, include a long period of uplift which has
been offset by erosion. A peneplain resulted from this
erosional action and more recent uplifting acticn with
increased erosion of softer rock layers resulted 1In the

present conditions of long, even-crested ridges and flat
basins. 2>

The Ouachita Mountains are subdivided into three
physiographic subdivisions with all three described as the
Ouachita Mountain Major Land Resource Area. (84> These

subdivisions are known as the Fourche Mountains, the Benton
Uplift, and the Piedmont Plateau. {25 Portions of all three

subdivisions are located within the basin. In the northern
counties of the hasin are the Fourche Mountains and Benton
Uplift. Both are characterized by east-west, long, even-
crested ridges and flat basins. Rich Mountain, in the Fourche

Mountains, 1s the highest peak in the basin at 2681 feet above
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sea level. South of these subdivisions 1s the Piedmont
Plateau which has no mountains. The Piedmont Plateau 13 =
newer peneplain than the older peneplain of the other two
subdivisiong of the Ouachita Mountains. Principal streams in
the Fourche Mountains and Benton Uplift generally flow
eastward. Streams in the Piedmont Plateau generally flow
southward with the exception of the Caddo River. <2, 854>

CLIMATE
Climate of the Upper Ouachita Basin is characterized by
hot summers and mild winters. Precipitation is usually in the
form of rain, with very 1light =and infrequent snowfall,

Average annual precipitation ranges from approximately 48
inches in the northwestern part of the basin to approximately
58 inches in the central part of the basin <22>, as shown in
Figure 1-3.

Numerous weather gtations operated by the National
Oceanic and Atmospheric Administration (NOAA) are located
throughout the Upper Ouachita Basin, as shown in Figure 1-4.
Thirty-year averages of ©precipitstion and temperature for
1951-80 were obtained from the National €Climatic Center of
NOAA for four weather stations in the basin (Camden, Hope,
Mena, and Hot Springs). <95> These data, compiled in Table
1-1, show the wmonthly variation in precipitation and
temperature at different locations in the Upper Ouachita
Basin.

Average annual precipitation data for the period of 1951-
80 have been statistically analyzed by NOAA <86> to determine
the percent of time that a specified total annual
precipitation can be expected to be equaled or exceeded at =a
particular location in the state. Annual precipitation
probability data for the weather stations at Camden, Hope, Hot
Springs, and Mena are compiled in Table 1-2. These data show,
for example, that approximately 50 percent of the time, the
total =annual precipitation at Camden and Hope can be expected
to be at least about 50 inches, The data for the four
stations also show that approximately 10 percent of the time
average annual rainfall can be expected to be less than
approximately 37 inches at Camden or can be expected to exceed
approximately 68 inches at Hot Springs.

&
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TABLE 1-1

AVERAGE MONTHLY PRECIPITATION AND TEMPERATURE
AT SELECTED WEATHER STATIONS

MENA
PRECIP
JAN 3.07"
FEB 3.45"
MAR 5.29"
APR 5.80"
MAY 5.67"
JUN 4.29"
JUL 4.65"
AUG 2.85"
SEP 4.74"
OCT 4.26"
NOV 4.23"
DEC 3.92"

AVG. ANNUAL 52.17"

SOURCE:

PRECIP.

81"
.08"
. 25"
89"
.43"
40"
L1
.35"
L3377
36"
.80"
.47

o G R W O Y O A1 W

55.38"

NATIONAL OCEANIC AND ATMOSPHERIC

CAMDEN
PRECIP. TEMP.
4.,37" 42.4°
3.94" 46.5°
4.90" 54.2°
5.12" 63.9°
4.,74" 71.2°
3.65" 78.3°
4.08" 81.9°
3.08" 80.8°
4.50" 74.6°
2.77" 63.6°
4.57" 52.6°
4.60" 45.2°
50.32" 62.9°

ADMINISTRATION <95>

-]

o

-] L] o -] L] -] 9 L] L] o

-

{1951-80)

HOPE 3 NE
PRECIP TEMP.
3.84" 41.0
3.78" 45.0
4,63" 52.4
5.55" 62.2
5.40" 70.1
4.25" 77.4
3.67" 81.3
4.01" 80.4
4.,28" 74,2
3.29" 63.3
4.40" 51.8
4,07" 44,2
51.17" 61.9



TABLE 1-2
PROBABILITY THAT PRECIPITATION WILIL EQUAL OR

EXCEED THE INDICATED PRECIPITATION

ANNUAL
PROBABILITY PRECIPITATION

CAMDEN 10% >64.76"

50% >49.53"

90% >36.91"

- HOPE 10% >65.88"

50% >50.38"

90% >37.52"

HOT SPRINGS 10% >68.55"

50% >54.78"

90% >43.00"

MENA 10% >67.06"

50% »51.39"

90% >38.38"

SOURCE: NATIONAL OCEANIC AND ATMOSPHERIC
ADMINISTRATION <(96>

As previously discussed, average annual precipitation
ranges from approximately 48 to 58 inches in the Upper
OQuachita Basin. Much of this precipitation, however, 1is not
available for use because it 1is evaporated from streams,
lakes, ponds, and irrigated cropland. The average annual free

water surface evaporation for the Upper Ouachita Basin, shown
in Figure 1-5, ranges from about 36 inches in the northeastern
part of the basin to approximately 40 inches in the
northwestern part of the basin, Much of the free watervr
surface evaporation during the year occurs during the
irrigation season of May fthrough October, as shown in Figure

1-6. Free water surface evaporation 1s defined as "the
evaporation from a thin film of water having no appreciable
heat storage." <25> Since the surface waters 1n the Upper

10



tigure 1-6

AVERAGE ANNUAL FWS EVAPORATION
1956-1970

— WHN-\-\F\K

g T——— -

/‘!

!

|l C ALHOUN

SOURCE: Farnaworth and Others (25)



tigare 1- 8

AVERAGE FWS8 EVAPORATION
MAY-OCTOBER 19586-1970

SOURCE: Farnsworth and Others (28



Quachita Basin {the lakes, in particular) may contailn
appreciable heat storage at times during the year, actual
evaporation in the basin may be significantly different than
the free water surface evaporation.

POPULATION

Population census data of +the study area show that
slightly more than 100,000 people lived in the area at the
turn of the century {See Table 1-3). An i1ncrease of
approximately 40,000 people occurred between 1900 and 1940,
then a gradual decrease in population until 1960 when the
population of the study area totaled about 124,000 (See Figure
1-7). The 1970 and 1980 census showed the renewal of an
increasing trend. Population of the study area in 1980
totaled approximately 160,000, an increase of about 28,000
since the 1970 census. <943

POPULATION PROJECTIONS

Predictions of future populations c¢an be derived by
various methods including graphical, mathematical, decreasing

rate of increase, and ratic and correlation methods. <48>
The Arkansas Department of Pollution Control and Ecology has
prepared county population projections to the year 1930, <4>
In addition, data are Aavailable from +the University of
Arkansas at Little Rock, Division of Demographic Research for
population projections to the year 2000. <68> For this
document, projections are needed to the year 2030. Data do

exist for population projections to this ¥year, however, the
data are not compiled in a format that is wuseable on this
small of an area. Therefore, a graphical approach was used to
extend population projections to the year 2030. First, a line
was fit using the data from 1960 to 2000. The 1960 to 1980
period was included because 1t was the beginning of the
increasing trend after the end of +the post-World War II
decreasing +trend. The line was then extended to 2030
resulting in a projected population for the study area of
230,000.



table 1- 3

POPULATION TRENDS and PROJECTIONS
STUDY AREA TOTALS

YEAR

1900 | 1910 | 1920 |1830 | 1640 | 1850 | 1880 | 1970 | 1980 1860 (2000 | 2010 | 2020 | 2030

100.7 123.0/120.1136.7(140.0(138.2124.0/132.8(180.0(188.2|200.6| — — | — -~ |230.0

POPULATION (IN THOUSANDS)
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WATER USE

Study area water use amounted to 53.3 million gallons per
day (MGD) in 1980. The 1980 amount is 125% more than the 1965
water use of 23.67 MGD and 39% more than the 1975 use of 38.4

MGD. {See Figure 1-8A and Table 1-4}). <31, 33, 40>. Surface
walter is the predominant source of water for use in the study
area. In fact, according to the data compiled in Table 1-4,

approximately 76 percent of the total amount of water used in
1975 and 1980 was obtained from surface-water sources.

Water use 1is divided 1into the following categories:
public supply, rural domestic, self-supplied industry,
agricultural non-irrigation, and agricultural irrigation. In
1880, water use for thermo-electric cooling and hydroelectric
generation was bH74.63 MGD and 2653 MGD, respectively. Because
these uses are essentially non-consumptive and do not reduce
the supply of water to downstream users, these categories are
not included in the water use totals.

Groundwater storage in the Quachita Mountains is limited
to the c¢racks and fissures of the underlying c¢onsclidated

formations. Yields are generally small, with many wells
vielding only enough to supply single households {rural
domestic use). South of the mountains are Cretaceous

formations that lack the potential to yield large quantities
of water and Tertiary formations that are a mixture of good
and poor yielding aquifers. Better Tertiary aquifers are
generally in the southeastern part of the basin. Ruaternary
deposits 1in the principal stream floodplains may yield
adequate gquantities of water for domestic supplies.

Water used by public supply systems includes commercial,
domestic, and public-supplied industrial users. There are 41
public water supplies in the study area. <3> A population of
111,010 people was served by these systems, and in 1980 public
supply use was 16.53 MGD, Since 1965,this category of water
use nhas increased 111%, from 7.83 MGD to 16.53 MGD used in
1980. {See Figure 1-8B and Table 1-4}. Daily per person use
was almost 150 gallons in 1980. :

Rural domestic use is water for household use by people

not served by a public supply. Approximately 49,420 pecple
are 1in this category. This 1s based on totaling the 19880
census for the study area (160,432) and subtracting the number
of people served by public supply systems (111,010). Rural
domestic use in 1980 amounted to 4.38 MGD. (See Figure 1-8B
and Table 1-4). Daily use per person was almost 90 gallons in
1480,

Self-supplied industrial water use has not 1ncreased
significantly over the 1965-80 period and generally has stayed
between 8 and 10 MGD. (See Figure 1-8B and Table 1-4}), Use
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CATEGORY

TABLE 1-4

WATER USE

\

PUBLIC SUPPLY
{GROUNDWATER)
(SURFACE WATER)
TOTAL

RURAL DOMESTIC
( GROUNDWATER)
{SURFACE WATER)
TOTAL

SELF SUPPLIED IND.

{ GROUNDWATER)
{ SURFACE WATER)
TOTAL

AGRICULTURE
NON-TRRIGATION
{ GROUNDWATER )
{SURFACE WATER)
TOTAL

IRRIGATION
{GROUNDWATER)
(SURFACE WATER)
TOTAL

ALL AGRI. USE
ALL CATEGORIES
{ GROUNDWATER)

{ SURFACE WATER)
TOTAL

SOURCES :

-3

7.
16.

23.

HALBERG <31,

Rl )

.29
.21
.80

3z,

33>

Q1o o

a%]

10.
20.

31.

.78
.29
.57

.12
.20
.92

.20
.20

.12

HOLLAND AND LUDWIG <40>

17

[y

[Nele )

Sy = B

38.

.41
.06
A7

.24
.68
.82

-3

11.
13.

22.

13.
40,

co M M

.46
.98
.44

.12
86
98
95
02
28

.30



figure 1 —8B
WATER USE BY CATEGORY
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in 1965 amounted to 7.8 MGD and in 1980 amounted to 9.44 MQD.
Since 1980, two of the larger self-supplied industries in the
basin have closed.

Agricultural water use for non-irrvigation purposes
amounted to 8.97 MGD in 1880. Non-irrigation wuses include
water for livestock, poultry and fish farming. Water use for
livestock and poultry accounted for 3.61 MGD and 5.36 MGD was
‘"used for fish farming in 1980, Use in 1965 equaled 4.03 MGD.
{See Figure 1-8C and Table 1-4). In the fifteen year period,

water use for this category has more than doubled.
Irrigation occurred on 20,400 acres of cropland in the

study area 1in 1980. <88> Water use for irrigation during
that year amounted to 13.98 MGD, an increase of 800% over 1965
irrigation use of 1.77 MGD. {See Figure 1-8C and Table 1-4).
Application rates for each crop vary, with rice requiring the
most water per acre. On the average, the amount of water

applied to cropland was about 9 inches.

Water use for cooling in thermoelectric energy production
amounted to 574.63 MGD. Since consumption is generally less
than 1% of the total amount of water withdrawn, water use for
this category was not included as part of the total use.

WATER USE PROJECTIONS

Projected use for public supplies and rural domestic use
will ©be discussed together Tbecause both are population
related., In 1980, the public supply systems served 69% of the
population. The remaining 31% were self supplied by household
wells. Applying these percentages to the 2030 population
projection of 230,000 pecple resulted 1in an estimate of
159,600 people using public supply systems and 71,000 rural

self-supplied people. Water use per person on public supply
systems during peak conditicons is approximately 250 gallons
per day with average useage about 150 gallons per day. Since

public systems have to be able to supply water during peak
conditions, the peak useage per person was used to compute

future needs. Rural water use averages 90 gallons per day and
this rate was used to compute the projected 2030 rural
domestic useage. Applying the population projections to tha

current daily use rates resulted 1n an estimate of almost .0
MGD of water needed for public supply use and over 6.0 MGD of
water needed for rural domestic use in 2030. (See Figure
1-9).

19
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The DelGray Reservoir project in the Upper Ouachita Basin
igs designed to release 250 MGD for water supply. According to
information supplied by the Vicksburg District of the Corps of

Engineers (written communication, 18987 - See Appendix A), 98
MGD are currently released for water quality and water supply
needs. The remaining 152 MGD are available for future
municipal and industrial water supply uses. It was assumed

that the 250 MGD of water supply storage from Delray Reservoir
would be used in the future for use within the basin or for
interbasin transfer +to other areas that may need additional
water, such as the City of Little Rock. Therefore, the 250
MGD from DeGray Reservoir was included in the projected needs
resulting in a total projected public supply use of 280 MGD.

Projections for non-irrigation use are based on 8
straight line projection of the 1865-80 water-use data. Based
on the extension of a straight line, use for 2030 is projected
to be about 17 MGD.

Self-supplied 1industrial useage will probably show a
decreasing trend in the near future because of the closing of

two industries in the study area. However, should the plants
be bought and used by other corporations, water use will once
again be at the present level or possibly even higher. Based

on past maximum levels of useage, water use for this category
is projected to be about 12 MGD in 2030, Should other water-
intensive industries locate in the basin, this estimate will
probably be low.

Irrigation practices are expected to continue to expand
as dry land farming becomes too risky. Based on projected
cropping patterns shown in Chapter 2 and application totals
appropriate for each crop, the study area is projected to use
121 MGD for irrigation in the future. To reach this level of
useage, essentially all the area currently used as cropland
would be irrigated. Application rates used for these
projections were as follows: 3 feet for rice; 1.5 feet for
cotton, corn, and sorghum; and 1.0 foot for soybeans.

Based on the methods previously outlined, water use is
projected to increase from 53.3 MGD in 1980 to 446 MGD 1in

2030. (See Figure 1-9). Projected public supply use of 2890
MGD represents the highest category of projected water use for
the basin. The second highest use category will be for
irrigation (121 MGD), followed by non-irrigation useage (17
MGD), self supplied industrial needs (12 MGD), and rural

domestic use (6 MGD).

22
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CHAPTER II

LAND RESOURCES INVENTORY
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An inventory of land rescurces and related land uses 1is
presented in this report 1in order to provide background
information to assist in understanding related water-resource
problems. Forest land, pastureland, and «ropland aresas are
addressed, as are wetland areas. Additionally, livestock and
poultry concentrated feeding operations are inventoried as a
land use due to the number of operations that are located in
the basin.

A description of the major land resource areas in the
basin 1is presented. General so0il wunits, soil surveys, and
s0il erosion are also addresgsed.

LLAND USE

The Upper Ouachita River Basin i3 composed primarily of
forest land. There are 3,462,252 acres in the basin of which
approximately 2,638,000 acres {(76.2%) is forest FLand.
Grassland occupies about 537,000 acres (15.5%) and cropland
covers about 96,000 acres (2.8%) of the basin. Urban and
built-up lands occupy about 86,000 acres (2.5%) and water and
other areas account for the remaining 105,000 acres ({3%).

Land use in the Upper QOuachita Basin is shown in Figure 2-1.
More detailed information on land use is compiled in Table 2-1
for each of the counties in the basin. Land use for Table 2-1
and Figure 2-1 was compiled from the 1977 Resource Information
Data System {RIDS). <B2>

The RIDS data <82> were updated in 1982 by the National

Resource Inventory (NRI-B82Z). <85> Each inventory  has
advantages and disadvantages for presenting data relative to
this report; therefore, both inventories were used in
preparing this report. Similar data from each inventory is
guite difficult to compare because of the procedural and
technological improvements in the data collection and

statistical estimation processes. <92> Where the RIDS or NRI
data are used, it will be noted as such.

Forest Land

The Ouachita National Forest is partially located in this
basin and accounts for about 608,000 acres (23 percent) of the
forest land in the basin {See Table 2-2). Most of the forest
land is owned by the forest industry and private individuals,
and more than 99% of the forest land in this basin is used for
commercial purposes. Table 2-3 indicates that the forest land
is mostly of the Loblolly-Shortleaf Pine type. <82>
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TABLE 2-1

LAND USE
IN THE

UPPER OUACHITA RIVER BASIN

9¢

COUNTY CROP— | GRASS— FOREST URBAN OTHER ACRES ACRES FPERCENT
LAND LAND LAND AND iN IN OF COUNTY
BUILTUP BASIN 1/ | COUNTY 2/ | IN BASIN

CALHOUN — — 6,864 - - 8,964 402,163 1.7
CLARK 25,887 75,961 443,074 2,474 14,587 561,983 561,983 100.0
DALLAS 9,477 35,160 233,316 — 2,687 280,640 430,369 85.2
GARLAND 2,130 42,280 232,835 598,000 41,875 378,220 470,381 80.4
HEMPSTEAD 20,804 68,260 111,771 — 2,867 203,802 474,880 42.9
HOT SPRING 5,174 55,858 245,137 10,844 13,281 330,394 398,863 82.8
HOWARD — 10,588 38,184 — — 48,782 384,000 12.7
MONTGOMERY — 87,405 435,299 2,080 4,845 509,709 512,640 98.4
NEVADA 14,717 47,772 208,045 - 2,650 273,184 384,240 69.3
QUACHITA 2,837 22,841 186,194 5,684 —— 224,668 472,834 47.5
PERRY — - 4,019 — - 4,078 359,041 1.1
FPIKE 7,943 75,306 290,754 - 18,681 383,694 393,694 100.0
POLK — 35,442 181,873 6,003 2,363 185,781 550,400 35.8
SALINE - - 397 — — 397 465,820 0.1
SCOTY - ~— 2,170 — - 2,170 574,270 0.4
YELL — — 47,847 — — 47,847 606,720 7.8
TOTAL 96,168 536,883 2,638,079 86,175 104,946 3,462,252 — —
PERCENT 2.8 15.5 76.2 2.5 3.0 — — —_

SOURCE: USDA, SOIL CONSERVATION SERVICE <82>

1/ SCS FILE DATA

2/ USDA,SOIL CONSERVATION SERVICE <88)




TABLE 2-2

FOREST LAND BY OWNERSHIP

OWNER ACRES PERCENT
FEDERAL 609,396 23.1
STATE 21,105 0.8
FOREST INDUSTRY 1,065,784 40.4
MISC., PRIVATE | 941,194 35.7
TOTAL 2,638,079 100.0

SOURCE: USDA, SOIL CONSERVATION SERVICE <8%2>

TABLE 2-3

FOREST LAND BY TYPE

LOBLOLLY-SHORTLEAF PINE 1,337,506 50.7
CAK-PINE 970,813 36.8
OAK-HTCKQRY 147,732 5.6
OAK-GUM-CYPRESS 179,389 6.8
ELM-ASH-COTTONWOOD 2,639 0.1

TOTAL 2,638,079 100.0

SOURCE: USDA, SOIL CONSERVATION SERVICE <82
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Pastureland

According to the NRI-82 results, there are about 507,000
acres of pastureland in the basin. Approximately 215,000
acres of pastureland are in good condition while about 175,000
acres are 1in fair condition and about 117,000 acres are in
poor condition,. The major use of the pastureland is for the
grazing of livestock. <85>

Irrigation of pastureland has not been included in
irrigated cropland estimates; however, irrigation of
pastureland has become an established practice in the basin.
There were about 1400 acres of pastureland irrigated during
1980. <{88>

Cropl
There are 96,200 acres of cropland within the Upper
Ouachita Basin according to 1997 RIDS data. This represents
about three percent of the total land use within the basin.
<8Z> Cotton was the major crop grown in the seven county
study area during the 1940°’s and 50's. During recent years,

however, soybeans have replaced cotton as the major crop in
the area, and in 1980 soybeans accounted for approximately 85
percent of the crops grown in the study area. T The
trends of major crops grown in the study area are sghown in
Figure 2-2.

Irrigated Cropland

Since irrigation 1is a major use of water in this btasin,
it 1igs important to know how much cropland is currently
irrigated and how much c¢ropland will be irrigated in the
future. There were approximately 1700 acres of cotton, 5500
acres of soybeans, 12,000 acres of rice, 100 acres of corn,
and 100 acres of sorghum irrigated in the basin during 1980,
Total irrigated cropland acreage {excluding wheat, vegetables,
orchards and vineyards, and hayland} amounted to 20,400 acres
during 1980, (See Table 2-4)., {88>

Potential for Trrigation

Projections for irrigated c¢ropland have been made in
conjunction with the Arkansas Statewide Study, Phase V, by the
USDA Economiec Research Service (ERS) and are presented 1in
Table 2-4 and Figure 2-3, {88> A profit maximization linear
programming model was used to aid in estimating irrigated
acres for 2030.

]
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FIGURE 2—2
TREND OF CROPS IN THE STUDY AREA
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FIGURE 2-3

PROJECTED IRRIGATED CROPLAND
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TABLE 2-4
\ CURRENT AND PROJECTED IRRIGATED CROPLAND

YEAR COTTON CORN SOYBEANS RICH SORGHUM  TOTAL?!

1980 2,700 100 5,500 12,000 100 20,400
2000 3,000 300 32,000 14,500 200 50,000
2030 3,600 600 75,000 18,500 400 98,100

SOURCE: USDA, SOIL CONSERVATION SERVICE <B&>

1/ EXCLUDES ACREAGE ON WHEAT, VECETABLES, ORCHARDS AND
VINEYARDS, AND HAYLAND.

The projectiong made by ERS were evaluated on a statewide
basis. During the analysis, 1t was assumed that the total
acreage of c¢ropland in the gtate would remain the same.
Additional cropland projected in some basins would be offset
by reversion of cropland to other uses in other basins. <88>

NRI-82 data were utilized to evaluate ERS projections.
According to the NRI-82 data, there are 117,800 acres of
cropland in the basin. Additionally, there is potential for
the conversion of other land wuses Lo cropland within the
basin. There are about 46,200 acres with a high potential and
343,000 acres with a medium potential for conversion to

cropland. The sum of these figures indicates that there are
507,000 acres of cropland or land with at least a medium
potential for conversion to cropland. If all the land with a

high potential for conversion 1o cropland is converted, there
will be approximately 164,000 acres of cropland in the basin.
Approximately 60 percent of this area would need to be
irrigated in order for the ERS projections of 89,100 acres to
be met; therefore, the irrigated cropland projections made by
ERS are viewed as reasonable for this basin.

Prime Farmland

Prime farmland is land that 1is well suited to the
production of food and fiber. This land has the quality
needed to produce sustained yields of crops economically, if
managed according to acceptable farm practices. The land use
could be cropland, pastureland, rangeland, forest land, or
other land, but not urban land, built-up land, or water. Most
of the land in this basin is in the less than 20 percent prime
farmland region as shown in Figure 2-4.
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figure 2-—4

PRIME FARMLAND IN THE UPPER OUACHITA BASIN
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There are about 588,000 acres of prime farmland 1in this
basin which 1is five percent of the 11,624,500 acres of prime
farmland located within the state. The land uses in the basin
and the amount of prime farmland occurring on each land use
are as follows: forest land - 341,800 acres, pastureland -
175,100 acres, cropland - 64,200 acres, and minor land uses -
6,700 acres. More than 218,000 acres (37%) of +the prime
farmland in this basin is in Clark County. <B5>

Several! water-related characteristics of the basin are
causing problems on cropland. Because of these
characteristics, about 45 percent of the cropland in the basin
exists on nen-prime land. According to NRT 82 data, erosiocn
is the major problem on about 64,700 acres of the 117,800
total cropland acres. Excess water, from flooding and/or lack
of drainage, 1s the major problem on the remaining 53,100
acres of cropland. All cropland in the basin has an erosion
and/or a wetness problem. <{85H> FFlooding, drainage, and

erosjion are discussed in more detail in subsequent sections of
this report.

Wetlands

Wetlands are areas that are 1inundated or saturated by
surface water or groundwater at a frequency and duration
sufficient to support a prevalence of plants which are adapted
for life in saturated soil conditions. Such areas in Arkansas
are commonly referred to as swamps, sloughs, shallow lakes,
ponds, and river-overflow lands.

As part of the National Resource Inventory (NRI-82), the
Soil Conservation Service collected data about wetlands in
1982, <85> Inventory sample areas were c¢lassified with
respect to tvpes of wetlands as described in Wetlands of the
United States, Circular 39, 63> Within the Upper OQuachita
Basin, a total of 93,200 acres of wetlands, including river-
overflow lands and permanently flooded sloughs and swamps,
were estimated to occur. <8h>

33



Livestock and Poultry Operations

An inventory of confined animal feeding operations was
conducted in 1983 by the Soil Conservation Service, <90>
This inventory covered 22 western Arkansas counties, Data
have been compiled for the area shown in Figure 2-5 +to
identify waste management problems in the Upper Ouachita
Basin. The area outlined on Figure 2~5 will be referred to as
the waste study area for this report. The waste study area
includes all of Montgomery, Nevada, and Pike Counties, and a
portion of Hempstead and Polk Counties.

A ligting of the number of animals for each of the animal
types inventoried by county within the waste study area is
presented 1in Table 2-5. There were many more broilers
(40,217,500) than any other type of enimal, and the number of
broiler operations was fairly well distributed (See Table 2-6)
throughout the waste study area.

Throughout the waste study area, wastes from confined

operations are spread onto the land as fertilizers. Most of
the waste 1s applied to pastureland; however, a small portion
of the waste 1s applied to cropland. The quantities of
nitrogen and phosphorus applied to the land are listed 1in
Table 2-7. About 35 percent of the nitrogen and almost 31

percent of the phosphorus, are applied to land in Pike County.
The rate of application of nitrogen and phosphorus per square
mile 1is the highest in Polk County (See Table 2-8). High
application rates also occur in Pike and Hempstead Counties.
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flgure 2-6
CONFINED ANIMAL WASTE INVENTORY
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HEMPSTEAD

MONTGOMERY

NEVADA

PIKE

POLK

BROILERS

4,020,000
9,055,000
7,792,000

10,750,500

8,600,000

TABLE 2-5
NUMBER OF CONFINED ANIMALS

BY COUNTY IN WASTE STUDY AREA

OPERATION TYPE

LAYERS

103,200
225,000
212,000
311,000

291,500

PULLETS SWINE SWINE

BREEDERS GROW-OUT TURKEYS RGOSTER SOW-PIG FEED-OUT DAIRY BEEF
646,400 240,000 - - - 150 120 -
120,000 517,000 - - 8,600 19,700 - -
- 240,000 - - - 500 - -
283,800 158,000 - 7,007,500 945 2,000 - -
- 77,000 - - 24,280 1,160 365 -
1,050,200 1,232,000 0 7,007,500 33,825 23,510 485 0

SOURCE: MODIFIED FROM USDA,

40,217,500

1,172,700

SOIL CONSERVATION SERVICE FILE DATA <¢30>
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TABLE 2-6

OPERATIONS SUMMARY

BY COUNTY IN WASTE STUDY AREA
OPERATION TYFPE
PULLETS SWINE SWINE
COUNTY BROILERS LAYERS BREEDERS GROW-OUT TURKEYS ROOSTER SOW-PIG FEED-OUT DAIRY BEEF
HEMPSTEAD 22 3 11 5 - - - 1 3 -
MONTGOMERY 91 20 2 16 - - 2 7 - -
NEVADA 54 7 - 2 - - - 1 - -
PIKE 71 10 26 8 - 55 1 1 - -
POLK 92 z26 - 4 - - 11 3 3 -
TOTAL 330 66 39 35 Y 55 14 13 6 0

SOURCE: MODIFIED FROM USDA,

S80IL CONSERVATION SERVICE FILE DATA

{90>



TABLE 2-7

QUANTITY OF NITROGEN AND PHOSPHORUS APPLIED
TO THE LAND BY COUNTY IN THE
WASTE STUDY AREA

CQUNTY TONS/YEAR ~ DERCENT
HEMPSTEAD 520 13.7 430 19.4
MONTGOMERY 720 19.0 430 19.4
NEVADA 440 11.6 240 10.8
PIKE 1330 35.1 680 30.6
POLK .180 20,6 440

3790 52720

SOURCE: MODIFIED FROM SOIL CONSERVATION SERVICE FILE DATA <30>

SOIL RESOURCES

Major Land Resource Areas

There are three major land resource areas in this basin,
as shown 1in Figure 2-6. General descriptions of these
resource areas are presented in the following paragraphs.

Ouachita Mountains
The QOuachita Mountains are a series of east-west ridges

and valleys in the northern part of the basin. This area
covers approximately 51 percent of the basin. Common bedrock
is shale, slate, quartzite, novaculite, and sandstone, The

rocks are generally steeply inclined, fractured, and folded
causing great variation in parent material such that soils
change frequently over lateral distances. (84>

Depth of so0ils range from shallow to deep and slope of
the land surface ranges from level to gently sloping in the
valleys to very steep on mountainsides. <84> Permeability of
these soils ranges from moderate to slow. <83>
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TABLE Z2-8

RATE OF APPLICATION OF NITROGEN AND PHO3FPHORUS
BY COUNTY IN THE WASTE 3TUDY AREA

TOTAL TOTAL
NITROGEN RATE OF PHOSPHORUS RATE OF
AREA APPLIED APPLICATION APPLTED APPLICATION
COUNTY {5Q MI) (TONS/YR) (TONS/MI2/YR) (TONS/YR) {TONS/MI2/YR)
HEMPSTEAD 318.41/ 520 1.64 130 1.36
MONTGOMERY 801.02/ 720 0.90 130 0.54
NEVADA 616.02/ 140 0.71 240 0.38
PIKE 615.12/ 1330 2,16 630 1.11
POLK 270.2+ 780 2.88 140 1.63
2621.0 3790 1.44 2220 0.85

SOURCE: MODIFIED IFROM SOIL CONSERVATION SERVICE FILE DATA <30)

1/USDA, SOIL CONSERVATION SERVICE <825

2/USDA, SOIL CONSERVATION SERVICE <88>



figure 2-8
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The geclogic and hydrologic characteristics of the
Ouachita Mountains have a significant effect on water
resources of the area, The streams have steep gradients and
generally surface runoff is rapid causing the streams to crest
and recede quickly. Also, the consolidated bedrock has a
relatively low permeability which limits the amount of
groundwater available and hinders groundwater movement, (2>

Most of this area is used for timber production.

However, some of the less sloping areas have been cleared and
are used for pasture production. <(84>

Coastal Plain

This area consists of rolling terrain broken by stream
valleys in the southern part of this basin., The Coastal FPlain
covers approximately 42 percent of this basin. Soils in this
area developed from deep marine sediments. Slopes range from
level to moderately steep <84> and permeabilities range from
rapid to slow. <83> This area is used mainly for timber
production and pastureland. <84>

Geologic and hydrologic characteristics of the Coastal
Plain have A definite influence on the water resources of the
area, Streams are generally sluggish in this area because Lhe
gradients of the stream channels are relatively flat. Also,
some of the Coastal Plain sediments have higher permeabilities
than the consolidated rocks of the Ouachita Mountains. These
sediments favor transmission and storage of groundwater. (2>

Blackland Prairie
The Blackland Prairie consists of gently rolling to
rolling uplands in the central and southwestern parts of the

basin. The soils developed from the c¢layey sediments
overlving beds of marly clay or chalk, or from marly clay or
chalk. Slopes range from nearly level to moderately steep.

The permeability of these so0oils ranges from slow to very slow.
This area is used mainly for pastureland and forest land.
There is, however, a relatively large amount of cropland in
the Blackland Prairie. This area covers about 7 percent of
the basin and yet almost 30 percent of the total amount of
cropland in the basin is located in this resource area.
<83, 84, 85>

This resource area exists because it is the outcrop area
for Upper Cretacecus age chalks and marls. (The Blackland
Prairie will be referred to as the Upper Cretaceous outcrop
area in Chapter 4 and portions of Chapter 3.) These chalks
and marls have a relatively low permeability and do not yield
much water to streams. <48> Therefore, streams in the
Blackland Prairie area such as (Ozan Creek, Terre Rouge Creek,
and Terre Noire Creek generally have lower sustained flows
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during low-flow periods than streams in the Coastal Plain area
which usually exhibit sustained base flow conditions as a
result of the higher permeability of Coastal Plain sediments
that favor the transmission of water. Furthermore, since the
permeability of Blackland Prairie soils is generally lessg than
the permeability of Coastal Plain soils, runoff during storm
events should generally be greater from the Blackland Prairie
area than from the Coastal Plain area, 1if all other basin and
climatic characteristics are similar. }

The Blackland Prairie resource area 1s considered fragile
¢87> since the topsocil is generally guite ¢thin. Excessive
soil erosion in this area will not only cause water quality
problems, but the land resource base may be severely impacted
as well. Cropland areas located in the Blackland Prairie may
need some form of erosion protection (see Water-Quality
Recommendations) .

General Soil Units

There are eleven general soil units covering the three
resource areas 1in this basin. There are four general soil
units in the Ouachita Mountains, six general so0il units in the
Coastal Plain, and one general scil unit in the Blackland
Prairie. These so0ilil units are listed by resource area 1in
Table 2-9 and their locations are shown in Figure 2-7.
Specific information for individual soil units is available in
published So0il Surveys.

TABLE 2-9
GENERAL SOIL UNITS BY MAJOR LAND RESOURCE AREAS

OUACHITA MOUNTAINS

16 Carnasaw - Pirum - Clebit

17 Kenn - Ceda - Avilla

18 Carnasaw - Sherwood - Bismarck
19 Carnasaw - Bismarck

COASTAL PLAIN
38 Amy - Smithton - Pheba
39 Darco - Briley - Smithdale
40 Pheba - Amy - Savannah
41 Smithdale - Sacul - Savannah
42 Sacul - Smithdale - Sawyer
43 Guvton - OQOuachita - Sardis
BLACKLAND PRAIRIE
49 Oktibbeha - Sumter

SOURCE: U.8.D.aA. SOIL CONSERVATION SERVICE (84>
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flgure 2-7

GENERAL SOILS MAP
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The So0il Conservation Service (SCS) is responsible for

all Soil Survey activities of the U.3. Department of
Agriculture. The So0il Surveys and interpretations are wmwade
cooperatively with the University of Arkansas Agricultural
Experiment Station, Agricultural Extension Service, U.S.
Forest Service, Arkansas Highway Department, the 76 Soil and
Water Conservation Districts, and other State and Federal
Agencies.

Seven of the so0il surveys for the sixteen counties
located within t1his basin have been published. The counties
and the date of publication are as follows: Calhoun and
Dallas - published as one report (1980}, Hempstead {(1979),
Howard (1975}, Ouachita (1973), Perry (18982), and Saline
(1979). Hot Spring and Clark Counties will be published in
one report in 1987, Garland County 1is scheduled 1o be
published in 1987, The remaining six counties (Montgomery,

Nevada, Pike, Polk, Scott and Yell) do not have, at this time,
dates set for their publication.

Erosion

Sources of erosion that are occurring in the basin
include road surface, road bank, gully, streambank, and sheet

and rill. The major source of erosion in the basin is sheet
and rill erosion which accounts for approximately 75 percent
of the total amount of erosion occurring in the basin. <107

Sheet and rill erosion on non-federal rural land in the
Cuachita Basin amounts to 1,683,000 tons per vear over

2,667,000 acres. The average erosion rate occurring on all
non-federal rural land is 0.6 tons per acre. <85>

Sheet and rill erosion 1is shown by land use in Table 2-
10. Forest land accounts for the largest quantity of sheet

and rill erosion (753,000 tons/year); however, this erosion 1is
occurring on 2,015,000 acres so that the average rate of

erosion is only 0.4 tons per acre. Cropland covers only four
percent of the area inventoried and yet 1t accounts for
approximately 38 percent of the total sheet and rill
erosion., {See Figure 2-8). The average rate of erosion
coccurring on cropland is 6.0 tons per acre, Erosion rates on

rangeland are estimated to be 9.5 tons per acre but the
results for rangeland should not be used for interpretation.
Due to the small acreage inventoried, accuracy of NRI-82 data
for erosion estimates on rangeland is limited. <85, 92>

14



FIGURE 2-8

SHEET AND RILL EROSION
’ NON-FEDERAL RURAL LAND

ACRES

SOURCE: USDA, SOIL CONSERVATION SERVICE <85>
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TABLE 2-10

SHEET AND RILIL. EROSION ON NON-FEDERAL RURAL LAND

TONS TONS
LAND_USE ACRES PER ACRE
CROPLAND 635,000 106,000 6.0
PASTURELAND 161,000 507,000 0.3
RANGELAND 47,000 5,000 9.5
FOREST LAND 753,000 2,015,000 0.4
OTHER RURAL LAND 87,000 ....34,000 2.6
TOTAL 1,683,000 2,667,000 0.6

SOQURCE: USDA, SOIL CONSERVATION SERVICE <85>

The NRI erosion data do not estimate the amount of
erosion that actually occurred during 1982. The erosion rates
computed from the NRI data are estimated average annual (or
expected) rates based upon the cropping practices, management
practices, and resocurce conditions over a period of at least
four vyears. The eclimatic factors included in the erosion
equations are based upon long-term average conditions and not
upon one year’s actual climatic events. <92

Excessive soil erosion can cause significant water-
quality problems. For this reason, excessive soil erosion is
addressed in the water quality problems section of this
report.
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CHAPTER IIL

SURFACE WATER
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INTRODUCTION

The principal streams in the Upper Ouachita Basin are the

Cuachita, Little Missouri, and Caddo Rivers. Otherr major
streams in the basin include the Antoine River, Ozan Creek,
Terre Rouge Creek, and Terre Nolire Creek. Streams 1n the

northern half of the basin that drain the Cuachita Mountains
have steep gradients and narrow valleys which result in rapid
runoff, Streams in the southern half of the basin that drain
the Coastal Plains have relatively flat slopes which
contribute to sluggish streamflow in many parts of the basin.

The average annual runoff in the Upper Ouachita HRasin
ranges from approximately 12.5 inches in the southwestern part
of the basin to approximately 31 inches in the northuwcstern
part of the basin <(29>. Runoff wvaries seasonally as well as
annually, with the area subject to extremes of both flood and
drought. The seasonal variability is characterized by low
flows which usually occur during August through October each
year. Optimum development of surface-water resocurces in the
Upper Ouachita Basin requires storage of high winter and
spring flows to meet the summer and fall water-use demands.

Surface-water storage 1is available in appreoximately 7400
impoundments within the the seven-county study area, but most
of +the impounded streamflow 1is stored in three Corps of
Engineers' reservoirs. Lakes OQuachita, DeGray, and Gireeson
have capacities {at permanent pool elevation) of 865,000 acre-
feet, 261,500 acre-feet, and 77,600 acre-feet, respectively.
Total storage of all impoundments is approximately 1,489,000
acre-feet of water.

Significant improvements have been made in the surface-
water resources of the basin by federal projects other than
the Corps of Engineers’ impoundments. Channel improvements
have been made on the Ouachita River, Little Missourl River,
Ozan Creek, and Terre Noire Creek by the Corps of Lngineers,
Multiple purpose projects, including municipal water supply,
are under construction near Mena and Mount Ida by the Soil
Conservation Service. Flood control structures have been
authorized for Ozan Creek Watershed and are under construction
in the North Fork of Ozan Creek.

" Water quality of the streams and lakes in the Upper

Cuachita Basin 1is generally good. Concentrations of ost
constituents are within acceptable limits, and therecfore,
streams in the basin support most beneficial uses. The Little

Missouri River above Lake Greeson and the entire reach of the
Caddo River have been designated as having extraordinary
recreational and aesthetic value.
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The following sec¢tions in Chapter TIII of the report

presenl. an inveniory of the surface-water resources of the
Upper "2uachita Basin. Present water use and estimated future
water needs are alsc quantified. In addition, problems

affecting existing water resources are outlined and sclutions
and recommendations to solve existing problems are suggested.
This informaticn will provide a guide for the future use,
management, and development of the water resources of the
Upper Ouachita Basin,

SURFACE-WATER INVENTORY

Streamflow data are collected in the Upper Duachita Basin
primarily by the U.S. Army Corps of Engineers and the U.S.
Geolegical Survey. Locations of 13 streamflow data collection
sites are shown in Figure 3-1. There are many additional
sites in the basin where streamflow data have been collected,
however, the sites selected have relatively long-term records
availlable for study. Additional information on the streamflow
sites 1s summarized in Table 3-1.

Distribution of streamflow 1is dependent upon <c¢limate,

physiography, geology, and land wuse in the basin. Basins
where these conditlons are similar may have similar stream{low
characteristics. Generally, the distribution of high flows is
governed largely by the ¢limate, the physiography, and the
plant cover of the basin. The distribution of low flows 1is
controlled mainly by the basin geology. Streamflow

variability 1s the result of wvariability in precipitation as
modified by the basin characteristics previously mentioned.
The variability is reduced by storage, either on the surface
or 1n the ground <62>.

Streamflow Variability

The Upper QOuachita Basin 1s characterized by two
Lopographically distinct divisions. Streams in the southern
half of the basin drain the gently rolling hills and lowlands
of the Coastal Plain. Streams 1n this part of the Upper
Ouachita Basin generally are sluggish. Scme streams are not
sulfficiently incised to intersect the water table, and
therefore cease to flow during extended dry periods <H9>. In
montrast, streams 1n the nerthern half of the basin drain the
Ouachita DMountains. Streams 1n this part of +the Upper

Ouachita Basin have steep gradients and narrow wvalleys,
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TABLE 3-1
SUMNART OF SELRCTSD STREANPLOW DATA-COLLECT{ON J(TRS
{DATA COLLECTSR BF U.$. GROLOGICAL SUR¥ET UNLBIS OTHERYISE WOTED.|

BYTREKBS FOR PERIOD NF RRTORD

[{LIT8]

[§ CONTROLLED BY OWE YLOOD-WATEE DSTENTION RESERYOIR THAT NAS &
CAPACITY OF 15,660 AC-FT.

DISCHABCE COMPUTRD FRON FLOWMETBE AKD BSTIMATED LEAEAGE. FLOY
COMPLETRLY REGULATED BY LABE OUACRITA SINCE 1952,

FLO¥ REGULATED SENCE 1925 BY LABE CATRERTEE, STWCE 1932 BT LAIR
RANILTON, AWD SINCE 1352 BY LAES QUACRITA

FLOW RBCULATHD BY DRGBAT LAKR SINCE aUGUBT, 1969, AND BT DBOEAT
BECOLATIRG DAM SENCE JARUARY, 1371.

PLO¥ RBGULATED BF GARE CATREBING 31N 1925, BY LAIE BAMTLTOR
SINCB 1932, BY LARY OUAGHETA STHCE 1952, AND BY DECEAT LARR
SLNCB AUGUST, 1969,

DTSCAARGE COMPUTRD FROM FLOWNRTER AMD BBTIMATED LEBATACE. LBANAGE
¥AS HOT IXCLUDBD (% PUBLISBED FLOWS PRIOR T JANURRY 1, 1954.
FLO¥ CCMPLRTBLY ERGULATED BY LARE CRRES0W STHCE BOVEHEER 30, 1349.

SOMB RRGULATION BY LARE GREBSON SINCE NOYBNBER, 1919,

FLOY RECULATED SYNCE 1925 BY LAEKB CATABRINE, SiNCE 1932 BY LARR

1563 RALIIN HiKIMUN AVERAGE DISCHARGE (rFS)
STATICN DRAINATE BISTHARGE {CFS) DISCTARCE CFS A¥D TEARS OF RECORD USED
NUKRER NAKR AREA {ai T) PERIGD OF RECORD &RD DATE AHD DATE T COMPUTE DISCAABGE

07356000 OUASHITA RIYER HR. HOUNT 14 1 1342-85 102,008 2.3 128
13-1-82 §-25-54 11942-85)
07356500 SOUTR PORE GUACRITA RIVER §1.0 JUN 1943-70 10,000 N0 FLOW 4.3
AT MOUNT DA 5-11-68 8-19 10 9-5-54 [1950-10)
1-3 70 §-8-64
01357561 OUACHITA RIVRR AT SLAEELY T IRy 9550 (6-13-68) 15 {9-1-13} 1485
WOUKTAIN DAN HR. HOT SPRINCS MATI%UK DALLP GISCKARGR K{NIMUM DAILT DISUTARGE (195171
(SINCR STORAGE BEGAM)  (BSTINATEY LEAEAGR)
01359504 OUACRITA BIVER KR. MALYRRN I585  OCT 1825-APR 1921: 140,000 3 HIB
JAH 1928-85 515-11 5.15-1 {1925-26, 1928-85)
07359800 CADDO RIVER NE. ALPINE 301 1938-41; 85,000 i 510
TUN 1946-10 4 , 5-13-68 B.20,21-54 [1939-41, L947-10)
07359910 CADDO RIVER AT DECBAT T3] IETL 44,300 NG FLOW AT TIHES 0
REGULATING DAM NR. 5-14-58 {1968-11}
AREAGELPAIA {AFFECTRD BY TEMPORARY
STOEACR BRAIND DAM, THEN
UNDZE CONSSRUGTTON)
07166000 OUACRTTA RIVER AT 2314 SBP 1905-DEC 1906; 119,908 " 1504
ARRADBLPRI 4 nr 19, 3-30-45 (HINTNUN DATLY) (1996, 1930-17)
10-5-11
07360561 LITTLE MISSOUEL RIVRR AT 139 HURITS L 5210 L 108
HARDOWS DAM NE. §-1-57 {RINTHUA DAILY; {1947-17}
MUBFRRBSBORD {NATTHUM DALLY SINCE ESTINATED LEAEACH)
POWER GEHERATION BRCAR}
07360800 NUDDT PORE GBEEBE KR. p20 APS {940-SEP 1942; (--) {--1 18%
NURFEERSHORO APR 194659 {1941-59)
B735L000 LITTLR WISSOURT RLVER HR. 18 FEB 1928-1t; 120,000 2.9 620
FURFRERSBORO LN, 1-30-45 3-1-13 [1929-31, 1938-17)
0TIE1500 ANTOTNE RYVER AT AMTOENE 178 1955-85 35,500 NO FLOV AT TINBS i
5-2-58 [1955-85)
07160600 LITTLE MISSOURL RIVER 1014 1838-42; £6, 800 10 1521
i, BOUGATON 1946-17 4 4 §-3-51 §-20 70 3-30-3% {1938-12, 1945-17)
07162000 GQUACATTA RTVRR AT CAMDRM 5357 1926-85 1/ 243,000 125 1564
- 1-3-45 9-16,24,25,26-13 [1929-85)

v/ DATA COLLRCTRD 8Y U.S. ADMY CORPS OF BRGINEERS.

WAMILTOM, SIHCE 1949 BY LAES CRBRSOM, STHCE 1952 BY LALE OUACKITA,
ANO SIKCE AUGUST, 1969 BY DEGEAT LAZE.



resulting in rapid runoff. The larger tributaries generally
have narrow flood plains because lateral movement of the
streams has been restricted by resistant rocks in the
Ouachita Mountains. 34>

Streamflow in the Upper Ouachita Basin 1is extremely
variable, as illustrated by the annual sf{reamflow for three
stations in the basin for the period of 1955-85 (Figure 3-2).
Significant wvariation in annual streamflow has occurred at the
three sites during this period. For example, the annual mean
discharge for the Ouachita River near Mount Ida ranged from
263 c¢fs in 1963 to 1,453 e¢fs in 1973, The mean annual
discharge for the period of record is also shown in Figure 3-2
for each of the three sites. Comparison of the mear annual
digcharge with the annual discharge for each vyear during the
period shows that the mean discharge for a particular year wmay
be significantly different than the mean annual discharge
computed for the pericd of record.

In the Upper OQOuachita Basin, streamflow is generally
highest during December through May because of the large
amount of precipitation during this period. Similarly,

streamflow 1is generally lowest during June through November
due to a decrease in precipitation and an increase 1in
evapotranspiration that occurs during +the growing season.
Mean monthly discharges at selected gaging stations are

summarized in Table 3-2. The mean monthly discharges were
computed based on streamflow records that most closely
represent current streamflow conditions. Therefore, 1if a

gaging station is currently affected by regulation from an
upstream reserveir, streamflow records collected prior tae the
regulation were not used in the computations. It should also
be noted that for the Caddo River at DeGray Dam and the
Quachita River at Arkadelphia, data for water years 19789 anc
1980 were not wused in the computations of mean monthly
discharge since, at times during these two water vyears, the
amount of water released from DeGray Reservoir was
significantly reduced during maintenance on the regulating
dam.

The computation of mean monthly discharges at selected
locations indicates the seasonal variability of streamflow in
the Tbasin. There is also significant variability of
streamflow on a daily basis, as shown by the hydrograph of
daily discharge at QOuachita River near Mount Ida for the 1983
water year (Figure 3-3). Daily mean discharge ranged from 18§
cfs to 79,800 cofs at this =tation during the 1983 water year.
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TABLE 3-2
MEAN MONTHLY DISCHARGES AT SELECTED GAGING STATIONS

YEARS USED
FOR MEAN MONTHLY DISCHARGE (CUBIC FEET PER SECOND)

COMPUTATION ocT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
07356000 - OUACHITA 1942 - 85 348 622 965 861 1145 1412 1156 1142 503 251 98.5 215
RIVER NR. MOUNT IDA
07356500 - SOUTH 1950 - 70 28.3  69.6  90.6 129 156 183 161 167  38.1  38.1  14.2  29.8
FORK OUACHITA RIVER
AT MOUNT IDA
07357501 - OUACHITA 1956 - 77 1477 1453 1801 1814 1732 1445 1842 1911 1653 1192 1421 1378
RIVER AT BLAKELY
MOUNTAIN DAM NR.
HOT SPRINGS
07359500 - OUACHITA 1955 - 85 1815 2591 3243 2779 2826 2854 3402 3294 2051 1404 1395 1441
RIVER NR. MALVERN
07359800 - CADDO 1939 - 41: 146 101 590 731 911 884 911 933 225 159 92.5 127
RIVER NR. ALPINE 1947 - 70
07359910 - CADDO 1973 - 78; 488 1203 1696 806 787 1401 1091 1388 1225 630 416 428
RIVER AT DEGRAY 1981 - 341/
REGULATING DAM NR. =
ARKADELPHIA
07360000 - OUACHITA 1973 - 78; 2221 5224 6612 4301 4148 5587 5973 5795 4629 2122 1367 1548

RIVER AT ARKADELPHI4 1981 - 841/

07360501 - LITTLE 1458 - 77 259 349 451 367 KL-¥ 456 438 641 443 439 406 322
MISSOURI RIVER AT

NARROWS DAM NR.

MURFREESBORO

07360800 -~ MUDDY 1947 - 59 66.8 125 135 263 14 314 378 415 85.1 50.8 12.0¢ 70.9
FORK CREEK NR.
MURFREESBORO

07361000 - LITTLE 1851 - 77 303 473 595 557 672 8l2 919 1025 603 494 460 382
MISSOURI RIVER NR.
MURFREESBORO

07361500 - ANTOINE 1955 - 85 108 269 369 301 422 514 489 458 208 96.3 45.3 49.3
RIVER AT ANTOINE

07361600 - LITTLE 1951 - 77 463 1214 1506 1635 2182 2431 2756 2601 1281 664 492 528
MISSOURI RIVER NR.
BOUGHTON

07362000 - CUACHITA 1955 - 85 3383 6246 9568 8377 10680 11510 12500 12590 6091 KRE-2N 2671 2996
RIVER AT CAMDEN

1/ MONTHLY DISCHARGES FOR THE PERIOD OF 1982 - 84 ARE FROM UNPUBLISHED CORPS' RECORDS AND ARE SUBJECT TO REVISION
SOURCE: U.S. GEOLOGICAL SURVEY AND U.S. ARMY CORPS OF ENGINEERS STREAMFLOW RECORDS.
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FIGURE 3—53
DAILY DISCHARGE HYDROGRAPH
OUACHITA RIVER NEAR MOUNT IDA
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Flow Duration

Annual and seasonal variability of streamflow 1n the
Upper Ouachita Basin affect the water-supply potential of
streame on &a year-round basis. The percentage of time
specified stream discharges are available is one factor that
determines the water-supply potential of a stream without

storage. Flow-duration curves were developed for streams at
gaging station locations in the basin to analyze the water-
supply potential of streams at selected locations, The flow-

duration curve 1s a cumulative fregquency curve of daily mean
flows that shows the percent of time that specified discharges

were equaled or exceeded. The method outlined by Searcy <62>
was used to develop the flow-duration curves and selected
points from the curves are summarized in Table 3-3. It should

be noted that the flow-duration curve applies only to the
period for which data were used to develop the curve <62>,.
However, these data may be used to estimate the probability of
occurrence of future streamflow if the period wused is
representative of the long-term flow of the stream, Analysis
of the data presented in Table 3-3 indicates that several
streams in the Upper Ouachita Basin would not provide a
sustained water supply without storage. South Fork of the
Ouachita River at Mount Ida, Muddy Fork Creek near
Murfreesboro and Antoine River at Antoine have had no flow at
times in the past. Therefore, storage would be necessary to
provide a sustained water supply at these locations.

The flow-duration curve is also a wvaluable wmwedium for
comparing drainage basin characteristics. Flow-duration
curves for Antoine River at Antoine and Little Missouri River
near Boughton were plotted in Figure 3-4 to illustrate the
significant difference between the streamflow characteristics
at the two sites. The flow-duration curve for Antoine River
at Antoine has a relatively steep slope throughout which
denotes highly wvariable streamflow that is mainly from direct

surface runoff. The curve for Little Missouri River has a
flat slope which indicates streamflow that i1is from delayed
surface runoff and ground-water storage. The flat slope at

the lower end of the curve for Little Missouri River indicates
sustained base flow, whereas the steep slope for the Antoine
River curve indicates a negligible base flow.

Flow-duration curves can also be used to analyze changes
that have occurred in streamflow characteristics over time at

a single location. For example, flow-duration curves were
plotted for two periods of record for Ouachita River near
Malvern in Figure 3-5. The first curve was developed for the

period of record prior to regulation of the streamflow by Lake

o6



TABLE 3-3
FLOY DUBATION CF STREAKS AT SELBCYED COMTINUOUS BECORD GAGING STATIONS

DBAINAGE  9RCORDE USED  FLO¥, [¥ CUBIC PEET PER SBCORD, YHICH WAS BQUALRD OR BICBEDED FOB PERCEMTAGE OF TINE INDICATED TH COLUMK SUBARAGS
AREA {mi®! fwater years| 99.9 98.5 93 %8 45 %0 g0 D &0 50 40 30 &0 to 3 z [

27356000 - JUACHLTA BLYER ¥R, {14 1942 - 85 LT63 §.0 0 0 50 &8 149 131 3BE 520 &R0 1550 2300 5300 795D 11500

HOUNT DA

07156500 - SOUTH FORK QUACBITA 61.0 1950 - 70 I (. T . I U R R 8 170 335 835 (380 2030

BIVER AT NOUKT DA

07259301 - OUACATTA BIVER AT BLARBLY 1102 1956 - 17 I5 16 v 18 &0 22 230 37§ 545 970 IST0 l1%0 2740 3800 500 7OOO 7800 8350

KOURTAIH DAK NR. NOT $PRINGS

07359500 - OUACBITA RIVER KR. 1585 1955 - 85 L0 200 230 Z85 308 385 485 890 (13D [G0O 2130 2750 3400 5EBO  QZ00 10300 12000 14600

MALVERH

07359800 - CADDO RIVER HR. ALPINE 1 1939 - 41, Yool Il W st 9T 1210 315 53 1070 f940 4100 6250 8230
1947 - 10

07359810 - CADDO RIVEB 4T DEGRAY 161 1371 - 18, 126 132 135 140 L4t 145 150 139 (80 70 535 %00 i450 2800 4300 5600  Z0C 5900

BRGULATING DAM NR. AREKADELPATA 1981 - 8 1y

07360000 - QUACHITA RIVER AT 13 971 - 18; 120 160 210 310 500 G40 §60 (250 1920 2680 430 4300 5900 10200 14400 13600 21800 26300

AREADBLPHIA 1981 - 84 1y

07360501 - LITTLE ¥ISSQURI BIVER AT 218 1958 - 11 e o 10 1w 1t W LB 79 [97 %00 530 760 1120 1570 040 2400 2900

NARROWS DAM WR. HURFRERSBORO

07360800 - WUDDY FORE CREEE MR, 120 1941 - 42, 0 0 b ) 0 0,22 1.5 5.6 16 3 62 98 169 350 695 1500 2750 4450

HURFREESBORD 1947 - 59

07361000 - LITTLR XLSSOURT RIVER NB. 182 1950 - 19 Loy 1L 1 1829 88 128 203 300 435 620 &90 1530 2220 3220 4230 4700
HURFREESBOBO

07361500 - ANTOINE RIVER AT ANTOINE {78 1355 - &5 0 0 0 0.10 0.5¢ 1.5 §.0 16 3 67T 120 200 320 560 040 2180 3T00  5EEO
07361600 - LITTLE MISSOURT RIVEL WR. 1079 1951 - 17 3 3 46 63 92 175 67 380 520 TI0 1080 18%0 3470 5610 10300 13600 21800
BOUGETON

07362000 - QUACHITA BIVER AT CANDEW 3357 1955 - 85 450 585 R4S T4D 875 1080 (500 2[20 2780 3600 4800 GE0D 10804 {8400 26700 38500 50060 67300

L/ DATA ROR TEE PERIOD OF 1342 - 84 ARR FROY UMPUBLISHED CORPS’ BECORDS A4D ARE SUBJECT T0 BEVISION.



flgure 3-4

DURATION OF DAILY MEAN DISCHARGE FOR ANTOINE RIVER
AT ANTOINE AND LITTLE MISSOURI RIVER NEAR BOUGHTON
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flgure 3-5

DURATION OF DAILY MEAN DISCHARGE FOR OUACHITA RIVER
NEAR MALVERN FOR THE PERIOD OF 1929-1952 / 1855-1885
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Ouachita (1929-52), and the second curve represents the

regulated period (1955-85). The differences between the two
curves are primarily the result of the effects of regulation
by Lake OQuachita. Regulation of the streamflow by Lake

Ouachita has reduced the peak flows of the Ouachita River near
Malvern and increased the base flow of the river at this
location, Reservoirs on the Little Missouri River and the
Caddo River have similar effects on streamflow characteristics
downstream of the reservoirs.

Flood Freguency
Maximum streamflows generally occur during December

through May in the Upper Quachita Basin. Although floods
provide an opportunity to replenish depleted stores of water,
floecding can cause considerable local damage. Information

pertaining to the magnitude and frequency of floods isg
essential for determining design characteristics of structureg
that control floodflows or that are subject +to possible

flooding, for establishing flood-insurance rates, and for
determining the best land use that could be made of the flood
plain. To determine the magnitude and frequency of floods in

the Upper Ouachita Basin, flood pesks at selected gaging
station locations in the basin were analyzed by the annual-
flood series method in which only the maximum peak discharge
for each year was used <51>. As recommended by the Hydrology
Subcommittee of the Interagency Advisory Ceommittee on Water
Data <43>, the mathematically fitted log-Pearson Type TLI
probability distribution was used to define the frequency
curves. Peak discharges for selected recurrence intervals are
compiled in Table 3-4 for nine gaging stations in the Upper
Ouachita Basin. Flood frequencies for locations affected by
regulation from upstream reservoirs were determined based on
records which represent the current, regulated streamflow
conditions.

The recurrence interval is the probable average interval
between floods of a given magnitude over an extended period of
time. The recurrence interval doces not imply any regularity
of occurrence, For instance, two 100-year-interval floods
could conceivably occur in consecutive years, or even in the
same year.
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TABLE 3-4
FLOOD PEAK DISCHARGES FOR SELECTED RECURRENCE INTERVALS

PEAK DISCHARGE, IN CUBIC FEET PER SECOND,
FOR INDICATED RECURRENCE INTERVAL,
IN YEARS

PERIOD OF
STATION RECORD 2 5 10 50 100

07356000 - 1942-84 22,200 38,200 50,400 81,500 96,400
QUACHITA RIVER
NR. MOUNT IDA

07356500 - 1950-78 6,760 11,600 15,200 23,500 27,200
SCUTH FORK

OUACHITA RIVER

AT MOUNT 1IDA

07359500 - 1953-84 28,200 51,200 71,300 131,000 164,000
QUACHITA RIVER
NR. MALVERN

07359800 - 1938-70 25,800 39,500 48,600 68,400 76,700
CADDO RIVER
NR. ALPINE

07360800 - 1940-80 10,900 18,700 24,800 40,400 48,000
MUDDY FORK

CREEK NR.

MURFREESBORO

07361000 - 1961-717 12,400 19,900 25,100 36,700 41,600
LITTLE MISSOURI

RIVER NR.

MURFREESBORO

07361500 - 1961-84 12,000 18,800 23,600 35,100 40,300
ANTOINE RIVER
AT ANTOINE

07361600 - 19561-80 25,400 40,500 50,200 69,900 77,500
LITTLE MiISSOURI

RIVER NR.

BOUGHTON

07362000 - 1953-84 58,300 101,000 134,000 213,000 250,000
OUACHITA RIVER
AT CAMDEN

SOURCE: COMPILED FROM U.S. GEOLOGICAL SURVEY AND
U.S. ARMY CORPS OF ENGINEERS' STREAMFLOW DATA.
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Low-Flow Freguency
Minimum streamflows generally occur during August through

October of each year in the Upper Ouachita Basin. Management
and development of surface-water supplies depend on the rate
of sustained streamflow during these dry periods. The flow of

streams during dry periods is governed by the volume of water
in ground storage and by the rate at which the ground water
discharges into the streams. The character and distribution
of the geologic formations of the drainage basins exert a
major influence on the gquantity of the low flows of streams
<64d>. Indices generally used to define the low-flow
characteristics of streams are the lowest mean discharges for
seven consecutive days having recurrence intervals of 2 angd 10

years. For simplicity, these indices are referred to as the
T-day 2-year (7Q2) and 7T7-day 10-yvear (7Qio0) discharges,
respectively. These discharges are taken from a frequency

curve of annual values of the lowest mean discharge for seven
consecutive days.

Low—-flow characteristics at gaging stations on streams 1in
the Upper Ouachita Basin are summarized in Table 3-5. The 7Q:
and 7Q:ie values were determined using U.S. Geological Survey
and U.S. Army Corps of Engineers streamflow data and the log
Pearson Type I1l probability distribution program <61>. This
program mathematically fits a freguency curve to the discharge
data, and the 7Q: and 7@Q:0 values are then taken from the
curve generated by the program. If a stream is dry during any
part of the year, however, this procedure is not directly
applicable and a graphical solution for determining the low-
flow characteristics must be used. To eliminate the effect of
variation in drainage area size between sites, the 7T7Q: and
TQi1e¢ discharges per square mile were computed and were
included in Table 3-5 for comparison purposes.

Low-flow characteristics at partial-record stations on
streams in the Upper OQOuachita Basin have been estimated by
Hines <39> and Ludwig <48>, and are summarized in Table 3-6.
These estimates were made based on the correlation of several
low-flow discharge measurements at the partial-record station
with concurrent daily mean discharges at two or more
continuous-record gaging stations.

The contrasting geologic conditions of the Ouachita
Mountains in the northern part of the Upper Quachita Basin and
of the Coastal Plaine in the southern part of the basin have =a
definite effect on the low-flow characteristics of sgstreams in
the basin. As shown by the data compiled in Tables 3-5 and
3-6, low-flow characteristics of streams in the Upper Ouachita
Basin are extremely variable. For example, tributary streams
lying entirely within the Ouachita Mountains of the basin have
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TABLE 3-5
LOW-FLOW FREQUENCY AT GAGING STATICONS ON STREAMS IN THE UPPER OUACHITA BASIN
[O.M. = OUACHITA MOUNTAINS; C.P. = COASTAL PLAINS]

DRAINAGE
STATION PERIOD OF BASIN 7Q, 7Qy/mi? Q1o TRuy/mi’
NUMBER NAME RECORD PHYSIOGRAPHY  (CFS) (CFSM) (CFS)  (CFSM)
07356000 OUACHITA RIVER NR. MOUNT IDA Ao wil 1943-85 0.M. " 20 0.05 7.1 0.02
07356500 SOUTH FORK OUACHITA RIVER AT MOUNT IDA 1951-70 0.M. 2.6 0.04 0.1 0.002
07357501 OUACHITA RIVER AT BLAKELY MOUNTAIN DAM 1957-77 0.M. a1 0.08 14 0.01
NR. HOT SPRINGS ,,
07359500 OUACHITA RIVER NR. MALVERN ,, 1956-85 o.M. 389 0.24 256 0.16
07359800 CADDO RIVER NR. ALPINE 1940-70 0.M. 27 0.09 13 0.04
07359910 CADDO RIVER AT DEGRAY REGULATING DAM 1973-78; O.M.&C.P. 147 0.32 130 0.28
NR. ARKADELPHIA ,, 1981-84
07360000 OUACHITA RIVER AT ARKADELPHIA ,, 1973-78; O.M.&C.P. 560 0.24 170 0.07
- 1981-84
07360501 LITTLE MISSOURI RIVER AT NARROWS DAM 195877 0.M. 12 0.05 10,, 0.04
NR. MURFREESBORO ,, ' -
07360800 MUDDY FORK CREEK NR. MURFREESBORO 1941-59 0.M.&C.P. 0 0 0 0
07361000 LITTLE MISSOURI RIVER NR. 1952-77 0.M.&C.P. 21 0.05 9.3 0.02
MURFREESBORO , ,
07361500 ANTOINE RIVER AT ANTOINE 1956-85 0.M.&C.P. 0.5 0.003 0 0
07361600 LITTLE MISSOURI RIVER NR. BOUGHTON , 1952-77 0.M.&C.P. 64 0.06 28 0.03
07362000 OUACHITA RIVER AT CAMDEN 1956-85 0.M.&C.P. 904 0.17 576 0.11

1/

1/ LOW-FLOW CHARACTERISTICS ARE APPLICABLE ONLY AS LONG AS THE EXISTING PATTERN OF REGULATION AND {OR) DIVERSION EXISTS.

2/ ESTIMATED LEAEAGE
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TABLE 3-8
ESTIMATES OF LOW-FLOW FREQUENCY AT PARTIAL-RECORD STATIONS
ON STREAMS IN THE UPPER QUACHITA BASIN
{MODIFIED FROM HINES <33>; O.M. = OUACHITA MOUNTAINS; C.P. = COASTAL PLAINS]

DRAINAGE
STATION DRAINAGE BASIN 79, 7Q, /mi' Q10
NUMBER NAME AREA (mi?) PHYSIOGRAPHY (CFS) (CFSM) (CFS)
07355810 OUACHITA RIVER NR. MENA 39.6 om. 0.1 0,002 <0.1
07355900 BIG FORK TRIBUTARY AT BIG FORK 0.19 0.M. <0.1 - <0.1
07356300 IRONS FORK NR, ALY 47.2 o.M 0.1 -- <0.1
07357710 GLAZYPEAU CREEK AT MOUNTAIN PINE 30,1 0.M. 2.2 0.07 1.1
07358010 FOURCHE A LOUPE CREEK NR. HOT SPRINGS 4.37 O.M. 0.1 0.02 <0.1
07358700 GULPHA CREEK NR. HOT SPRINGS 38.8 0.M. 1.1 0.03 8.5
07359570 TENMILE CREEK NR. DONALDSON 7.45 C.P. <0.1 - 0.1
07359590 CADDO RIVER NR. BLACK SPRINGS 14.7 0.M. 5.8 0.39 4.4
07359600 CADDO RIVER AT CADDO GAP 125 0.M. 22 0.18 13
07360100 L’EAU FRAIS CREEK AT JOAN 74.2 C.P. 2.6 0.04 0.7
07360160 CYPRESS CREEK AT MANNING 55.9 C.P. 1.3 0.02 0.1
07360200 LITTLE MISSOURI RIVER NR. LANGLEY 68.4 0.M. 9.9 0.14 4.6
07361025 PRAIRIE CREEK NR. MURFREESBORO 33.7 0.M.%C.P. 0.2 0.0086 <0.1
07361150 NORTH FORK 024N CREEK ABOVE MCCASKILL,, 29.3 C.P. 0.2 0.007 -
07361160 NORTH FORK OZAN CREEK NEAR MCCASKILL ,, 97.3 C.P. 0.2 0.002 --
07361200 OZAN CREEX NR. MCCASKILL ,, 144 C.P. 0 0 --
07361210 OZAN CREEX NR. BLEVINS ;, 1614, C.p. 0.2 0.001 --
07361540 WOLF CREEK NR. ANTOINE 37.4 0.M.&C.P. 0.8 0.02 -
07361630 TERRE ROUGE CREEK NR. HOPE 37.6 C.P. 0.9 0.02 0.2
07361640 LITTLE TERRE ROUGE CREEK NR. EMMET 40.5 C.P. 0.2 0.005 <0.1
07361650 TERRE ROUGE CREEK NR. PRESCOTT 232 C.P. 1.1 0.005 0.2
07361700 CANEY CREEK NR. BLUFF CITY 181 C.P. 0.1 0.001 —-
07361800 TERRE NOIRE CREEK NR. GURDON 258 0.M.&C.P. 0.5 0.002 --
07361850 TULIP CREEK NR. PINE GROVE 130 C.P. 1.5 0.01 0.5
07361900 BAYOU FREEO NR. EAGLE MILLS 78.0 C.P. 0.4 0.005 <0.1

1/ LOW-FLOW FREQUENCY FROM LUDWIG <48>
17 ESTIMATED



estimated 7Q@: low-flow 1indices ranging from less than 0.002
cfs/square mile to 0.39 cfs/square mile. Streams lying
entirely within the Coastal Plains of the basin have estimated
792 low-flow 1indices ranging from =zero tco 0.04 cfs/square
mile.

According to Speer and others <645, differences in low=-
flow indices are primarily due to the porosity and
permeability of the aquifers in the basin, the depth of
incision of the stream, and the relation of the water table to
the bed of the stream. The porosity and permeability of the
aquifers of the Ouachita Mountains and of the Coastal Plains
in the Upper Ouachita Basin are considerably different. The
consolidated rocks of the Ouachita Mountains have relatively
low permeabilities which limit the amount of ground water
available and hinder ground-water movement. In contrast, some
of the Coastal Plain sediments have higher permeabilities that
favor the transmission of water, and greater amounts of ground
water are generally available than in the consolidated rocks
<59>. However, according to data in Tables 3-5 and 3-6, the
Caddo River wupstream of DeGray Reservoir, which lies entirely
in the Ouachita Mountains, has the highest low-flow vyield
{7Q:=0.39 cfs/square mile) of streams that have  been
investigated in the Upper Ouachita Basin. Therefore, other
factors such as the depth of incision of the stream and the
relaticon of the water table to the bed of the stream are also
important factors affecting low flow in streams.

Of the streams in the Upper Ouachita Basin for which low-
flow data are available, L’'’Eau Frals and Cypress Creeks,
eastern tributaries of the Ouachita River, and Terre Rouge
Creek, tributary of the VLittle Missouri River, have the
highest low-flow vields of tributary streams 1lying  entirely
within the Cecastal Plain. However, streamflow yield may be
significantly different at different locations on the same
stream. For example, Terre Rouge Creek near Hope has an
estimated 7Q: of 0.02 cfs/square mile. According to Ludwig
48>, low flow of this stream is sustained by ground-water
discharge from the Nacatoch Sand, which underlies the upper
prart of +the drainage basin. However, at the downstream
station near Prescott, the estimated 7Q: is only (0.005
cfs/square mile which indicates that geologic units downstream
of Hope contribute very little water to Terre Rouge Creek
during baseflow conditions.

Low-flow yields are alsoc extremely variable for different
reaches of ©Czan Creek, a tributary of the Little Missouri
River in the Coastal Plain region. According to Ludwig <48>,
streamflow of Ozan Creek 1s sustained by base flow from sands
in the outcrop of the Tokio Formation, which underlies the

65



upper part of the basin, and by discharge from flowing wells

which tap the Tokio Formation. North Fork Ozan Creek above
McCaskill has an estimated 7Q: of 0.2 cfs {(0.007 cfs/square
mile). Downstream on North Fork QOzan Creek, the estimated 7Q:

near McCaskill is also 0.2 cfs {(0.002 cfs/square mile}) which
indicates that there 1s no significant contribution of wate:
to the stream from geologic units in the 68 square miles ol
additional drainage area at the downstream site. The
estimated 7Q: for Ozan Creek near McCaskill is zero and for
Ozan Creek near Blevins 1is 0.2 cfs (0.001 cfs/square mile).
The variation in low-flow yields at points along Ozan Creek is
an indication of the wvariability of the geohydrology of the
basin.

Low~flow indices for sewveral tributary streams that head
in the Quachita Mountains with the lower part of the drainage
basin in the Coastal Plains have been estimated by Hines <39>.
The estimated 7Q: indices for four of these tributary streams
ranged from =zero for Muddy Fork Creek near Murfreesboro to
0.02 cfs/square mile for Wolf Creek near Antoine. Generally,
streams in the OQuachita Mountains that are incised to
sufficient depth to intercept the ground water have high low-
flow indices <64>, The stream{low yields for streams that
head in the OQuachita. Mountains and flow into the Coastal
Plains are considerably less than the yields of many of the
streams which 1lie entirely within the Cuachita Mountains.
According to Speer and others <64>, the low-flow yield of some
streams may decrease as they enter the broad alluvial valleys
of the Coastal Plain which may in part be due to flow entering
the unconsolidated materials in the streambed.

As previously discussed, streamflow yield in the Upper
Quachita Basin may be significantly different at different
locations on the same stream due to variations i1in the
geohydrology of a basin. Regulation of flow of the Caddo,
Ouachita, and Little Missouri Rivers in the Upper Ouachita
Basin may also cause significant differences in low-flos

characteristics downstream of the reservoirs. For example,
the estimated 7Q: low-flow index for the Cadde River . near
Black Springs was 0.39 cfs/square mile. The estimated yield
decreased at the downstream sites at Caddo Gap (7Q: = 0.18
cfs/square mile) and Alpine (7Q2 = 0.09 cfs/square mile}.

Downstream of DeGray Reservoir, however, the low-flow yield of
the Cadde River increased to 0.32 cfs/square mile which
indicates that regulation by DeGray Reservoir probably
maintains a higher baseflow in the Caddeo River downstream of
the dam than would be maintained under natural conditions.
Low-flow indices of the QOuachita River have been affected
by storage in Lake Catherine since 1925, Lake Hamilton since
1932, and Lake OQuachita since 1952, and by storage in Lake

66



Greeson on the Little Missouri River since 1949. The effect
that Lake Ouachita has had on the low flow of the OQOuachita
River can be illustrated bv comparison of streamflow records
before and after impoundment. As an example, the 7TQ: of the
OQuachita River near Malvern was 133 c¢fs prior to impoundment
of Lake Ouachita <{(39> as compared with 389 cfs for the period

since impoundment. In Table 3-5, the 7@: low-flow indices
were computed for five continuous discharge stations on the
OQuachitae River based on current streamflow conditions. The
low-flow indices are, therefore, applicable only as long as
the pattern of regulation is maintained. Hines <39> also

estimated the 7@: for OQOuachita River near Mena (Table 3-78).
There is considerable variation 1n the low-flow yields for
different locations on the Ouachita River ranging from 0.002
cfs/sguare mile near Mena (unregulated site) to 0.24
cfs/square mile near Malvern and at Arkadelphia (regulated
sites).

Available low-flow information indicates that reservoirs
on the Caddoc and Cuachita Rivers contribute to an increase in
low flow downstream of the reservoirs. However, low-flow
indices at four locations on the Little Missouri River {Tables
3-5 and 3-6) did not show a similar increase 1in baseflow
downstream of Lake Greeson. The 7Q: was the highest for the
station near Langley (0.14 c¢fs/sguare mile), which is upstrean
of the reservoir. The low-flow 1indices were considerably
lower at the three sites downstream of Lake Greeson, ranging
from 0.05% cofs/square mile to 0.06 cfs/square mile. These data
do not indicate an increase in baseflow downstream of the
reservoir . However, comparison of the T7Q: index prior to
regulation {0.02 cfs/square mile) <39> with +the TQ:2 index
representing current, regulated streamflow conditions (0.05
cfs/square mile} for the Little Missouri River near
Murfreesboro does show that Lake Greeson has contributed to an
increase in low flow of the Little Missocuri River downstreamn
of the reservoir.

Comparison of the low-flow characteristics of streams in
the Upper Ouachita Basin was made on the basis of unit runoff
per square mile. Because of the wide variation in the yield
of streams in the basin and variation in yield between reaches
on the same gstream, 1t is not possible to generalize that in
an area where one stream shows an index of a given yield, all
streams in the area have the same index. Interpolation of
low-flow data should not be made to estimate the low flow at
ungaged sites on the basis of drainage area without sufficient
knowledge of the geohydrology, manmade changes, and other
factors affecting the low flow.
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Instream Flow Requirements

Instream flow requirements are generally defined as "the
quantity of water needed to maintain the existing and planned
in-place uses of water in or along a stream channel or other
water body and to maintain the natural character of the
aguatic system and its dependent systems"”. 76> Instream
flow requirements are established at a level at which the flow
regime best meets the individual and collective instream uses
and off-stream withdrawals of water. Instream uses of wvater
include uses of water in the stream channel for navigation,
recreation, fisheries, riparian vegetation, aesthetics, and
hydropower. Off-stream water withdrawals include uses such as
irrigation, municipal and industrial water supplies, and
cooling water.

Section 2 of Act 1051 of 1985 requires the Arkansas Soil
and Water Conservation Commission to determine Iinstream flow

requirements for: (1) water quality, (2} fish and wildl:ife,
(3) navigation, (4) interstate compacts, (5} aquifer recharge,
and (6) needs o¢f all other users in the basin such as
industry, agriculture, and public water supply. Determination

of the amount of water regquired to satisfy instream needs in
the Upper Ouachita Basin 1is necessary so tLhat streamflow
available for use within the basin as well as the amount. of
excess water available for interbasin transfer can be
quantified.

In order to determine instream flow requirements for the
categories mentioned above, information was obtained from
other agencies such as the Arkansas Department of Pollution
Control and Ecology, the Arkansas Game and Fish Commission,
and the Corps of Engineers. The flows recommended for the
different categories {as provided by the appropriate agencies)
were then evaluated with respect to all other instream needs
in order to determine the flow regime which best meets the

cocllective instream uses and off-stream withdrawals. This
resulted in a two-part solution for the process of determining
instream flow requirements. The first approach was to

determine the amount of water necessary to satisfy instream
needs in the basin based on the flows recommended by other
agencies before interbasin transfer of water could take place.
The information compiled in the following sections on instream
flow requirements pertains to this first approach. The second
approach was to determine the amount of water necessary to
satisfy minimum instream flow requirements in order to
determine the streamflow available for use within the basin.
This second agpproach is described in more detaill 1in the
minimum streamflow section of the report.
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Computations of instream flow requirements at selected
locations 1in the basin are based on streamflow data that
represent the current streamflow c¢onditions, As previously
stated in the Streamflow Characteristics section of the
report, regulation of streamflow by reservoirs in the Upper
Ouachita Basin has reduced the pealk flows and has increased
the base flows of the OQOuachita, Little Missouri, and Caddo
Rivers downstream of the reservoirs., If the pattern of
reservoir regulation changes in the future, the streamflow
available to satisfy the instream flow requirements may be
significantly different from the streamflow +that has been
historically available downstream of the reservoirs in *he
basin.

The 7@10 low-flow characteristic 1s a common criterion
used by State and Federal agencies to determine the
permissible rate of waste disposal into a given stream since

one of the most important factors influencing the
concentration of dissolved solids in streamflow is the wvolume
of water available for dilution, The Arkansas Department of

Pollution Control and Ecology is responsible for the
management of water-quality conditions in the Upper Ouachita
Basin. The 7Q:0 discharge for streams and rivers in the basin
is the minimum flow at which the ADPC&E is responsible for
maintaining streamflow contaminant concentrations at
acceptable levels. The ADPC&E continues to monitor point-
source discharges below the 7Qi¢ discharge and requires
concentrations of certain pollutants to be maintained below
critical levels. However, since sufficient water 1is not
available at times during the year to dilute the effluent
discharges, streamflow water quality may not meet the quality
standards during all times of the year.

Streams that are regulated are addressed by ADPC&E on =a
case-by-case basis to determine the minimum flow required to
maintain streamflow contaminant concentrations at acceptable
levels. The Ouachita, Caddc, and Little Migsouri Rivers 1in
the Upper Ouachita Basin are significantly affected by
regulation. To determine the 7@:;¢ low-flow characteristics
for these regulated rivers, only those streamflow records
which are representative of the existing pattern of regulation
are used in the computations. If significant changes are made
in the methods of reservoir regulation in this basin, the 7Qie
values determined for regulated reaches of the Ouachita,
Caddo, and Little Missouri Rivers must be recomputed.
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The 7Q:io discharges were determined at 13 gaging station
locations in the Upper Ouachita Basin. The discharges
required to meet water-quality standards at gaging station
locations in the basin are as follows:

Ouachita River:
7.1 c¢fs nr. Mount Ida
14 c¢fs downstream of Blakely Mountain Dam nr. Hot Springs
256 cfs nr. Malvernl!/
170 cfs at Arkadelphial/
576 cfs at Camdenl/
Caddo River:
13 c¢fs nr. Alpine
130 cfs at DeGray regulating dam nr. Arkadelphial/
Little Missouri River:
10 cfs downstream of Narrows dam nr. Murfreesborol/
9.3 cfs nr. Murfreesborol/
28 cfs nr. Boughtoni/
Socuth Forhk Ouachita River:
0.1 cfs at Mount Ida
Muddy Fork Creek:
No flow nr. Murfreesboro
Antoine River:
No flow at Antoine

1/ 7Qi10 discharges are applicable only as long as the existing
pattern of regulation exists.

The 7Qi¢ discharge of 170 cfs for the Ouachita River at
Arkadelphia appears to be inconsistent with the 7Q:p discharge
of 256 cfs upstream near Malvern and the 7Qio0 discharge of 576
cfs downstream at Camden. Computation of the 7Qie¢ discharge
for +the Ouachita River at Arkadelphia was based on a
significantly different period of record than the period of
record used for other gaging stations on the Ouachita River.
The data used in the analysis for the Arkadelphia gaging
station were selected so that the effects of DeGray Reservoir
on the streamflow at this 1location would be taken into

consideration. However, the period of record representative
of current streamflow conditions included only 10 years of
record. The 7Qie¢ discharge for the Ouachita River at

Arkadelphia may significantly change with the collection of
additional streamflow data at this location in the future.
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Fish and wkildlife Requirements

Several methods are currently available for determining
ingtream flow reguirements for fisheries. Some of these
methods, however, require considerable field work to
characterize fish habitats in the basin. Ori the other hand,
Tennant <66> developed a metheod (often referred to as the
"Montana Method") which requires limited field work and
utilizes historic hydrologic records to estimate instream flow
requirements for fish and other aquatic life by correlating
the condition of the aquatic habitat with the percent of the
average flow present in the stream. The Montana Method was
tested by field studies which involved physical, chemical, and
bioclogical analyses conducted on 11 streams in three states.
Additional analyses of hundreds of additicnal flow regimens in
21 different states substantiated the correlation between the
condition of the aguatic habitat and the percent of the

average flow present in the stream. Tennant's comprehensive
study resulted in the following conclusions:
{A) "Ten percent {(10%) of the average flow: This 1is a

minimum instantaneous flow recommended to sustain short-
tterm survival habitat for most aquatic 1life forms.
Channel widths, depths, and velocities will all Dbe
significantly reduced and the aquatic habitat degraded.
The stream substrate or wetted perimeter may be about
one—-half exposed, except in wide, shallow riffle or shoal
areas where exposure could be higher. Most side channels
will be severely or totally dewatered. Most gravel bars
will be substantially dewatered, and islands will usually
no longer function as wildlife nesting, denning, nursery,
and refuge habitat. Streambank cover for fish and fur
animal denning habitat will be severely diminished. Many
wetted areas will be so shallow they no longer will serve
as cover, and fish will generally be crowded into the

deepest pools. Riparian vegetation may suffer from lack
of water. Large fish may have difficulty migrating
upstream over many riffle areas. Water temperature may
become a limiting factor, especially in the lower reaches
of the stream in July and August. Invertebrate life will
be severely reduced.”

(B) "Thirty percent {30%) of the average flow: Thig is a
base flow recommended to sustain good survival habitat
for most aquatie 1life forms. Widths, depths, and
velocities will generally be satisfactory. The majority
of the substrate will be covered with water, except for
very wide, shallow riffle or shoal aresas. Mogst side
channels will carry some water. Most gravel bars will be

partially covered with water and many islands will

71



provide wildlife nesting, denning, nursery, and refuge

habitat. Streambanks will provide cover for fish and
wildlife denning habitat in many reaches. Many runs and
most pools will be deep enough to serve as cover for
fishes.,. Riparian vegetation should not suffer from lack
of water. Large fish should have no trouble moving over
most riffle areas. Water temperatures are not expected
to become limiting in most stream segments. Invertebrate

life is reduced but not expected to become a limitirg
factor in fish production.”

{(C) "Sixty percent (60%) of the average flow: This is a base
flow recommended to provide excellent to outstanding

habitat for most aquatic life forms during thelr primary
periods of growth and for the majority of recreational

uses, Channel widths, depths, and velocities will
provide excellent aquatic habitat. Most of the normal
channel substrate will ke covered with water, including
many shallow riffle and shoal areas. Side channels that
normally carry water will have adequate flows. Few
gravel bars will be exposed, and the majority of islands
will serve as wildlife nesting, denning, nursery, and
refuge habitat. The majority of streambanks will provide
cover for fish and safe denning areas for wildlife. Most

pecols, runs, and riffles will be adequately covered with
water and provide excellent feeding and nursery habitat
for fishes. Riparian vegetation will have plerty of
water. Fish migration is no preoblem in any riffle areas.
Water temperatures are not expected to become limiting in
any reach of the stream. Invertebrate life forms should
be varied and abundant."

Tennant's recommended flows are generally applicable for
both cold and warm water streams. However, it 1is suggested
that the recommended flow regimens be altered to fit different
hydrologic cycles or to coincide with wvital periods of the
life cycle of fishes,

Filipek and others <27> have developed a new method,
termed the "Arkansas method", which utilizes some of Tennant’'s
basic principles. This new method was developed due to
limitations 1in the applicaticn of the Montana method to
Arkansas streams. The Arkansas method divides the water year
into three seasons based on the physical and Dbioclogical
processes that occur in the stream. The three
physical/biological seasons as well as the flow recommended
for fisheries during each season are described in Table 3-7.
The instream flow requirements, as determined by the Arkansas
method, are those that apply to fish populations only and
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TI4E OF YEBAR

FLO® RECONYBNDED

PHYSICAL/BIOLOGICAL
PROCESSES INVOLVED

TABLE 3-1

DESCRIPTIGN OF PHYSICAL/BIOLOGICAL SBASONS IN THE AREAMSAS METHOD OF IWSTREAM FLOW QUANTIFICATION

NOVEMBER TH3Y NARCH

SIITY PERCENT OF THE MBAN MONTHLY FLOW

CLEAN AND HECHARCE

APRIL THRU JUNB

SEVENTY PERCENT OF THE MEAN NONTHLY PLOW

SPAWNINC

JULY THRY OCTOBER
FIFTY PERCERT OF THE MEAN MOMTHLY FLOW
OB THE MEDIAN MONTHLY FLOW,
WRICHEVER IS GREATER

PRODUCT LON

NORMAL CONDLTIONS

LIMITING FACTORS

JOURCE:

-HIGH AVERAGE MONTHLY FLOWS,
-L.OW WATER TEMPERATURES.

-HIGH DISSOLVED OXYGER CONTERT.

FLUSHING OF ACCUMULATED SEDIMENT AND
CLEANING QUT CF SERPTIC WASTBS.

SPAWNING ARBAS CLEARBD AND REBUILT BY
GRAVBL AND OTHBR SUBSTRATE BROUGH?
DOWNEIVER BY RIGH FLOWS.

RBCHARGE OF GROUNDWATBR (AQUIFBRS).

REDUCED FLOWS AT TRIS TIME OF YRAR CAUSE:

DBCRBASB I¥ BENTHIC PRODUCTION DUE TO
ACCUXULATRD SEDIMENT ON SUBSTBATE.

DECRRASE W FTSH SPAWMING OABLTAT DUR T0
REDUCED FLUSHING.

DECREASE IN AQUIFBR RRCHARGE.

FILIPRE AND OTHRES, 1985 <IT)

-HIGH AVERAGE MONTHLY FLOWS.

-LOW AVERAGR MGNTHLY FLO¥S.

-INCRRASING (PREFBRERD] WATER TRMPERATURES.-HIGH WATER TEMPERATURES.

-HIGH DISSOLVED OXYGEN CONTENT.

HIGH FLOWS AND INCREASING WATER
TEMPERATURES SPUR SPAWNING RESPONSE IN
FISH TO SPARN: 1] [N CHAMNBL 2] IN
OVBRBANE ARBA OR 3] UPRIVER AFTER
MIGRATION.

FEBDING ALS0 ACTIVATED BY HIGR SPRING
FLOYS.

RBDUCED FLOWS AT THIS TIME OF YEAR CAUSB:
DECREASE IN SPAWNING BGG AND FRY SURVIVAL
AND QVBRALL REPRODUCTIVE SUCCESS CF
[XPORTANT SPORT AND NOW-GAME FISH.

WBAE YEAR CLASSES OF TMPOBTANT SPORT,
COMMERCIAL, NON-GAMB AND THEBATEMED
FISH SPECIES.

-LOW DISSOLVED OZYGEN CONTENT COMMOX.
HIGH WATER TEMPERATURES

[RCREASE PRINARY, SRCONDARY AND TERTIARY
PRODUCTION.

LOW FLOYS COMCENTRATE PREDATORS (FISH)
WITH PREY (INVESTBBRATES, FORAGE FISH).

RBDUCED FLOWS AT THI§ TIME OF TBAR CAUSE:
WATER TEMPRRATUBRE TC INCREASE,
DECRRASING SURVIVAL OF CERTAIN FISH
SPECIES.

DECREASE [N WETTED SUBSTRATE AND THEREFORR
DBCRBASE IN ALGAR, MACROINVBRTRBRATBS.

DBCREASE EN DISSOLVED OXYGEN DUE TC BIGHBR
WATER TEMPERATURES, FISAKILLS.

LNCREASE CONCBNTRATION OF POLLUTANTS AND
SEDIHENT IN WATEE.

ADDITIONAL DBCBEASE EN GRCUNDWATER TABLE.



represent the point at which fisheries begin to be impacted.
The method assumes that when instream flows meet the needs for
fisheries, instream requirements for other wildlife forms are
probably also satisfied.

Filipek and others <28> applied the Arkansas method to
streamflow data from several gaging stations 1in the Upper

Ouachita Basin. The instream flow requirements were computed
as a percent of the mean monthly discharge required for each
month of the year. However, analysis of the mean monthly

flows wused in the computations indicated that the entire
period of available streamflow data was used to determine

instream flow requirements at the sites. Due to the effects
cf the reservoirs 1in the basin on the streamflow of the
Quachita, Caddo, =2and Little Missouri Rivers, mean monthly

discharges (previously summarized in Table 3-2) that represent
current streamflow conditions were used instead of the entire
period of record to determine instream flow requirements at
the sites. The Arkansas method was then applied to these mean
monthly discharges to determine the instream flow requirements
for fish and wildlife at selected streamflow gaging stations
in the Upper Quachita Basin with the results compiled in Table

3-8. The flows required to satisfy instream needs for fish
and wildlife on an annual basis were also determined for the
gaging stations in the basin and are shown in Table 3-8. The

annual instream flow requirements for fish and wildlife were
computed by averaging the monthly instream flow requirements
for the year.

Instream flow requirements for fish and wildlife are not
avallable for many locations in the basin due to the limited
number of gaging stations in the Upper Ouachita Basin. If
instream flow requirements for fish and wildlife are needed at
ungaged locations on streams and additional information about
the basin is unavailable, the following procedure may be used.
Mean monthly flows from the gaging station closest to, or most
representative of, the point in interest can be adjusted based
on a ratio of the drainage areas. The Arkansas method may
then be applied to these estimated mean monthly flows to
determine +the instream flow requirements at the point 1in
question. Because theére are relatively few gaging stations
with historic record in the Upper Quachita Basin, this methed
does enable estimation of mean monthly discharges and instream
flow requirements for fish and wildlife at other points of
interest. However, a representative gaging station used to
estimate mean monthly discharge at an ungaged site must be
carefully selected due to the wvariability of streamflow
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TABLE 3-8
MONTHLY AND ANNUAL INSTREAM FLOW REQUIREMENTS FOR FISH AND WILDLIFE
AT SELECTED GAGING 3TATIONS IN THE UPPER OUACHITA BASIN

MONTHLY AND ANNUAL INSTREAM FLOW REQUIREMENTS FOR FISH AND WILDLIFE (CFS)
oCT Nov DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL

07356000 ~ QUACHITA 174 373 579 517 689 8417 809 799 352 126 49.2 108 452
RIVER NR. MOUNT IDA

07356500 - SOUTH 14.2 41.8 54.4 7.4 93.6 110 113 117 26.7 19.0 7.10 14.9 57.4
FORK OUACHITA RIVER
AT MOUNT IDA

07357501 - QUACHITA 782 872 1081 1088 1039 867 1289 1338 1157 596 713 689 959
RIVER AT BLAKELY

MOUNTAIN DAM NR.

HOT SPRINGS

07359500 - OUACHITA 908 1555 1946 1667 1696 1712 2381 2306 1436 702 658 720 1477
RIVER NR. MALVERN

07359800 - CADDO 73.0 241 354 439 547 330 652 653 158 79.5 46.2 63.5 320‘
RIVER NR. ALPINE

-07359910 - CADDO 244 722 1018 484 472 841 764 970 858 315 208 214 592
RIVER AT DEGRAY

REGULATING DAM NR.

ARKADELPHIA

07360000 - OUACHITA 1110 3134 3967 2581 2489 3352 4181 4056 3240 1061 684 774 2552
RIVER AT AREADELPHIA

07360501 - LITTLE 130 209 271 220 229 274 307 449 31¢ 226 218 167 251
MISSOURI RIVER AT

NARROWS DAM NR.

MURFREESBORO

07360800 - MUDDY 33.4 75.0 81.0 158 188 188 265 290 59.6 25.4 6.00 35.4 117
FORK CREEK NR.
MURFREESBCRC

07361000 - LITTLE 152 284 357 334 403 487 643 718 422 247 240 198 374
MISSQURI RIVER NR.
MURFREESBORO

07361500 — ANTOINE 54.0 161 221 181 263 308 342 321 146 48.2 22.6 24.8 174
RIVER AT ANTOINE

07361600 - LITTLE 232 728 904 981 1309 1459 1929 1821 897 332 246 264 925
MISSOURI RIVER NR.
BOUGHTON

07362000 - QUACHITA 1692 3748 5741 5026 6408 6906 8750 9093 4264 15990 1376 1398 4674
RIVER AT CAMDEN



cenditions and to the regulation of streams in the Upper
Ouachita Basin. For example, instream flow requirements
determined at three locations on the Little Missouri River
{Table 3-8) downstream of Lake Greescn should not be used to
estimate instream flow requirements for a location on the
Little Missouri River upstream of the reservoir.

According to a report submitted to the Arkansas Soil and
Water Conservation Commission by Filipek and others <28>, the
recommended instream requirements as determined by the
Arkansas method are designed "to maintain existing fisheries,

many of which are at optimal levels™. Therefore, to protect
stream fisheries and to satisfy water needs for fish and
wildlife 1in the Upper Ouachita Basin, the instream flow
requirements, as previously described for streams in this

basin, represent an amount of water that 1is wunavailable for
interbasin transfer.

Navigation Requirements

The U.S. Army Corps of Engineers operates and maintains
the Ouachita River-Black River navigation project in Arkansas
and Louisiana. According to information from the Vicksburg
District of the Corps of Engineers (written communication,
1987 - See Appendix A), a minimum release of 100 cfs from Lake
Ouachita is maintained for the navigation project. Therefore,
100 c¢fs of water should be maintained in the Owuachita River
between Lake Ouachita and Camden for navigation reguirements.
There are no instream flow requirements for navigation on the
other streams in the Upper Ouachita Basin.

Interatate Compact Requirements

The Upper Ousachita Basin is included in Reach IV of the
Red River Compact. This compact is an agreement among the
states of Arkansas, Oklahoma, Texas, and Louisiana. The
purpose of the compact 1s to promote comity among these
participating states by cooperating in the equitable
apportionment and development of the water in specific river
basins as provided by the interstate compact agreements. The
following information is from sections of the Red River
Compact which is defined in "Arkansas Water Law” <11>.
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ARTICLE VII
APPORTIONMENT OF WATER--REACH IV ARKANSAS AND
LOUISIANA
Subdivision of Reach IV and allocation of water therein.

Reach IV of the Red River is divided into topographic
subbasing, and the water therein allocated as follows:

SECTION 7.01. Subbasin 1--Intrastate streams--Arkanssas,
reads in part as follows:

(a) This subbasin includes those streams and their
tributaries above last downstream major damsites originating
in Arkansas and crossing the Arkansas-Louisiana state boundary
before flowing into the Red River 1in Louisiana. The last
downstream major damsites in the Upper Ouachita Basin are as
follows:

Location
Site Stresn he-ft Latitude Longitude

Lake Catherine Ouschits T RSN G015
‘ River

DeGray Lake Caddo 1,377,000 UK 93006.6'W
River

Lake Greeson Little 600,000 34908.9'Y 93042 .9'%
Kigsouri
River

{b) Arkansas is apportioned the waters of this subbasin
and shall have unrestricted use thereof.

SECTION 7.02. Subbasin 2--Interstate Streams--Arkansas
and Louilsiana.

{a) This subbasin shall consist of Reach IV less subbasin
1 as defined in Sectiqn 7.01 (a) above.

(b) The State of Arkansas shall have free and
unrestricted use of the water of this reach subject to the
limitation that Arkansas shall allow a quantity of water equal
to forty (40) percent of the weekly runcoff originating below
or flowing from the last downstream major damsites to flow
into Louisiana. Where there are no designated last downstreanm
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damsites, Arkansas shall allow a quantity of water equal to
forty {40) percent of the total weekly runoff originating
above the state boundary to flow into Louisiana. Use of water
in this subbasin 1is subject to low flow ©provisions of
subparagraph 7.03 (b).

SECTION 7.03. Special Provisions, reads in part as
follows:

{a) Arkansas may use the beds and banks of segments of
Reach IV for the purpose of conveying its share of water to
designated downstream diversions.

(b) The State of Arkansas does not guarantee to maintain
a minimum low flow for Louisiana in Reach IV, However, when
the use of water in Arkansas reduces the flow of the Ouachita
River at the Arkansas-Louisiana state boundary to 780 cfs, the
state of Arkansas pledges to take affirmative steps to
regulate the diversions of runoff originating or flowing into
Reach IV in such a manner as to permikt an equitable
apportionment of the runoff as set out herein to flow into the
State of Louisiansa.,.

According to the provisiong outlined in the Red River
Compact for Reach IV, the following streams are considered to
be interstate streams and are subject to interstate compact
requirements: (1) the Little Missouri River and 1its
tributaries downstream of Lake Greeson; (2) the Cadde River
and itg tributaries downstream of DeGray Reservoir; and (3)
the Ouachita River and its tributaries downstream of Lake

Catherine, To comply with Section 7.02 (b) of the Compact,
Arkansas shall allow forty percent of the total weekly runoff
from these interstate streams to flow into Louisiana. The

Engineering Advisory Committee to the Red River Compact
Commission 1is in the process of determining each state’s
responsibilities for compliance with the compact. Although
the compact compliance requirements have not been identified
for Reach IV of +the Red River Basin, requirements have been

designated for Reach II, Subbasin 5. It is believed that
similar procedures will be proposed for Reach IV.

At the present time, the amount of water required to
satisfy interstate compact requirements can not be quantified
for several reasons. The first reason 18 that compact
compliance 1is based on a percentage of the total runoff in a
basin. Runoff, as defined in the compact, includes flow in
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the streams and water that has been diverted from the streams

for other uses. The amount of water that is diverted from
streams is not accurately quantified, therefore, the amount of
runoff in the basins is unknown. The second reason the

interstate compact requirements can not be quantified is
because the requirements are based on the previous week’s

streamflow and diversions. Therefore, the compact
requirements change from week to week, depending on the runoff
available in a basin the previous week. Using average weekly

discharge for the period of record would give an idea of the
weekly discharges +that could be expected at a particular
location. However, the compact regquirements can not Dbe
determined using these data since the requirements are based
on a percentage of the actual weekly runoff for a basin.

Aguifer Recharge Requirements
REecharge to the major aquifers in the Upper Quachita
Basin is primarily from precipitation and percolation in the

outcrop area. Seepage from Quaternary alluvial deposits may
also be 4 significant source of recharge to underlying, deeper
aquifers in the basin <34, 41>, Some recharge to Quaternary

deposits occurs locally along streams during high stages in
the spring due to lateral movement of flow from the stream to
the aquifers. However, the contribution to ground water from
the streams during high stages probably is small and generally
is temporary <14>. The water is stored during times of floods
on the streams and is released soon after the floods recede
<B4>.

The instream flows that are required +to recharge the
aquifers in the basin are currently unknown because there is
insufficient information available to define and quantify the
stream-aquifer relationships. However, streams 1in the Upper
Ouachita Basin that have very low indices of low flow are
generally not incised sufficiently deep to be in contact with
the water-yielding deposits <64> and, therefore, aquifer
recharge requirements for these streams are not applicable.

Streams 1in the basin that exhibit sustained haseflow
during dry-weather conditions are evidence that formations in
these drainage basins are recharged above capacity and are
discharging to streams to maintain equilibrium with annual
recharge. The baseflow of these streams 1is sustained by
rejected groundwater that 1is naturally discharged from the
formations. Therefore, in these basins, there also would be
no aquifer recharge requirements. However, 1if ground water
levels were drawn down below the level of the streambed, the
aquifer recharge requirements would then need to be
considered.
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Section 2 of Act 1051 of 1985 requires the Arkansas Soil
and Water Conservation Commission to determine surface water
needs of public water supplies, industry, and agriculture. In
1984, reported surface-water use for irrigation, industry, and
public water supply totaled approximately 35,600 acre-feet of
water in the Upper Ouachita Basin, as determined from Arkansas
Soil and Water Conservation Commission’s records of registered
diversions. Of the total amount of water diverted for these
needs, 8,100 acre-feet were used for municipal supply, 11,000
acre-feet were used for irrigation, and 16,500 acre-feet were
used for industry. These figures represent current riparian
needs in the Upper Ouachita Basin.

The amount of water diverted from each of the major
streams in the Upper Ouachita Basgsin was not determined for

this report. The purpose of defining and quantifying instream
flow requirements for streams in the basin was to determine
the amount of water available for other uses, such as
interbasin transfer. Since the water diverted for the uses

menticoned above has already been removed from the streams and
is not available, 1t was not included in the computations for
total surface-water yield and excess streamflow of the basin.

Riparian water use requirements may vary considerably
from year to vear based on changing needs. Projected riparian
water needs are accounted for in the water-use projections for
irrigation, industry, and public water supplies.

Aesthetic Requirements

Instream flow requirements, as previously defined,
include water that is necessary to maintain the existing 1in-
place uses of water in or along a stream channel.
Recreational activities, such as fishing, hunting, and
canoeing, in the Upper Ouachita Basin represent another use of
water in the streams in addition to those uses previously
addressed. Instream flow requirements established for fish
and wildlife (50, 60, or 70 percent of the appropriate mean
monthly discharge) should be adequate to maintain fishing and

hunting activities 1in the Dbasin. Canoeing 1in the Upper
Ouachita Basin, particularly on the Little Missouri River
upstream of Lake Greescn, is dependent upcn the natural
variability of streamflow. Diversion of water from streams

for other uses would affect the streamflow variability.
However, during the principal canceing seascon in the spring,
instream flow requirements for fish and wildlife (60 or 70
percent of the appropriate mean monthly discharge} should be
adequate to maintain streamflow at a level which would support
canoeing activities on selected streams in the basin.
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The Little Missourl River has been designated a scenic
river by Act 689 of 1985 from the upper end of Lake Greeson
upstream to the headwaters south of Big Fork. Designation of
a scenic river is for the purpose of protecticon of natural and
scenic beauty, water quality, and fish and wildlife of aguatic

systems. There are no provisions in Act 683 for prohibiting
existing and future water withdrawals from designated scenic
rivers. However, instream flow reguirements which have been

established for water quality and fish and wildlife should
also protect the natural: - character of the streams in the
basin.

Current Available Streamflow

Determination of the current available streamflow in the
Upper Quachita Basin 18 necessary so¢ that excess streamflow
{that amount of water available for interbasin transfer} can
be quantified. The flows required to satisfy the instream
needs previously identified were compared with ‘average annual
discharges for streams to determine the amount of streamflow
that is currently available from streams and rivers 1in the
basin. The information in Table 3-9 was compiled by stream to
provide a generalized summary of the current water available
on an average annual basis for selected streams in the basin.
It should be noted that, for the purpocse of this compilation,
the instream flow requirements for the interstate compact were
computed as 40 percent of the average annual discharge. The
actual interstate compact reguirements, however, may be
significantly different than those listed in the table since
the actual requirements are determined from the previous
week’'s streamflow and diversions.

The instream flow reguirements for the different
categories are not additive. The highest instream need
represents the amount of water required to satisfy all the
existing instream needs at the selected 1locations. The
ingstream needs for fish and wildlife were the governing
instream flow requirements for all streams listed in
Table 3-9. Therefore, to determine the amount of water that

is currently available at these locations, the flows regquired
for fish and wildlife were subtracted from the average annual
discharges. The water currently available for other uses, on
an average annual basis, ranged from 34.4 cfs for the South
Fork of the Ouachita River at Mount Ida to 2824 c¢fs for the
Ouachita River at Camden. These results may, however, be
somewhat misleading. Due to the streamflow wvariability in the
basin, most of the water is available during the winter and
spring months with considerably less water available during
the low-flow months of the year.
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Z8

07356300

07359910

07360800

07361500

07361600

TABLE 3-9

STREAMFLOW AT SELECTED LOCATIONS IN THE UPPER QUACHITA BASIN
THAT IS CURRENTLY AVAILABLE FOR OTHER USES

CURRENT
AVATLABLE
STREAMFLOW

(CFS)

372

68.0

103

549

AVERAGE INSTREAM FLOW REQUIREMENTS (CFS})
ANNUAL -—-—-———--—mm— - -
DISCHARGE WATER ¥*FISH AND INTERSTATE
(CFS) QUALITY WILDLIFE NAVIGATION COMPACTS

SOUTH FORK OQUACHITA 91.8 0.1 57.4 -= ~--
RIVER AT MOUNT IDA
CADDO RIVER AT 964 130 6592 -- 386
DEGRAY REGULATING
DAM NR. ARKADELPHIA
MUDDY FOREKE CREEK 185 NO FLOW 117 -- 74.0
NR. MURFREESBORO
ANTOINE RIVER AT 277 NO FLOW 174 -- 11t
ANTOINE
LITTLE MISSOURI 1474 28 925 -- 590
RIVER NR. BOUGHTON
QUACHITA RIVER AT 7498 576 4674 100 2999

07362000

CAMDEN

*GOVERNING INSTREAM FLOW REQUIREMENT WHICH REPRESENTS THE AMOUNT OF WATER REQUIRED
TO SATISFY EXISTING NEEDS AT SELECTED LOCATIONS

2824



To illustrate the effect that streamflow variability can
have on the determination of available streamflow, the
streamflow that is currently available on a monthly basis was
determined for the Little Missouri River near Boughton (Table
3-10). The governing fish and wildlife instream requirements
were subtracted from the mean monthly discharges to determine
the streamflow available on a monthly basis. The Little
Missouri River near Boughton has 549 cfs of water available
for other uses on an average annual basis. However, on a mean
monthly basis, the available water ranges from 231 e¢fs 1in
October to 972 ecfs in March. The data in Table 3-10 show that
the majority of the current available streamflow of the Little
Missouri River near Boughton occurs during the period of
December through May.

The current available streamflows computed in Tables 3-9
and 3-10 do not represent the amount of water that 1is

available for interbasin transfer, Before interbasin transfer
of water can be considered, the projected water needs of the
basin must be addressed. The previous determinations of

current available streamflow do not account for the projected
water needs of +the basin because data identifying +the
projected water needs for individual streams in the basin are
not currently available. However, the projected water needs
of the entire basin have been estimated and are accounted for
in the excess streamflow section of the report for the
determination of the total amount of water in the Upper
Quachita Basin that is available for interbasin transfer.

Minimum Streamflow

Section 2 of Act 1051 of 1985 requires the Arkansas Soil
and Water Conservation Commission to establish minimum

streamflows. Minimum streamflow is defined as the lowest
daily mean discharge that will satisfy minimum instream flow
requirements. A minimum streamflow is established to protect

instream needs, particularly during low-flow conditions which
may occur naturally or during periods of significant use from

the stream. The minimum streamflow also represents a critical
low flow condition below which some minimum instream need will
not be met. The minimum streamflow is not a target level or a
flow that can be maintained for an extended period of time
without serious environmental consequences. Therefore, the
mintmum streamflow also represents the discharge at which all
withdrawals from the stream will cease. Because of the
critical low flow conditions which may exist at the minimum
streamflow level, allocation of water based on the
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TABLE 3-10
STREAMFLOW AT LITTLE MISSOURI RIVER NEAR BOUGHTON
THAT IS CURRENTLY AVAILABLE ON A MONTHLY BASIS FOR OTHER USES

INSTREAM FLOW REQUIREMENTS (CFS)

MEAN | , CURRENT

MONTHLY AVATLABLE

DISCHARGE WATER *FISH AND INTERSTATE STREAMFLOW
(CFS) QUALITY  WILDLIFE  COMPACTS (CES)
OCTOBER 463 28 232 185 231
NOVEMBER 1214 28 728 186 4186
DECEMBER 1506 28 904 602 602
JANUARY 1635 28 981 654 654
FEBRUARY 2182 28 1309 873 873
MARCH 2431 28 1459 972 972
APRIL 2756 28 1929 1102 827
MAY 2601 28 1821 1040 780
JUNE 1281 28 897 512 384
JULY 664 28 332 266 332
AUGUST 492 28 246 197 246
SEPTEMBER 528 28 264 211 264

¥GOVERNING INSTREAM FLOW REQUIREMENT WHICH REPRESENTS THE AMOUNT
OF WATER REQUIRED TO SATISFY EXISTING NEEDS.



establishment of water-use priorities should be in effect long
before this point is reached. Allocation of water should help
to maintain streamflow above the established minimum
discharge.

Minimum streamflows for streams in the Upper ©Ouachita
Basin were determined based on the instream flow requirements
as previously described in this report with the exception of
fish and wildlife requirements. The instream flow
requirements for fish and wildlife were re-evaluated to
determine instream needs that represent minimum conditions.
This was necessary because, as previously stated in the
Instream Flow Reguirements section of this report, recommenced
instream flow requirements for fish and wildlife wsing the
Arkansas Method (Arkansas Game and Fish Commission} would
maintain existing fisheries. These recommended flows are
viewed as representing desirable conditions and not minimum
instream flow needs.
and wildlife, the following procedure was used. As previously
stated in the Instream Flow Requirements section, Tennant (66>
concluded from his study that 10 percent of the average annual
streamflow 1is +the minimum flow required for short-term
survival of most agquatic life forms. However, analysis of
streamflow records for unregulated streams in the Upper
Cuachita Basin showed that 10 percent of the average annual
discharge was higher than the daily median discharge
frequently during the summer months. High streamflows that
generally occur during January through May increase the
average annual discharge which causes the flow recommended by
Tennant for short-term survival (10 percent of the average
annual discharge) to frequently exceed streamflow during the
low-flow season.

To account for the seasonal variability of streamflow in
the basin, the year was divided into three seasons as
identified in the Arkansas Method <Z7>. The seasons are based
on physical procesges that occur in the stream and the
critical life stages of the fish and other aquatic organisms
inhabiting the stream. ' e ) nts

1 and w’" "ife :

a

-

In addition to requirements for fish and wildlife,

instream flow requirements for water quality, navigation,
interstate compacts, and saesthetics were also considered in
the determination of minimum streamflows., Since the instream

flow requirements are not additive, the highest instream need
for each season was used to establish the minimum streamflow
for each season. A o - v

o i 1 1 ted ’ ) ' .
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TABLE 3-11
MINIMUM STREAMFLOWS BY SEASCN IN THE UPPER OUACHITA BASINII

CAMDEN

LOCATION NOV - MAR APR - JUN JUL - OCT
NUMBER NAME (CFS) CFS) (CFS)
07356000 OUACHITA RIVER NR. 100 93.4 22.8
MOUNT IDA
07356500 SOUTH FORK OUACHITA 12.6 12.2 2.8
RIVER AT MOUNT IDA
07357501 OUACHITA RIVER AT 165 180 137
BLAKELY MOUNTAIN DAM
07359500 OUACHITA RIVER NR. 286 292 256 .,
MALVERN 2
07359800 CADDO RIVER NR. 70.3 69.6 13.1
ALPINE
07359910 CADDO RIVER AT 130 4, 130 ., 130 .,
DEGRAY REGULATING - B -
DAM
07360000 OUACHITA RIVER AT 517 546 181
ARKADELPHIA
07360501 LITTLE MISSOURI 40.1 50.7 35.6
RIVER AT NARROWS DAM
07360800 MUDDY FORK CREEK NR. 23.0 29.3 5.0
MURFREESBORO
07361000 LITTLE MISSOURI 62.2 84.9 41.2
RIVER NR, MURFREESBORO
07361500 ANTOINE RIVER AT 37.5 38.5 7.5
ANTOINE
07361600 LITTLE MISSOURI 179 221 53.7
RIVER NR. BOUGHTON
07362000 OUACHITA RIVER AT 928 1050 576 ,

1/FISH AND WILDLIFE IS THE GOVERNING INSTREAM REQUIREMENT
'~ 'UNLESS OTHERWISE NOTED.
2/ WATER QUALITY (7Qla) IS THE GOVERNING INSTREAM REQUIREMENT.
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The instream flows required to satisfy the interstate compact
were not quantified for the reasons previously explained in
the Instream Flow Requirements section. 1 T
. B 'plOWc' _ e T X ~ -
ere s -] n 2 T ¢ . ¥
runoft, whichever 1is greater. Preliminary investigation of
histeric streamflow data indicated that the instream flows
required for interstate compact compliance may be the
governing instream flow requirement throughout much of the
year. Tributaries located upstream from the ma jor
impoundments in the basin are not, however, influenced by the
interstate compact requirement.

The seasconal minimum streamflow 1is shown for selected.
locations in Figures 3-6, 3-7, and 3-8, along with the median
and miminum daily discharges for the perioed of record. Due to
the streamflow wvariability of the Antoine River at Antoine,
the minimum streamflow shown in Figure 3-6 1s higher than the
median daily discharge during late summer and lower than the
minimum dailly discharge during late winter and early spring.
In contrast, the minimum streamflow for the OQOuachita River
near Malvern (Figure 3-7) approximates the minimum daily
discharge during fall, winter, and early spring. The effects
of regulation on daily discharges are clearly shown in Figure
3-8 for the Little Missouri River immediately downstream of

Narrows Dam (Lake Greeson). The minimum streamflow at this
site occurs Dbetween the median daily discharge and the
estimated minimum daily discharsge. The percentage of time

that the minimum streamflows at these locations have been
exceeded by discharges from the period of record are shown in
Table 3-12.

The establishment of minimum streamflows will Thave
varving effects on different water users in the basin.
Riparian wusers will, for example, be affected by the
establishment of minimum streamflows. Industrial and
agricultural riparian users must either conserve water or
construct storage reservoirs in anticipation of times when the

flow of the stream falls below the minimum levels, Instream
water uses will also be affected by the establishment of
minimum streamflows. Although some level of flow protection

will be beneficial to fish and wildlife, minimum streamflows
are clearly not desirable conditions.
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TABLE 3-12

SEASONAL EXCEEDANCE VALUES FOR MINIMUM STREAMFLOWS
AT SELECTED SITES

LOCATION SEASON
NUMBER NAME NOV-MAR APR-JUN  JULZOCT
07359500 QUACHITA RIVER >95% 94% >95%
NR. MALVERN
07360501 LITTLE MISSOURI 62% 60% 64%
RIVER AT NARROWS
DAM
07361500 ANTOINE RIVER 82% 71% 16%
AT ANTOINE
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Safe Yield

Section 2 of Act 1051 of 1985 requires the Arkansas Soil
and Water Conservation Commission to define the safe yield of
streams and rivers in Arkansas. The safe yield of a stream orv
river is defined as the amount of water that is available on a
dependable basis which could be used as a surface-water

supply.
Seasonal and annual variability of streamflow affect the
dependability of water available for development. Therefore,

as previously described, flow-duration curves were developed
to analyze the variability of streamflow in the Upper QOuachita
Basin for streams at gaging station locations (Table 3-3). To
guantify the safe yield of streams in the basin, the amount of
water available on a dependable basis was designated as the
discharge which has been equaled or exceeded 95 percent of the
time for the available period of record. This flow represents
the discharge which can be expected at selected stream
locations on a dependable basis; however, not all of this flow
is actually available for use. Minimum streamflows, which
have been established for streams and rivers in the Upper
Ouachita Basin and were previously defined in this report,
represent discharge that is not available for wuse. Therefore,
the safe yield of a stream or river 1s the discharge which can
be expected 895 percent of the time minus the discharge
necessary to maintain the minimum flow in the stream during
the low-flow season (July-October}.

The safe yield of streams at selected gaging stations 1is

summarized in Table 3-13. The designation of safe yield for
some streams is not applicable since the minimum streamflow is
greater than the 95 percent flow. Thig indicates that, at

times during the year, water is not available in some streams
for other uses and some type of streamflow storage would be
required at these locations to provide a sustained yield.

Potential For Development

Although streams in the Upper Ouachita Basin have small
safe yields, development of surface water storage impoundments
could significantly increase dependable yields from streams in
the basin. The seasonal wvariability in streamfleow cculd be
compensated for by storing water during high-flow periocds and
releasing it during low-flow periods.

The potential development for streams in the basin is
presented in Table 3-14. Article VI1 of the Red River Compact
requires that "Arkansas shall allow a quantity of water equal
to 40 percent of the weekly runoff originating below or
flowing from the last downstream major damsites” to flow into
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LOCATION

TABLE 3-13
SAFE YIELD OF STREAMS AT SELECTED GAGING STATIONS

FLOW (CFS) WHICH
WAS EQUALLED OR
EXCEEDED §5%
OF THE TIME

MINIMUM
STREAMFLOW
JUL - OCT

(CFS)

SAFE
YIELD
(CFS)

oot el e oo, g e s e e ey S s e e s e

07356000
07356500
07357501
07359500
07359800

07359910

07360000
07360501
07360800
07361000
07361500
07361600

07362000

OUACHITA RIVER NR.
MOUNT IDA

SOUTH FORK OUACHITA
RIVER AT MOUNT IDA

OUACHITA RIVER AT
BLAKELY MOUNTAIN DAM

OUACHITA RIVER NR.
MALVERN

CADDO RIVER NR.
ALPINE

CADDG RIVER AT
DEGRAY REGULATING
DAM

OUACHITA RIVER AT
ARKADELFPHTA

LITTLE MISSOURI
RIVER AT NARROWS DAM

MUDDY FORK CREEK NR.
MURFREESBORO

LITTLE MISSOURI

RIVER NR. MURFREESBORO

ANTOINE RIVER AT
ANTOINE

LITTLE MISSOURI
RIVER NR. BOUGHTON

OUACHITA RIVER AT
CAMDEN

93

20

308

29

141

500

10

63

875

126

2586

13.1

130

181

53.7

576

N/A
52
15.9

11.0

319
N/A
N/A
N/A

N/A
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TABLE 3-14
POTENTIAL DEVELOPMENT FOR STREAMS AT SELECTED LOCATIONS

POTENTIAL
DEVELOPMENT
(1) (2) {(3)
LOCATION MEAN ANNUAL
z=s-==s===-=zz==z=z==-z=z==zz===z==== DISCHARGE 0.60X{(1) 0.6463X(2)
NUMBER NAME {CFS) {CFS8) (MGD)
07356500 SOUTH FORK OUACHITA 91.8 55.1 35.6
RIVER AT MOUNT IDA
07359910 CADDO RIVER AT 964 578 374
DEGRAY REGULATING
DAM
07360800 MUDDY FORK CREEK 185 111 71.7
NR. MURFREESBORO
073861500 ANTOINE RIVER AT 277 166 107
ANTOINE
07361600 LITTLE MISSOURI 1474 884 572
RIVER NR. BOUGHTON
07362000 OQUACHITA RIVER 7498 4500 2910

AT CAMDEN 1/

1/CAN BE CONSIDERED AS A BASIN TOTAL
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Louisiana. In order to determine the potential development, a
quantity of water equal to 40 percent of the mean annual
discharge 1s estimated to be necessary to satisfy 1nterstate
compact requirements and other instream needs. Therefore, the
remaining 60 percent of the mean annual discharge is
potentially available for development,.

The potential development of the Ouachita River at Camden
igs approximately 2910 MGD. This indicates that a large wvolume
of water may be developed.

Large impoundments presently exist in the Upper Ouachita
Basin; however, the major wuse of these impoundments 1is for
flood control and power production (See Impoundments). Lake
DeGray 1s the only reservoir with water supply as an
authorized purpose.

This basin has, in general, been developed close to the
maximum. <68> There are, however, several suitable sites for
impoundments as shown in Table 3-15. The total wvolume of
these potential sites (391,000 Acre-Feet) is less than half of
the storage in Lake Ouachita at the c¢conservation pool
elevation {865,000 Acre-feet),

Surface Water Use

The study area had a total water use of 53.3 MGD in 1980.
Surface sources supplied 40.28 MGD, or 75% of the total
1980 use. (See Figure 3-9 and Table 3-16). A large
percentage of the surface water used in the basin was from the
Ouachita River.
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TABLE 3-15

POTENTIAL IMPOUNDMENT ULOCATIONS

MAXTIMUM CAPACITY

STREAM {ACRE-FEET)
;;S;;:;S;;::::::====:::z:::::::::::::ESTSSS::::
FIDDLERS CREEK 42,000
MAZARN CREEK 26,000
ANTOINE RIVER 183,000
LITTLE MISSOURI RIVER 81,000
TOTAL 391,000

SOURCE: UNIVERSITY OF ARKANSAS <68>
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figure 3-9
STUDY AREA WATER USE

FROM SURFACE SOURCES
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SOURCL: Holland and Ludwig <40>
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TABLE 3-16
STUDY AREA WATER USE

FROM SURFACE SOQURCES

1980
CATEGORY 1980 SURFACE USE!/ % OF TOTAL USE
PUBLIC SUPPLY 14.39 87.9
RURAL DOMESTIC 0 0
SELF SUPPLIED INDUSTRY 7.98 84.5
AGRI. NON-TRRIGATION 6.05 67.4
AGRI. IRRIGATION 11.86 84.8
TOTAL 40.28 . 75.6

1/SOURCE: HOLLAND AND LUDWIG <40>

There were 41 public supply systems in the study area 1in

1985, <35 Surface water supplied 17 of the systems. The
Cities of Hot Springs, Malvern, and Arkadelphia were the
largest systems supplied. Combined maxximum demand of the
three systems 1s 22.5 MGD. <3> Assuming that the average

daily wuse 1is about half the maximum demand, then the fthree
systems use about 11 MGD or 76% of the study area surface use.
Seven other systems buy water from the three cities. The
Quachita River supplies the larger systems, The Caddo River
and Little Missouri River are also used as sources by other
surface water systems. Streamflow in the basin generally 1is
adequate to meet the public water supply demand.

Self supplied industries used 7.98 MGD of surface water
in 1980. This represents 85% of the total self supplied
industrial wuse of 9.44 MGD. There were seven registered
diversions by industries in the 1980 diversion records. Tvo
industries listing the ©QOuachita River as a source accounted
for 59% of the reported diversions. Another 24% of the
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dAiversions came from Lake Catherine. Since 1980, the two
industries using the Ouachita River have closed. Because of
the closings, self supplied industrial use will be
significantly lower until the plants are reopened.

Agricul tural uses for non-irrigation purposes {(livestock
and fish farming) used 6.05 MGD from surface sources. Use was
determined by using 8Statistical Reporting Service data and
applying a use rate to each category. <40> A large portion
of livestock use 1is assumed to be from farm ponds.

Surface water was diverted from streams in the basin for
irrigating a part of the 20,400 acres of irrigated cropland.
{(See Table 2-4) Study area use from surface sources amounted
to 11.886 MGD or 85% of total irrigation wuse. Irrigated
cropland is located primarily in the floodplaing of the
Ouachita, Caddo, Antoine, and Little Missouri Rivers.

Water use for rural domestic needs was assumed to be zero
for 1980. <AG> There are diversion reports of household
water use from Lake Greeson and Lake Hamilton, howewver, these
uses are small enough to be insignificant compared to other
water use amounts.

Excess stream{low, defined in Section 5 of Act 1051 of
1985, is twenty-five percent of that amount of water available
on  an average annual basis above the amount reguired to
satisfy the existing and projected water needs of the basin.
The amount of water available on an average annual basis for
the streams and rivers in the Upper Ouachita Basin is
represented by the quantity of streamflow at the Ouachita
River at Camden gaging station which is the outflow peint for
all water from the basin. Based on U.S. Geological Survey
streamflow data at this gaging station, the surface-water
vield from the basin is approximately 5.4 million acre-feet of
water on an average annual basis.

To determine the excess streamflow 1in the basin, the
surface-water yield of 5.4 million acre-feet must he adjusted
to account for the water needed to satisfy existing water
needs for instream flow requirements. Since the instream flow
requirements are not additive, the highest 1instream need
represents the amount of water required to satisfy all the
existing instream needs. The instream flow requirements for
fish and wildlife were previously identified in the Current
Available Streamflow section of the report as the governing
instream need for all streams investigated in +the basin.
Therefore, from Table 3-9, 4674 «c¢fs or approximately 3.4
million acre-feet of water 18 necessary to maintain instream
flow reguirements on an average annual basis.
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Projected surface-water needs of the basin must also be
gatisfied prior +to the determination of water that is
available for other wuses. The surface-water needs in the
Upper Ouachita Basin were projected to the year 2030
{Figure 1-2), resulting in an estimate of approximately 0.5
million acre-feet of water necessary for future surface-water
needs. However, the projected increase of surface water use
to the year 2030 takes into account the possible transfer of
approximately 0.2 million acre-feet of water per year from
DeGray Reservoir to Little Rock to supplement the municipal
water supply. Since this represents an interbasin transfer of
water and not water that is necessary for wuse within the
basgsin, 0.2 million acre-feet was subtracted from the total
projected use of 0.5 million acre-feet resulting in a
projected surface-water need of 0.3 million acre-feet of water
for use within the basin.

The available surface water in the Upper Ouachita Basin
was calculated by subtracting the flow necessary to satisfy
instream flow requirements {3.4 million acre-feet) and
projected surface-water needs of the basin (0.3 million acre-
feet) from the 5.4 million acre-feet of water in the basin
resulting in 1.7 million acre-feet of available water.
According to Act 1051 of 1985, twenty-five percent of the 1.7
million acre-feet of available water, or 425,000 acre-feet, is
excess surface water in the Upper Ouachita Basin which 1is
available on an average annual basis for other uses, such as

interbasin transfer. The 425,000 acre-feet of excess surface
water in the basin 1is approximately equal to one-half the
amount of water stored in Lake Ouachita. However, due to

streamflow wvariability in the basin, the majority of the
excess surface water 1s available during the high~-flow period
of January through May.

An inventory of the water quality for streams in the
Upper OQuachita Basin has been developed from information
furnished by the Arkansas Department of Pollution Control and

Ecology (ADPC&E) and the U.S. Geological Survey (USGS). Water
quality of streams 1in the basin 1is generally good. <6>
Concentrations of most constituents are within expected
ranges, and therefore, streams in the basin support most

beneficial uses.
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The stream= in this basin are generally suitable for
municipal, industrial, agricultural, and recreational uses as

shown 1in Table 3-17. The Little Missouri River above Lake
Greeson and the entire reach of the Caddo River have been
designated as areas of extracordinary recreational and
aesthetic wvalue. The Little Missouri River immediately below
Lake Greeson supports trout fisheries, and several streams in
the basin support coolwater fisheries. (5>

Water Quality Summary

Water-quality data collection sites used for this report
include five sites on the Ouachita River, two sites on the
Little Missouri River, and one site on the Caddo River.
Locations of the water-quality data collection sites are shown
in Figure 3-10, and the statiocn numbers and periods of record
are listed in Table 3-18. A period of five years (1980-84)
was used to inventory the water-quality data for all
constituents except alkalinity.

Maximum, minimum, and median pH is shown for the selected

sites in Figure 3-11. Median wvalues ranged from 6.9 to 7.4.
The highest median wvalue occurred on the Caddo River near
Amity. This site also had the largest variation in pH ranging

from 3.2 to 8.2,
Statistical data for alkalinity are shown in Figure 3-12.
Alkalinity may be defined as the capacity to react with and

neutralize acid. The alkalinity in almost all natural watlers
is produced by the dissolved carbon dioxide species,
bicarbonate and carbonate. Except for waters having a high pH

(greater than about 9.5) and some other waters having unusual
chemical characteristics, the alkalinity of natural waters can
be assigned entirely to dissolved bicarbonate and carbonate

without serious error. Most commonly, alkalinity is reported
in terms of an equivalent amount of calcium carbonate. Low
alkalinity indicates that the water is sensitive to
acidification. <36

Since analyses for alkalinity have not been made since
1980, a periocd of record of 1975-80 was selected for data
evaluation. Median wvalues for alkalinity were less than 25
mg/L. at all sites inventoried except one (Caddo River near
Amity} in which the median alkalinity was 36 mg/L. Median
values on the Ouachita River ranged from 24 mg/L near Mount
Ida to 16 mg/l. at Camden. Median values of 16 mg/L and 18
mg/L occurred on the Little Missouri River near Langley and
Boughton, respectively.
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USE CLASSIFICATION OF SELECTED STREAMS

BEMEFICIAL USES

STREAM

JARMWATER FISHERIES
COOLWATER FISHERIES

TROUT FISHERIES

EXT. RECREATIONAL AMD AESTHETIC VALUE

DUTSTANDING NATURAL RESOURCE WATER

PRIMARY CONTACT RECREATION

SECONDARY CONTACT RECREATION

PUBLIC WATER SUPPLY

INDUSTRIAL WATER SUPPLY
AGRICULTURAL WATER SUPPLY

OUACHITA RIVER (AROVE

LAKE QUACHITA)

IRONS FORK

MUDDY CREEK

NORTH FORK

BLAKLEY CREEK

®esee

TWIN CREEK

LAKE OUACHITA

GLAZYPEAU CREEK

HALLMANS CREEK

MAZARN CREEK

LITTLE MARZAN CREEK

LAKE HAMILTON

GULPHA CREEK

PP

LAKE CATHERINE

QGJJ e oeve

+
i
:i?:
s
En

OUACHITA RIVER (REMMEL

DAM TO STATE LINE)

[

COVE CREEK

o cicsesecacaces

PRAIRIE BAYOU

DEROCHE CREEK

L'EAU FRAIS

DECIPER CREEK

®oed @ @

CYPRESS CREEK

i o= e

FRENCH CREEK

TULIP CREEK

BAYOU FREEO

oﬂWQG oo # ceceocoeeee

séasecees sosdesnadsesss

i
8 Jﬁfc

eleoa

2199}
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N

USE CLASSIFICATION OF SELECTED STREAMS (con't)

BENEFICIAL USES “WARMWATER FISHERIES

il -¢ 9|98}

COOLWATER FISHERIES
TROUT FISHERIES
EXT. RECREATIONAL AND AESTHETIC VALUE
OUTSTANDING NATURAL RESOURCE WATER
PRIMARY CONTACT RECREATION
SECONDARY CONTACT RECREATION
' ‘ PUBLIC gﬂEEEIEEP;k¥ER SUPPLY
STREAM N AGR[CULTURAL WATER SUPPLY
CADDO RIVER (ABOVE
DEGRAY) ® L ® & 0o o o
SOUTH FORK CADDC RIVER ® [ ® 6 6 & o
DEGRAY LAKE [ [} o0 ¢ ¢ o
CADDO RIVER (DEGRAY -
DAM TO MOUTH)
LITTLE MISSOURI RIVER
(ABOVE LAKE GREESON) ® ® ® & o o o
HURRICANE CREEK [ ] %% sﬁg %
LAKE GREESON
CITTLE MISSOURI RIVER
(GREESON DAM TO MUDDY FORK) ) o 6 0 o o
MUDDY FORK ® & 9 o ¢
LITTLE MISSOURI RIVER
(MUDDY FORK TO MOUTH) ® | o o o o
PRAIRIE CREEK % o & @
VAUGHN CREEK ([ HL 3K 3K BK )
SALINE CREEK ® : : : .3 _g
HICKORY CREEK [ ]
OZAN CREEK { ]:[:‘T}
ANTOINE RIVER ®
TERRE ROUGE CREEK ? f_g 2 :_}
CANEY CREEK @
WHITE OAK CREEK ® e & @ o0
TERRE NOIR CREEK ® ® 0 & & O

8OURCE: Arkansas Department of Pollution Control and Ecology.. <8>
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TABLE 3-18

SUMMARY OF SELECTED WATER-QUALITY DATA COLLECTION
SITES IN THE UPPER OUACHITA BASIN

LOCATICN

USGS
STATION
NUMEBER

ADPC&E
STATION
NUMBER PERIOD OF RECORD

OUACHITA RIVER NR.
MOUNT IDA

OUACHITA RIVER NR.
MALVERN

OQUACHITA RIVER NR.
DONALDSON

CADDO RIVER NR.
AMITY

OUACHITA RIVER NR.
SPARKMAN

LITTLE MISSOURI
RIVER NR. LANGLEY

LITTLE MISSOURI
RIVER NR., BOUGHTON

OUACHITA EIVER AT
CAMDEN

17 RECORDS FURNISHED BY ARKANSAS DEPARTMENT

07356000

07359500

07359580

07359770

07360162

07360200

07361600

07362000

CONTROL AND ECOLOGY
2/ RECORDS FURNISHED BY CORPS OF ENGINEERS
3/ RECORDS FURNISHED BY USGS

105

OUA21  1950-52;APR 1974-84
OUAO6 1947-50;1971-84 4,
OUA30 APR 1974-84 ,,
oUa23 APR 1972-84,
OUAZ9 APR 1974-83
oUA22 APR 1974-84,,

OUA35 1948-55;1973-84 , ,

-- 1947—52;1975—843/

OF POLLUTION

1/
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FIGURE 3—11

MAXIMUM, MINIMUM, AND MEDIAN

PH AT SELECTED SITES
PERIOD OF RECORD: 1980-84
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MAXIMUM, MINIMUM, AND
ALKALINITY CONCENTRATIONS
PERIOD OF RECORD: 1975—80
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Variations in turbidity at the selected sites are shown
in Figure 3-13. Median wvalues on the CQuachita River ranged
from 3.4 NTU near Malvern to 12 NTU at Camden. Median values
for turbidity on the Little Missouri River were 2.0 NTU near
Langley and 20 NTU near Boughton. The Ouachita River and the
Little Missouri River appear to be increasing in turbidity
from upstream to downstream reaches.

Figures 3-14, 3-15, and 3-16 show statistical data for
concentrations of nitrogen, chloride, and dissolved solids,
respectively. The lowest median concentrations and the
smallest range between the maximum and minimum values for
these constituents occurred on the Little Missouri River near
Langley. Water-quality data for other constituents are shown -
in Table 3-19 for the Ouachita River and Table 3-20 for the
Little Missouri River and the Caddo River.

Expected Ranges in Water Quality

ADPCE&E has summarized data from least-disturbed
watersheds of wvarious sizes to develop expected ranges of
water quality parameters for various regions of the =state.
The major streams in this basin originate in the Ouachita
Mounteins; therefore, date from the uppermost monitoring
station on each of the major streams were used for comparison
with the expected ranges developed by ADPC&E for the Ouachita
Region.

A  comparison of water-quality data for +the Little

Missouri River near Langley, Caddo River near Amity, and
Ouachita River near Mount 1Ida to expected ranges for the
Quachita Mountain region 1is shown in Table 3-21. Median

concentrationa for most constituents were within expected
ranges, however, median alkalinity concentrations were less
than expected on the Little Missouri River and the Ouachita
River.

Concentrations of zinc routinely exceeded ADPC&E
guidelines for heavy metals. - <6> The guidelines ADPC&E has
developed for heavy metals are based on a toxicity review,
Guidelines developed represent instream concentration limits
based upon the protection of either the most sensitive aquatic
species or human heelth <86>; therefore, ADPC&E guidelines for
a given constituent are at least as stringent as the drinking-
water regulations (human health).

Comparison to Drinking-Water Reguletions

Several of the large cities in the basin including Hot
Springs, Arkadelphia, Malvern, and Camden use surface water
for public supply (See Water Use). Therefore, median
concentrations for constituents at the eight water-quality
monitoring stations were compared to the drinking-water
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FICuRE 3—13
MAXIMUM, MINIMUM, AND MEDIAN

TURBIDITY AT SELECTED SITES
PERIOD OF RECORD: 1980-84
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figure 5—714
MAXIMUM, MINIMUM AND MEDIAN

NITROGEN (NOZ+NO3) CONCENTRATIONS
PERIOD OF RECORD — 1980-1984
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MAXIMUM, MINIMUM, AND MEDIAN

FIGURE 3—15

CHLORIDE CONCENTRATIONS

PERIOD OF RECORD: 1980-—-84
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FIGURE 3—16

MAXIMUM, MINIMUM, AND MEDIAN
DISSOLVED SOLIDS CONCENTRATIONS

PERIOD OF RECORD:
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TABLE 3-19
WATZR QUALITY DATA AT SBLBCTED SITBY OR THE GUACHITA BIVYER
FERIOD OF RECORD: 1930-84

07356000 - HR. 07359500 - KA. 07359580 - HR. 07360162 - NR. 0162000 - AT
PARANETER J HOUNT DA NALVERK DONALDSCN SPARENAN CARDEN

HUNBER OF HUNBER OF RUNBER OF ' HUNBER OF WUNBER OF }

SANPLBS  RAWGE  NBDLAN | SANPLBS  RAWCR  NEDIMN| SANPLES  RANGE  MEDIAW | SANPLES  RANGE  KEDIAN | SANPLBS  SANGE  REDLAM
SPECIFIC CONDUCTAHCE, UNHOS i N-134 58 21 T1-108 1 1 74-201 ne y 1-311 108 % 53-114 L)
TEMPRRATURE, DES. C 17 0.0-30.0 .0 56 10310 16,5 59 0010 (8.0 ¥ 7.0-30.0 200 It 1.0-30.0 18,0
DISSOLYRD OXYCRN, ag/l T 6511 by 56 L8-10.5 0.8 50 5.4-12.9 8.8 i L1613 1 5.1-10.7 8.6
BOD, ag/L I 0460 14 51 0.3-11 2.8 9 0.6-6.9 1.5 it 0.5-4.8 1.3 (-} {-) (-]
SULFATE, ng/L 15 (.0-10 4.0 B (1.0-41 8.0 52 (.0-36 1.0 W 1.0-26 1.0 W G018 9
FECAL COLLFOBN/100 u] 12 01400 10 55 QB-1100 16 0 1000 2 i {13500 u " (3-940 n
AARDHBSS, g/l ] 1-40 o] w2 12-6¢ 1 10 16-71 29 ) 18-61 2 1 19-35 2
SUSPBNDBD S0LEDS, mg/l T (1-64 { 55 {1-12 5 Tl (-7 ; i B n (-} {-) (-]
HITROCEN, TOTAL AS M, g/l 1§ 0.19-2.1  0.72 20 0.03-2.7  0.92 9 000,90 0.23 H 0.02-0.11 0.2 % .08-0.62 0.
RITROCEN, AMNONIA, TOTAL AS K, sg/l 45 <0.01-0.09 0.00 55 0.000-1.4  0.060 53 (0.010-2.00 0.050 3 0.010-0.37¢ 0.050 12 0.009-9.13 0.050
PHOSPHORUS, TOTAL A3 P, ng/l 2 ¢0.01-0.18 0,030 53 (0.090-0.400 0.040 51 0.010-0.200 0.040 0 0.01-0.16  0.000 W 0.000-0.10 0.050
MIENIL, TOTAL, vg/L 26 (518 & 0 (515 {5 1 (5-1 5 2 (5-13 (5 12 0-1 1
CADNTUK, TOTAL, ug/L T a4 55 (10-59 a0 i a0-c10 <10 1 (a0-¢10 (1o 1 (-6 1
CHRONEUN, TOTAL, ug/L i (-1 ! 1 {1-53 ? 15 G5-11 5 15 (5-¢ - 45 il 9-10 10
COPPBR, TOTAL, ug/L i a0-1¢ (o 56 (-0 (0 T (20-27 (0 1" (20-7 (0 13 17 8
LEAD, TOTAL, ug/L X a- a 29 10-010 a1 24 Qa9-¢10 <10 i {10-3¢ (o 13 1-15 5
1INC, TOTAL, wg/L 10 (6-150 5 1 ¢10-300 10 i (10-430 m " (3-89 2 12 0-10 2
SELENIUN, TOTAL, ug/L 25 (o-¢i0 <10 i (10-19 (1 20 ao-ap o 21 (0-¢10 <l 13 (-1 «
1RON, 107AL, ug/L (-} (-] -] " 10-330 180 (-] (] {-) (-} (-} (-] 13 150-1800 940
MANGANESE, TCTAL, ug/L (] T (-] Il 21-160 ki (-] i) {-) (-] (-] () 13 50-250 100

SOURCE: US GBCLOGICAL SURVEY {101}
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PARAMETER

SPECIFIC CONDUCTANCE, UMHOS
TEMPERATURE, DEG. C
DISSOLVED OXYGEN, mg/L

BCD, mg/L

SULFATE, mg/L

FECAL CCLIFORM/100 ml
HARDNESS, mg/L

SUSPENDED SOLIDS, mg/L
NITROGEN, TOTAL AS N, mg/L
NITROGEN, AMMONIA, TOTAL AS N, mg/L
PHOSPHORUS, TCTAL AS P, mg/L
ARSENIC, TOTAL, ug/L
CADMIUM, TOTAL , ug/L
CHROMIUM, TOTAL, ug/L
COPPER, TOTAL, ug/L

LEAD, TOTAL, ug/L

ZINC, TOTAL, ug/L

SELENIUM, TOTAL, ug/L

NUMBER
SAMPLES

11
37
57
50
55
56
32
57
i-)
55
53
24

SCURCE: U.S. GEOLCGICAL SURVEY <101>

TABLE 3-20
WATER QUALITY DATA AT SELECTED SITES
PERIOD OF RECORD: 1980-84

07359770 - CADDO 07360200 - L. MISSOURI 07361600 - L. MISSOURI
RIVER NR. AMITY RIVER NR. LANGLEY J RIVER NR. BOUGHTON
OF NUMBER OF | NUMBER OF
RANGE MEDIAN | SAMPLES  RANGE MEDIAN ‘ SAMPLES RANGE MEDIAN
83-127 107 {(-) (-) (=) l 10 55-261 88
3.0-37.0 19.0 34 2.0-30.0 17.0 | 60 2.0-28.0 15.5
7.6-14.1 9.8 | 34 6.8-14.3  10.0 | 55 6.6-12.9 9.1
0.6-73 2.0 | K} 0.3-2.8 0.9 | 54 0.5-4.1 1.4
<1.0-14 6.0 34 <1.0-6.0 3.0 56 <1.0-30 8.0
10-2900 20 34 <10-230 32 58 <4-1400 - 60
3-69 37 17 4-40 14 32 16-54 31
<1-506 5 35 <1-26 2 _ 59 2-154 12.
(=) (=) (=) (-} (=) (-1 (=) (-}
<0.01-0.28 0.040 33 <0.01-0.14 0.020 56 0.01-0.28  0.060
<0.01-0.32 0.030 31 <0.01-0.06 0.010 52 0.01-1.90 0.050
¢5-14 <5 - 11 <5-7 5 26 ¢5-11 <5
<10-<10 <10 33 (2-<2 <2 351 ¢10-¢10 <10
<5-19 <5 35 €1-23 o 48 ¢5-15 <5
<20-91 <20 a4 <10-26 <10 40 <20-50 21
¢10-¢10 <10 24 ¢1-7 <1 ‘ 19 <10-56 31
<10-710 48 29 <B-50 <6 41 <10-200 66
<10-14 (10 11 €10-<10 10 | 23 - <10-<10 <10




TABLE 3-21

COMPARISON OF WATER QUALITY PARAMETERS AT SELECTED LOCATIONS
TO EXPECTED RANGES FOR THE OUACHITA MOUNTAIN REGION

EXPECTED RANGE YMEDIAN VALUES

1/ 2/
’ 07360200 07359770 07356000
LOW-FLOW SPRING LITTLE MISSOURI R. CADDO R. OUACHITA R.
CONSTITUENT CONDITIONS CONDITIONS NR. LANGLEY NR. AMITY NR. MOUNT IDA
pH 6.5-7.5 HIGHER FLOW IS SLIGHTLY 6.9 7.4 7.1
MORE ACIDIC
TURBIDITY, NTU 3.0 NO CHANGE 2.0 5.8 4.6
TSS, mg/L 3.0 NO CHANGE 2.0 5.0 1.0
TDS, mg/L 35 SLIGHTLY LESS 34 £§5.0 a4
BOD, mg/L <1.0 NO CHANGE 0.9 4,0 1.4
T. PHOS., mg/L <0.5 NO CHANGE 0.01 0.03 0.03
NH,, mg/L <0.05 NO CHANGE 0.02 0.04 0.03
Cl , mg/L ¢5.0 NO CHANGE 3.5 4.0 4.0
S0,, mg/L <10.0 SLIGHTLY HIGHER 3.0 6.0 4.0
COND., umho 100 LOWER (=) 107 58
ALEA., mg/L 40 LOWER 16 ay/ 36 2/ 24 5
T. HARD., mg/L 35 LOWER 14 37— 22
F. COLI./100ml <100 LOWER 32 20 40
ADPC&E GUIDELINES
PARAMETER FOR HEAVY METALS MEDIAN VALUES
ARSENIC, ug/L 50 <5 <5 ¢5
CADMIUM, ug/L 0.4 <2 <10 <2
CHROMIUM, ug/L 50 <1 <5 1
COPPER, ug/L 5 <10 <20 <10
LEAD, ug/L 0 <1 <10 <1
SELENIUM, ug/L 10 <10 <10 <10
ZINC, ug/L 6.5 <6 48 6

1/ EXPECTED RANGES REPRESENT A SUMMARY OF DATA COMPILED BY ADPC&E FROM LEAST DISTURBED WATERSHEDS.

2/ THESE VALUES REPRESENT MEDIAN CONCENTRATIONS FROM SELECTED SITES IN THE OUACHITA MOUNTAIN REGION.
SAMPLES WERE COLLECTED FROM 1980 THROUGH 1984 UNLESS OTHERWISE NOTED.

3/ PERIOD OF RECORD: LANGLEY 1975-79, AMITY 1975-80, MOUNT IDA 1975-79.



regulations .  in Table 3-22. Turbidity and fecal coliform
bacteria were the only constituents in which the primary
regulations were exceeded. Median values for fecal coliform
bacteria from all sites exceeded the 1 colony/100 ml limit.
The Caddoc River near Amity, the lower reaches of the Ouachita
River, and both sites on the Little Missouri River exceeded
maximum limits for turbidity.

Secondary regulations which were exceeded by median
values at the selected sites include iron and manganese. Data
for these two constituents were only available at two sites,
Ouachita River near Malvern and Ouachita River at Camden.
Median values for manganese exceeded the maximum recommended
level at both sites, and median values for iron exceeded the
maximum recommended level at Camden.

Pesticides

Water-quality samples collected by USGS and ADPC&E at
several streamflow sites in the Upper Ouachita Basin during
the period of 1975-84 have been analyzed for the presence of

pesticides. Concentrations of pesticides in water samples
were all below the detection limits for the following seven
sites in the Basin: Ouachita River near Mount Ida, Quachita

River near Malvern, Ouachita River near Donaldson, Caddo River
near Amity, Ouachita River near Sparkman, Little Missouri
River near Langley, and Little Missouri River near Boughton.

Surface-water samples and bottom material  samples
collected during the period of 1976-82 at Ouachita River at
Camden were alsc analyzed for the presence of pesticides.
Pesticide c¢oncentrations were below detection limits in the
water samples, however, four bottom material samples centained
concentrations of scome pesticides which were slightly above
the detection limits.
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TABLE 3-22
CONPARTSCN OF WATER QUALITY PARANETERS AT SELECTED SITES
TO NATIONAL DRINEING-WATER REGULATIONS

MEDTAN VALUES

............. 2/
07356000 07359500 07359580 07359170 07360162 07360200 07361600 07382000
KAZINUN QUACHITA B.  OUACHITA B.  OQDACHITA R. CADDO R, OUACHITA B. L. MISSOUEI B. L. HIG3OURI B. OQUACHITA B.

CONSTITUENT 1/CONCEHTRATI0H NB. NT, IDA MR, MALVERN ¥R, DONALDSON  WB. AMITY  NB. SPARENA¥  NR. LANGLEY NR. BOUGKTON AT CAMDEN

ARIENIC 0.050 {0.005 0.005 (0,005 €0.005 <0.00% {0,005 0.008 0.001
CADHIUM 0.010 0.002 0,010 €0.010 0,010 0.010 <0.002 <0.010 0.001
CHROKIUH 0.050 0,001 0,002 €0.005 €0.00% 0,005 €0.001 (0,005 <0.0t0
LBAD 0.050 ¢0.001 €0.010 €0.010 (0,010 €0.010 €0.00% 0.03! 0.00%
SBLENIUN 0.010 €0.010 0,010 (0.010 0,010 ¢0.010 ¢0.010 (¢.010 .00l
TURBIDITY, HTU 1-% 4.8 3.4 4.8 5.8 £.7 2.0 20 i

FRCAL COLIFORE, 1 40 i6 18 20 4 32 §0 Y

COLONIBS/100 ml

SECONDARY BEGULATIONS ,

CHLORIDR 230 £.0 8.0 1.0 4.0 11 53 5.9 1.8
COFPER 1.0 €0.01 €0.020 (0,020 (0,020 {0.020 €0.010 0.021 0.008
DISSOLVED SOLIDS 500 4 58 i £5 &4 M i 59
TRON 0.3 (-} 0,180 (-] (-} (-} (-} (-] 0.940
HANGANESE 0.05 (-} 0.071 (-] (-] (-} (-} (-) ¢.100
pil, UNITS §.5-8.5 1.1 §.9 6.9 14 1.0 €9 1.0 1.2
SULFATB a0 4.0 8.0 1.0 £.0 7.0 3.0 8.9 9.4
LINC 5.0 0.008 0.070 0.044 0.048 0.021 £0.006 0,088 ¢.020

SCURCBS: U.§. ENVIRONMENTAL PROTECTION AGENCY <97}, US GEOLOGICAL SURYEY (101)
XL/ DATA IN mg/L UNLBSS OTHRRWISH WOTRD
2/ SECONDARY RBGULATIONS ARB RECOMMENDED IN AREANSAS AND ARE HOT EWFORCED.
3 7 PERIOC OF ERCORD: 1980-84



Impoundments

There is a large volume of water in this basin that is
stored in impoundments. An inventory of the lakes of Arkansas
<12> was conducted by this agency as part of the revision of
the 1875 State Water Plan. There are approximately 7400 lakes
within the seven county study area as shown in Table 3-23, yet
most of the water is impounded by three Corps of Engineers’

reservoirs., Lakes Ouachita, DeGray, and Greeson  have
capacities of 865,000 acre-feet, 261,500 acre-feet, and. 77,600
acre-feet, respectively at the permanent pool elevation. The

total capacity of these three reservoirs (1,204,100 acre-feet)
is more than 80 percent of the total amount of water impounded
in the seven-county study area (See Table 3-24). <12>

Impoundment Water Use
Reported withdrawals from impoundments in 1980 were

approximately 2600 acre-feet. This represents about 7 percent
of the total 239,000 acre-feet of surface water use that was
reported in 1980 (See Water Use Section). Most of the

impoundment withdrawals were for industrial usage.

Ma jor Impoundments .

The major impoundments in the basin are Lake Ouachita,
DeGray Lake, Lake Greeson, Lake Hamilton, Lake Catherine, and
White Oak Lake as shown in Figure 3-1. The three Corps of
Engineers impoundments (Ouachita, DeGray, and Greeson) are
operated for a variety of purposes including flood control,
power generation, recreation, conservation, and water supply.
Lekes Hamilton and Catherine are privately owned and are

operated for power generation and recreation. White Oak Lake
is an Arkansas Game and Fish Commission Lake that is operated
for recreation. Each lake is discussed individually in the

following sections.

Lake Quachita: Blakely Mountain Dam, located ten miles
northwest of Hot Springs, controls more than 1,100 square
miles of +the Ouachita River drainage area to form Lake
Quachita. The 1,100-foot long earthfill structure stands 235
feet above the streambed, with the upstream and downstream

slopes protected by riprap. The lake is operated for flood
control, hydroelectric power, headwater benefits, fish and
wildlife conservation, and recreational purposes. Blakely Dam

wags placed in operation for flood control in 1853 and power
production began in August, 1855, <71>

Lake Ouachita has a storage capacity of nearly 2.77
million acre-feet of water which includes 617,000 acre-feet
for flood control, 1.28 million acre-feet for power
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COUNTY

CLARK
DALLAS
GARLAND
HOT SPRING
MONTGOMERY
NEVADA
PIKE

COUNTY SUMMARY OF LAKES IN THE STUDY AREA

LAKES OVER 5 ACRES

AREA CAPACITY
NUMBER ( ACRES) (AC-FT)

o e —m e e e e e o -

TABLE 3-23

LAKES

NUMBER

11 239 1,842
11 96 841
12 6,671 201,343
6 2,193 36,113
6 47 825
31 359 2,210
10 84 468
87 9,689 243,642

UNDER 5

AREA
(ACRES)

ACRESE/

CAPACITY
(AC-FT}

1/

NUMBER

TOTAL

AREA
{ACRES)

997
418
7,071
2,477
1,327
883
452

CAPACITY
(AC-FT)

4,494
2,293
201,875
37,107
1,662
4,763
1,518

253,712

1/DOES NOT INCLUDE CORPS OF ENGINEERS RESERVOIRS OR ARKANSAS GAME AND FISH COMMISSION LAKES
2/ DATA ESTIMATED

SOURCE: ARKANSAS SOIL AND WATER CONSERVATION COMMISSION

<12>
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TABLE 3-24
SUMMARY OF LAKES

IN THE UPPER OUACHITA BASIN

SURFACE AREA

QWNER /OPERATOR NUMBER SACRES)
U.S. CORPS OF ENGINEERS RESERVOIRS 3 29,8001

AR GAME AND FISH COMMISSION LAKES 2 2,700

ALL, OTHERS:?

OVER 5 ACRES 87 9,700
UNDER 5 ACRES? 7,298 3,900
TOTAL 7,390 46,100

ICONSERVATION POOL 7
:DATA OBTAINED FROM STUDY AREA TOTALS ON TABLE 3-23
DATA ESTIMATED

SOURCE: AREKANSAS SOIL AND WATER CONSERVATION COMMISSION <12>

CAPACITY

1,204,1001

21,400

243,600
10,100

1,479,200



gZeneration, and 865,000 acre-feet for a minimum permanent
pool. (See Figure 3-17) The minimum permanent pool covers a
gsurface area of 20,9200 acres at elevation 535 mean sea level
(msl}. <71, 73>

The power storage capacity consists of 1.28 million acre-
feet of water between elevation 535 and 678 feet msl.
Theoretically, the pool would be drawn down to elevation 535
feet msl during the most critical flow “period of record;
however, the pool normally fluctuates between 578 and 565 feet
msl. "Two power generators have a capacity of 75,000 kilowatts
and an average yearly output of 156 million Kilowatt-hours.
Hydroelectric power which 1is surplus to the needs of +the
project is marketed by Southwestern Power Administration
<71, 73>,

Flood control storage consists of 617,000 acre-feet of
water between elevations 578 and 592 feet msl. This volume is
equivalent to 10.5 inches o¢f runoff from the drainage area
above the dam. The flood control storage capacity was
designed to control the dual-peak flood of 1927, assuming the
power pool to be full. In actual practice, the power pool is
usually down to about 565 feet msl at the beginning of the
flood season. The estimated frequency of the 1lake level
reaching 592 feet msl, the maximum pool elevation, is once in
200 years. The maximum pool elevation that has occurred since
the dam has been 1in operation was 580.1 feet msl which
occurred December 6, 1982 and was within 2 feet of. the
emergency spillway crest. At spillway crest elevation (592
feet msl), the lake extends up the wvalley for 39 miles
covering a surface area of 48,300 acres with a 975 mile shore
line. Operation of Blakely Mountain Dam for flood control has
resulted in $13.6 million in estimated flood damage prevention
through September, 1979. Downstream floods are reduced on an
average of about four feet at Arkadelphia and three feet at
Camden for three to six floods per year. <71, 73, 74>

Above the lake’s storage capacity of 2.77 million acre-
feet, .a surcharge storage capacity of 993,000 acre-feet of
water has been installed between elevations 592 and 610.2 feet
msl to control a maximum probable storm of 19.7 inches of

runoff assuming the flood control pool to bhe full. The
emergency spillway is located in a natural saddle about 1 mile
west of the dam. The maximum flow- - through the uncontrolled

spillway would be 45,000 cfs. <73>

Originally, releases from the lake were to be limited to
3,000 cfs when the flow of the Ouachita River at Malvern,
Arkansas (about 44 miles downstream) exceeded 20,000 cfs.
Releases were to be increased to a maximum of 15,000 cfs when
the flow did not exceed 20,000 cfs at Malvern. Later studies
indicated that damage occurs in the reaclh of the Ouachita
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figure 3-17

LAKE OUACHITA
(Blakely Mountain Dam)

48,300 acres

ELEVE02.0 —m — — — — — e — — — e

, 40,100 acres FLOOD CONTROL -817,000 Ac Ft
ELEY §578.0 «-ccmcmmrmamecmcem e en ——

ELEV
818.0

POWER POOL -1,280,000 Ac.Ft

20,900 acres

ELEV 58B.0 —— oo

PERMANENT POOL -6€58,000 Ac Ft

A

ALL ELEV - MEAN SEA LEVEL

SOURCE: U.8. Corps of Engineers <71.73>

AMEAN VALLEY

ELEV

N 411.0°



River from Malvern to Arkadelphia when flows at Malvern exceed
15,000 ecfs and that greater flood control benefits could be
obtained by restricting releases to conform to +this lower

flow. The operating procedure at Lake ©Ouachita has been
changed to conform to the lower flow at Malvern. <73>
DeGiray Lake: DeGray Dam 1is about 5.4 miles north of

Arkadelphia and controls a drainage area of 453 square miles
which is about 92 percent of the Caddo River watershed. The
DeGray Project consists of a main dam, earth dikes along the
reservoir rim, hydroelectric power generating facilities
consisting of one conventional unit and one reversible pump
turbine unit, a conduit for power and flood control release,

and a downstream regulating dam. The dam consists of a
compacted earthfill embankment 3400 feet long with upstream
and downstream slopes protected by riprap. This project

provides flood control, power generation,; conservation of fish
and wildlife resources, recreation, water guality control, and
water supply. The project was completed in 1972 but flood
control regulation began in 1969. Power generation started in
1971. <71, 73> o

The lake has a capacity of 881,900 acre-feet of water, as
shown in Figure 3-18, which includes 261,500 acre-feet for a
minimum permanent pool; 393,200 acre-feet for power supply,
recreation, and water supply; and 227,200 acre-feet for flood
control. The minimum permanent pool covers a surface area of
6400 acres at elevation 367 feet msl. <71, 73>

The power and water supply pool consists of 393,200 acre-
feet of water between elevations 367.0 feet and 408.0 feet
msl. The powerhouse which is on the downstream side of the
dam 1is operated remotely from Blakely Mountain Dam and
contains one 40,000 kilowatt generator and one 28,000 kilowatt

reversible wunit. Provisions for a third power unit are
included in the project design. Average annual power output
is 88.5 million KWH. The energy generated Iin excess of
project needs is marketed by the Southwestern Power

Administration. <71, 73>

The flood control pool, which is between elevations 408.0
and 423.0 feet msl, contains 227,200 acre-feet of storage
which is sufficient to control a flood with a magnitude of the

dual-peak flood of April 1927. The volume of runoff
controlled by the flood control pool 1is equivalent to 11.7
inches from the drainage area above the danm. The 227,200
acre-feet of storage in the flood control pool is equal to 9.4
inches of runoff from the drainage area. The remaining 2.3

inches of runoff would be released for power generation and
limited to 2000 c¢fs when the flow of the Ouachita River at
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figure 3~ 18

DeGRAY LAKE
(DeGray Dam)

ELEY
463.0

ELEV423.0 —— ——— — — — — — — o — — — —_—_————— e —_
FLOOD CONTROL POOL -227,200 Ac Ft
ELEY 408, 0 mmommmm oo oo e e e e o e o
POWER, RECREATION & WATER SUPPLY -398,200 Ac Ft =
ELEV 367.0 —-_8,400 8cres = . 5

PERMANENT POOL -281,600 Ac Ft

A

ELEY

210.0°
{(streambed)

ALL ELEV - MEAN SEA LEVEL

SOURCE: Corps of Engineers <71.73>'



Camden exceeded 20,000 cfs. The power pool was assumed to be
full at the beginning of the storm event.

The estimated frequency of reaching the emergency
spillway elevation (423 feet msl), is once in 8% years. The
maximum pool eleveation that has occurred since the dam has
been in operation was 420.2 feet msl on December 6, 1982 and
was within 3 feet of the emergency spillway crest elevation.
<38, 73, 74>

Above the lake’s storage capacity of 881,900 acre-feet, a
surcharge storage capacity of 495,100 acre-feet was designed
between 423 and 447.5 feet msl to control the maximum probable
storm of 26.0 inches of runoff assuming the flood control pool

to be full. The emergency spillway is located 1n a natural
saddle about 4000 feet east of the dam. The spillway is an
uncontrelled, unlined, broad-crested type with a crest

elevation of 423.0 feet msl., A free board of 5.5 feet places
the top of the dam at 453 feet msl. <38, 73>

Water 1is released from the dam through a unique intake
structure that can take water from three different elevations
in the reservoir resulting in three different water
temperatures through each entrance. The intake structure was
installed in this manner so as to preserve the warm water
fishery below the dam by releasing warm, high quality water
from various levels within the lake. The intake gates have
been at the upper release level (395.0 feet msl) since March,
1983. {38,733

Releases from Deiray are restricted by maximum values for
flood control and minimum values for water supply. When
DeGray's pool elevation exceeds 408.0 feet msl, the excess
storage will normally be released by power generation as soon

as possible. When the river stage at Arkadelphia exceeds 17
feet {(approximately 20,000 cfs), power generation is limited
to 816,000 KWH daily, one-half plant capacity, or
approximately 2000 cfs. After flows have receded at

Arkadelphia, the release rate from DeGray is regulated so as
not to exceed a flow of 20,000 cfs at Arkadelphia or a maximum

of 6,000 cfs from the dam. <38> According to information
supplied by the Vicksburg District of the Corps of Engineers
(written communication, 1987 - See Appendix A), the DeGray
Lake project is designed to release 250 MGD for water supply
downstream to the reregulating pool. Currently, 98 MGD are

released for water quality water supply and a total of 152 MGD
are avalilable for release to the reregulating pool for

municipal and industrial water supply uses. The sponsor for
water supply within the DeGray Lake project is the Ouachita
River Water District (ORWD). As the local sponsor, the ORWD

has the right tc contract with other entities for the sale of
water for water supply.
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The regulating dam, located 3 miles downstream from the
main dam, consists of an earth embankment, concrete gravity
spillway, and sluices. The crest of the dam 1is at elevation
235.0 msl and the crest of the spillway (top of the water
supply and pumping pool) 1is at elevation 221.0 msl. The top
of the water supply and pumping pool covers 430 acres and has
a storage capacity of 3,000 acre-feet. (38>

The regulating dam provides storage for water supply,
water quality, and pumped storage. A reversible turbine unit
is available to "pump-back"” power flows 1in excess of those
required for water supply from the regulating pool back to the
main lake which increases the dependable capacity of the lake
for producing hydroelectric power. Water availability and
fuel prices have not required the wuse of +the pump-back
facility other than for testing purposes and very limited use
(230 hours from October, 1374 through September, 1982).

<38, 73>

Lake Greeson: Narrows Dam is located north of Murfreesboro on
the Little Missouri River in Pike County and forms Lake
Greeson. The dam 1s a concrete gravity-type structure with
two non-overflow abutment sections, two regulated ocutlets for
flood control, and a power intake section. The 941 foot-long
structure is 190 feet high and controls flow from 237 square
mile of drainage area above the dam. The structure became
operational in 1950 and 1is operated for flood control,
hydroelectric power, fish and wildlife conservation, and
recreation purposes. <71, 73>

Lake Greeson has a storage capacity of approximately
408,000 acre-feet, which includes a minimum permanent pool of
77,600 acre-feet, a power generation pool of about 202,100
acre-feet, and 128,200 acre-feet for flood control. (See
Figure 3-19). The minimum permanent pool covers a surface
area of 2500 acres at 504 feet msl. <71, 73>

The power storage consists of 202,100 acre-feet of water
between elevation 504 and 548 feet msl. Theoretically, the
pool would be lowered to an elevation of 504 feet msl during
the most critical flow periods; however, the pool normally
fluctuates between 548 and 530 feet msl. Three ©power
generators have a capacity of 8,500 kilowatts each. Two of
the three units were installed during the initial construction
of the project and began power production in 1850. The third

unit was installed in 1970. The power plant 1is operated
remotely from the power plant at Blakely Mountain Dam.
Average annual power output is 30.4 million KWH.

Hydroelectric power which 1is surplus to the needs of the
project 1s marketed by Southwestern Power Administration.
<71, 73>
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filgure 3-19

LAKE GREESON
(Narrows Dam)

9.800 acres ELEV 5683.0'

FLOOD CONTROL POOL - 128,200 ac ft

7,260 acres ELEV548.0'

2,600 acres ELEV 504.0'

PERMANENT POOL - 77,800 ac ft
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SOURCE: Corps of Englneers (71,73)
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Flood control storage consists of 128,200 acre-feet of
water between 548 and 563 feet msl. This volume is equivalent
to 10.1 inches of runoff from the drainage area above the dam.
The flood control storage capacity was designed to control the
maximum flcocod of record assuming the power pool to be full.
In practice, the power pool is usually down to about 530 feet

mgl at the beginning of the flood season. The estimated
frequency of reaching the emergency spillway elevation of 563
feet msl is once in 50 years. When filled to the emergency

spillway crest elevation, the lake extends up the Little
Missouri River Valley for a distance of more than 13 miles
with a surface area of 9800 acres and a 155 mile shoreline.
Lake Greeson reduces flood peaks on the Little Missouri River
by one to three feet and on the Ouachita River at Camden by
about one foot. The dam, combined with channel improvements,
has prevented an estimated $4.1 million in basin flood damages
through September, 1979. <71, 73>

Above the lake's storage capacity of 408,000 acre-feet, a
surcharge storage capacity of 192,700 acre-feet of water
between 563 and 580.2 feet msl is designed to control the
maximum probable storm of 23.0 inches of runoff assuming the

flood control pool to be full. A record poocl elevation of
£64.6 feet msl was recorded in May, 1968 which was 1.6 feet
above the emergency spillway crest. Flow through the

spillway, which is located in the center section of the dam,
at the time of the crest was 900 cfs. A freeboard of 0.8 foot
places the top of the dam at 581 feet msl. <71, 73>

Releases from the dam are restricted when river stage
downstream at Boughton, Arkansas {about 60 miles downstream)
approaches bank-full conditions. The restricted discharge
from the reservoir is equivalent to one generator operating
continuously, but peaking is permitted up to the capacity of
two units as long as the daily release does not exceed 900
cfs. <73>

Lake Hamilton: Carpenter Dam is about 19 miles downstream
from Blakely Mountain Dam on the Ouachita River and forms Lake
Hamilton. The concrete gravity dam controls a drainage area

of 1420 square miles; however, about 1100 square miles of the
drainage area are controlled by Lake Cuachita which provides

flood storage for downstream areas. The dam was put 1in
operation 1in 1932 for power generation and recreation. As
shown 1in Figure 3-20, storage capacity of the lake is

approximately 191,000 acre-feet which includes 71,000 acre-
feet for a minimum permanent pool and 120,000 acre-feet for
power storage. Lake Hamilton covers about 7,200 acres at the
top of the power pool (elevation 400 feet msl) and is about
18.5 miles long. <12, 53, 72> :
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The powerhouse at Carpenter Dam is built into the dam and
has two vertical hydraulic turbine generators with a total
rating of 56,000 kilowatts. Average annual power generation
is 92 million KWH. <53>

The shores of Lake Hamilton have become highly developed
over the past years, and as a result a pool elevation of 399
to 400 feet msl is generally maintained. Either Lake Hamilton
or Lake Catherine is 1lowered each winter for management of
lake fisheries and to allow property owners to construct and
maintain recreation facilities. Lake Hamilton was lowered to
about elevation 395 feet msl in November of 1985 and was
allowed tc fill back up to the top of the power pool (400 feet
msl}) in the spring of 1986, The lake will be drawn down again
in November of 1987. <53>
Lake Catherine: Remmel Dam is about 12 miles downstream from
Carpenter Dam on the Ouachita River and forms Lake Catherine.
The reinforced concrete slab and buttress dam controls a
drainage area of about 1,540 square miles; however, about
1,100 sgquare miles of the drainage area are controlled by Lake
Ouachita which provides the flood storage for downstream
areas. Remmel Dam was put into operation in 1924 for power
generation and recreation. Storage capacity of the lake is
approximately 37,000 acre-feet which includes about 15,400
acre-feet for a minimum permanent pool and about 21,300 acre-
feet for power generation. (See figure 3-21). Lake Catherine
covers about 1,940 acres at the top of the power pool (305
feet msl) and is approximately i1 miles long. <12, 53, 72>

The powerhouse at the dam contains three vertical
hydraulic turbine generators with a +total rating of 9300
kilowatts. Average annual power generation is 50 million KWH.

To operate the lake for recreational purposes, a pool
elevation of about 305 feet msl is generally maintained.
Either Lake Hamilton or Lake Catherine is lowered each winter
for management of lake fisheries and to allow property owners
to construct and maintain recreation facilities. Lake
Catherine was lowered to about 300 feet msl in November of
1986 and was allowed to fill back up to the top of the power
pool (305 feet msl) in the spring of 1987. The lake will be
drawn down again in November of 1988. <563>

White Oak Lake: White Oak Lake is located in Ouachita County
between Camden and Prescott. The lake was constructed in 1960
by damming White Oak Creek. <7 White Oak Creek flows in a
northerly direction and empties inte the Little Missouri
River.
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White Oak Lake is owned by the Arkansas Game and Fish

Commission and is operated for recreational purposes. The
total area covered by the lake is 2676 acres and total storage
in the lake is 21,408 acre-feet. This lake 1is the second

largest Game and Fish Commission lake.

Actually, White ©Oak Lake should be considered as two
regervoirs since two dams form two separate bodies of water.
Upper White Oak Lake, which is south of the lower lake, covers
1031 acres and has a storage capacity of 8248 acre-feet.
Lower White Oak Lake covers 1645 acres and contains 13,160
acre-feet of water.

Impoundment Water @Quality

The water gquality of five of the major impoundments in
this basin 1s addressed in this section. Lakes Ouachita,
Hamilton, and Catherine are located in series on the Ouachita
River near Hot Springs. The tailwater of Lake Ouachita is the
headwater of Lake Hamilton, and the tailwater of Lake Hamilton
is the headwater of Lake Catherine. Lake DeGray is located on
the Caddo River and Lake Greeson is located on the Little
Missouri River.

A report by Nix <56> on the water-quality conditions of
Lakes DeGray, Ouachita, and Greeson includes data collected
during the 1985 water year (October, 1984 through September,

1985}, The three reservoirs have been monitored by Nix since
1973, under contracts with the Vicksburg District, Corps of
Engineers. <H6> Additional information on DeGray, Ouachita,

Greeson, Hamilton, and Catherine has been provided by Nix
through the Arkansas Lakes Interim Study <55>, which was also
funded by the Vicksgburg District. Sixteen Martek water-
gquality monitors were installed upstream and downstream of the
five lakes. Temperature, dissolved cxygen, specific
conductance, and pH measurements have been recorded at 30-
minute intervals since September 1981, Vertical profiles of
these constituents have also been taken at one site in each of
the five reservoirs at approximately weekly intervals. <557
Thermal stratification is one of +the most important
phencmena affecting reservoir water quality. When fully
developed, a reservoir can be characterized by three =zones.
The epilimnion is the uppermcst warm strata of nearly uniform

temperature. The cold, deep region of the reservoir is the
hypolimnion. The metalimnion 1is the zone between these two
and is characterized by a strong temperature gradient. The
plane of maximum temperature gradient within the metalimnion
is known as the thermocline. <45>
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Lakes DeGray, Ouachita, and Greeson: Thermal stratification
patterns for DeGray, Ouachita, and Greeson were similar during
the period of investigation (1985 water year). (56> Very
slight stratification persisted in mid-January in Lakes
DeGray, Ouachita, and Greeson, but had disappeared by mid-
February. Spring stratification began to develop by mid-March
which indicates that the reservoirs were in a mixed condition
for only about two months, <H8>

Lakes Greeson and Quachita are considered mid-level
release reservoirs since power releases are made from an
elevation below the thermocline but above the bottom of the

reservoir. Releases from these reservoirs are generally quite
cold. Releases from DeGray are made from a multi-level inlet
structure. This structure is presently set to draw water from

the uppermost strata of the lake; therefore, releases from
DeGray most nearly approximate natural water temperatures.
<56>

The dissolved oxygen profiles for DeGray, Ouachita, and
Greeson are dominated by a well oxygenated epilimnion, and a
moderately oxygenated hypolimnion as shown in Figures 3-22,
3-23 , and 3-24 . However, the degree to which thege
conditions develop 1is different for each of the reservoirs.
The metalimnetic dissolved oxygen minima generally progresses
to anoxic conditions in Lake Greeson much earlier than in
Lakes DeGray or QOuachita. (56>

The dissolved oxygen profile observed in Lake Greeson
during November and December of 1984 (See Figure 3-24) was
significantly different from that observed in previous years.
By October, essentially anoxic conditions existed wunder the
thermocline in Lake Greeson. The distribution of dissolved
oxyvegen during November suggests that OX¥gen had been
introduced to the deep hypolimnion while still maintaining the

metalimnetic dissolved oxygen minima. <56> This occurrence
may- be related to an underflow situation which has been
observed in other reservoirs,. {H2> Cold oxygenated water
completely under flows the reservoir after a cold rain leaving
the anoxic water at a higher elevation, producing the
metalimnetic minima. <56

During the fall and early winter of 1984, the
metalimnetic region and the deep hypolimnion of Lake Ouachita
also became anoxic. In previous years, the wmetalimnetic

dissclved oxygen minima did not develop to anoxic conditions
and the hypolimnion maintained moderate levels of dissolved
oxygen late into the stratified season. <b&>

Profiles of specific conductance in Lakes DeGray,
Quachita, and Greeson are consistent with the development of
reduced species in the anoxic =zones. When the metalimnion
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figure 3-22
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flgure 3-23

LAKE OUACHITA
DISSOLVED OXYGEN PROFILE IN MG/L
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figure 3-24

LAKE GREESON
DISSOLVED OXYGEN PROFILE IN MG/L
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becomes anoxic, specific conductance values 1ncrease, due
mainly to an increase in concentrations of iron and manganese.
The increased concentrations of reduced species in a portion
of the water column which does not extend to the bottom muds
suggests the advective transport from upstream hypolimnetic
water. <b6>

Samples taken from the water column at depths of 0%, 5%,
50%, and 95% of the total depth indicated that Lakes DeGray,
Quachita, and Greeson had similar water types. The reservoirs
contained water which, 1n general, was low 1in most of the
dissolved components. Nutrient levels were not excessive, and
productivity levels, as indicated by chlorophyll
concentrations, were within the range found for most
reservoirs in Arkansas. As anaerobic conditions developed in
the deep hypolimnion of the reservoirs, mcderate increases in
pheosphorus and ammonia nitrogen were observed. Seasonal
cycling of nitrate was observed in the reservoirs with winter
peaks reaching 0.2 mg/L and summer lows below the detection
limit of €¢.02 mg/L. <B6>

There are some differences in the waters of Lakes DeGray,
Quachita, and Greeson. DeGray seems to be the most nutrient
rich (phosphorus and nitrogen), but Greeson appears to have
higher concentrations of rhytoplanton and chlorophyll.
Turbidity is also slightly higher in Lake Greeson. <56>

The low nutrient concentrations observed by Nix in the
deeper, more open sections of the lakes do not necessarily
reflect the condition that exists in pockets or in the
upstream sections of the reservoir. These data should not be
interpreted as being representative of the entire reservoir.
Nutrient problems in isolated pockets could very easily exist
without being detscted at the open water stations. <56>

According to a report by the Corps of Engineers’ Waterway
Experiment Station <75>, sediments are deposited 1in DeGray
Lake in a unigue manner, Although reservoirs are expected to
exhibit a gradient of decreasing sediment particle size from
the headwaters to the dam, median particle size in DeGray Lake
increases from the headwaters to the dam. Actually, an abrupt
change in median particle size occurs approximately 8 miles
above the dam at a very narrow, constricted portion of the
lake. The smaller sized sediments in the upper portion of the
lake suggest the accumulation of riverborne material.
Sediments in the lower portion of the 1lake have larger and
more variable median particle sizes, are less influenced by
river inputs, and are more representative of pre-impoundment
soils. The presence of leaves, twigs, and other debris 1in
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several samples from the lower portion of the lake support
this theory. The area of the lake above the restriction is,
more or less, acting as a debris basin with most of the
riverborne sediments being deposited in the upper porticn of
the lake. (75>

Lakes Hamilton and Catherine: The releases from Lake Ouachita
affect Lake Hamilton, Lake Catherine, and the Ouachita River
downstream from Lake Catherine. Water released from Lake

Ouachita flows directly into the upper end of Lake Hamilton,
and is about 52°F during most of the summer and fall periods.
<55>

During periods of stratification, the cold releases from
Lake Ouachita dive under the warm epilimnion of Lake Hamilton
and move through the deeper portion of the lzake. The cold
discharges from Lake Hamilton do the same in Lake Catherine.
Therefore, the epilimnion of the two lakes ({(Hamilton and
Catherine}), along with the water in their side pockets, do not
receive the "flushing action”" from the upstream releases. The
lack of this "flushing action”" results in Lake Hamilton and
Lake Catherine being somewhat atypical when compared to the
other lakes in the basin because the "unflushed” epilimnion
remains nutrient rich or polluted. <55>

Federal Projects

USDA - Soil Conservation Service

The Watershed Protection and Flood Prevention Act
(Public Law 83-566) of 1954 authorized the Secretary of
Agriculture to cooperate with states and local agencies in the
planning and carrying out of works of improvement for soil and
water conservation. Both technical and financial assistance
is provided under the P.L. 83-566 program to local
organizations representing people living in small watersheds.
Eligible purposes are projects that (1) prevent damage from
erosion, floodwater, and sediment; (2) further the
conservation, development, utilization, and disposal of water;
or {3) conserve and properly use land. <91>

The Upper Ouachita Basin has been divided into 52
watersheds. Seven of these watersheds have been authorized to
be planned as projects as shown in Table 3-25 and Figure 3-25.
Currently, three watersheds are under construction, one
watershed is authorized for operations, and three watersheds
have had planning authorized. Brushy Creek, Terre Noire
Creek, and Terre Rouge Creek Watersheds had planning
authorized but were suspended or terminated due to lack of
interest by local sponsors and/or lack of economic
feasibility. (86>
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TABLE 3-25

STATUS OF USDA (SCS) WATERSHED PROJECTS

NAME STATUS

UPPER OUACHITA RIVER AUTHORIZED FOR OPERATIONS -
UNDER CONSTRUCTION

TERRE NOIRE CREEK PLANNING AUTHORIZED -
SUSPENDED OR TERMINATLED

NORTH FORK OF OZAN CREEK AUTHORIZED FOR OPERATIONS -
UNDER CONSTRUCTION

BRUSHY CREEK PLANNING AUTHORIZED -
SUSPENDED OR TERMINATED

OZAN CREEKS AUTHORIZED FOR OPERATIONS

SOUTH FORK AUTHORIZED FOR OPERATIONS -

UNDER CONSTRUCTION
TERRE RCUGE CREEK AUTHORIZED FOR OPERATIONS -
SUSPENDED OR TERMINATED

SOURCE: USDA, SOIL CONSERVATION SERVICE <86>

138



681

WATERSHED

W@ -

UTHORIZED FOR
OPERATIONS
{Under Conetruction)

PLANNING
mAUTHOHIZED
(8u ed or Termlnated)
AAUTHORIZED FOR
OPERATIONS

TIPOTENTIAL

UPPER QUACHITA RIVER
TERRE MOIRE CREEK
NORTH FORK OF
DZAN CREEK

BRUBHY CREEK

OZAN CREEK

SOUTH FORK

TERRE ROUGE CREEYX
BLAGK BRANCH

BIG FORK RIVER
FRENCH CREEK
MUDDY FORK
DECEIPER CREEK

|
2

L\’\-\_/\,-J‘

BOURCE: U.S.D.A., Soll Conservation Service <30.BB>

S103r0Hd dIHSHILYM (SOS)vasn 4O SNLYLS

e - e4nfbyy



The Upper OCuachita River Watershed is auvthorized for

operations and is under construction. This project includes
land treatment and structural measures for waterghed
protection, flood prevention, municipal and industrial water
supply, and recreation. Land treatment measures are planned
for approximately 700 acres of cropland, 7400 acres of
pastureland, and 1000 acres of forest land. Structural
measures consist of two multiple purpose structures.

Structure Number 1, which iz located on JIrons Fork and has
been constructed <37», provides municipal and industrial water
for the City of Mena and flood protection for crop and pasture
lands. Structure Number 2, located on Ward Creek, will
provide wurban flood prevention for the City of Mena and
recreation for the public including recreational facilities.
Damages in Mena from flooding on Ward Creek will be virtually
eliminated when land treatment measures and Structure Number 2
are installed. When the entire project is completed, the area
flooded from +the 100-year storm will be reduced from 1200
acres to 100 acres. <79

The South Fork Watershed 1s authorized for operations and

is under construction. This project includes land treatment
and structural measures for watershed protection, flood
prevention, and municipal and industrial water supply. Land

treatment measures have been ©planned for 400 acres of
cropland, 2000 acres of pastureland, and 2900 acres of forest
land. Structural measures of this project include two single-
purpose floodwater gtructures and one mwmultiple purpose
structure for floocd prevention and municipal and industrial
water supply. Structure Number 3, a single purpose floodwater
retarding structure on North Fork, has been constructed. <37>
The multiple purpose structure (site 2) will be located on Big
Cedar Creek and will provide municipal and industrial water to

Mount Ida while reducing downstream flooding. When this
project is completed, flocoding will be reduced on the entire
1606 acre flood plain. The floocd plain represents the area
that would Dbe inundated by a flood having a recurrence
interval of 100 years. The average annual area flooded will
be reduced 62 percent, from 1434 acres to 539 acres. This

project will eliminate flooding in Mount Ida from storms of
less than a l2-year frequency. <80>

The North Fork of Ozan Creek Watershed is authorized for
operations and is under construction. This project includes
land treatment and gtructursal measures for watershed
protection and flood prevention. Land treatment measures have
been planned for 5400 acres of cropland, 3000 acres of
pastureland, and 1400 acres of forest land. Structural
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measures consist of 8 floodwater retarding structures and
selective snagging in the stream channel. The original plan
included 64,000 feet of channel enlargement, but due to
environmental considerations, channel capacity will be
increased only by selective snagging. Sites 1, 2, 3, 4, and 5
have been completed. Upon completion of this project, 4315
acres of flood plain land will be benefited. <58, 78>

Ozan Creeks Watershed is authorized for operations. This
project will include land treatment and structural measures
for watershed protection and flood prevention. Land treatment
measures are planned for 9000 acres of cropland, 22,000 acres
of pastureland, and 6100 acres of forest land. Structural
measures will consist of 22 floodwater retarding structures
and approximately 250 acres of land stabilization measures.
This project will reduce flood damages on the 11,426 acres of
flood plain. The average annual area flooded will be reduced
by 25 percent, from 25,358 acres to 19,124 acres. <81>

In addition to the seven sauthorized watersheds, other
watersheds have the potential to be PL83-566 projects for the
purposes of flood control, drainage, and/or irrigation water
supply. Potential for flood control exists on the Big Fork
River, French Creek,; and Muddy Fork watersheds (See Water
Quantity Recommendations). Potential for watershed protection
projects exists on Pine Creek (within Terre Rouge Watershed)
and Deceiper Creek Watershed (See Water Quality
Recommendations) .

Corps of Engineers Projects
Reservoirs have been constructed and stream channel
capacities have been increased by works of the Corps in the

Upper Ouachita Basin. The major projects of the Corps in this
basin are shown in Figure 3-26 and the status of each project
is listed in Table 3-26. The numbers preceding the project

names in the table correspond to those in Figure 3-26.

The Corps of Engineers has constructed Lake Ouachita,
DeGray, and Greeson in the Upper Ouachita Basin. Lake
Quachita was authorized by the Flood Control Act of 1944,
Public Law 78-534. Lake Greeson was authorized by the Flood
Control Act of 1941, Public Law 77-228, which was amended by
the Public Law 78-534, Degray Lake was authorized by the U.S.
Congress in the Rivers and Harbors Act of 1950. <7T3>
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figure 8- 28
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TABLE 3-26

MAJOR PROJECTS OF THE CORPS OF ENGINEERS

NUMBER1/ PROJECT NAME STATUS
1 . BLAKELY MOUNTAIN DAM (LAKE OUACHITA) COMPLETED
2 DEGRAY DAM (DEGRAY LAKE) COMPLETED
3 NARROWS DAM (LAKE GREESON) COMPLETED
4 MURFREESBORO DAM (MURFREESBORO LAKE) DEAUTHORIZED
5 LITTLE MISSOURI RIVER, OZAN CREEK, COMPLETED

AND TERRE NOIRE CREEK

6 OUACHITA RIVER COMPLETED

1/REFER TO FIGURE 3-26, MAJOR PROJECTS OF THE CORPS OF
ENGINEERS

SOURCE: U.S. ARMY CORP OF ENGINEERS <71>

The original authorized purposes of Lake Greeson and Lake
Ouachita are flood control and hydroelectric power production.
This authority was amended in 1944 to include public
recreation. Authorized purposes of DeGray Lake are flood
control, hydroelectric =~ power Eeneration, water supply,
navigation, and recreation. A secondary benefit derived from
the project is pollution abatement. <73> Information on the
design and operation of these lakes 1g presented in the
Impoundments section of this report.

Congressional authorization in 1950 provided for +the
construction of Murfreesboro Dam (Murfreesboro Lake). The dam
was to be constructed on Muddy Fork, a tributary of the Little
Missouri River about four miles west of Murfreesboro. The
project would provide flood contrcocl benefits and allow other
improvements in the watershed to better control floods below
the damsite along the Muddy Fork and the Little Missouri
River. The project is in a "deauthorized” status. <71>
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Congressional authorization of the overall Ouachita River
and Tributaries Project provided for channel improvement on
the Little Missouri River below Murfreesboro, Ozan Creek, and
Terre HNoire Creek. The work provides a degree of flood
control and drainage to developed areas amlong the respective
streams. Improvements on Terre Noire Creek were completed in
1948 while work on the Little Missouri River and Ozan Creek
was finished in 1956. Improvements are maintained by local
interests., Estimated flood damage prevention by these channel
improvements on the Little Missouri River, Ozan Creek, and
Terre Noire Creek through September, 1979 wes almost $500,000.
<71>

Development of the Ouachita River for navigation was
first authorized over 100 vears ago (1871) and consisted of
channel clearing and snagging from Arkadelphia to the mouth.
The original project was modified in 1950 to increase the
channel to a nine-foot navigation depth extending up to Camden
on the COuachita River. 71> Most of the project is located
outside this basin; however, the segment of the navigation
project from Camden to the basin boundery (approximately 5
miles southeast of Camden) is within the Upper Ouachita Basin.

144



SURFACE-WATER RESOURCE PROBLEMS

To insure future productivity and economic growth,
adequate water supplies must be available. The overriding
policy of the Arkansas Soil and Water Conservation Commission
in the area of water management is to insure Arkansans with
sufficient water quantity of a quality satisfactory for the

intended beneficial use. This basin is a highly productive
region with a diverse economic base that includes agriculture,
forestry, mining, recreation, and tourism. Without adequate

quantities of water with acceptable quality, production from
economic activities 1in the basin could be significantly
impacted.

A series of public meetings were held within each
conservation district to determine the public perception of
and concerns with problems associated with so0il, water, and
related resources. These meetings fulfilled the requirements
of the So0il and Water Resources Conservation Act ({RCA) passed
by Congress in 1977. This Act directed the Secretary of
Agriculture to conduct a continuing appraisal of the status
and condition of our scil, water and related resources. The
purpose of RCA is to insure that programs administered by the
Secretary of Agriculture for the conservation of soil, water
and related rescurces respond to the naticon's long term needs.
Broad based participation 1in the RCA effort by €groups,
organizations, and the general public is a primary objective
of the Act and is necessary to ensure that programs respond to

the public needs. Included in the following list are those
concerns and problems voiced by the public and various state
and federal agencies. The categories of expressed concern
within the basin were as follows: <60~

Flooding Food and Fiber Production

Scil Erosion Land Use

Water Supply Solid Waste Disposal

Forestry

The potential exists for a dramatic increase 1n water use
in this basin. Significant increases in water used for public
supply and irrigation may cause water use to I1ncrease to as
much as 450 MGD in the future. Problems with water quantities
in the basin include the following: {1} use of water stored
in major impoundments, {(2) availability of surface water for
public supplies and irrigation, and (3) flooding. Water
quality problems include problems from concentrated land use
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practices, municipal and industrial discharges, low buffering

capacities, and problems from +the tailwaters of +the major
reservoirs. Also addressed 1in this section are problems
associated with the determination of instream flow

reguirements,

Surface-Water Quantity Problems

Availability

Streamflow in the Upper COuachita Basin is adequate, on an
average annual basigs, to satisfy existing water needs in the
basin. Iin fact, as previously determined in the excess
streamflow section of the report, 425,000 acre-feet of water
in the Dbasin, which 1is approximately equal to one-half the
amount of water stored 1in Lake ©Ouachita, 1is excess surface
water which is available on an average annual basis for other
uses. However, the determination of streamflow availability
based on average annual streamflow can be very misleading.
This is illustrated by an example of the streamflow
variability for the Antoine River at Antoine. Computations of
current available streamflow for the Antoine River at Antoine
{current avallable streamflow section) show that 103 cfs of
water is available for other uses on an average annual basis.
However, on a mean monthly basis, the available water ranges
from 22.7 cfs in August to 206 cfs in March. In addition,
approximately twenty percent of the time, daily mean
streamflow of the Antoine River has been 5.0 cfs or less for
the period of record (1955-85) at the gaging station. Due to
the variability of flow of the Antoine River and of other
streams in the basin, the majority of streamflow is available
during the winter and spring months of the vyear with
considerably less water avallable during the summer and fall
months when water use demands are generally highest.
Therefore, planning efforts should be focused on the low-flow
periods when streamflow availability can be a problem.

Streamflow wvariability of wunregulated streams can, at
times, cause problems in the amount of water available for use
from the streams. Availability of streamflow can also be a
problem downstream of the reservoirs in the basin. Generally,
regulation of streamflow by reservoirs in the basin has
reduced streamflow variability by increasing the base flows
and decreasing the peak flows of streams downstream of the

reservoirs. Therefore, reservoir regulation does, at times,
increase the amount of flow available from streams during
periods of significant water use. However, low-flow problems

can occur in streams where flows are regulated, especially
those areas downstream of hydroelectric power facilities.
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This problem 1is 1llustrated in Figure 3-27 which shows the
daily mean discharge for the ©Quachita River at Blakely
Mountain Dam downstream of Lake OQuachita for the 1981 water
year. Blakely Mountain Dam is operated for purposes such as
flood control and hydropower generation. Due to the pattern
of water releases from the dam for these purposes, streamflow
of the Ouachita River immediately downstream of Lake Ouachita
is extremely variable on a daily basis as shown in Figure 3-
27. In fact, streamflow of +the Ouachita River at +this
location during the 1981 water year was often only 20 cfs,
The problem of frequent low-flow conditions immediately
downstream of reservoirs was also illustrated for the Little
Missouri River downstream of Narrows Dam in Figure 3-8 in the

Minimum Streamflow section of the report. The previous
examples illustrate that the pattern of water releases from
reservoirs in the basin can cause low-flow problems

immediately downstream of the reservoirs which may affect
instream and off-stream uses of the water.

In addition to the problems that may exist at times due
to streamflow variability, there is also a problem with the
accessibility of surface water for use. According to Arkansas
Water Law <11>, only riparian landowners can use the flow from
streams and rivers that are adjacent to their property.
Therefore, even though flow may be present in a stream, it is
not accessible to the majority of landowners who may need the
water.

Reallocation of Reservoir Storage

Corps of Engineers reservoirs 1in this basin have a
combined storage of nearly 3.8 million acre-feet, <7T1> This
storage 1is divided into different authorized purposes such as
power generation, flood contrecl, water supply, and recreation.
However, each lake is not authorized for all purposes. For
instance, of the three major reservoirs (DeGray, Ouachita, and
Greeson}, only Lake DeGray has an authorized purpose for water
supply and recreation. A reallocation of authorized storage
of water in the major reservoirs of the basin may be needed
for water supply, recreation pool levels, or downstream needs
such as riparian use, water quality, or fish and wildlife
needs.

Prior to construction of +the various reservoirs, a
certain base or average flow occurred in the stream impounded.
This water was available to riparian users, for dilution of
contaminants, and to the fisheries of the stream.

Construction of dams with hydropower generation
capabilities has impacted fisheries. Temperature changes
caused by deep water releases necessitated the introduction of
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cold water specles as a mitigatory. measure. However, project
operation procedures are adversely impacting the cold water
species. During the summer, flows are occasionally reduced to
only leakage from +the dam. Summer temperatures and low
streamflows cause water temperatures to rise dangerously close
to levels fatal to coldwater species. A reallocation of
storage for release as a base flow is needed to sustain a
minimal flow higher than current leakage flows.

Other aspects of project operation impact recreational
use of the lake. Hydroelectric generation during dry periods
lowers lake levels. Lowered lake levels can: cause dangerous
boating conditions, inconvenience dock operators, limit access
to public launch ramps, and create unaesthetic shoreline
conditions. Although recreation was not an authorized storage
purpose for many Corps of Engineer lakes, it is possible that
benefits to local economies from recreation could surpass the
benefits of hydropower generation.

Many cities are approaching the maximum potential of
their water supply. Others are switching from guestionable
groundwater sources, However, few suitable reservoir sites
remain. Cost of development increases as special interest
groups oppose impoundments or reguire certaln design features.
Permitting, environmental impact statements, and other
governmental requirements increase project cost. As these and
other factors accumulate, purchase of storage for a water
supply source from an existing Corps lake may become a
feasible alternative.

Because the cost of the reallccation is determined by the
highest of benefits foregone,;, replacement cost; or the updated
cost of storage in the project; reallocation may be cost
prohibitive, In most cases, the updated cost is highest. "In
the updating method, the construction cost of the project will
be wupdated from +the midpoint of the physical construction
period to the beginning of the fiscal year in which the
contract for the reallocation storage is approved by use of
the Engineering News Record Constructicn Index." <705 This
cost is to be repaid at the current water supply rate within
the physical life of the project, not to exceed 50 years.

The Interstate Conference on Water Policy ({(ICWP) is a
national association of state and regional water officials
concerned with all aspects of water resources. Each year a
statement of policy outlining water-related concerns of the
ICWP is published. One such policy statement is as follows:

"The Water Supply Act of 1958 provides a policy for non-
Federal payment of water supply costs at Federal reservoirs,
both for participants at the time of project construction and
for those who purchased reallocated storage at a later time.
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The payment required has been based .on a simple principle:
new water supply participants should pay for reallocated water
supplies what they would have paid if they had been water
supply participants when the project was built.”

"In recent years, the Federal government has developed a

new policy on payment for reallocated water supplies. The
U.S8. Army Corps of Engineers now states that its policy is to
charge the highest of the following: benefits or revenues

foregone, replacement costs, or updated cost of storage in the
Federal project.”

"Under this new policy, the Federal government has 1in
several cases sought repayment of "updated costs" of storage
in the Federal project. This means that after reallocation of
project purposes, the +total original construction cost has
then been distributed among the new mix of project purposes.
The share of the original cost reallocated to water supply has
then been increased to present cost levels by using the
construction cost index in the Engineering News Record. Non-
Federal participants are asked to pay this inflated cost, plus
interest at the rate in effect at the time of reallocation, as
opposed to the interest rate at the time of project
construction.”

"This new Federal policy has been established by agency
initiatives, rather than by Congressional action, and has not

been applied consistently - across the nation. During the
period since 1877, the new cost recovery policy has been
applied in some cases,; but not in others." <44>

The Arkansas Soil and Water Conservation Commission is in
support of the ICWP position.

Flooding Problems

There are approximately 585,000 acres located within the
100-year flood plain in this basin. Land use within the flood
plain consists of an estimated 50,000 acres of cropland,
76,000 acres of pastureland, 457,000 acres of forest land, and
2,000 acres of other land uses. (85>

Damages from floods vary in different topographic regions
of the basin, Mogt flood damage in the Ouachita Mountains is
caused by the high velocity of water which deposits gravel and
rocks on flood plains, washes out roads, and destroys fences

and buildings. Loss due to inundation is limited to crop
damage in the narrow flood plains. <34>

Flood damages in the Coastal Plain are caused by
inundation. Streams in the Coastal Plain are sluggish and

large areas in the flood plains are occasionally inundated;
however, peak flows along the Ouachita River have been greatly
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reduced by storing floodwaters in Lake Ouachita. In effect,
the 1,105 square miles of drainage area above Blakely Mountain

Dam does not contribute to peak flows downstream. <34>

An estimated 5,700 acres of cropland flood one time per
year. An additional 13,300 cropland acres flood once every
two years, and approximately 7,700 more acres of cropland
flood once every five years. <82> Because of flooding and/or
lack of drainage, approximately 45 percent of the cropland in
the basin is classified as being "wet". <85> These "wet"

cropland areas may have other significant problems but excess
water is the major restriction.

An estimated 3.2 million dollars (1977 Price Base) 1in
damages occur annually to crop, pasture, and forest lands
within the flocod plain. Total damages, which include damages
toc roads and bridges, wurban areas, and other agricultural

areas, are estimated to be approximately 5.0 million dollars
(1977 Price Base) annually. {83> Specific problem areas that
presently are not a part of a flood control project include
Terre Rouge Creek, Terre Noire Creek, Brushy Creek, Black
Branch (Friendship Bottoms), French Creek, Muddy Fork, and the
Big Fork River. {30, 86>

Surface-Water Quality Problems

The water quality of streams and lakes of +the Upper
Ouachita BRasin 1is generally good <6>, but several water-
quality problems exist in the basin. The problems addressed
in this section include the effects of basin-wide land use
practices, municipal and industrial discharges, low buffering
capacities, and the tailwaters of the major reservoirs.

Land Use Practices

Land use in the Upper Ouachita Basin is described 1in
detail in the Land Resource Section of this report. Excessive
soil erosion, which occurs mainly on cropland and forest land,
and degradation of surface runoff from concentrated animal
feeding operations appear to be the major water aquality
problems as a result of basin-wide land use practices.

Excessive Scil Erosion: Excessive so0il erosion can cause
water quality problems such as increased levels of turbidity,
pesticides, and nutrients. Areas most severely impacted are
generally those areas where there 1is insufficient water
available for dilution. Such areas include upper reaches of
streams and tributaries, and side pockets of reservoirs.
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As discussed in the water quality inventory, turbidity
levels appear to be increasing in the basin as streams flow
from the Ouachita Mountains region into the Coastal Plain and

Blackland Prairie area. A major reason for this occurrence is
probably the difference in land use practices of the two
regions. More than 90 percent of the c¢ropland in the basin

occurs in the Coastal Plain and Blackland Prairie regions.
(85> Also, cropland covers only three percent {(See Table 2-1)
of the basin, but it accounts for almost 40 percent of the
total sheet and rill erosion occurring 1in the basin as
described in Chapter IT. A certain amount of erosion is,
however, unavoidable.

In order to identify excess erosion, tolerable levels of
erosion must bhe defined. The soil loss tolerance value (T-
value) indicates the rate of soil loss in tons per acre per
vear that will allow a high level of production to be
sustained economically and indefinitely. Any combination of
cropping and management practices that will keep soil losses
at or below the T-value for a specific soil will provide

satisfactory erosion control for that soil. T-values
generally range from 1.0 to 5.0 tons per acre per year. <89>
The erosion that 1s occurring on non-federal rural land
in the basin is shown in relation to "T" on Table 3-27. Most
of the land is in the less than "T" category meaning that, in
general, there is not a significant erosion problem. However,

approximately 60,000 acres of cropland and about 30,000 acres
of forest 1land in the basin are eroding above tolerable
levels., Watershed protection may be necessary in some of
these areas (See Water Quality Recommendations).

Concentrated Feeding Operations: When large concentrations of
animals are located in areas where their wastes are not
managed properly, the potential for high nutrient
concentrations in surface runoff is great. As part of an

inventory of confined animal feeding operations in 1983 <(93>,
the So0il Conservation Service 1identified a portion of the
Upper Ouachita Basin as a problem area due to the number of

concentrated feeding operations in the basin. The waste study
area shown in Figure 2-5 includes all of Montgomery, Nevada,
and Pike Counties, and a portion of Hempstead and Polk

Counties.

Degradation of surface waters from concentrated feeding
operations can occur in several ways. For example, nutrients
may be transported by surface runoff from the c¢oncentrated
confinement site, the waste application site, or the improper
disposal of dead animals.
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TABLE 3-27

EROSION IN RELATION TO T

<T <T <T
LAND USE 1000 TONS 1000 ACRES TONS/ACRE
CROPLAND 138.4 58.8 2.4
PASTURELAND 152.1 505.1 0.3
FOREST LAND 272.0 1984.2 0.1
OTHER 20.5 19.8 1.0
TOTAL 583.0 2567.9 0.2

SOURCE: USDA, SOIL CONSERVATION SERVICE

NON-FEDERAL RURAL LAND

T-2T
1000 TONS

E========CcC

T-2T T-2T
1000 ACRES TONS/ACRE

30.6 6.3
2.0 4.9
15.7 4.8
3.1 4.7
51.4 5.7

»2T
1000 TONS

>2T
1000 ACRES

>2T
TONS /ACRE



As shown in Table 2-8, the highest waste application
rates occurred in Polk, Pike, and Hempstead Counties. A
pellution hsazard exists on approximately 13 percent of the
application sites and on about seven percent of the
confinement locations. <90> The high concentrations of fecal
coliform bacteria identified in the Water @Quality Inventory
gsection of this report may be influenced by animal wastes.
Specific impacts of confined animal operations on water
quality in the basin have not been documented.

Another potential problem from concentrated feeding
operations results from improper disposal of dead animals. It
was estimated that approximately 60 percent of the confined
animal operations in the waste study area employed surface
disposal methods in 1983. <90>

Municipal and Industrial Discharges
Water quality is impacted by municipal and industrial

discharges in the basin. Above Lake Ouachita, the Ouachita
River has high quality water, but as the river flows past Hot
Springs, municipal and industrial .discharges progressively
lower water quality. Prairie Creek near Mena (tributary to

the Ouachita River) and the South Fork of the Caddo River are
being degraded as a result of municipal and industrial
discharges. <6>

Low Buffering Capacity

A potential for acidification of the streams and
reservoirs exists in the Upper Ouachita Basin. Median values
for pH presented in the water quality inventory (Figure 3-11)
were within expected ranges, but median values for alkalinity
{Figure 3-12) were less than 25 mg/L for all data collecticn
siteg except one {(Caddo River near Amity). Since the Cuachita
Mountain region has only a modest amount of limestone, and
since the sandstones and shales of the region contribute very
limited amounts of dissolved components +to streams, the
resulting water is poorly buffered and susceptible to
acidification. <56> Due to the poorly buffered surface water
in the basin, acidic precipitation could have a significant
effect on the streams and reservoirs in this area. According
to +the National Atmospheric Deposition Program <17, the
weighted mean pH of precipitation collected near Arkadelphia .
during 1984 was 4.6. The streams and lakes of the Upper
Ouachita Basin run the risk of becoming acidified should the
amount of acid introduced to the system from acidic
precipitation or from other sources be increased.
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Tailwater of Reservoirs

The tailwater releases from the three major reservoir
systems in the basin have a definite impact on downstream
water quality. At times, releases from the major reservoirs
may contain low concentrations of dissolved oxygen. The cold
releases from Lake Ouachita dive under the water stored in
Lakes Hamilton and Catherine resulting in the two downstream
reservoirs being "unflushed".

Lake Greeson: The effect that cold water releases have upon

tailwater water quality are most apparent at Lake Greeson.
During late summer, dissolved oxyegen depletion can become
critical at the elevation which water is released from the
lake. <HhhH> Dissolved oxygen concentrations for the tailwater
of Lake Greeson are shown in Figure 3-28 for samples taken
between April and September, 1985. Only moderate depression

of dissolved oxygen was observed, however, dissolved oxygen
concentrations did not meet the standard established by
ADPC&E’s Regulation No. 2 <5> on several occasions. During
some Yyears, the tailwater released from Lake Greeson may be
anaerobic and contain moderate concentrations of iron,
manganese, and hydrogen sulfide. <55>

The problem of low dissolved oxygen in the tailwater
releases at Lake Greeson results because water 1is released
from the lake at the elevation which the metalimnetic

dissolved oxygen minima occurs. Disscolved oxygen depletion
also occurs, as expected, in the deeper portion of the lake.
Together with the metalimnetic dissolved oxygen minima, a

water column is produced which in late summer has adequate
dissolved oxygen at mid elevations, moderate to low dissolved
oxygen below this level, and oxygen depletion as the bottom is
approached. <bbh>

Lake DeGray: Dissolved oxygen concentrations in the tailwater
released from Lake DeGray can be a problem. When the intake
structure ig in the upper position, dissolved oxXygen
concentrations in  the tailwater of +the lake Are near
saturation. However, when in the lower position, a lowering
of the temperature and the dissolved oxygen concentration
occurs. <55>

During periods of minimal or no release from DeGray, the
dissolved oxygen concentrations in the regulating pool below
the lake may decline. When the intake structure is in the
lower position, the problem 1is magnified bhecause water with
low dissolved oxygen concentrations 1is being released from
DeGray. During these periods, the Caddo River from the
reguilating dam to its confluence with the Ouachita River could
be severely impacted.
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Ouachita-Hamilton-Catherine: Generally, releases from Lake

Ouachita contain adequate levels of dissolved oxygen.
However, significant oxygen depletion can occur in the
hypolimnetic water of Lake Hamilton, especially during years
when releases from Lake Quachita are minimal. <55>

The cold water that is released from Lake Ouachita is a
dominant factor 1n determining the characteristics of Lake
Hamilton and Lake Catherine. As described in the inventory,
these two downstream lakes do not receive the "flushing
action" of the epiliminion because the cold water entering the
reservoir dives under the epilimnion. Areas surrounding Lakes
Hamilton and Catherine are highly developed, and have
experienced some pollution problems in previous years. A
recent study on Lake Hamilton indicates that the lake is not
severely polluted, but problems may occur if the guantity of
untreated discharge increases significantly. <b5hH>

Determination of Instream Flow Requirements

The Arkansas Soil and Water Conservation Commission has
been mandated by Act 1051 of 1985 to determine the instream
flow requirements for water quality, fish =and wildlife,
navigation, interstate compacts, aquifer recharge, &and other
uses such as industry, agriculture, and public water supply in
the State of Arkansas. When these needs are determined and
future water needs are projected for the Upper Ouachita Basin,
the water that is available for other uses can be determined.
Three major problems that have been encountered in the process
of determining instream flow regquirements for streams in the
Upper Ouachita Basin for the categories previously mentioned

are as follows: {1} lack of sufficient and/or appropriate
data; (2) inflexible methodologies; and (3) effects of
reservoir regulation.
(1) Lack of sufficient and/or appropriate data

The first major problem is the lack of sufficient and/or
appropriate data to quantify instream needs in the basin. For

instance, streamflow data 1in the Upper Ouachita Basin are
necessary in the determination of instream flow requirements
for water quality, fish and wildlife, navigation, and the Red

River 1interstate compact. However, information for only
thirteen continuous streamflow gaging stations in the basin is
currently available. Extrapolation of the gaging station data

to other reaches on gaged streams such as the Little Missouri
River and to other ungaged streams such as Terre Noire and
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Terre Rouge Creeks may introduce significant error into the
computations, particularly with the diverse geology,
physiography, and streamflow characteristics present within
the basin.

In addition to the insufficient streamflow data available
to quantify instream needs, appropriate data are not available
to determine instream flows which should be reserved in order

to satisfy the interstate compact requirements. The amcunt of
water that needs to remain in the streams for use in Louisilana
is based on a percent of the total runoff in a basin. Runoff,

as defined in the compact, includes flow in the streams and
water that has been diverted from the streams for other uses.
The amount of water that is diverted from the streams is not
accurately quantified, therefore, the amount of runoff in the
bagsins is unknown. An additional problem that exists in the
determination of instream flow reguirements for the interstate
compact is that compact compliance requirements are based on
the previous week’s streamflow and diversions. Therefore, the
instream flow reguirements are dependent on the runoff
available in a basin the previous week and may change from
week to week.

Appropriate data are also not available to determine
instream flow reguirements for fish and wildlife. Limited
data have been collected to characterize fish and wildlife
habitat conditions in conjunction with streamflow conditions.
This information must be available in order to determine the
instream flow requirements for fish and wildlife, and is
particularly important if the habitat of an endangered species
must be protected. According to information provided by the
Arkansas Natural Heritage Commission {personal communication,
1987 - See Appendix A, the pink mucket (Lampsilis
orbiculata), which 1s listed by the U.S. Fish and Wildlife
Service as an endangered species, has been found to exist in

the Ouachita River in the Upper Ouachita Basin. Five other
species that have been identified in the Upper Ouachita Basin
{crystal darter, Ammocrypta asprella; Ouachita rock
pocketbook, Arkansia wheeleri; Quachita madtom,

lachneri; €Caddo madtom, Noturus taylori; and longnose da
Percina nasuta) have been designated by the U.S5. Fish and
Wildlife Service as in need of further biological research and
field study to determine if these species should be listed as
threatened or endangered. Therefore, data identifying
instream flow requirements for fish and wildlife in the Upper
Ouachita Basin should be collected, particularly for those
species which are classified as endangered or threatened.
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(2) Inflexible methodeologies

The seccond major problem in the process of determining
instream flow requirements is that the methods currently used
are not flexible to address the diversity of the aquatic
systems or the historic instream and off-stream uses of water
from the streams. For example, according to the Arkansas
Method, instream flow requirements for fish and wildlife are
computed as a percent of the mean monthly discharge at each of
the gaging station locations in the basin. At the present
time, however, there is no flexibility in the method so that
the unique streamflow needs of the different fisheries in the
basin are taken into account. Therefore, using the Arkansas
Method, the instream needs for the trout fishery downstream of
Lake Greeson are computed in the same manner as the instream
flow requirements for all other fisheries in the basin.

Another example of the inflexible methods wused to
determine instream flow requirements is the use of the 7Qio0
discharge as the flow necessary to satisfy instream needs for
water quality. Several reaches of streams 1in the Upper
Ouachita Basin, such as the Little Missouri River above Lake
Greeson and the Ouachita Basin above Lake Ouachita, have been
classified by the Arkansas Department of Pollution Control and
Ecology as having extraordinary recreational and aesthetic
value <5H>. On the other hand, according to ADPC&E <(6>, some

stream reaches in the basin, such as the Ouachita River
downstream of Hot Springs, have been impacted by industrial
and municipal discharges. Yet, the 7Q:¢ discharge has been

designated as the flow necessary to satisfy water-quality
requirements for streams in the basin that contain water of
excellent chemical quality as well as for those streams that
have water-quality degradation problems.

In addition to the ©problems with the methodologies
previously described, the current methods used to determine
instream flow requirements do not take into consideration the
variation 1n historic instream and off-stream uses of water
for streams in the basin. For example, water needs for
agricultural purposes are important in several reaches of the
Ouachita River and should be considered in the establishment
of instream flow requirements for all categories in the
appropriate reaches of the 0Ouachita River. Similarly, the
Little Missouri River upstream of Lake Greeson has been
designated as a scenic river with extraordinary recreational
and aesthetic value. Since other current and historic uses of
water from this reach of the Little Missouri River are not
significant, a high level of protection for the water quality
and the fisheries should be considered.
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{3) Effects of reservoir regulation

The third major problem in the process of instream flow
quantification is determining ingstream needs for stream
reaches that are affected by reservoir regulation. The
reservoirs in the Upper Ouachita Basin are operated for
purposes such as flood control and hydropower generation,
Generally,; regulation of streamflow by reservoirs in the basin
has reduced streamflow wvariability by inereasing the base
flows and decreasing the peak flows of streams downstream of
the reservoirs., However, low-flow problems occur in streams
where flows are regulated by hydroelectric power facilities.
The amount of water released from these facilities is highly
variable on a daily basis and may result in frequent low-flow
conditions downstream. Therefore, instream flow requirements
must be established to protect instream uses downstream of the
reservoirs taking into account the wvariability in the current
patterns of releases from the reservoirs.

Section 2 of Act 1051 of 1985 requires the Arkansas Soil
and Water Conservation Commission to define ecritical water
areas and to delineate areas which are now critical or which
will be critical within the next thirty years. A critical
surface water area i1s defined as any area where current water
use, projected water use, and {or} quality degradation have
caused, or will cause, a shortage of useful water for a period
of time so as to cause prolonged social, economic, or
environmental problems.

No streams in the Upper Ouachita Basin are designated as
critical surface water areas based on quantity problems.
Shortages of water may exist, at times, on streams upstream of

the major reservoirs in the basin. However, these low flows
are a result of natural streamflow variability, not a result
of significant water withdrawals from the streams. Shortages

of water may also exist, at times, immediately downstream of
the reservoirs 1in the basin depending upon the pattern of
releases from the reservoirs, particularly those for
hydropower generation. However, as previously discussed 1in
the streamflow characteristics section of the report, the
reservoirs in the basin generally contribute to an increase in
low flow downstream of the reservoirs, At the present time,
streamflow generally is adequate to support the water quantity
needs of the basin.
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It is anticipated that the guantity of water in streams
in the basin will also be adequate to satisfy water demands

within the next thirty years. Surface water use projections
to the year 2030 indicate a significant potential increase in
surface water use for the basin. However, -the projected

increase of surface water use takes into account the possible
transfer of approximately 250 MGD of water from DeGray
Reservoir to Little Rock to supplement the municipal water
supply. Storage 1in DeGray Reservoir will be adequate to
satisfy this projected demand for water from +the basin.
Therefore, it is projected that no areas in this basin will be
critical surface water areas within the next thirty years
based on quantity problems.

The water quality of streams and 1lakes of the Upper
Ouachita Basin is generally good, but as previously discussed,

water-quality problems do exist in the basin. Point-source
pollution due to municipal and industrial discharges, non-
point pollution due to excessive scil erosion, and low

dissolved oxygen concentrations in tailwaters of some of the
major reservoirs are three water-quality problems that exist
in the Upper Ouachita Basin. However, no streams in the basin
have been designated as critical surface water areas based on
these water-quality problems since effects of these problems
are generally local and they do not cause prolonged social,
economic, or environmental problems.

Another water-quality problem that has been identified in
the Upper Ouachita Basin is the low alkalinity (<25 mg/L) of
most streams in the basin, which indicates that the surface
waters are poorly buffered and are very susceptible to
acidification. However, a summary of pH data for several
sites in the basin in the water-quality section of the report
showed that median pH values of streamflow ranged from 6.9 to
7.4, indicating relatively neutral pH conditions. Since pH
data for the streams investigated do not indicate a problem
with stream acidification at the present time, the streams are
not designated as critical surface water areas.

Water quality of streams and reservoirs may be
significantly impacted within the next thirty years if point
and nen-point scurces of pollution in the Upper Ouachita Basin
are significantly increased. However, impacts resulting from
an increase in point-source discharges should be adequately
contrclled by regulations enforced by the Arkansas Department
of Pollution Contrecl and Ecology. Watershed ©protection
projects and implementation of best management practices
should reduce additional non-point pollution that might result
from an increase in the amount of cropland in the basin.
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Therefore, it is projected that no areas in this basin will be
critical surface water areas within the next thirty vyears
based on the previously discussed quality prcblems.

The possibility dces exist for streams in the Upper
Quachita Basin to become critical surface water areas within
the next thirty years as a result of streamflow acidification
since the streams currently are so poorly buffered. However,
the effects of acidic precipitation as well as the effects of
point and non-point discharges on the acidity of streamflow in
this area are not well defined. Therefore, prior to
designation of future critical water areas in the basin due to
acidification, it is recommended that an investigation be made
of the sources contributing to streamflow acidity in the basin
(precipitation, soils, point and non-pcint discharges) and a
trend analysis of streamflow acidity be initiated to determine
if streamflow quality 1is being degraded due to the low
buffering capacities of the streams and to determine the
extent of degradation. Information addressing the trends in
streamflow acidification is necessary prior to the designation
of future critical water areas in the basin as a result of
streamflow acidificaticn.
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SURFACE-WATER SOLUTIONS AND RECOMMENDATIONS

The Upper OQuachita Basin has an abundant supply of water

that 1s suitable for most uses. However, at times, the
quantity and {or}) quality of water necessary to satisfy all
water users may not be available. Additional increases in

population, industrial activity, and irrigation in the future
may 1intensify the water problems that already exist in the
Upper Quachita Basin. It is imperative that the surface water
supplies be managed and protected so that adequate water is
available for all future water users in the basin,.

State and Federal government programs exist which could
provide assistance in solving some of the surface water
resource problems that have been identified in the Upper
Quachita Basin. Information regarding some of these programs
is summarized in Table  3-28,. Purposes of these programs
include flood control, water supply, wastewater treatment, and
land use planning. The appropriate State or Federal agencies
provide =assistance in these programs which ranges from
technical assistance to loans and grants. The administrating
agencies listed in Table 3-28 can be contacted for an update
of current program objectives and program guidelines.

Additional solutions and recommendations addressing
problems which have been identified in the basin include: (1)
alternate water sources, such as construction of water storage
reservoirs and diversion of water from the QOuachita River; (2)
reallocation of reservolir storage and {(or) conjunctive
management of reservoir releases; (3) flood prevention and
floodplain management; (4) regulation and enforcement of
municipal and industrial effluent discharges; and {5)
identification and prioritization of streams with potential
ingtream use problems. Best management practices (BMP's) can
be used to reduce the water quality problems in the basin, and
watershed protection projects can assist in the implementation
of BMP’s in agricultural areas. Water conservation, if
practiced throughout the basin, should provide more water of a
higher quality in the basin. Additional detailed information
pertaining to these solutions and others for addressing the
surface water problems 1in the basin 1is provided in the
following sections of the report.
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SELECTED GOVERNMENT PROGRAMS

NAME OF PRCGRAM

WATER RESCURCE CONSERVATION AND
DEVELCPMENT INCENTIVES ACT OF 1985

WATER DEVELOPMENT FUND

WATER, SEWER, AND SOLID WASTE
REVCLVING FUND

WATER RESOURCES DEVELOPMENT GENERAL

OBLIGATION BOND PROGRAM

ACT 81 OF 1957 AS AMENDED

COMMUNITY FACILITIES LCANS

COMMUNITY DEVELOPMENT BLOCK GRANTS

NATIONAL FLOCD IWSURANCE PROGRAM

WATERSHED PROTECTICN AND FLOOCD
PREVENTION ACT (PL-566)

RESOURCE CONSERVATION AND DEVELOPMENT

FLOOD CONTROL ACT OF 1948 AS AMENDED;

SECTION 205

WATER SUPPLY ACT CF 1958 AS AMENDED

TABLE 3-28

PROGRAM OBJECTIVE

{STATE)
TCO ENCOURAGE CONSTRUCTICN OF SOIL AND WATER CON-
SERVING STRUCTURES TC REDUCE THE USE OF GROUND-
WATER AND POTENTIAL FURTHER DEPLETION.

TO ASSIST LOCAL AND REGIONAL ENTITIES IN THE
DEVELOPMENT OF URGENTLY NEEDED WATER DEVELOPMENT
PROJECTS

TC ASSIST CITIES, TOWNS, AND COUNTIES IN FINANCING
THE CONSTRUCTION OF FACILITILES FCR WATER, SEWER,
AND SOLID WASTE MANAGEMENT SYSTEMS.

TO LOAN MONEY RAISED BY THE ISSUANCE OF GENERAL
OBLIGATION BONDS FOR WATER RESOURCES DEVELOPMENT
PROJECTS TO LOCAL ENTITIES FOR CONSTRUCTICN CF
PRCJECTS.

TGO MAKE ALLOCATION AMONG PERSONS TAKING WATER FROM
STREAMS DURING PERIODS CF WATER SHORTAGE

{FEDERAL)

TO CONSTRUCT, ENLARGE, EXTEND, OR OTHERWISE
IMPRCOVE COMMUNITY FACILITIES PROVIDING ESSENTIAL
SERVICES TO RURAL AREAS

TO DEVELOP VIABLE URBAN COMMUNITIES, INCLUDING
DECENT HOUSING, AND SUITABLE LIVING ENVIRCONMENT
AND EXPAND ECONOMIC OPPCRTUNITIES, PRINCIPALLY
FOR LOW AND MODERATE INCCME PERSCNS

TC ENABLE PERSONS TO PURCHASE INSURANCE ON REAL
AND PERSONAL PROPERTY WHERE FLCCD PLAIN MANAGEMENT
MEASURES HAVE BEEN ADCPTED AND ARE ENFORCED.

ASSIST LOCAL ORGANIZATIONS IN PLANNING AND
CARRYING CUT A PRCGRAM FOR THE DEVELOPMENT, USE,
AND CONSERVATION OF SOIL AND WATER RESCURCES

TCO CARRY OUT A PROGRAM OF LAND CONSERVATION AND
LAND UTILIZATION

TC ASSIST LOCAL SPONSORS IN PLANNING, DESIGNING,
AND CONSTRUCTING LOCAL FLOOD PROTECTICN PRCJECTS,
INCLUDING DAMS, LEVEES, RESERVCIRS, AND CHANNELS

TO INSURE A CONTINUING SUPPLY CF FRESH WATER,
ADEQUATE FOR URBAN aAND RURAL NEEDS, BY CCOPERATING
WITH STATE AND LOCAL INTEREST IN THE DEVELCPMENT
OF WATER SUPPLIES FCOR DCMESTIC, MUNICIPAL, AND
INDUSTRIAL WATER STORAGE IN RESERVCIR

PROJECTS. CGCST IS 100% NON-FEDERALLY FUNDED.

TO AID IN SOLVING WATER RESCURCES PROBLEMS

ADMINISTRATING
AGENCY

AR SOIL AND
WATER CONS.
COMMISSION

ASWCC

ASWCC

ASWCC

ASHCC

USDA, FHA

HUD-AIDC

FEMA-ASWCC

USDhA, SCS

USDA, SCs

CORPS CF
ENGINEERS,
DEPT. CF THE
ARMY

CORPS COF
ENGINEERS,
DEPT. OF THE
ARMY

TYPE OF
ASSISTANCE

TAX CREDIT

LOANS AND
GRANTS

LOANS AND
GRANTS

LOANS

TECHNICAL
ASSISTANCE

LCANS

GRANTS

INSURANCE

TECHNICAL
AND
FINANCIAL

TECHNICAL
AND
FINANCIAL

TECHNICAL,
FINANGTAL AND
CONSTRUCTION

TECHNICAL
AND
CONSTRUCTION



Availability

Availability of streamflow can be a problem on some
stream reaches 1in the Upper Quachita Basin, particularly
during the summer and fall months when water use demands are
generally highest. The availability problems are often a
result of the natural variability of streamflow in the basin
and not a result of significant water withdrawals. These

seasonal low-flow problems could be alleviated by construction
of off-stream storage reservoirs to capture the high winter
and spring flows for use during the summer and fall periods.
Act 417 of 1985 (Water Resource Conservation and Development
Thncentives Act) allows a tax credit for the construction and
(or) restoration of surface water impoundments. The
impoundment or water contrcl structure must store a minimum of
20 acre-feet of water and be used for the production of food
and fiber as a business (excluding aqguaculture) or for
domestic or industrial purposes. Impoundment tax credits are
limited to fifty percent of the actual construction costs or
$3,000 annually for a period of eleven years. To qualify for
the tax credit, a construction permit must be obtained from
the ASWCC, or proof of exemption from the permit must be
provided as per the requirements of Act 81 of 1957, as
amended.

Availability of streamflow <can also be a ©problem
downstream of the reservoirs in the basin. The pattern of
water releases from reservoirs in the basin can cause low~-flow
problems immediately downstream of the reservoirs which may
affect instream and off-stream uses of the water,. Storage of
water in reservoirs that are owned and operated by the Corps
of Engineers in the Upper Quachita Basin {Ouachita, DeGray,

and Greeson) has been allocated for specific authorized
purposes such as flood control, hydropower generation, and
municipal water supply. A possible solution to the streamflow

availability problems in the vicinity of reservoirs is the
purchase of reservoir storage which would involve a
reallocation of storage by the Corps of Engineers.
Information regarding the reallocation procedures of the Corps
is discussed in a subsequent section of the report.
Reallocation of storage in Corps reservoirs 1s an
expensive proposition and may not be a feasible solution to
limited low-flow problems downstream of reservoirs. A second
possible solution to this problem would be an adjustment in
the pattern of reservoir releases to support downstream uses
in conjunction with the established authorized purposes of the
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reservoirs. For example, streamflow of the Ouachita River
downstream of Blakely Mountain Dam during the 1981 water year
was often only 20 cfs. The minimum amount of water released
from the dam could be increased to support instream and off-
stream wuses of water ©below the reservoir while still
maintaining releases at a level which would support the
authorized purposes of the reservoirs.

In addition to the problems associated with the

variability of streamflow in the basin, accessibility of
surface water for use by individuals other than riparian
landowners is also a problem. Two possible solutions to the

problem of accessibility of surface water for non-riparians
include on-farm storage and diversion of water from the
Ouachita River.

A reservoir can be constructed from a portion of the
least productive land to develop on-farm storage. Surtface
runoff will be stored to be used as needed. Effective
irrigation water management can be practiced by having enough
water available at the right times. It is recommended that
special projects providing technical and financial assistance
to install on-farm water supply systems be implemented in
cropland areas of the basin.

Irrigation water for non-riparians in the vicinity of the
Ouachita River may be available through diversion projects.
Regulation of the Ouachita River by Lake Ouachita has resulted

in higher base flows during low-flow periods. A portion of
the discharge in the Ouachita River should be available for
diversion projects within the basin. A preliminary plan for

diverting water from the Ouachita River into the Black Branch
Watershed (Friendship Bottoms) has been developed by the Soil
Conservation Service. Other potential diversion projects
should be studied and feasible projects should be constructed.

Reallocation of Reservolr Storage

A change in the operation of Corps of Engineer reservoirs
is difficult to accomplish because a reallocation of storage
requires the authorization of Congress. Also, the higher of
the cost of benefits lost or the updated cost of construction
of the storage must be paid along with operation and
maintenance costs. Increases in population, industry,
irrigation, and tourism are increasing the demand for water,
Storage in Corps of Engineer lakes should be evaluated as a
source for other water uses.

New reservoir construction has been deemed unsuitable by
many special interest groups due to changing the environmental
conditions of an area, displacing people, or creating
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favorable economic. conditions for other special interest
Eroups. Reallocation of storage in the Corps of Engineer
lakes may often be a more feasible alternative when water
supplies are needed.

Studies need to Dbe originated, or reconsidered if
existing, on the trade-offs of hydroelectric generation
benefits versus recreation benefits, The exposure of
submerged obstructions, such as rocks and . timber, causes
dangerous conditions for boaters. Public and private funds

have been spent to develop recreation areas and businesses.
These sites may become undesirable when separated from the
lake by long mud flats caused by a lowered lake level. All of
the above reasons could cause small scale economic hardships
throughout the areas surrounding a lake. The scope of a study
should outline at what lake level +the recreational benefits
lost will exceed the hydroelectric benefits gained. At this
level the lake could be maintained, with only releases for

downstream needs. It is desirable that an authorization of
Congress be sought to insure that this lake level will be
maintained at no cost to local or state government. However,

a recreation use tax of some form may be necessary to allow a
payback for construction, operation, and maintenance cost if
the storage level must be bought. Another alternative would
be to reduce flood control benefits. Holding lake levels
higher in the early summer would buffer drawdowns throughout
the summer. This action would require intense hydrologic and
hydraulic studies. Downstream development may be such that
the flood contreol benefits are above any degree of recreation
benefits. This would especially be true if the loss of life
is a possibility in reduced flood control benefits.

Downstream fisheries are impacted by releases from the
dams. Because of the depth below lake surface of the
releases, downstream water temperatures have been reduced.
Native species were replaced with cold water species as a
mitigation measure. It is unfortunate that mitigation
measures are threatened by project operations. Flows can be
reduced to only leakage from the dam, especially on weekends
and holidays. (See Figure 3-27) Insufficient flows during
the summer months can cause temperature rises that can be
fatal to cold water species. Releases below the dam should be
maintained at a minimum flow to maintain desirable temperature
conditions. A determination of desirable flow gqguantities
should be made in conjunction with studies of the recreation
lake levels. Study objectives should identify the flow level
that will maintain temperature at survivable levels during
average summer temperature conditions. Benefit trade-offs
should also be compared to ascertain the economic impacts.
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With regard to purchasing storage, the Arkansas Scil and
Water Conservation Commission supports the position of the
Interstate Conference on Water Policy. Policy highlights
follow:

- "When storage space 1is reallocated to water
supply, the equitable payment is the actual cost of
constructing this amount of storage space at the
time of construction, plus the accrued 1interest
charges since construction at the rate in effect at
the time of construction. There 1is no acceptable
rationale for requiring non-federal interests to pay
these costs inflated to present price levels. When
a new project is built, the water supply
participants pay their share of the actual cost of
congstruction, even though their use of water will
extend 50 to 100 years into the future. No one
would suggest that participants in new projects pay
a share of the water supply cost as inflated decades
inte the future when water use will occur. It is
equally unjustifiable to take the cost of a project
previously constructed and inflate it to present
cost levels."

"In cases where storage space is being
reallocated from a vendible purpose such as
hydropower, it 1is appropriate for the non-Federal
interests to reimburse the cost of structural
facilities at the project which would no longer be

used, less the ©portion of the cost of +these
facilities already paid for by the revenues received
since project construction. This payment would be

in addition to the payment for storage space.”

"The proposed requirement to pay the henefits
foregone when storage is reallcocated 1is not a
requirement of Federal law and is inconsistent with
the long-established compensation practices of
federal agencies. In a Federal government project
regquiring the taking of property, the measure of
compensation traditionally has been the value of the
property taken - not the benefits foregone over some
future time pericd. The benefits foregone argument
may have some theoretical merit, but it has always
been rejected as both difficult to calculate and
impractical to implement.” <44>

Currently, the Corps of Engineers Districts can

reallocate 50,000 acre-feet or 15% of the lake storage without
Congressional authorization, provided reallocation would not
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have a significant effect on other authorized purposes.
Additionally, storage in excess of design purposes is
available for some other beneficial use.

As previously suggested, the Corps of Engineers should
re-evaluate the lakes. Study objectives should be to identify

where recreational benefits surpass project purposes. The
storage of each lake should be evaluated for excesses
available for other uses. Districts should also outline the

amount of storage they could reallocate (50,000 acre-~feet or
15% of storage) and reevaluate their method of charging for
the storage.

Flooding Recommendations

Flooding and drainage problems can be solved by
structural and/or non-structural alternatives. Structural
alternatives include such measures as channel improvement and
floodwater detention dams while non-structural measures relate
to land treatment and flood plain management. The potential
for structural alternatives exists on at  least seven .
watersheds in the basin although project activities have been
initiated and suspended on three of these watersheds ({See

Federal Projects - USDA). Also, the ©potential for non-
structural measures exists in the basin. Pine Creek (within
the Terre Rouge Watershed), Deceiper Creek, and other areas

have been identified as needing land treatment which will
reduce flooding problems (See Water Quality Recommendations).
The problem areas should be considered in +the Arkansas
Highlands River Basin Study which, among other things, will
identify feasible flood control projects. The study will be
conducted by the Soil Conservation Service during 1988 and
1989.

The United States Congress established the National Flood
Insurance Program with the "National Flcod Insurance Act of
1968". The program 1is administered by the Federal Insurance
Administration (FIA) within the Federal Emergency Management
Agency {(FEMA) with the Arkansas Soil and Water Conservation
Commission being the coordinating agency for Arkansas. Act
629 of 1969, enacted by the Arkansas General Assembly,
authorized the cities, towns, and counties, where necessary,
to enact and enforce floodplain management which will curtail
losses in flood prone areas.
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Surface-Water Quality Solutions and Recommendations

Surface water quality is generally satisfactory for most
uses in the basin as discussed in the Water Quality Inventory
section of this report. Proper management of the water
resources in this basin should prevent further degradation of
water quality. Management needs include implementing best
management practices, regulation and enforcement, studying
potential problems, and operating reservoirs to benefit
downstream water quality.

Best Management Practices '

Best Management Practices (BMP's) can be used effectively
to reduce water quality problems from land wuse practices
occurring in the basin. The problems of excessive erosion and
degradation of surface runoff from confined feeding operations
can be improved significantly by implementing the Agricultural
BMP’s shown in Table 3-29. The BMP’s shown in Table 3-29 have
been recommended by the local conservation districts located
within the Upper Ouachita Basin, and may or may not be all
inclusive.

TABLE 3-29
BEST MANAGEMENT PRACTICES
RECOMMENDED BY LOCAL CONSERVATION DISTRICTS

AGRICULTURAL BMP’S

Irrigation water management

Grade stabilization structures

Minimum tillage or no-till

Crop residue management

Conservation cropping system

Land use conversion

Land grading or smoothing

. Establishment and management of permanent pasture or
hayland :

9. Pipe drops

10. Strip cropping

11. Waste management systems

12. Critical area plantings

13. Correct disposal of chemical containers

14. Poultry disposal pits

15. Waste management systems

16. Correct use of pesticide

17, Pasture planting

18. Rotation grazing
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TABLE 3-29
BEST MANAGEMENT PRACTICES (CONTINUED)

AGRICULTURAL BMP'S (CONTINUED)

19, Soil testing and plant analysis
20. Terraces

21. Grassed waterways

22, Filter strips

23. Ponds

24. Weed and brush control
25. Winter cover crops

26. Diversions

27. Contour Farming

28. Gully control

29. Water facilities

FORESTRY BMP’S

Skid logs on contour

Proper construction and maintenance of access roads
Critical area treatment
Temporary vegetative cover
Firebreaks

Woodland improved harvesting
Tree planting

Woodland site preparation
Control undesirable species
Proper pesticide application
Woodland improvement

Control grazing

Debris basins

Contour planting on steep slopes
Stream zone management areas
Shape heavily damaged areas
Minimize mechanical damage
Contour strip cutting

—
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CONSTRUCTION BMP’S

Stockpile and reuse topsoil
Temporary vegetation cover
Diversions

Sediment basins

Mulching

. Critical area planting

SN LB
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TABLE 3-298
BEST MANAGEMENT PRACTICES (CONTINUED)

CONSTRUCTION BMP’ (CONTINUED)

Establish permanent vegetation immediately after
construction

Access road design

Grassed waterways

Soil testing and plant analysis

Lined waterways

Limited so0il disturbance

Conservation of natural vegetation

Grade control structures

Water control structures

Traffic barriers

Site planning and proper timing of operations
Temporary vegetative cover

SUBSURFACE DISPOSAL BMP’S

Septic tanks and filter fields properly installed
Provide municipal sewer service to rural areas
Sanitary landfills

Recyecling

Alternate systems for sewage disposal

Limit housing density

Proper site selection

URBAN RUNOFF BMP'S

Grade stabilization structures
Critical area treatment
Grassed waterways

Structures for water control
Sediment basins

Permanent vegetative cover
Flood control structures
Mulching

Water management

Diversions

Ponds
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TABLE 3-29
BEST MANAGEMENT PRACTICES (CONTINUED)

MINING BMP’S

Mine land reclamation

Reshaping strip mines

Sediment retention basins

Revegetation

Mandatory reclamation plans for new mines
Topsoiling

Critical area treatment

HYDROLOGICAL MODIFICATION BMP’'S

Grade contrcl measures

Levees to prevent flooding

Streambank protection

Construction of irrigation reservoirs

Water return system in conjunction with reservoir
Properly designed channels

Stream channel stabilization

Revegetation at time of construction

Spoil spreading

Water control structures

Designing of side slopes to facilitate revegetation and
maintenance

Clearing and snagging

Channel excavations

Construction of retarding basins

Deepen existing ditches

Low water weirs

Floodwater retarding structures

Floodways

Rock riprap

RESIDUAL AND LAND DISPOSAL SITES BMP’S

Critical area planting
Diversions

Filter strips

Fencing

Sanitary landfills
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TABLE 3-29
BEST MANAGEMENT PRACTICES (CONTINUED)

RESTDUAL AND LAND DISPOSAL SITES BMP’S (CONTINUED)

Sites for disposal of pesticide containers
Solid waste collection systems

Disposal sites for removal of residual wastes
Refuse disposal plan

Roadside stabilization

Traffic barriers

Process waste daily

Critical area treatment

Cover old sites

ROAD BMP'S

Topsoiling ditch banks

Paving

Grade stabilization structures

Diversions

Critical area planting

Mulching

Lined waterways

Design, site selection to avoid steep areas

Water conveyvance structures

Establishing and maintaining permanent vegetation
Planning and proper timing of operations

For unpaved roads, use material with low content of
erosive particles for surface

Elimination of regular use of road grader for
maintenance work

STREAMBANK BMP’S

Grade control structures

Streambank protection

Water control structures

Streambank vegetation including trees
Reshaping banks

Rock riprap

Water retarding structures

Concrete mats

Buffer =zones
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TABLE 3-29
BEST MANAGEMENT PRACTICES (CONTINUED)

GULLY BMP'S

Grade stabilization structures
Critical area planting
Sediment basins

Terraces

Diversions

Grassed waterways

Critical area shaping
Water control structures
Mulching

Fencing

Flood retarding structures
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SQURCE: ARKANSAS SOIL AND WATER CONSERVATION COMMISSION <10>

Anticipated reductions in nonpoint pollution sources will
enhance the environment by improving water gquality throughout

the region. It 1is expected that fisheries habitat and the
opportunities for water-based recreation will be significantly
improved. Wildlife habitat will be enhanced because of

improved cover and diversity throughout the region.
In addition to enhancing the environment, implementation
of the BMP’s is expected to result in economic and social

benefits. The resource base {land and water) will be
protected. It is anticipated that agricultural income will be
increased, additional recreational activities will Tbecome
available, area residents will take more pride in their

community, and social consciousness will be increased.

Watershed Protection: Erosicon is a significant nonpoint
source of pollution in the Upper Quachita Basin. As shown 1in
Table 2-10, there are approximately 1.7 million tons of sheet
and rill erosion occurring each year. Although cropland

covers only 4 percent of the area inventoried, it accounts for
approximately 40 percent of total sheet and rill erosion in
the basin. <85> Watershed protection projects establish land
treatment measures on cropland to reduce erosion, sediment,
and runoff. (91>

The Watershed Protection and Flood Prevention Act, PL B83-

566, provides for the technical, financial and credit
assistance by the Department of Agriculture to local
organizations representing the people living in small
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watersheds. A watershed protection plan includes only on-farm
land treatment practices for sustaining productivity,
conserving water, improving water quality and reducing off-
site sediment damages. <91> Practices might include such
BMP's as conservaticon tillage, terraces, or even land use
conversion. Participation within the watershed is wvoluntary
and federal funds may be available,

For practices sustaining agricultural productivity and
reducing erosion and sediment damages, cost share rates may be
up to 65 percent of the cost of the enduring practices
installed, or the existing rate of ongoing conservation
programs, whichever is less. Payments for management
practices such as conservation tillage, based on 50 percent of
the cost of adoption are limited to a one-time payment not to
exceed $10,000 per landowner. No more than $100,000 of cost-
shared PL 83-566 funds may be paid to any one individual.
<91>

The Soil Conservation Service completed its first
watershed protection plan in 1986 which is in 8St. Francis
County on Crow Creek. Currently, watershed protection plans
are being developed for five other watersheds in Arkansas.
Areas with potential for watershed protection projects are
watersheds containing fragile soils that are highly erodible

and are ercding at excessive rates. <BT>
The fragile so0ils in this basin are found 1in the
Blackland Prairie. When these highly erodible soils are

cropped, there is a potential for excessive erosion rates, and
watersheds in these areas may qualify for watershed protection
projects. <87> :

There are approximately 34,000 acres of cropland located
in the Blackland Prairie area of the basin which is about 30
percent of the 117,800 acres of cropland in the basin. <85>
This area is located in Hempstead, Nevada, and Clark Counties,
and the cropland areas that exist on the Blackland Prairie may
be considered as potential watershed protection projects.
Pine Creek (within the Terre Rouge Watershed) and Deceiper
Creek have been specifically identified by SCS personnel as
being potential watershed protection projects. <30>

Confined Animal Feeding Operations: Waste management 1is the
key to minimizing degradation of surface waters from confined
animal feeding operations. ©Only three percent of the confined
operations 1in the waste gstudy area have installed waste
management systems to effectively handle the waste. <90>
Technical and financial assistance should be available for
waste management systems, including dead animal dispasal
systems. Also, technical assistance 1is needed to provide
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guidance on proper application technigues. For areas where
the ongoing program cannot provide the assistance ({(technical
or financial) necessary to sufficiently handlie the problems,
targeted areas should be delineated and special assistance
should be made available.

Act 168 of 1985 regulates poultry disposal. This
regulation affects only on-farm disposal. According to this
regulation, acceptable methods of disposal include burial or
incineration, however; surface methods of disposal are not
allowed. ¢8> This regulation is significant since surface

disposal was a common practice identified in the 1983 8CS
Inventory. {93>

Regulation and Enforcement

The Arkansas Department of Pollution Control and Ecology
{ ADPC&E) has powers of regulation and enforcement over
municipal and industrial dischargers in the State. Ma jor
additions in personnel to the ADPCE&E enforcement division over
the past several years have allowed for improvements in the
quality and quantity of enforcement actions. Letters giving
notice of wviolations have been mailed resulting in many
problems being corrected voluntarily. Administrative actions
have been taken against other dischargers. 6> While
enforcement of regulations is necessary, a strong information
and education program to increase public awareness might
prevent some discharge problems before they occur.

A potential for acidification of the streams and lakes in
the Upper Ouachita Basin exists as discussed in the Water-
Quality Problems section of this report. In order to better
quantify the magnitude of the problem, a study to determine
trends in pH is recommended to determine if 301d1flcatlon is
already occurring.

The tailwater of Lake Greeson has low dissolved oxygen
concentrations during late summer because the intake structure
is at an elevation that coincides with the metalimnetic
dissolved oxygen minima that occurs in the lake. During late
summer, water with higher dissolved oxygen concentrations can
be found both above and below the elevation of the intake

structure. This situation c¢could be improved by either
changing the elevation of intake or by changing the operation
of the reservoir. {55> An operational change would seem to
be the more feasible alternative. For example, maintaining

the elevation of the reservoir at a higher elevation during

177



early summer might cause the metalimnetic dissolved oxygen
minima to develop at a higher elevation, and therefore, allow
water with higher dissolved oxygen concentrations to be
released from the reservoir. <{55>

The upper level of the intake structure on Lake DeGray
should be used to release water with high dissolved oxygen
concentrations. Also, efforts should be made to maintain
minimum release rates necessary to keep dissolved oxygen
concentrations at acceptable levels.

Lake QOuachita could possibly be converted to a warm water
release in order to 1increase the "flushing action”" of the
epilimnion of Lake Hamilton and Lake Catherine. This might
flush nutrient rich or polluted water out of the system.
However, from a fishery standpoint, constant flushing of the
epilimnion would continuously remove water in which the
primary productivity is occurring. <{55> This impact on the
fishery might cause more of a problem than presently exists.
The cold water release situation that now exists may be the

most desirable situation. A detailed study should be
undertaken to predict changes that would occur in the system
before any operational changes in the Quachita - Hamilton -

Catherine system are made.

Conservation

Water conservation has not been emphasized in this basin
because of the high average annual rainfall as observed at
selected recording stations {Mena, 52.2 inches; and Camden,
50.3 inches). As mentioned earlier in this report, an average
of 53.3 million gallons of water are used in the study area
each day for all purposes and the demand for water continues
to escalate.

Water conservation is essential to the future well being
of all Arkansans. Although not sufficient in itself,
conservation does offer, at least in part, a means of helping
to alleviate some of the basic problems.

Drought periods within the basin emphasize the need for
conservation. While the average annual rainfall in the area
is high, the erratic monthly rainfall patterns at times cause
some streams to cease flowing and storage reservoirs to dry up
or become dangerously low for most purpocses, Conservation
practiced during dry periods and the sense of emergency that
prevails during droughts are soon forgotten in times of
plentiful rainfall.
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Agriculture :
According to Table 2-1, only three percent of the land in

this basin is cropland, and irrigation accounts for
approximately 26 percent of the total water use in the study
area as shown in Table 3-16,. There 1s potential for a

significant increase in the amount of water used for
agricultural purposes (See Water Use Projections).
Efforts should be made to make use of the results from

the FEast Arkansas Water Conservation Project. Information
from this five year project, which 1is being administered
jointly by SCS, USGS, and ASWCC, will promote irrigation water
management.

Irrigation water management includes maintaining high
infiltration rates, using efficient delivery systems, choosing

proper application methods, achieving high application
efficiencies, employing irrigation scheduling, and obtaining
sound engineering planning. Each one of these elements of

irrigation water management 1s extremely important in order to
make efficient use of our water resources.

With limited groundwater supplies available, development
of surface water is necessary to provide agricultural water
for 1irrigation. Development of on-farm water supply systems
will be necessary for most areas of this basin. A portion of
the least productive land can be converted into a reservoir to
recover tailwater, and an irrigation reservoir will be
developed. Water will be conserved by recovering tailwater,
and additional water will be available for irrigation by
storing winter runoff in the reservoir. Although the initial
construction 1s expensive, state tax credits are now available
through Act 417, "The Water Resource Conservation and
Development Incentives Act of 1985",

Approximately 16.5 million gallons of water per day were
used for public supplies during 1980 which is 31 percent of
the total quantity of water used in the =study area. The water
use projections presented in Chapter 1 indicate that there
could be a significant increase in the quantity of water used
for public supplies. Approximately 40 MGD will be needed
within the basin, and as much as 250 MGD may be needed in the
future for public supply systems in the basin and in adjacent
areas.

Significant quantities of water can be conserved by
individuals if water saving techniques are practiced in the

home. Several water conservation practices include installing
water-use restrictors, checking for leaks, and watering lawns
during the coolest part of the day. There are many

conservation measures that can save water in the home.
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Wastewater or sewage effluent discharged by
municipalities and industries should be recognized as a
valuable resource that can be reused or recycled to help meet
growing water requirements.

Proponents list as pluses for reuse savings in money and
energy, particularly in the cost of treating wastewaters to
make them acceptable for discharge. However, due to the
availlability of high quality water, most municipalities thus
far have not sought to develop a market for treated
wastewater, but simply dispose of it as quickly as possible.
54>

Water pricing

As with any other commodity, increasing the price is a
proven and effective means of reducing water consumption.
Pricing techniques to encourage the conservation of water rely
primarily on the premise that as the price increases, the
quantity purchased decreases. The effect of such a price
change on quantity is called demand elasticity.

There is substantial elasticity in the demand for water.
The price affects the amount consumers will demand; if the
price goes up, consumers will use less water. <54>

Determination of Instream Flow Requirements

Determination of instream flow requirements for streams
in the basin 1is an important first step 1in ensuring the
maintenance of suitable flows to support these important uses.
However, three major problems that have been encountered in
the determination of instream flow requirements for streams in
the basin are the lack of sufficient data, the inflexible
methodologies and the effects of reservoir regulation. These
problems make it very difficult at the present time to
determine instream flow requirements for all streams in the
Upper Ouachita Basin.

A solution to the problem of determining instream flow
requirements for streams in the basin is to first prioriticze
the streams to determine those which currently have instream
use problems or have the highest potential for instream
problems. Once these streams in the basin are identified,
determination of instream flow requirements for these priority
streams is a much more realistic and manageable task than
determining instream uses for all streams in the basin.
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The South Carolina Water Resources Commission has taken
this approach in their Instream Flow Study <22>. The South
Carolina Instream Flow 8Study is divided 1into two phases,.
Phase I includes the identification and listing of streams for
which 1instream flow requirements need to be established.
Phase II entails the determination of instream flow needs +to
protect instream uses in the priority streams identified in
Phase 1I. In the following paragraphs, a summary of their
methodology is presented as a recommendation for determining
instream flow requirements for streams in the Upper Ouachita
Basin.

In Phase I of the South Carolina Instream Flow Study,
stream segments in need of streamflow protection were
identified and ranked in priority order using the following
methods and procedures:

(1.) Stream segment delineation - All permanent streams
in the study area were divided into discrete segments. Most
of the smaller streams were represented by a single segment,
however, larger streams were subdivided into two or more
segments based on segment Jlength and significant +tributary
inflow.

(2.) Data management - Streamflow and water use data for
each segment were assimilated and several values were
calculated for the stream ranking process (use impact, dam
impact, flow variability, protection need, significance value,
and overall rating value).

{3.} 8tream ranking procedure - A mathematical procedure
was developed to rank streams in need of flow protection. For
each stream segment in the study area, two numerical values
were determined: the protection need value and the
significance value. The protection need value is an indicator
of the relative need for low-flow protection based on natural
streamflow conditions and man’s activities within the segment.
The significance wvalue indicates the relative importance of
each segment based on instream and offstream use activities
occurring on the segment. The product of multiplying these
two values together equals the overall rating value of a
stream. The potential for a stream to experience instream
flow problems is proportional to the magnitude of its overall
rating value. Therefore, the higher the overall rating value,
the greater the need for streamflow protection. The highest
priority streams were selected by identifying a significant
break point in the ranking of overall rating values. Water
use activities, flow characteristics, and existing water use
problems of each segment were also considered in selecting the
highest priority streams.
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{4,) Determination of protection need values - The
natural variability of the streamflow and the potential
impacts from man's activities in and along the stream were
incorporated in the evaluation of streams for need of flow
protection. Streams with poorly sustained baseflow and/or
relatively extensive offstream water use compared to flow, are
at a high risk of having instream use problems. Based on this
premise, the following empirically derived equation was used
to evaluate the need for flow protection:

Pz=4A (1l +B + C) where:

Protection need wvalue

Average flow/7TQ10

Total water withdrawal/7Q,0 (100)
Reservoir storage/7Q:o

Owe
nononon

The higher the protection need wvalue the greater the need for
streamflow protection.

(5.) Determination of significance values - Significance
was defined as relative importance based on the extent of
instream and offstream wuse oeccurring within each stream
segment. Each stream segment was assessed for the occurrence
and extent of wuse for each of the following water wuse
categories:

Industrial water withdrawals

Municipal water withdrawals
Agricultural water withdrawals
Thermoelectric power water withdrawals
Hydroelectric power water use
Commercial fishery

Recreational fishery

Commercial navigation

Recreational navigation

Maintenance of endangered or threatened
species

Wastewater assimilation (water quality)
Unique aesthetic and ecological
characteristics

s e o " e r— —
O W0 =1 b W
B

—

—_—
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B
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A separate water use value (see below) was determined for each
use category for all stream segments. The significance wvalue
for a given stream segment was equal to the sum of all water
use values determined for that segment.
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(6.) Water use values - A common scale of water use
values, ranging from 0 to 5, was applied to all use
categories. A single water use value was determined for each
of the 12 use categories occurring on each stream segment.
The water wuse value for each use category indicates the
relative importance of that use within a given stream segment
to that same use in all other stream segments. The greater
the relative degree of use, the higher the water use value.

Water use values were determined for a given use category
by first determining the degree of that use for each stream

segment . Then for each use category, stream segments were
ranked from lowest to highest. If no use occurred, a value of
‘zero was assigned to the segment. Use values of 1-5 were

evenly assigned to the segments with use by assigning a value
of one to the first 20 percent of segments with the lowest use
for that category, then a value of two for the next highest 20

percent of segments, and so on. Segments with the same degree
of use always received the same water use value.
{(7.) Results - The result of the stream ranking

procedure previously discussed was a priority list of streams
that are in the greategat need of establishing instream flow
requirements in the study area. The 1inclusion of a stream
segment on the 1list does not necessarily indicate that
instream use problems occur, but rather that the potential for
such problems is greater for these streams than for most other
streams in the study area.

In the second phase of the Instream Flow Study, the
priority streams identified in Phase 1 are studied in more
detail to determine instream flow levels that will adequately
assure the "continued wviability" of recognized wuses within
their channels. The three major problems previcusly
identified for determining instream flow requirements {(lack of
sufficient data, inflexible methodologies, and effects of
reservolr regulation) should be significantly easier to deal
with since only the priority streams would be evaluated. For
instance, the prioritization of streams would limit the areas
necessary for evaluation, and =additional data collection
necessary to quantify instream flow requirements could be
concentrated in the identified priority areas. In addition,
the methods used to determine instream flow reguirements could
be more easily modified to address the priority streams rather
than attempting to develop methods that are applicable for the

entire basin or the entire state. Finally, the problems with
the effects of reservoir regulation on instream uses could be
more rigorously defined in priority areas. A more complete

analysis of the reservoir effects on instream uses may be
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adequate to promote changes in reservoir releases to support
instream wuses in conjunction with the established authorized
purposes of the reservoirs.

Identification of these priority segments is an important
first step in addressing the maintenance of instream uses.
However, protection measures can not be limited to these
segments alone, as if they are isolated from the rest of the

river and stream systems. By the very nature of flowing
waters, actions which impact flows in any single segment will
also impact flows downstream. Consumption of flows in small
headwater streams may not greatly affect uses on each
individual stream,. but the cumulative 1loss of water from
several small streams may severely affect streamflows in
larger downstream segments. Therefore, to provide adequate
long-term protection of instream uses, a statewide approach to
manage flows 1in all streams, regardless of size, must be

considered.

184



CHAPTER IV

GROUNDWATER

185



INTRODUCTION

Geologic units from the Paleozoic, Mesozoic and Cenozoic
Eras are present on the surface as an ocutcrop and in the

subsurface of the Upper Ouachita Basin. Rocks of Paleozoic
Age outcrop in the northern half of the basin, as shown in
Figure 4-1, These rocks extend southward as a subcrop under
the entire Dbasin. Formations from the Cretaceous System

(Mesozolic Era) outcrop to form a wedge in the west-central
part of the basin (Figure 4-1), and are covered by Quaternary
alluvium along Terre Noire Creek and the Little Missouri
River. The southern half of the basin is underlain by =a
series of northeast-southwest trending layers of
unconsolidated and semi-consolidated sediments which range 1in
age from lower Cretaceous to Holocene., The sediments are
composed of chalk, marl, calcareous clay, sand and gravel
(Cretacecus-age units), lignite, clay, silt, and sand
(Tertiary-age units), and clay, silt, sand and gravel
{Quaternary-age deposits). Quaternary {(Holocene) alluvium
forms a relatively thin layer on the surface and generally
outlines the major stream systems. More detailed information
degcribing the geoclogic units of the Upper Ouachita Basin is
gsummarized in the stratigraphic column in Table 4-1.

The sources of greoundwater closely correlate with the
outcropping units. (See Figure 4-2) The sources of
groundwater in the northern half of the basin are limited to
consolidated Thard rock formations with no other units
availlable. Among the fifteen layvers (geologic formations}
that exist 1n the southern half of +the basin, seven are
considered to Dbe csignificant as socurces of ground-water
supply. These 1nclude the Trinity Group, Tokic Formatlion,
Nacatoch Sand, Wilcox Group, Carrizo Sand, Sparta Sand, and
Quaternary deposits, These tformations contain fresh water in
their outcrop areas and for varying distances downdip, beneath
the surface. The downdip extent to which each formation
contains fresh water as well as contours indicating the
elevation of the base of fresh water in a given formation are
shown in Figure 4-2. Formations beneath those shown contain
highly mineralized water, The Quaternary deposits occur on
the surface and serve ags an aquifer along the major stream
systems. <47>

186



figure 4-1
OUTCROPPING UNITS
UPPER OUACHITA RIVER BASIN
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TABLFE 1-1
COLUMN FOR THE UPPER OUACHITA BASIN

SEDIMENTARY ROCKS

FURMAT ION

CESCRIPTION

WATER-BEARING CHARACTERISTICS

QUATERNARY |  HOLOCENE RECENT RIVER ALLUVIUM AND TERRACE YIELDS UP TO 240 GPM ALONG
AND TERRAUFE DEPUSITS: URAVEL AT THE BASE GRAD-| THE OUACHITA RIVER IN CLARK
PLEISTOCENE DEPOS TS ING UPWARD TO SAND, STLT AKD CLAY. | COUNTY
TITCKNESS VARIES FROM 0 TO APPRUOX-
IMATEILA 150 FEET IN THE BASIN.
SPARTA SAND LEKTICULAR SAND BODLES INTERSPERSED| VIELDS RANGE FROM 300 TO 700
WITH [HIN BELS OF SANDY TO SILTY GPM IN THE OUTCROP ZONE.
C€LAY AND LJGNITE. THICKNESS VARIES
FROM A FEATHER ELGE AT THE UPDIP
LIHIT OF THE OUTCROP AREA TO
CENOZOIC | TERTIARY EOCENE CLATRORNE SLIGHTLY LESS THAN 200 FT. IX
I ACIETTA COUNTSY .
CANE RIVER SAND, CLAY, GLAVCONITE, LIGNITE AND| YIFLDS RANGE FROM 50 TO 100
TRONSTUNE AS MUCH AS 400 FT. THICK | GPM.
CARKIZO SAMD | SAND, VERY FINE Ti) MEDIUM AND YTELDS UP TO 100 GPM IN THE
CARBONACEOLS, LIGNITIC CLAY. BASIN
REACHES 3 MANIMUM THICKNESS GF 200
FT. IN DALLAS C0. AND AVERAGES 100
FEFT THROUGIOUT AREA ©F OCCURRENCE
[N TIILS BASIN.
WILCOA THICKNESS VARIES FROM 200 FT. TO A | YIELDS GEMERALLY LESS THAN 28
MAX[MUM OF 400 FT. [N DALLAS CO. GPM IN THE BASIN
PALEOCENF FLLW AN MASSIVE BEDDED UAL{ARFOUS CLAY WITH| DOES NOT YIELD WATER TO WELL;
MINOR QUANTITIES OF FRACTURED LIME-| IN THE BASIN
STONF 1N THE LOKER HORIZONS. MAY
REACH A THICKNESS OF 300 FT. [N
BASIN
ARKADKLPIT A DARK GRAY FOSSTLIFERDUS MARL AS DOES NOT YIELD WATER TO WELLY
HARL MUCH AS 100 FT. THICh
NAFATOUN SAND | SAND AND CALCAKENUS CLAY AS MUCH AS| YIELDS AS MUCH AS 200 GFM IN
600 FT. THICK THE BASIN.
SARATOGA WHITE SANDY CBALK, SAKDY MARL AND NON-WATER BEARING
CHALK CLAY REACHING A MAVIMUM THICKMESS
OF APPROXIMATELY 50 FT.
—-
MARLAROUK DARK MAHL APPROXIMATELY 100 FT. NON-WATER BEARING
MARIL THICK. MANIMUM
ANNORA UliALE | CALCAREOUS "LAY AND CHALK. MAXIMUM | NON-WATER BEARIMNG !
MESOZOIC ! CRETACEOGUS UPPER THICKNESS OF 100 FT. !
CRETA{ ROLS — = -~ e

O7.AN

FRINCIFALLY CALCAREQUS CLAY WITH
[NTERBEDDED GLAUCONITIC SAND BED
NEAR AASF.  MANIMUM THICKNESS 0F
APPRONIMATELY 100 FT.

YIFLD8 LFESS THAN 50 GPM IN
CLARK COUNTY

BROWNSTOWN
HMAR)

CALUCAREOLS CLaY, SAND AND SOME
LIMESTONE RFACHING A TAICKNESS
OF APPROXIMATELY 150 FT.

VIELDS SHALL QUANTITIES IN
THEF OUTCROP AREA

T b

INTERBEDDED C1.AY AND LIGKEITE AS,
MUCH AS 200 FT. THICK

YIELD UP TO 300 GPM IN THE
BASIN
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TABLE 4-1}

CONTINUED

GENERALIZED STRATIGRAPHIC COLUMN FOR THE UPPER OUACHITA BASIN
SEDIMENTARY ROCKS

FRATHEM SYSTEM SERTES GROUP FORMATION DESCRIPTION WATER-BEARING CHARACTERISTICS
WOODBINE CLAY SAND, GRAVEL AND VOLCANIC NON-WATER BEARING
MATERL1AL WITH A MANTMUM THICKNMESS
OF 350 FT.
UPTER
MESDZOIN [ CRETACEOUS CRETACEOIS TRINITY COMPOSED OF ALTERMATING LAYERS YIELDS GENERALLY LES3S THAN 50
OF ORAVEL, LIMESTONE, SHALE, CLAY GPM IN WESTERN HEMPSTEAD CO.
AND SAND. SAND UNIT AT TOP OF
GHOUP 18 MOST T'RODUCTIVE ZONE.
MANTMUM THICKNESS OF GROUP 15
AFPPRONTMATELY 1500 FEET.
ATOKAN ATORA SHALE, SILTY, MICACEQUS, DARK TO
RILACK, AND HARD MASSTVE AND THIN-
BEDDED LIGHT-GRAY TO GREEMISH-GRAY,
COMMONLY RIPPLF-MARKED SANDSTONE; '
NEAR BASE 15 COARSE GRAINED AND
CONTAINS SOME GRIT. SANDSTORE AND
SHALE PRESENT TN HNEARLY EQUAL
AMOUNTS BUT SHALE GENERALLY
PALENZOT PREDOMINANT.
PENNSYL.- JOHNS VALLEY SNALE AND CLAYSTONE, HIGHLY SHEARED
VANIAN SHALE AND CRUMPLED, GRAY AKD TAN TO DARK-
GRAY, COKTALNS THIN DISCONKECTED
BEDS AND LENSES OF SANDRTONE, SILT-| THE NATURE OF MOVEMENT AND
STONE, ANU LIMESTONE, AND ERRATIC STORAGE WITHIN ALL PALEOZOIC
MORROWAN BLOCKS OF PRE-PENNSYLVANLAN FORMA- UNITS IS SIMILAR. WATER
TIONS. OLCURS IN SECONDARY OPEMINGS
SUCH AS CRACKS, FIYSURES AND
JAUKFURK SANDSTONE, FINF TO FOARSE-GRAINED SEPARATED BEDDING PLANES,
SANDSTONE MASSIVE, LIGHT-GRAY TOQ BROWN, MOST OF THE UNITS WILL YIELD
QUARTZITIC [N PAHT, AND A FEW MINOR| FROM 2-7 GPHM, HOWEVER, SOME
BEDS OF GREEN F1SSILE SHALE; LARCE PRODUCERS UP TO 350 GPM
CONTAENS SOME MILLSTONE GRIT NEAR HAVE BEEN REPORTED. THE
BASE . BIGFORK CHERT IS THE BEST
AQUIFER IN THE PALEOZOIC OUT-
HMISSISSIPPIAN STANLEY SHALE SHALE, BLUISH-BLACK TO BLACK, CROP ZONE. OTHER UNITS THAT
FISSILE, AND GREENISH QUARTZITIC ARE RELATIVELY GOOD AQUTFERS
COMPACT FINE-GRAINED SANDSTONE; ARE THE CRYSTAL MOUNTAIN
CONTAINS NOVACULITE CONGLOMERATE SAND3TONE, THE ARKAN3SAS
AND SEVERAL BED3 OF ACIDIC VITRIC NOVACULITE AND THE LIMESTONE
TUFEF NEAR BASE. LOWER PART OF INTERVALS WITHIMN THR COLLEER,
SHALE LOCALLY IS SLATY. MAZARN AND WOMBLE SHALRE.
MISSISSIPPIAN ARHANSAS UFPER MEMBER: NOVACULITE, MASSIVE,
AND NOVACULITE LIGHT GRAY TO BLUISH-BLACK, CALCAR-
DEVONTAN EOUS. f
MIDDLE MEMBER: NOVACULITE, THIN-

BEDDED, DARI, [NTERBEDDED BLACK
CLAY SHALE.
I.OWER MEMRBRTR:

MASSIVE, WHITE.

AND

NOVACULITE, DENSE,

SILURIAN

MISSQURI MTN.
SHALE

SHALE, HARD, RED AND GREEN; CON-
TAINS THIN BEDS OF CHERT AND SAND-
STONE LOCALLY, A BASAL CHERT- AND
LIMESTONE-PEBBLE CONGLOMERATE.
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TABLE 4-1 CONTINUED
GENERALIZED STRATIGRAPHIC COLUMN FOR THE UPPER OUACHTIA BASIN
SEDIMENTARY ROCKS

ERATHEM SYSTEM SERIES GROL'P FORMATION DESCRIPTION WATER-BEARING CHARACTERISTICS
BLAYLUCK SANDSTONE, FINE-GRATNED, COMPACT,
SILURIAN SANDSTONE LIGHT TO DARLK-GRAY OR GREEN, AND -
DARK-GRAY TO BLACK MICACEOUS FISSLE
SHALE. THE SANDSTONE GENERALLY IS
THIN AND EVEK BEDDED, AND LOCALLY
CONTATNS ABUNDANT QUARTZ VEINS.
POLK CREFK SHALE, FISSTLE, GRAPHITIC, BLACK,
SHALE MOSTLY SOFT, BUT SLATY NEAR BASE:
CONTAINS ABUNDANT GRAPTOLITES.
BIGFORK CHERT | CHERT, GRAY TO BLACK, THIN-BEDDED, | THE NATURE OF MOVEMENT AND
MUCH SHATTERED; CONTAINS THIN STORAGE WITHIN ALL PALEOZOIC
INTERBEDDED LAYERS OF BLACK UNITS IS SIMILAR. WATER
SILICEOUS AND CARBONACEQUS SHALE OCCURS 1IN SECONDARY OPENINGS
AN SOME BLACK SILICEOUS LIMESTONE. | SUCH AS CRACKS, FISSURES AND
SEPARATED BEDDING PLANES.
WOMBLE SHALE | SHALF, BLACK AND GREEN, AND SOME MOST OF THE UNITS WILL YIELD
FINE-GRAINED SANDSTONE AND BLUE- FROM 2-7 GPM, WOWEVER, SOME
BLACK LIMESTONE. LARGE PRODUCERS UP TO 350 GPM
HAVE BEEN REPORTED. THE
PALEOZO1C BLAKELY SHALE, BLACK AND GREEK, ARGIL-, BIGFORK CHERT IS THE BEST
SANDSTONE LACECUS, AND INTERBEDDED GRAY AQUIFER IN THE PALEOZOIC OUT-
SILICEQUS MEDIUM-GRAINED SANDSTOME | CROP ZONE. OTHER UNITS THAT
COKTAINING DARKER CALCAREOCUS ARE RELATTVELY GOOD AQUIFERS
LAYERS. ALTHOUGH SHALE PREDOM- ARE THE CRYSTAL MOUNTAIN
INATES, THE SANDSTONE FORMS SANDSTONE, THE ARKANSAS
CONSPICUOUS RIDGES. NOVACULITE AND THE LIMESTONE
INTERVALS WITHIN THE COLLIER,
MAZARN AND WOMBLE SHALE.
LOWER MAZARN SHALE, CLAYEY, FISSILE, BLACK AND
ORDOVICTIAN | ORBOVICIAN SHALE GREEN; CONTAINS THIN LAYERS OF GRAY
FINE-GRAINED SANDSTONE AND BLUISH-
BLACK [IJMESTOKE.
CRYSTAL MTM. SANDSTONE, COARSE-GRAINED, MASSTVE,
SANDSTONE WHITE TO LIGHT GRAY: BEDS WITH
CALCAREQUS CEMENT WEATHER BROWN:
CONTAINS MANY QUARTZ VEINS AND
CRYSTALS.
rOLLYER SHALE, SOFT, BLACK, GRAPHITIC;
SHALE CONTAINS THIN BEDS OF DARK LIME-
STONE AND SOME DENSE BLACK CHERT.
IGNEOUS ROCKS
CRETACEOUS LARGE BODTFS THAT INCLUDE ¥IELD ABOUT 10 GPM FROM
NEPHELINE SYENITE AND PHONOLITE FRACTURES AND JOINTS.
SOURCES: <1, 2, 15, 18, %4, 35, 1R, 57, 59, 65, A7)
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Groundwater Withdrawals

Groundwater withdrawals in the study area in 1980
amounted to 12.97 MGD which represents less than one percent
of the groundwater withdrawn from all formations statewide.
Pumpage from the Paleozoic rocks (4.58 MGD}) and the Nacatoch
Sand (2.41 MGD) accounted for 54% of the total groundwater
withdrawn in the study area in 1980 (See Table 4-2).

Paleozoic withdrawals in the study area are equal to

approximately 6% of the statewide Paleozoic use. Paleozoic
rocks outcrop 1n approximately half of the Upper Ouachita
Basin. The relatively limited withdrawals from the Paleozoic

rocks in the bhasin indicate the limited availability of
groundwater in this area as compared with groundwater

availability in other Paleozoic outcrop areas, such as the
northwestern part of the State. In contrast, the Nacatfoch
Sand has a very limited outcrop-use area in the Upper Ouachita
Basin, however, the study area withdrawals account for

approximately 37 percent of the total statewide use from the
Nacatoch Formation. <40>

The remaining 47% of groundwater withdrawals in the study
area were from ten other units as follows: Sparta Sand (1.75
MGD}), Tokio (1.56 MGD), Wilcox (.91 MGD), Quaternary (.56
MGD), Ozan (.52 MGD), Cane River (.39 MGD), Carrizo (.13 MGD},
Cockfield (.08 MGD), Midway (.06 MGD), and Trinity Group (.02
MGD ) . <40 Additional information on groundwater withdrawals
in the study area is compiled by county in Table 4-2 for each
aquifer.

Except for the Quaternary deposits and the Wilcox
Formation, groundwater use from aquifers in the study area has
increased from 1965 to 1980, as shown in Figure 4-3.
Withdrawals from Paleozoic rocks, for example, have increased
from 1.94 MGD in 1985 to 4.58 MGD in 1980. The largest
percentage increase was 1n the Ozan Formation from 0¢.13 MGD to
0.52 MGD. Use from the Quaternary aquifer has been variable;
increasing from 1965 to 1970, declining in 1975 and rebounding
to 1965 levels in 1980. Withdrawals from the Wilcox have also
been wvariable with use declining in 1970 and then increasing
in 1975 and 1980. <31, 32, 33, 40>

Groundwater use by county has generally increased from
1965 to 1980 with some wvariability for separate five year
periods, (See Table 4-3) Total groundwater withdrawals in
the area increased 65% from 1965 to 1970, Between 1970 and
1975, total groundwater withdrawals increased a meager 6%, but
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PALEOZOIC NACATOCH

CLARK .28 1.73
DALLAS - -—
GARLAND 1.84 -
HOT SPRING .56 -
MONTGOMERY .93 -=
NEVADA - .68
PIKE 97 -=
TOTALS 4.58 2.41
% OF TOTAL 35.3 18.6
WITHDRAWALS

IN STUDY AREA

% OF AQUIFER 6.2 37.3
TOTALS 1IN
STATE

SOURCE: HOLLAND AND LUDWIG <40>

TABLE 4-2
JROUNDWATER WITHDRAWALS FROM THE STUDY AREA IN 13980 - BY AQUIFER
. (MGD}

SPARTA TOKIO WILCOX QUATERNARY OQZAN CANE RIVER CARRIZO CQCKFIELD MIDWAY TRINITY TOTALS

-- 06 52 .35 52 - - - - - 3.46

1.42 - - - -- 15 - .08 -- - 1.65

- -- - - -- -- -- - -- -- 1.84

17 - 30 15 - .08 07 -- .06 - 1.39

- - — - - - - -— - - 93

16 68 09 .- - .16 .06 -- -- - 1.83

-- 82 -- 06 -- - - - - 02 1.87

1.75 1.56 91 56 52 39 13 08 06 02  12.97

13.5 12.0 7.0 4.3 4.0 3.0 1.0 6 5 2 100%
1.0 25.9 1.8 02 100 7.4 17.6 1.1 4.8 1.6



flgure 4-3

GROUNDWATER WITHDRAWALS BY AQUIFER
1965 — 1980

MILLON GALLONS PER DAY - IN STUDY AREA
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TABLE 4-3
GROUNDWATER WITHDRAWALS
BY COUNTY IN STUDY AREA

1965-80

GROUNDWATER WITHDRAWALS (MGD)

COUNTY . 1965 1970 1975 1980
CLARK .79 .96 1.27 3.46
DALLAS .15 1.15 1.39 1.65
GARLAND 1.05 1.53 2.22 1.84
HOT SPRING .82 1.56 1.30 1.39
MONTGOMERY .38 .63 .63 .93
NEVADA 71 1.48 1.47 1.83

A9 o 1.44 .98 1.87
TOTALS 5.29 8.75 9.26 12.97

SOURCES: HALBERG <31, 32, 33>
HOLLAND AND LUDWIG <40>
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withdrawals were up by 40% in 1980. The largest increase for
the period (1965 to 198B0) was Clark County with an increase of
2.67 MGD {(440%). <31, 32, 33, 40>

In 1980, the largest percentage of groundwater withdrawn
in the study area, about 45%, was used for livestock and
domestic supplies which accounted for 5.82 MGD. Other
categories of use were approximately equal with public
supplies wusing 16.5 percent, crops other than rice using
11.9%, followed by fish farming (11.4%), =self supplied
industry {(11.3%) and rice irrigation (4.5%). Domestic and
livestock use were the dominant uses in Garland, Hot Spring,
Montgomery, Nevada, and Pike Counties, as shown in [Figure 4-4.
Public supply systems were the largest users in Dallas County
(46%) and fish production accounted for about 39% of
groundwater use 1in Clark County. Thirty-one percent of Pike
County’s use was for rice production. <40>

There are several factors which affect water quality in

the formations of this basin. Most of these formations were
inundated and emerged from a marine environment, saturated
with mineralized water. Precipitation infiltrating recharge
zones tends to flush connate water out of the formation if
adequate downdip discharge outlets are possible. Another
factor ig the farther water moves downdip, the more minerals
are dissolved. Roth processes result in formations that yield

high quality water near the recharge area and more mineralized
water downdip.

Another source of water quality degradation is lealage
from one aquifer to another. All of the Cretaceous formations
are under artesian conditions, except in their outcrop areas.
Artesian aquifers are especially susceptable to this problem
when they have been over-pumped. The lowered artesian
pressure from over pumping can promofte wupward movement of
water from deeper formations which have higher pressures.
Since saltwater is in the lower sections of most of the fresh
water aquifers in the area, there is the possibility that
saltwater contamination c¢an be induced by over-pumping.

In general, water from the Sparta Sand is the least
mineralized water from any of the formations in the basin and
is used for public supply and self supplied industry with
little treatment required. Water from the Nacatoch Sand anc
the Tokio Formation 1is utilized by public supply systems and
is of good quality near the outcrop zone bhut changes rapidly
downdip where it contains excessive sodium, chloride, and
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iron. Total dissolved solids concentrations and specific
conductance increase accordingly. Paleozoic rocks contain
water that 1s highly wvariable from area to area and commonly
contains excessive iron. Groundwater guality data by geologic
unit are summarized in Table 4-4.

Groundwater gquality standards are primarily related to

drinking water sources. The recommended limits {Primary
Drinking Water Regulations) were established by the Safe
Drinking Water Act and were adopted by most states. The

Arkansas Department of Health wuses the National Primary
Standards to gaet state standards for public water supply

systems. {See Tables 4-5 and 4-6}. Table 4-7 lists the
Environmental Protection Agency recommended limits for
constituents in water used for agriculture. Table 4-8

summarizes water quality requirements for a few of the more
common industrial uses in Arkansas.
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TABLE 4-4

GROUNDWATER QUALITY

HEAN VALUES BY GEOL.OGIC UNIT

STANLEY SHALE 17.5 2 28z 7.0 108 i2 100 29 a0 6.1 32 2 3 i4 12 Q.1 24 1000 168 18
HACATOCH 3AND 2z2.0 B 1080 8.2 240 7 100 35 47 11 oo 18 7 210 3z Q.7 23 1100 942 2.0
TOKIO FORMAT LON 21.9 B 1260 1.9 230 1 45 9 113 z.1 290 29 5 240 AG 1.1 15 100 797 0.95
SPARTA SAND 18.9 3 122 6.6 54 o] 33 12 .7 z.6 9.8 1 q 9.4 4.0 - 15 2600 a2 14
HILCOX GROUP z2l.2 L] 179 1.3 a7 0 49 2 16 3.2 22 3 3 8.9 10 0.1 21 160 142 2.4
QUATERNARY SYSTFHM 19.7 a 258 7.0 45 [¥] 71 a6 27 1.6 26 1 3 20 9 0.1 8.3 3500 192 14

TEMP. -~ DEGREES - CENTIGRADE N.C.H, - HON-CARBONATE MARDNESS mg/L 80-4 - SULFATE DISSOQLVED mg/L

COLOR - PLATINUM - COBALT UNITS Ca ~ CALCIUM DTSSOLVED mg/L F - FLUORIDE DISSOLVED mag/L

§.C. - SPECIFIC CONDULTANCE {umhos} Mg - MAGNESTUM DISSOLVED mg/L 510-2 - 9ILICA DISSOLVED mg/L

pH - STANDARD UNITS Na - 30ODIUM DISSOLVED me/l. Fe - TRON DISSOLYED ug/l

HCG-3 - BICARBOMATE mg/l. S.A.R. - SODILM ADSORPTINN RATIC T.D.8. - TOTAL DISSOLYED SOLIDS

CO-1 - CARBONATE mg/L K - POTASSIUM DISSOLVED mz/I. mg/L 8UM OF CONSTITUBNTS

Uafn-3 - CALCIUM CARRONATE HARDNESS mg /L 1 - CHLORIDE DISEOLVED ma/l. NO-3 - RITRATE DISSOLVED mg/L

SNURCE: U.S$.0.8. FILFE DATA



TABLE 4-5
NATIONAL INTERIM PRIMARY DRINKING-WATER REGULATIONS

[Data in milligrams per liter unless otherwise specified.
tu - turbidity; pCi/L - picocurie per liter; mrem - millirem
{one thousandths of a rem}].

CONSTITUENT oo MAXIMUM CONCENTRATION
ARSENIC —----—— - m oo - 0.05
BARIUM - e e 1
CADMIUM ——m e e e 0.010
CHROMIUM — -~ e o m e o e e e 0.05
LEAD === = m—m mm m e 0.05
MERCURY ~—-mmmmmm e e e e e e e e e e e e 0.002
NITRATE (AS N} — oo mm e e e e 10
SELENTUM ~-- e m e e e e e e 0.01
SILVER ——m-mmm oo e e - 0.05
FLUORIDE — - mm e e e e e e - 4.0
TURBIDITY ——-—m - e e e e e - 1-5 tu
COLIFORM BACTERTA —------mmer o - 1/100 mL (mean)
ENDRIN -~--smmmmm e e e e 0.0002
LINDANE —— o e e e e e e e e e e 0.004
METHOXYCHLOR — - e e e e e e e e e e e e 0.1
TOXAPHENE ~- -~ m e e e - 0.005
244-D —-mmr e e 0.1
2,4,5-TP STLVEX —~---m-m—m e m e 0.01

TOTAL TRIHALCMETHANES [THE SUM OF THE CONCENTRATIONS OF
BROMODICHLOROMETHANE, DIBROMOCHLOROMETHANE,
TRIBROMOMETHANE (BROMOFORM)} AND TRICHLOROMETHANE

{CHLOROFORM) ] ——--~ e e e e e - — - 0.10
RADIONUCLIDES:

RADIUM 226 AND 228 (COMBINED) ~-----—----—-----——- 5 pCi/L

GROSS ALPHA PARTICLE ACTIVITY ---—------=—-—-—-- 15 pCi/L

GROSS BETA PARTICLE ACTIVITY ----------—-—--~-- 4 mrem/year

SOURCES: U.3S. ENVIRONMENTAL PROTECTION AGENCY <98, 100>.
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TABLE 4-6

NATIONAL SECONDARY DRINKING-WATER REGULATIONS

CONSTITUENT MAXIMUM LEVEL
CHLORTDE = mmm o e o e e e 250 mg/L
COLOR = —mmmm o e oo oo 15 COLOR UNITS
COPPER — o oo e o e oo oo e e 1 mg/L
CORROSIVITY = - oo o s s s e e e NONCORROSIVE
NISSOLVED SOLIDS === - - mmmmmm e mmm e 500 mg/L
FOAMING AGENTS - - - - - mm e m oo 0.5 mg/L
IKON e m e e 0.3 mg/L (300 ug/L)
MANGANESE == - ==~ oo oo oo 0.05 mg/L
ODOR ——m— - e o e e e e e 3 (THRESHOLD ODOR NUMBER)
PH ~ - mrmr oo e e 6.5-8.5 UNITS
SULFATE - = - = oo oo oo 250 mg/L
ZINC mmm e e e e e 5 mg/L

SOURCE: MODIFIED FROM U.35. ENVIRONMENTAL FROTECTION AGENCY
<995 '

201



202

TABLE 4-7
RECOMMENDED LIMITS FOR CONSTITUENTS IN
IRRIGATION WATER
[ALL UNITS IN mg/L}

FOR USE UP TC
20 YEARS ON
FINE TEXTURED
SOILS OF pH

FOR WATERS USED
CONTINUOUSLY

CONSTITUENT ON ALL SOIL 6.0 TO 8.5
ALUMINUM 5.0 20.0
ARSENIC 0.10 2.0
BERYLLIUM 0.10 0.5
BORON 0.75 2.0
CHROMIUM 0.1 1.0
COBALT 0.05 5.0
COPPER 0.2 5.0
- FLUORIDE 1.0 15.0
IRON 5.0 20.0
LEAD 5.0 10.0
LITHIUM 2.5 2.5

REMARKS

CAN CAUSE NON-PRODUCTIVITY IN ACID SOILS, BUT SOILS AT
pH 5.5 TO 8.0 WILL PRECIPITATE THE ION AND ELIMINATE
TOXICITY.

TOXICITY TO PLANTS VARIES WIDELY, RANGING FROM 12 mg/L
FOR SUDAN GRASS TO LESS THAN 0.05 mg/L FOR RICE.

TOXICTY TO PLANTS VARIES WIDELY, RANGING FROM 5 mg/L
FOR KALE TO 0.5 mg/L FOR BUSH BEANS.

ESSENTIAL TO PLANT GROWTH, OPTIMUM YIELDS FOR MANY
OBTAINED AT A FEW-TENTHS mg/L IN NUTRIENT SOLUTIONS.
TOXIC TO MANY SENSITIVE PLANTS {e.g., CITRUS PLANTS AT
1 mg/L)

NOT GENERALLY RECOGNIZED AS ESSENTIAL GROWTH ELEMENT.
CONSERVATIVE LIMITS RECOMMENDED DUE TO LACK OF KNOW-
LEDGE ON TOXICITY TC PLANTS.

TOXIC TO TOMATO PLANTS AT 0.2 mg/L IN NUTRIENT SOLUTIOKS.
TENDS TO BE INACTIVATED BY NEUTRAL AND ALKALINE SCILS.

TOXIC TC A NUMBER OF PLANTS AT 0.1 TC 1.0 mg/L IN
NUTRIENT SCLUTION.

INACTIVATED BY NEUTRAL AND ALKALINE SOILS.

NOT TCXIC TO PLANTS IN AERATED S0OILS, BUT CAN

CONTRIBUTE TO SOIL ACIDIFICATION AND LOSS OF ESSENTIAL
PHOSPHORUS AND MOLYBEDENDUM.

CAN INHIBIT PLANT CELL GROWTH AT VERY HIGH
CONCENTRATIONS.

TOLERATED BY MOST CROPS AT UP TO 5 mg/L; MOBILE IN
SO0IL., TOXIC TO CITRUS AT LOW DOSES - RECOMMENDED LIMIT
IS 0.075 mg/L.
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TABLE 4-7 CONT.
RECOMMENDED LIMITS FOR CONSTITUENTS IN
IRRIGATION WATER ‘

FOR USE UP TO
20 YEARS ON

FOR WATERS USED FINE TEXTURED
CONTINUOUSLY SOILS OF pH

CONSTITUENT ON ALL SOIL 6.0 TO 8.5 REMARKS

MANGANESE 0.2 10.0 TOXIC TO A NUMBER OF CROPS AT A FEW-TENTHS TO A FEW
mg/L IN ACID SOILS.

MOLYBDENUM 0.01 0.05 NOT TOXIC TO PLANTS AT NORMAL CONCENTRATIONS IN SOIL
AND WATER. CAN BE TOXIC TO LIVESTOCK IF FORAGE IS GROWN
IN SOILS WITH HIGH LEVELS OF AVAILABLE MOLYBDENUM.

NICKEL 0.2 2.0 TOXIC TO A NUMBER OF PLANTS AT 0.5 TO 1.0 mg/L; REDUCED

SELENIUM 0.02 0.02 TOXIC TO PLANTS AT LOW CONCENTRATIONS AND
TO LIVESTOCK IF FORAGE IS GROWN IN SOILS
WITH LOW LEVELS OF ADDED SELENIUM.

TIN, TUNGSTEN - - EFFECTIVELY EXCLUDED BY PLANTS; SPECIFIC TOLERANCE

AND TITANIUM LEVELS UNKNOWN.

VANADIUM 0.1 1.0 TOXIC TO MANY PLANTS AT RELATIVELY LOW CONCENTRATIONS.

ZINC 2.0 10.0 TOXIC TO MANY PLANTS AT WIDELY VARYING CONCENTRATIONS;:

‘ REDUCED TOXICITY AT INCREASED pH (6 OR ABOVE) AND IN
FINE-TEXTURED OR ORGANIC SOILS.
RECOMMENDED
CONSTITUENT LIMIT REMARKS

PH 4.5-9.0 MOST EFFECTS OF pH ON PLANT GROWTH ARE INDIRECT
(e.g., pH EFFECTS ON HEAVY METALS; TOXICITY DESCRIBED
ABOVE) .

TDS 500-5,000 mg/L  BELOW 500 mg/L, NO DETRIMENTAL EFFECTS ARE USUALLY

NOTICED. BETWEEN 500 AND 1,000 mg/L, TDS IN IRRIGATION
WATER CAN AFFECT MANY CROPS, AND CAREFUL MANAGEMENT
PRACTICES SHOULD BE FOLLOWED. ABOVE 2,000 mg/L, WATER
CAN BE USED REGULARLY ONLY FOR TOLERANT PLANTS ON
PERMEABLE SOILS.

SOURCE: DONOVAN AND BATES <23>
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: TABLE 4-8
WATER QUALITY REQUIREMENTS FOR SELECTED USES
{UNLESS OTHERWISE INDICATED, UNITS ARE mg/L AND VALUES ARE MAXIMUMS)

COOLING WATER . PROCESS WATER BY INDUSTRY
BOTTLED
BOILER FEEDWATRR ONCE THROUGH MAKEUP FOR PETROLBUM AND
CTRCULATION RECTRCULATION PULP AND . CANNED
<933kPa <10241 kPa AND  CHEHICAL  COAL PRIMERY  FOOD SOFT
CHARACTERISTICS (<150 PS1G) (<150 PSIG) FRESH BRACKISH FRESH BRACKISH TEXTILE LUMBER PAPER PRODUCTS PRODUCTS  METAL CANNING DRINKS  TANNING
SILICA {810-2) 30 0.01 50 25 50 25 50 50 60 60
ALUMINUM (A1) 5 0.01 0.1
IRON (Fe) t 0.0l 0.5 0.10 0.3 0.1 1.0 0.02 0.30 50
MANCANESE (Mn) 0.3 0.5 0.0l 0.t 0.1 0.02 0.05 0.2
COPPER (Cu}) 0.6 0.01 0.05
CALCIUM {Cm) 200 520 50 120 20 70 75 100 L1Y]
MAGNESIUM (Mg) 12 20 30
SODIUM AND PO-
TASSIUM (Na+k) 230
AMMONIA ([NH3) 0.1 0.7 40
BICARBONATE
(HCO-3) 170 600 25 130 480
SULFATE (80-4) &80 2700 200 2700 100 600 250 500 250
CHLGRIDE (C1) . 600 500 200 500 300 500 250 500 260
FLUCRIDE (F) 600 19000 500 19000 5 1.2 1 1.7
NITRATE {NO-3)} 10 10
PHOSPHATE (PO-4)
DISSOLVED SOLIDS 700 0.5 1000 35000 500 35000 100 100 1000 1000 1500 500
SUSPENDED SOLIDS 10 0 5000 2500 100 100 5 ¢3-MM i0 5 10 300D 10
DIAMETER
HARDNESS [CaCO-3) 20 0.07 B50 8250 130 8250 25 475 250 350 1000 260 1%0
ALKALINITY (CaC0-3) 140 0 500 115 20 i15 L25 500 200 250 85
ACIDETY {CaC0-3) 75
pH 8-10 8.8-9.2 5-8.3 6-8 5-9 4.6-9.4 5.5-9 6-9 5-9 £.5-B.5 8-8
COLOR-UNTTS 5 10 20 25 5 10 5
ORGANICS
MBAS 1 30
ccl, 1
cob 5 0 78 75 75 75
DISSOLVED OXYOEN <0.03 <0.005
TEMPERATURE - DEG. C - 48 48 37 48 37 48 37 37
[DEG. F} (120} (120} 1100) (120} (100} (120) {100} (100)
TURBIDITY - tu 1o 0.05 5000 100
MBAS - METHYLENE BLUE ACTIVE SUBSTANCES CCl,- CARBON TETRACHLORIDE EXTRACT COD - CHEMICAL OXYGEN DEMAND

DETERMINED B8Y TREATMENT OF OTHER CONSTITUENTS

SOURCE: MODIFIED FROM NATIONAL ACADEMY OF SCIENCES - NATIONAL. ACADEMY OF ENGINEERING COMMITTEE <502



SELECTED GEOLOGIC UNITS

Paleozoic Rocks

Geology

Approximately half of the surface material Iin the Upper
Quachita Basin is from the Paleozoic Era. The topography of
east-west ridges and valleys 1is underlain by extensively
folded shales, sandstones, chert, and Novaculite with some
limestone and igneous intrusive rocks. These wunits were

originally deposited in horizontal beds of mud, sand, gravel,
marl, lime, volcanic ash and silica in & marine environment.
Compression changed these deposits to the shale, sandstone,

conglomerate, limestone, tuff, chert and WNovaculite found
there today. The Ouachita Orogeny followed, causing extensive
folding and faulting. The additional heat metamorphosed some
of the shale to slate and sandstone to QRuartzite. Following
the north-south compression were erosional cycles with minor
arching and faulting. <65> The outcrop =zones for the

formations of Paleozoic age are i1llustrated in Figure 4-5.

The elevation of the top of the Paleozoic rocks where
they exist in the subsurface beneath coastal plain sediments
15 shown in Figure 4-6. The dip of the tep of the Paleozoic
rocks is generally to the south in the western part of the
basin and to the southeast in the eastern portion of the

basin. Through Clark and Dallas Counties, the dip is
approximetely 65 feet per mile,. In Pike, northern Hempstead,
and Nevada Counties, the dip 1is at a much steeper rate,
exceeding 250 feet per mile. The Paleozoic rocks 1n a

consolidated, buried state act as a thick impervious barrier
in the subcrop zone under Cretaceous, Jurassic, Tertiary, and
Quaternary Systems. <5T7>

Hydrology

The nature of groundwater occurrence in the different
formations of Paleozoic age 1s very similar and, therefore,
will be discussed together in this report. All formations in
the Highlands are relatively impermeable due to compaction
from deep burial. The primary porosity has essentially been
destroyed. Groundwater usually occurs within twenty feet of
land surface in fractured rocks, soil, and loose particles
created by weathering. Below the weathered zone, groundwater
movement and storage occurs in secondary openings such as
Joints, fractures and separated bedding planes created by
deformation. Movement within these fractures 1is down gradient
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created by geologic structure or withdrawals. Movement 1is
generally toward the synclinal axes and away from the
anticlinal axes. The depth to water varies with
precipitation, evapotranspiration, topography and withdrawals.
The depth to water is generally greatest: after prolonged
drought, after extensive withdrawals, during conditions
favoring high evaporation rates, or near the tops of ridges.
The opposite set of conditions would tend to produce a
shallower depth to water. Commonly, the depth to water is
less than 20 feet below land surface while the pumping water
level may be three to five times that depth. Most wells are
less than 100 feet deep. Normal seasonal variation in the
water level is generally 10 to 20 feet. Water level changes
following precipitation are rapid which suggests that water
moves qulckly into the groundwater system but storage capacity

is small. Yields are primarily controlled by the pattern,
distribution, and density of fractures within the formation
being tapped. Fracture lineaments are generally oriented
east-west due to the folded pattern in the QOuachita Mountains
from north-south compression. Therefore, wells located north
and south of each other may have quite different yields while
east-west aligned wells commonly have similar yields. Yields
are generally in the range of two to seven gallons per minute,
however, some large producers have been reported, One well in

the Bigfork Chert north of Hot Springs has been known to yield
as much as 350 GPM, but this is exceptional. {2, 34, 59>

All exposed formations on the surface have secondary
porosity and can store and tLransmit water through joints and
fractures, Practically all formations can yield adequate
quantities for a domestic supply, however, several formations
are much more permeable than others. The best aquifer by far
seems to be the Bigfork Chert because it 1is so highly
fractured. "The Crystal Mountain Sandstone, the Arkansas
Novaculite and the limestone intervals of the Ccllier Shale,
Mazarn Shale and Womble Shale may also be good aquifers".
These same formations tend to be sources of many springs in
the area. {€5>

Paleozoic rocks are the most important aquifers in the

study area, based on use. In 1980, withdrawals totaled 4.58
MGD in the study area, which is twice the guantity withdrawn
in 1965. (See Table 4-9) Paleozolc use in Montgomery, Pike,

and Clark Counties’has gradually increased from 1965 to 1980.
Garland and Hot Spring county withdrawals have shown some
variability from one five-year period to the next. <31, 3%,
33, 40>
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TABLE 4-9
PALEOCZOLIC ROCKS
GROUNDWATER WITHDRAWALS

1965-1980

Withdrawals (MGD)

COUNTY 1965 1970 1975 198¢C
éLZ;;:::::::::::::::::::::f;g::::::::;3::::::::i;::::::::;g
GARLAND 1.08 1.53 2.22 1.84
HOT SPRING .23 .88 .53 . 56
MONTGOMERY .38 .63 .63 .93
FIKE 25 .47 .51 .97
TOTALS 1.94 3.55 3.99 4.58

SOURCES: HALBERG <31, 32, 33>
HOLLAND AND LUDWIG <40>

According to Arkansas Department of Health file data,
nine public supply systems withdraw groundwater from Paleozolc
formations within the basin. {See Figure 4-7) These systems
serve a population of approximately 2700 persons 1in Hot
Spring, Montgomery, and Garland Counties. About a third of
those persons rely on the system at Mountain Pine. The system
has a maximum demand of 109,000 GPD with a maximum capacity of
almost 700,000 GPD. Storage facilities, however, are only
100,000 gallons which 1is 1less than one days supply under
maximum demand conditions. Diamond Head serves 750 persons
which mahkes it the second largest system based on the
population served. Maximum demand at Diamond Head is 150,000
GPD with =& maximum capacity of 576,000 GPD and storage
facilities for 200,000 gallons,. Information on the other
systems that serve 200 persons or less is provided in Figure
4-7. 3>
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Water Quality

Based on very Jlimited groundwater quality data for the
study area, the quality of water from Paleozoic rocks can be
characterized as highly variable from formation to formation
and area to area. For example, total dissolved solids ranged
from 25 mg/L for a well in the Arkansas Novaculite to 960 mg/L
for a well in the Womble Shale. {See Table 4-10) Similarly,
hardness of water ranged from soft (6 mg/L of CaC0as) for a
well in the Jackfork Sandstone to very hard (570 mg/L of
CaC0,3) for a well in the Womble Shale.

Groundwater quality 1is also variable within the same
geologic formation. Dissolved i1ron concentrations ranged from
10-620,000 wug/L for wells in the Womble Shale in Garland
County and ranged from 10-4100 ug/L for wells in the Stanley
Shale in Hot Spring County.

Additional data on selected constituent concentrations
are summarized in Table 4-10 by county for seven formations of
Paleozoic age. These data show that, with the exception of
frequent high dissolved iron concentrations, the quality of
water from Paleozoic rocks is generally well within the limits
established for drirking water standards.

Mesozoic Erathem

Within the Mesozoic Era are the Cretaceous, Jurassic, and
Triassic Systems. Only the Cretaceous System is present in
Arkansas. In the Upper Ouachita Basin, 17 formations are
present from the Cretaceocus System. Most of these are non-
water bearing or yield water of unsuitable quality for most
uses and are not discussed in this report. The Trinity group
of lower Cretaceous age occurs along the flanks of the Fall
line, and 1s a source of water for domestic wells mainly in
western Pike and Heward Counties. Two water-bearing geologic
units used for municipal supplies 1n the study area are the
Tokio Formation and the Nacatoch Sand.

Tokio Formation

Geology. The Tokio Formation is of Cretaceous age and is
overlain by the Brownstown Marl. The Formation outcrops in a
narrow band trending NE-SW from Clark County to Howard County
interrupted by Quaternary deposits in the Little Missouri
River Basin. (See Figure 4-8) The outcrop =zone tends to
broaden toward the southwest. The dip of the beds 1is
southeastward at a rate of approximately 60 feet per mile,
<57, 59>
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TABLE 4-10
PALEQZOIC ROCKS
GROUNDWATER QUALITY

COUNTY TEMP. CCLOR S.C. pH

CLARK ¥ SAMPLES 1 L 1 1 1 1 L 1 1 L 1 I 1 L i 1 1 1 1 1
HIN 18.9 80 az 5.4 9 0 6 ¢ 1.4 o.7 1.¢ 0.5 2 2.5 2.0 0 13 360 28 0
MAX 8.9 a0 iz 5.8 9 0 6 [+ 1.4 0.7 3.0 0.5 z 2.5 2.0 0 13 360 2% 0
MEAN 18.9 -1 32 5.8 a9 0 5 0 1.4 0.7 2.0 0.5 2 2.5 2.0 0 i3 380 28 0
o STANLEY SHALE B
CLARK # SAMPLES 2 3 4 4 4 4 4 4 4 4 ] 4 1 4 1 3 2 3 4 4
MIN 17.8 1 285 5.9 8 Q 18 o 6.2 0.7 19 0.9 1 8.0 10 0.1 20 0 160 0
MAX | 2.0 5 501 g.4 300 6 200 42 41 23 120 12 11 69 30 0.2 43 800 292 1]
MEAN 17.9 3 q16 T.2 170 2 88 14 18 10 a2 4 5 28 18 0.1 az 280 232 17
GARLANE 4 SAHPLES 0 | 1 1 1 1 1 1 i 1 1 1 1 1 1 I o i 0 1
MiN - 2 288 T.7 170 0 130 0 a2 5.6 11 0.4 0.4 4.0 (1] o - 6§00 - 0.3
MAX - 2 288 7.7 170 o 1ao 0 42 5.6 11 0.4 0.4 4.0 10 0 - 600 - 0.30
MEAN - 2 288 7.7 170 Q 130 0 42 5.6 11 0.4 0.4 1.0 10 o - 600 - 0.30
HOT SPRING 4 SAMPLES 9 8§ ] J T T 8 a 8 .| -] ] 8 8 ] B 7 g 7 0
MIN 16.0 0 556 5.4 g 0 7 0 1.6 0.8 5.2 0.6 0.4 1.0 0 0 21 10 43 -
MAX 19.0 5 475 7.4 180 0 170 16 18 11 23 0.8 3 47 27 0.3 46 1100 250 -
MEAN 17.6 2 214 6.7 93 o 77 2 22 5.2 13 0.7 1 9.8 8.4 0.2 31 t400 161 -
HONTGOMERY # SAHMPLES ] 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 3 t ]
MIN 16.0 2 34 5.6 0 2 i o .3 0.7 1.2 0.3 0.6 2.0 3.6 0 7.6 500 120 2.9
MAX 20.0 s 340 8.2 0 190 270 25¢ 110 6.4 z10 [ t2 30 17 0.2 7.6 3600 120 68
MEAN 17.1 3 210 6.5 0 44 110 65 i 1.7 531 2 6 L6 10 0.1 7.8 1800 120 32

HEAN QF HEANS L7.5 2 282 7.0 LEe]:) 12 100 20 30 6.1 Jz F4 3 L4 12 0.1 24 1000 168 16

GARLAND ) SAMPLES 0 1 1 1 ! 1 1 ! | 1 1 1 1 1 ) 1 0 1 0 1
M1N - 4 76 7.0 39 0 1 0 8.2 2.5 1.6 0.1 0.9 2.0 6.4 0 - 8500 - 0.40
Max - 4 76 7.0 19 0 11 0 8.2 2.5 1.6 0.1 0.9 2.0 6.4 0 - 8500 - 0.40
MEAN - [ 16 7.0 a9 0 a 0 8.2 2.5 1.6 0.1 0.9 2.0 6.4 0 - 8500 - 0.40
POLX t SAMPLES 2 0 2 2 0 2 2 2 2 2 2 2 2 2 2 2 2 2 0
MIN 14.0 - 160 4.8 - - 33 2 1.5 1.1 1.0 0.0 0.2 1.8 6.2 0.1 6.8 110 54 -
HAX 18.0 - 176 6.6 - - 71 k] 29 3.4 5.0 0.4 6 ' 13 0.1 8.1 170 91 -
MEAN 16.0 - 168 5.7 - - 55 16 18 z.2 3.0 0.2 3 6.4 8.6 0.1 7.4 140 74 -
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COUNTY

TEMP.

COLOR 5.0, pH

Cal0-3

TABLE 4-10 (CONT'D)
FPALEGZOILU ROCKS
GROUNDWATER QUALITY

DALLAS # SAMPLES 2 o z 2
M1N 17.¢ - 236 7.2 -
MAX 23.0 - 291 7.2 -
MEAN 20.0 - 261 7.2 -

BLAKELY MTH. SANOSTONE
4 2 2 2 2
4 41 6.9 I.8 0
LB 12 7.0 1.9 0
L 42 7.0 1.R Q

2 2 2 2
1.9 3.8 0.3 14
2.3 12 0.3 14
2.1 7.8 0.3 14

HOT SFPRING § BAMFPLES
MIN
HAX

MEAN

3 L 3 2 1
18.0 0.0 15 7.4 8
23.0 0.0 241 7.5 8
2.2 0.0 166 1.4 8

3 1 3 1 3
¢ 2 0.8 1.1 0.2
3 23 6.0 14 0.7
{ 16 4.3 9.4 0.5

3 3 3 3
0.9 1.0 0.1 8.4
2.0 1.8 0.1 25
1.5 1.6 0.1 19

120
70

GARLAND ? SAMPLES 1 3 4 4 3
MIN 20.5 3 ar 7.0 13
HAX 20.5 3 568 7.7 200
MEAN 20.5 4 2814 7.4 1ag
MONTGOMERY # SAMPLES 3 L 3 2 2
MIK 16.5 3 150 T 0
MAX 20.0 3 1080 7.7 0
MBAN 17.9 3 686 7.3 0

270
170

L] 4 ] 4 4
0 Q 6.9 2.1 0.1
34 62 i2 48 2
[ 28 10 16 0.7
3 3 3 3 3
o 17 2.3 3.9 0
170 170 as 1.7 0.5
38 110 23 6.0 0.2

4 L] 4 1 4
2.0 2.8 0.1 20 6
22 45 2.0 20 620000
8.3 23 0.7 20 170000
3 3 3 2 3
6.0 1.4 0.1 9.7 3
X ] 220 0.2 11 4500
8.8 140 0.1 1¢ 1500

# SAMPLES
MIN
MAX
MEAN

MONTOOMERY

1 t L 1 L
i6.5 2 Ji0 8.2 0
16.6 2 340 8.2 0
16.6 2 340 8.2 0
TEMP. - DEGREES - CENTRIGRADE
COLOR ~ PLATINUM - COBALT UNIT3
5.¢. - SPECIFIC CONDUCTANCE {umhos)

pH - STANDARD UNITS

HCO-3 - BICARBONATE mg/L

CO-3 - CARBONATE mg/L

CaC0-3 - CALCUIM CARBONATE HARDNESS mg/l.
SCURCE: %.5.G.5. FILE DATA

i 1 1 1 |
Q 56 6.4 1.2 0.3
0 56 6.4 T.2 0.3
0 58 6.4 7.2 0.3
N.C.H. - NON-CARPORATE HARDHNESS md/L

Ca - CALCIUM DISSOLVED mg/L

Mg - MAGNESIUM DRISSGLVED mg/L

Na - 8¢DIUM DISSOLVED meg/L
S$.A.R. - SODIUM ADSORPTION RATIO
K - POTASSIUM DISSOLVED md/L

Cl - CHLORIDE D1SSOLYED mg/fL

$0-4 - SULFATE PISSOLVED mg/L
F - FLUORIDE DISSOLVED ma/L
§i0-2 - 3S1LICA DISSOLYED =e/L

Fe - IRON DISSOLVED ug/L

T.D.9. - TOTAL DISSOLVED 30LIDS
mg/L 9UM OF CONBTITUENTS

NO-3 - NITRATE DISSOLVED mg/L
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The formation generally consists of poorly sorted, cross-
bedded quartz sands, gray clay, some lignite with a basal
gravel. Thickness of the beds varies from a feather edge at
the northern-most extent to a maximum of 200 feet,
southeastward. <13, 59>

Hydrology. Recharge is from precipitation entering the
outcrop zZone or percolating through Quaternary deposits into
the formation. Movement is downdip to the southeast and is
under artesian conditions except in the outcrop =zone where
water table conditions prevail. A3 Yields of as much as
300 GPM have been reported in Hempstead County, however,
vields of 100 GPM to 150 GPM are more common. <48, 59>

Water-level hydrographs for three wells in the Tokio.

Formation are illustrated in Figure 4-9. Water levels for
wells 1 and 2 showed relatively little wvariation for the
perioecd of record. However, well no. 3, which was used by

Prescott for public supply, has shown considerable variability
over the past 15 years. From 1971 to 1981, the level dropped
approximately 75 feet. The net change for the period of
record {1971-85) was 60.7 feet of decline. The variaetion in
water levels for well no.3 has apparently been due to pumping
schedule changes +that were made in the operation of the
Prescott well field before the city converted to a surface-
water supply. Well no. 3 is Jjust one of the eight wells that
Prescott had in the Tokio and Nacatoch Sand formations. As
pumping demands increased, the cone of depression in the Tokio
deepened and yields declined accordingly until a surface-water
source had to be developed.

Water Use, The Tokio Formetion ranked fourth in the

basin in 1980 based on groundwater withdrawals. Water use 1in
1980 from the Tokio Formation totaled 1.566 MGD from Clark,
Nevada, and Pike Counties. During the period of 1965-80, the
amount of water withdrawn from the Tokio Formation tripled.
The total groundwater withdrawals for each county have shown a
gradual but steady increase from 1965 to 1980, as illustrated
in Figure 4-10. <31, 32, 33, 40>

Five public supply systems in the basin rely on the Tokio
Formation to supply an adequate amount of water to meet their

needs. These systems parallel the outcrop =zone in northern
Hempstead County, southeastern Pike County, and west-central
Clurk County. (See Figure 4-11) Information pertaining to
the five public supply systems in the basin is compiled in
Table 4-11. These data show that all of the systems are
relatively small with the Antoine system, which serves 194
persons, exhibiting the largest demand (90,000 GPD). Antoine
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figure 4—1C

TOKIO FORMATION
GROUNDWATER WITHDRAWALS

1965-1980

ABQ lod SUDLIND UHEIY

970 —

887

09"~

viva ON O

i

08s8i
2481

.

L84
296

4

|

SOURCES: Haibery (31,32.33)

Holland and Luedwig {40

217



<g> YiIEEH jo juswlindeg seaunyiy 30HNOSR

812

N
|

b i W ! N |
3 \ ) ¢ —-
L.
{ H
1

o}

POlL K \/,"Ml
\ MONTGOMER.Y GARLAND -

|
|
|
L, |
Vel

S [ N B - 3 "(l HOT SPRING !
1 A Y
. | ' r) e
] | -

o t-— = J")‘_ I‘“ﬂ L'i Q R K C——_ﬁ-_'_"-"_ _—
iH oW A R D| cL A | ﬂ\w
% """ ANTOIKE ‘ N r

_ l
OKOLONA ﬁl DALLAS ™

. ‘&:MTILL ‘-\1\ ! \\
i @ugvms' {5 .
U N A R

T e - B\ \ ‘[m"" L;’
) OUTCROP ZONE S * ! . f
OZAN-Loocution and (‘,i] HEMP ST EZT/L N EV ADA !
identitization of _ AN b ‘
Public Supply System N 5 O u A Cmg T A
Z ! Il ¢ ALHOUN
! \4’/\'
(e? t \ . \,‘
L(t : ’ T
e 1 ' A
co— K|
. [ Ly
Lo
A o

LL~-¥ eundy

SW3LSAS Addns dilgnd
NOLLVINHO4 OIMOL

\ﬂ,\_\‘_/\‘/‘/—-__.—



TOWN
{ COUNTY)

TABLE 4-11

TOKIO FORMATION

PUBLIC SUPPLY SYSTEMS

MAXIMUM
DEMAND

MAXIMUM
CAPACITY

STORAGE

OZAN
{ HEMPSTEAD)

MCCASKILL

(HEMPSTEAD)

BLEVINS
{ HEMPSTEAD)

OKOLONA
(CLARK)

ANTOINE
{ PIKE)

UNKNOWN

.045 MGD

.06 MGD

.09 MGD

.034 MGD
.14 MGD
.144 MGD

.144 MGD

.002 MGD

.006 MGD

.0053 MGD

.08 MGD

.05 MGD

SOURCES: ARKANSAS DEPARTMENT OF HEALTH <35

. 215 MGD

ARKANSAS SOIL AND WATER COMMISSION <9>
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has one well at a depth of 172 feet which yields approximately

150 GPM. The smallest system is QOzan with a maximum demand of
30,000 GPD for 110 people. Storage for three of the [live
systems is less than one day’'s supply. <3>

Water Quality. The quality of water from the Tokio

Formation in the Upper Ouachita Basin is extremely variable.
Water-quality data compiled in Table 4-12 for wells that tap
the Tokioc Formation in Clark, Hempstead, and Nevada Counties
illustrate the variability in constituent concentrations. For
example, c¢hloride concentrations for wells in Clark County
ranged from 7.0 to 1200 mg/L and total dissolved soclids ranged
from 50 to 1800 mg/L. Concentrations of c¢hloride, total
dissolved solids, and other constituents significantly
increase with increasing distance from the outcrop area.

The temperature of water in the Tokio Formation is
considerably higher than groundwater temperatures measured in
other fermations in the state. The maximum water temperature
measured in the study area was 37.50C for a water sample from
a well near Hope.

The extent of fresh water in the Tokio PFormation in the

Upper Quachita Basin is identified in Figure 4-8, Groundwater
in the area designated as fresh water in Figure 4-8 contains
less than 1000 mg/L of total dissoclved solids. <19> " Ag

indicated by the fresh water-salt water interface, water from
the Tokio Formation in most of Clark County is VeErY
mineralized and is unsuitable for most uses without trecatment.

Nacatoch Sand

Geoclogy. The Nacatech Sand is the second youngest
formation of Cretaceous Age, being overlain by the Arkadelphia
Marl and underlain by the Saratoga Chalk. <13, 21> The unit

outcrops in a narrow band from two to eight miles wide
trending NE-SW across Hempstead, Clark, and Nevada Counties,

as shown in TFigure 4-12. It forms a low, wide ridge frowm the
Little River Basin to the Missouri River where it 1s buried
under Quaternary terraces and alluvium. <48> The ocutcrop

zone 1is also interrupted by Quaternary depusits along Terre
Noire Creek in central Clark County. _
Composition of the unit is highly variable, laterally and

vertically. Three lithologic units of the formation have been
distinguished 1in Clark County. The lower unit consists
primarily of clay, sandy eclay, fine grained sand, irregular
concretionary beds, and glauconitiec sand. The middle unit
consists of irregular concretionary beds and fossiliferous
green sand. The upper unit is composed of a massive bed of
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TaslL.E 4-12

TOK[Q FORMATION

GROUNDWATER QUALITY

COUNTY TEMP. COLOR 5.C. pH
CLARK ¢ OF SAMPLES 2 5 6 il
HIN 20.0 2 86 6.0

MAX 23.9 5 4760 B.2

MEAN 21.9 L] 1980 7.4

KEMPSTEAD ¢ OF SAMPLES 29 L] a7 a7
MIN 14.0 3 41 5.9

Hax 7.6 12 1920 B.9%

MEAN 20.5 ] 432 7.9

NEVADA + OF SAMPLES 20 T 23 23
MIN 19.0 3 180 7.7

MAX 32.¢ 15 jazo 9.8

HEAN 23.4 7 1360 8.4

MEAM OF MEANS 21.9 6 126¢ 7.9

TEMP. - DROREBRS - CENTIGRADE

COLOR - PLATINUM - COBALT UNITS

8.C. - SPECIFIC CONDUCTANCE
{umhos)

HCO-3 - BICARBONATE mg/L

CO-1 - CARBONATE ma/L

CaC0-) - CALCIUM CARBONATE HARCNESS mg/L

S0URCE: U.8.G.8. FILE DATA

a7

570
160

22
170
460
e

CaCO-1 N.C.H Cr Mg Na
6 ] 5 5 5
27 0 7.9 1.3 4.1
200 76 66 9.2 690
a2 24 24 3.¢ 280
37 a7 5 5 5
3 0 0.8 0.4 9.0
200 24 10 1.9 440
2R 2 4.4 1.1 280
24 24 9 9. 9
5 0 a.8 0.2 19
140 0 48 8.0 590
24 ¢ 11 1.4 G
45 9 13 2.1 290
N.C.I\. - NON-CARBONATE HARDMNESS mg/L
Ca - CALCTUM DISSCLVED mg/L
Mg - MAGNESIUM DISSOLVED mg/L
Na - S0DIUM DISSOLVED mg/L
9.A.R. - SODIUM ADSORPTION RATIO
K - POTASSIUM DISSOLVED mg/L
€l - CHLORIDE DISSOLVED mx/L

K Ccl S0-4 F 35
5 6 & 3
0.7 7.0 26 0.1
7 1200 400 1.0
4 450 140 0.7
5 37 ar 5
0.8 3.2 1.0 0
16 320 120 2.4
5 6 kL] 1.1
] 24 23 9
1 10 4.9 0
29 920 15¢ 2.8
8 230 23 1.8
5 240 86 1.1
S0-1 - SULFATE DISSOLVED mg/L

F - FLUCRIDE DISSOLVED mag/L

810-2 - S1LICA DISSOLVED ag/L

Fe - IRON DISSOLVED um/L

T.D.8. - TOTAL DISSOLVED SOLIDS
mg /L 3UM OF CONITITUENTS

NO-3 - HITRATE 018SOLYED mg/L

500
140

100

1.4
21
1.0
0.43

0.98



figurg 4-12
NACATOCH SAND
OUTCROP ZONE, STRUCTURAL CONTOURS
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gray, commonly cross bedded quartz sand containing a few hard
lenses of fossiliferous sandy limestone. Thickness of the
unit varies from less than 200 feet in Clark County to over
300 feet in Nevada County, generally becoming thicker to the

southwest. <48, 67> Sand percentages for the entire
formation vary from less than 20% in southern Nevada County to
over 60% in Clark County. The highest sand percentages were

found in east-central Clark County adjacent to the outcrop
zone {See Figure 4-13).

Hydrology. Most withdrawals from the Nacatoch are from
the upper portion of the formation which is the principal
water-bearing unit. 67> Yields commonly range from 100 to
as much as 300 GPM in and near the outcrop =zone. <59, 67>
Groundwater movement on a large scale is toward the southeast
as precipitation entering the aquifer in the outcrop =zone
moves downdip under artesian conditions. An additional source
of recharge is percolation through Quaternary deposits into
the underlying Nacatoch. <13, 48, 59, 67>

Potentiometric changes in the water levels in six wells
screened in the Nacatoch Sand are illustrated in Figure 4-14.
These wells were selected because of their long period of

record. Well number 1 is located south of Prescott in Nevada
County. Continuous record for the well is available from 1963
to the present. In 1963, the water level was at approximately
227 feet (msl). In 1985, the water level was at 203 feet.
The net loss has been about 24 feet over 23 years which is a
little over one foot per year. Well number 2 is located

northeast of Gurdon and had & net rebound of exactly one foot
for the period of record, 1958 to 1968. Another well socuth of
Arkadelphia (well no. 3) had records from 1963 to 1985, The
net decline for the period of record was approximately four
feet. Water levels in these three wells in the Nacatoch Sand
show very little deviation from one year to another.

Water levels for the three other wells illustrated 1in
Figure 4-14 (wells 4, 5, and 6) show considerable wvariation.
Well no. 4 is one of four wells in the Gurdon well field.
From 1970 to 1985, the water level showed a net decline of
approximately 21 feet. The greatest change for any single
vear was from the spring of 1979 to the spring of 1980 with a
decline of 29 feet. Well no. 5 is in the Hope well field and
has also shown considerable variability over 19 years of

record from 1966 to 1985, The overall net change has
indicated a rebound of about 34 feet. Well no. 6, 1in the
Prescott well field, showed a net decline of about 1 foot for
the 12-year period of record. Since wells 4, 5, and B are

city wells, the variability in water levels for these three
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wells indicates that levels are probably changing in response
to pumping schedule changes. Therefore, the variability 1in
water levels does not represent long-term problems or
declines.

Water Use, The Nacatoch Sand 1is the gecond most
important aquifer in the basin according to withdrawals in
1980, Use in 1980 totaled 2.41 MGD in Clark and Nevada
Counties. Use has increased for every five-year period since
1965 in beoth counties as shown in Figure 4-15. Major uses 1in
Clark County are for fish production, crops other than rice,
and public supply systems. Withdrawals in Nevada County were
for domestic, livestock, and public supply systems.
Withdrawals from the Nacatoch in the study area represent only
18.6% of the total groundwater withdrawals from all aquifers
in the study area and approximately 37% of statewide Nacatoch
withdrawals in 1980, <31, 32, 33, 40>

In Nevada, Hempstead, and Clark Counties, three public
supply systems depend on the Nacatoch Sand to meet their
needs. The City of Emmet in Nevada County has a public supply
well in the Nacatoch that is 400 feet deep. This well serves
approximately 600 persons in the area. The maximum demand 1is
only about 25% of maximum capacity (.2186 MGD) with storage
capability equal to one day’'s demand of 0.05 MGD. The City of
Perrytown, Jjust northeast of Hope in Hempstead County, serves
a population of 85 persons with a maximum demand of 0.01 MGD,
which 1s only 12% of maximum capacity. Storage facilities,
however, are only 3% of one days demand. Perrvtown has only
one well screened in the Nacatoch at 300 feet below land
surface. The City of Gurdon in Clark County has four wells in
the Nacatoch ranging in depth from 257 to 376 feet below land
gurface. The system serves a population of approximately 3000
persons with a maximum demand of 0.38 MGD and a maximum
capacity of 0.53 MGD. Storage facilities are roughly equal to
one day’s supply. The three systems supply water to
approximately 3600 persons with a maximum demand of about 0.5
MGD. All three systems have less than one day’'s supply in
storage facilities. 3>

Several municipalities that previously used water from
the Nacatoch Sand as a source of water supply have changed to
surface-water sources due to quantity and (or) guality
problems. For example, the city of Prescott which previously
withdrew water from +the Nacatoch Sand ecurrently wuses the
Little Missouri River as a water supply source. The Hope
Municipal Water System has reduced withdrawals from the
Nacatoch Formation and is currently using water from Millwood
Reserveoir to supplement the water supply for the <city.
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However, according to data collected in 1987 by the Arkansas
Department of Health, the Hope utility still obtains slightly
more than 50% of its water from wells which tap the Nacatoch
and Tokio Formation (Arkansas Department of Health, written
communication, 1987 - See Appendix A).

Water Quality, The chemical characteristics of water
from the Nacatoch Sand are highly variable, but the water 1is
generally of good quality and is suitable for most wuses.
Concentrations of iron, total dissolved solids, chloride, and
color in water from the Nacatoch Formation have, at times,
exceeded drinking water 1limits. A summary of data for
selected constituents is provided in Table 4-13 to
characterize the quality of water from the Nacatoch Sand in
Clark, Hempstead, and Nevada Counties within the Upper
Cuachita Basin.

Concentrations of chloride, total dissolved solids, and
other constituents generally increase downdip from the outcrop
area. In fact, within a distance of about five miles from the
outcrop, the water can become unusable for most purposes. The
fresh water-salt water interface in the Nacatoch Formation 1is
identified in Figure 4-12. Groundwater in the area designated
as fresh water contains less than 1000 mg/L of total dissolved
solids. fresh water in the Nacatoch Formation is available
from the outcrop =zone southeastward to include most of
Hempstead County, the northwestern half of Nevada County, and
the central portion of Clark County. A few miles downdip from
this area the water gquality rapidly deteriorates.

Cenozoic Erathem

Within the Cenozoic Erathem are the Tertiary and the
Quaternary Systems. The Tertiary System contains the
Paleocene and Eocene Series. The Wilcox Group from the
Paleocene 1s discussed in the report. Within the FEocene
Series are formations from the Claiborne Group which include
the Carrizo Sand, the Cane River, and the Sparta Sand. The
Carrizo Sand is composed primarily of fine or very fine sand
and is used as a source of water for domestic wells. The Cane
River is composed primarily of silt and clay and generally is
not congidered to be an aquifer. However, the town of
Sparkman obtains its water supply from the Cane River
Formation. The Sparta Sand is a major aquifer in the basin
and is discusgsed in a subsequent section of the report. The
Quaternary System contains the Pleistocene (terraces) and the
Holocene (alluvium) Series and 1is also discussed 1in the
report.
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TABLE 4-13
NACATOCH SAND

OROUNDWATER QUALITY

COUNTY TEMP. COLOR 5.C. PH €8CO-3 H.C.H. Ca Mzt Na S.A.R. K €1 s0-4 F  3ic0-2 Pe T.D.8. NO-3
CLARK f OF SAHPLES 29 5 30 3¢ 30 a0 30 30 8 8 8 8 g 30 30 8 8 s L 28
MIH 17.8 1 69 6.9 186 0 6 0 2.0 0.1 6.5 0.6 2 7.0 1.0 ¢ 7.8 20 08 ]
MAX 21.7 18 19900 8.9 430 as 2700 2600 750 200 3700 37 80 7600 120 3.8 83 7400 13008 4.2
MEAN 19.6 [ 1920 8.3 280 14 140 9z 100 27 590 20 15 500 21 1.0 26 000 1810 1.3
HEMPSTEAD # OF SAMPLES 3 0 13 12 13 13 13 13 3 3 k] 3 3 13 K 2 3 1 3 13
MiN 25.5 - 81 4.7 2 0 18 0 16 2.9 110 8 3 2.0 1.0 0.4 17 180 o 0
MAX 25.5 - €35 8.6 270 10 280 64 21 4.0 120 8 3 41 100 0.6 19 160 380 26
HEAN 26.5 - 479 7.9 190 3 100 12 19 3.4 120 7 3 24 41 0.8 18 180 LY E IS
HEVADA ¢ OF SAMPLES 18 9 24 24 23 22 24 24 10 10 10 10 10 24 24 9 1D 16 10 22
MIN 15.5 0 330 7.4 190 0 4 0 0.6 0.2 11 0.5 1 5.5 6.0 0 7.8 3 £90 o
HAX 32.5 10 2530 8.9 410 24 210 28 67 © 6.0 450 52 s 550 180 1.4 53 1380 1200 1.8
MEAN 20.9 5 824 8.2 260 5 63 1 22 2.5 180 26 3 110 33 0.5 24 180 543 8.7
MEAN OF MEANS 22.0 6 1080 8.2 240 7 100 35 a7 1" 300 18 7 210 32 0.1 it 1100 ez 2.0
TEMP. - DEOREES - CENTIORADE N.C.Il. - NON-CARBONATE HARDNESS mg/l, S0-4 - SULFATE DISSOLVED mg/L
COLOR - PLATINUM - COBALT UNITS Ce - CALCIUM DISSOLVED mg/L F - FLUORIDE DISSOLVED ®g/L
§.€, - SPECIFIC CONDUCTANCE Mg - MAGNEAIUM DISSOLVED mg/L 5i0-2 - SILTCA DISSOLVED mg/L
(umhos) Na - SODIUM DISSOLVED me/L Fe - IROW DISSOLVED ug/L
HCO-3 - BICARBONATE mg/L S.A.R. - SODIUM ADSORPTION RATIO T.D.§. - TOTAL DISBSOLVED So.LIDd
CO-3 - CARBONATE nmg/L K - POTASSIUM DISBOLVED mg/L mg/L GUM OF CONSTITUENTE
CaC0-3 - CALCIUM CARBONATE HARDNESS mg/L €1 - CHLORIDE DISSGLVED mg/L NO-3 - NITRATE DISSOLVED mg/L

SOURCE: U.5.G.S§. FILE DATaA



Wilcox Group

Geology. The Wilcox Group is the oldest and lowermost
unit o¢f the Eocene series in the Upper Ouachita Basin. The
group occurs at the surface or in the subsurface 1in the
southern part of the basin. The Wilcox Group is overlain by
the Carrizo Sand of the Claiborne Group and underlain by the
clays of the Midway Group. The group outcrops in a relatively
narrow band across the basin trending northeast-southwest
extending from Hempstead to Hot Spring County. {See Figure 4-
16). The dip of the beds is generally to the southeast at the
rate of B0 feet per mile. <16, 57>

The interbedding characteristics of the Wilcox Group
hinder prediction of depth to fresh water at any specific

site. Most of the sands were deposited in a delta
environment, where they were alternately inundated and exposed
with rapid shoreline movement. The result was relatively thin

sand beds and clay. <57, 59

Hydrology. The Wilcox Group contains discontinuous sand
lenses in and near the outcrop zone that serve as aquifers
for household and other small domestic needs. The area of use

extends only a few miles downdip from the outcrop area due to
deteriorating quality. <59, 67>

Recharge to the Wilcox occurs when precipitation enters
the sand lenses in the oultcrop and subcrop zones. Movement 1is
generally downdip toward the southeast. <H7>

Water-level data for wells in the Wilcox are insufficient
to show any trends or problems in the study area. Numerous
water—-level measurements have been made, however, nc long-term
data is available for evaluation.

Water Use. Withdrawals from the Wilcox Group in 1980 in
Clark, Hot Spring, and Nevada Counties totaled 0.91 MGD.
Total use has approximately doubled since 1965. Use in Hot
Spring and Nevada Counties has not changed significantly
during the period of 1965-80, as illustrated in Figure 4-17.
However, use in Clark County has increased from 0.07 MGD in
1965 to 0.52 MGD in 1980. <31, 40>

The Rosston public supply system in Nevada County is the
only system in the basin utilizing water from the Wilcox. The
system is supplied by one well approximately 350 feet deep.
The maximum demand on the system is 50,000 GPD which is equal
to the storage in the system. The total population served is
approximately 1000 persons. <3>
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figure 4-16
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Water Quality. Limited data are available to

characterize the water quality of the Wilcox. In fact, as
shown 1in Table 4-14, data for only one water sample were
available for three of the five counties,. The water-gquality

data summarized in the table do, however, indicate that the
water 1is generally of good quality and is suitable for most
uses. Concentrations of sodium, chloride, and total dissolved
solids are generally well within the limits established for
drinking water standards.

The fresh water-salt water interface 1n the Wilcox 1is

identified in Figure 4-16. Groundwater in the area designated
as fresh water contains less than 1000 mg/L of total dissolved
solids. The water quality rapidly deteriorates downdip from

the fresh water area.

Geclogy. The Sparta Sand 1s the youngest aguifer of the
Claiborne Group that outcrops in the Upper Ouachita Basin.
The formation 1s underlain by the Cane River Formation and 1is
overlain by the Cook Mountain Formation. <597 The Sparta
Sand outcrops in a semi-continuous band ftrending northeast-
southeast from Hot Spring and Dallas Counties to Nevada
County, as shown in Figure 4-18. {57> The outcrop band is
interrupted in Ouachita County where it is overlain by terrace
gravels and alluvium of Quaternary Age. {427 The dip of the
beds is generally southeasterly at approximately 15 feet per
mile. Thickness of the formation varies from a feather edge
along the western outcrop limit to slightly less than 200 feet
in Ouachita County. {57>

Composition of the Sparta Sand varies considerably both
laterally and vertically over short distances due to the

depositional environment of the formation. The Sparta 1is
mostly sand of continental origin, which was deposited over
long periods of time by meandering rivers,. The result was

lenticular, overlapping and interfingered thick bodies of sand
interspersed with thin beds of sandy to silty clay and
lignite. The outcrop zone consists of over 60% fine to medium
sand with an interbedded sandy lignite clay. <59, 67>

Hydrology. The source of recharge to the Sparta Sand is
precipitation infiltrating into the outcrop area. and
percolating through Quaternary deposits, where present.
Movement of water in the study area is generally to the
southeast. Well yields commonly range from 300 GPM to 700 GPM
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TABLE 4-14
WiLCOX GROUP
GROUNDWATER QUALITTY

COUNTY TEMP. COLOR 5.C. pH  HCO-3 C0-3 CaCO-3 -H. Ca Mg Na S.A.R. K C1 S0-4 8410-2 Fe T.0.8, NHO-3
CE T T ST T o oSS CC o oE oD o TS ST TS NS T LT IS I NI LT T IFTTSISSIISSEIIZSTIIITSCSICCISTISSSTSCSISSSCSTISSSSCSSCCSI SIS SITEISISSISCS SIS CITISSIC S o INTIITSSISSSCCSSSSCSISCSCSESSETESSSSSISsTs-SoSD=zzazT====¢
CLARK § OF SAMPLES 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1
M1H 20.0 1 231 7.9 110 ) q 0 1.6 ¢ 51 1 17 2.4 0.1 39 260 170 0.20
HAX 20.0 1 231 7.9 110 ¢ 1 0 1.6 3] 51 i 1 17 2.4 0.1 19 280 170 0.20
MEAN 20.0 1 241 7.9 110 8! 4 4 1.6 ] 51 P2 i 17 2.4 0.1 39 280 170 0.20
DALLAS § OF SAMPLES 1 1 1 1 ! ] 1 1 1 1 1 1 4 1 1 1 1 ¥ 1 1
MIH 23.0 10 245 1.0 120 b 88 o e 4.3 5.2 0.4 L] 1.0 L9 0.1 11 20 140 o
MAX 23.¢ 1o 245 7.9 120 O 88 o) 28 1.2 8.2 o 4 2.0 L9 0.1 11 20 140 o
MEAN 23.0 10 245 7.0 120 0 a8 ] 28 1.3 8.2 o.4 1 3.0 19 0.1 11 20 140 o
HEMPSTEAD # OF SAMPLES 0 0 1 | 1 1 | 1 0 0 ] 0 i 1 0 0 o 0 1
MIH - - 90 7.4 33 8! 26 o - - - - 5.8 1.0 - - - 3.7
MAX - - 30 7.4 33 ] 26 b - - - - - 5.8 1.0 - - - - .7
MEAN - - 90 7.4 KR Q 26 ] - - - - 5.8 1.0 - - - - .7
HOT SPRING # OF 9AMPLES 12 12 12 13 12 12 12 12 12 12 12 12 12 12 12 0 10 12 L2 1]
MIN 16.5 ] 21 4.8 2 0 3 0 0.5 0.4 1.5 0.2 0.1 2.4 0 - 8.2 0 13 0
MaX 20.5 4 661 8.5 180 4 84 18 18 9.5 110 7 J 110 31 - 51 9700 150 11
MEAN 1.8 2 (13 6.6 50 1 27 A 6.1 Y 14 1 1 11 5.5 - 19 1500 94 2.6
NEVADA # OF SAMIMLES 1 2 3 a 3 3 3 3 3 3 3 2 3 K] A 3 a 2 3 3
MIN 23.0 0 29 7.4 76 0 69 0 26 1.0 3.3 0.2 5 4.8 12 0 11 10 130 o
MAX 23.0 4 gl 4.1 150 o 1240 1 35 a.7 18 0.8 f0 5.0 28 0.1 20 60 190 15
MEAN 23.0 2 IR 7.8 120 h 160 a a0 6.1 12 0.5 7 4.4 23 2.1 15 40 167 5.4
MEAN OF MEANS 21.2 4 Lre 7.3 87 o 49 2 16 3.2 22 3 3 8.9 10 0.1 21 160 143 2.4
TEMP. - DEGREES - CENTEIGRADE N.C.R. - NON~CARBONATE HARDNESS mg/L S0-4 - SULFATE DISSOLVED mg/L
COLOR - PLATINUM - COBALT UNITS {a - CALCIUM OISSOLVFD mg/L F - FLUORIDE DISSOLVED mg/L
S.C. - SPECIFIC CONDUCTANCE {umhas} Mg - HMAGNESTUM DISSOLVED mg/lL 5i0-2 - SILICA DISSOLVED mg/L
pH - STANDARD UNITS Na - SORIUM DISSOLVED mg/L Fe - TRON DISSOLVED ug/L
HCO-3 - BICARBONATE mg/L S.A.R. - SODIUM ADSORPTION RATIC T.0.5., - TOTAL DISSOLVED SOL1DS
CO-3 - CARBONATE mg/L K - POTASSTUM DISSOLVED mg/l. mg/l, SUM OF CONSTITUENTS
CaC0-3 - CALCIUM CARBONATE HARDNESS me/l €1 - CIHLORIDE DISSOLVED mg/L KG-3 - NITRATE DISSOLVED mg/L

SOURCE: U.S5.G.5. FILF DATA
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depending on &aquifer characteristics such as thickness and
percent sand at any one location. <1, 57>

The potentiometric surface for 1985 in the Sparta Sand is
illustrated in Figure 4-19. In the Upper Ouachita Basin,
essentially all of the Sparta Sand formation is within the
outcrop zone which is under water-table c¢onditions. The
isoclines illustrate the gradient and the direction of flow,
which is perpendicular to these isolines, The gradient is
steepest in Dallas County as indicated by the tightly-spaced
isolines. 24> Movement of ground water in this part of the
study area is generally southward toward the Ouachita River.
Socuth of the OQOuachita River, several changes occur that
influence the gradient and direction of groundwater movement.
Immediately west and south of the river, movement is eastward

to the river. The river in this reach may be a gaining
stream, The Sparta Sand that underlies the Quaternary
deposits is recharging the Quaternary and/or the Ouachita
River. South of this area, 1solines are influenced by the
cone of depression that exists southeast of Camden. The

southwestern part of Ouachita County is the portion of the
recharge zone that supplies the wells in El Dorado and in
northwestern Union County.

Hydrographs for +three wells in Ouachita County are

illustrated in Figure 4-20, The wells are located near
Chidester (well no. 1), Eagle Mills (well no. 2), and Bearden
{well no. 3}, In general, the wells showed some wvariation

from year to year but the annual change for rebound and
declines was less than six feet for any vyear from spring to
spring.

Water Use. Based on withdrawals in the study area 1in
1980, the Sparta Sand is the third most important aquifer in
the basin. Withdrawals in 1980 totaled 1.75 MGD which

represents about 14% of the water withdrawn in the study arvrea,
but represents less than 1% of the total statewide withdrawals

from the Sparta formation. Use has increased in Hot Spring,
Dallas, and Nevada Counties during the period of 1965-80, as
indicated by the data compiled in Table 4-15. <31, 32, 33,
40>

The Sparta is used primarily for public supplies and
self-supplied industry in the study area. Public supply
systems relying on the Sparta within the basin are Chidester,
East Camden, Camden Industrial Park, and Harmony Grove. The
city of Chidester has its own wells, while Harmony Grove, East
Camden, and Camden Industrial Park purchase water from

Shumaker Water Company which has wells in the Sparta. (3>

2386



figure 4-19
SPARTA SAND
POTENTIOMETRIC SURFACE
Spring 1985
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TABLE 4-15

SPARTA SAND

GROUNDWATER WITHDRAWALS

1965-1980
WITHDRAWALS (MGD)
COUNTY 1965 1970 1975 1980
HOT SPRING , .08 .15 .15 17
DALLAS .67 1.04 1.19 1.42
NEVADA .0 .10 .13 .16
TOTALS 73 1.29 1,47 1.75

SOURCES: HALBERG <31, 32, 33>
HOLLAND AND LUDWIG <40>

Water Quality, Water from the Sparta Sand formation is
of good quality and is generally suitable for most uses with
little or no treatment required. Water quality data for

selected constituents  (summarized in Table 4-16) show that
water from the Sparta Sand formation generally is soft and

very low in mineralization. Most constituent concentrations
are less than the limits established for drinking water
standards. However, digssolved iron concentrations have, at

times, exceeded the 300 ug/L concentration that is recommended
for drinking water supplies.
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TABLE 4-16

SPARTA  SAND

GROUNMDWATER QUALITY

DALLAZ

HOT SPRINO & OF SAMPLES

OUACHTITA

HEAN OF MFANS

§ OF 3AMPLES

MIN
MAX
MEAN

MIN
HAX
MEAN

t OF SAMPLES

MIN
MAX
MEAN

i8.
18.
18.

[ RLEL Y]

TEHP., -
COLCR -
8.C.

neco-3 -

T T 7 3
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Quaternary System

Geology. The Quaternary System can be divided into the
Holocene (recent alluvium) and the Pleistocene {terrace)
Series. The terraces are older but usually are located at
higher elevations than the alluvium. The process of alluvial

deposition continues today along the Ouachita and the Little
Missouri Rivers, as well as along all streams in the Gulf
Coagtal Plain Province of +the basin. In some areas the
alluvium and terraces are at different elevations, are highly
dissected and function as independent aquifers. In other
areas, the two units are indistinguishable, and can be treated
as one hydrologic unit. <14, 19, 20, 87> The outcrop areas
are shown in Figure 4-21.

The terraces in the basin are a result of several periods
of glaciation and melting which were characterized by many
alternating cycles of erosion and alluviation. This resulted
in well sorted and semi-stratified beds in some areas with
highly interfingered wedges and lenses in others. The unit
generally grades upward from coarse sand and gravel at the
base to silt and clay at the top. Gravel and sand may compose
ag much as fifty percent of the total thickness of the unit in
small areas. <14, 19, 20, 67>

In general, the terrace deposits occur at elevations
above 300 feet. The beds are nearly horizontal and consist of
rounded chert, quartz, and quartzite pebbles intermixed with
sand and clay up to 12 feet thick. <495 Some of the larger
terrace deposits occur near the crest of a ridge trending
northwest-southeast through southeastern Hot Spring and
central Dallas Counties. (See Figure 4-21) Other deposits in
these counties occur near the QOuachita River.

Alluvial deposits are generally composed of gravel, sand,
s11lt, and clay. Stratification in the alluvium is similar to
zones in the terrace deposits. There is a progressive change
from gravel and coarse sand in the basal section to fine-
grained materials near the top. <1, 34, 57> Figure 4-21
illustrates the spatial distribution of the recent alluvium
that outlines the Quachita and Little Missouri Rivers as well
as Ozan, Terre Noire, L’Eau Frais, Cypress, and Tulip Creeks.
(35> Generally, thickness is less than 50 feet except 1in
Ouachita County where thickness increases to nearly 150 feet
along the QOuachita River. <14>

Hydrology. Recharge to the terrace and alluvial deposits

is principally from precipitation percolating into surface
materials of the outcrop area. High conductivity values make
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the Quaternary terraces and alluvium an aquifer throughout the
area of occurrence, but thickness of the unit makes it a
principal aquifer only in Clark, Hot Spring, and Pike
Counties. <59> Yields as high as 240 GPM have been reported
in thicker sections of the aquifer, however, yields of
approximately 25 GPM are common from the thinner deposits of
Het Spring County. <34>

The terrace and alluvial deposits can store and transmit
relatively large quantities of water. Where these deposits
rest on materials of lower permeability, the water table 1in
the deposit tends to be perched and will supply water to
streams in the area, For example, terrace deposits in Dallas
County overlie the Sparta Sand and both geologic units
contribute water to sustain the baseflows in Cypress and Tulip
Creeks.

Water Use. Use in 1980 from the Quaternary deposits in
Clark, Hot Spring, and Pike Counties totaled 0.56 MGD. As
shown in Figure 4-22, use has been quite variable during the
period of 1965-80. <31, 32, 33, 40>

While the Quaternary aquifer is used in several counties,
it is still a minor aquifer in the basin. Currently there are
no public supply systems withdrawing water from the
Quaternary. <3

Very little data are available on water levels 1in these
deposits. Ne data of sufficient duration are available to
evaluate water-level trends or problems.

Water Quality. Generally, water from Quaternary deposits
in the study area 1is of good quality and is suitable for most
uses with only minimal treatment required. Water-quality data

for wells in the alluvial deposits are compiled in Table 4-17.
It should be noted that the data compiled in Table 4-17 for
Clark County contain two samples that may represent industrial

contamination. 59> Therefore, the Clark County data are
probably not representative of water-quality conditions of
Quaternary deposits in the study area. Water-quality data

compiled for the other counties in the study area show that
the water from Quaternary deposits is usually soft and low in
mineralization. Concentrations of iron and nitrate have at
times, however, exceeded the limits established for drinking
water standards.
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GROUNDWATER PROBLEMS

The most common ground water problems in the basin are
low yields and poor water quality. Yields in the northern
half of the basin from the Paleozolc rocks are commonly less
than 10 GPM,. The low vyields are due to the nature of
occurrence of groundwater in secondary openings which Lkeeps
storage capacities small. Evapotranspiration, droughts, and
large withdrawals have significant impacts on water levels.

Seventeen units of Cretaceous and Tertiary age outcrop in
the basin. Seven of these units either do not yield water to
wells or vyield such minor amounts in small areas to be
insignificant. These unproductive units are the Cook Mountain
Formation and Midway Group of Tertiary Age and the Arkadelphia
Marl, Saratoga Chalk, Marlbrook Marl, Annona Chall, and
Woodbine Formation of Cretaceous Age.

Generally, the maximum yields from producing units ol
Cretaceous age are less than 300 GPM, and commonly are 100 to
150 GPM. Yields of this amount from the Nacatoch Sand and
(or) Tokio Formation are not adequate to satisfy the needs of
large public supply systems,. The city of Prescott which
previously withdrew water from these geologic units currently
uses the Little Missouri River as a water supply source. The
city of Hope has reduced groundwater withdrawals and is
currently using water from Millwood Reservoir to supplement
the water supply for the city. Several small towns still rely
on these formations today, however, low yields will remain a
problem in the Cretaceous outcrop area and surface water will
have to be developed if economic growth continuegs along the
transportation corridor marked by the Fall line.

The quality of water from Paleozolc rocks 1is highly
variable. The most common water-quality problem is excessive
iron, but i1t can usually be removed by aeration.

The quality of water from the Cretaceous units is a
limiting factor 1in water availability 1in the Cretaceous

portion of the basin. Overall the quality of water from the
Nacatoch and Tokio Feormation is highly wvariable, mainly
depending on the distance from the cutcrop areas. Suitable

water quality for most purposes in the outcrop zone becomes
too mineralized and salty as little as two miles downdip from
the outcrop.

Concentrations of nitrate that exceed the limit
established for drinking water standards have been detected in
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water from several wells in the Upper QOuachita Basin. (See
Figure 4-23) Nitrate contamination 1s probably a problem in
other parts of the study area, however, only limited water
gquality data from this area were available for evaluation.

Nitrate contamination is often due to poor well
construction practices. When there is no seal between the
bore hole and the casing, water containing high concentrations
of nitrate from septic systems, barnyards, outdoor toilets,
and waste disposal on pastures can enter the well, The
problem, therefore, 1is partially a legal and institutional
problem. The authority to regulate the construction of water
wells 1s vested in the Water Well Construction Committee. The
Committee licenses water well contractors, provides drilling
rig permits, and tests and registers water well drillers. The
Committee also establishes rules and regulations regarding
proper construction methods and holds hearings regarding
violations of  the rules. The problems center around
enforcement of existing legislation concerning proper
construction techniques and changing the law to address and
alleviate current and potential problems. All well
contractors are required to submit &a construction report
within 30 days after the completion of a well. It has been
estimated that approximately 1/2 of all wells drilled in
certain areas of the state do not have construction reports on
file. The Committee has a staff of two people to maintain
files, investigate complaints, inspect or enforce regulations,
and perform necessary administrative functions required of a
state committee. Lack of time and funds hinder enforcement of
well construction regulations.

Critical Use Areas

Critical groundwater use areas have been defined by the
Arkansas Soil and Water Conservation Commission as an aquifer
in which at least one of the following criteria applies:
(Water table aquifer only) (A) 50% of the thickness of the
formation or less 1is saturated, and (or) (B) average annual
declines of one foot or more have occurred for the preceding
five vyear period, and{or) (C) groundwater quality has been
degraded or trends indicate probable future degradation that
would render the water unusable as a drinking water source or
for the primary use of the aquifer.

The criteria for critical groundwater use areas in
artesian aquifers are as follows: (A) potentiometric surface
is below the top of the formation, and{(or) (B) average annual
declines of one foot or more have occurred for the preceding
five years, and{(or) (C} groundwater quality has been degraded
or trends indicate probable future degradation that would
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render the water unusable as a drinking water source or for
the primary use of the aquifer.

Paleozoic Rocks are essentially under water table
conditions in the basin. Usually the depth to water is less
than 20 feet below land surface. Quality problems are often
icsolated cases of contamination such as excessive nitrates.
High 1ron concentrations are common throughout the Ouachita

Mountains but can be reduced with minimal treatment. Based on
the limited data available, no areas in the Interior Highland
Province of the basin are critical. The quantity and quality

problems of available ground water are natural constraints
that have and will always limit development unless surface
water sources are developed.

The Cretaceous units of the Nacatoch Sand and the Tokio
Formation are wunder water table conditions in the outcrop

areas and are under artesian pressure downdip. Water-level
data for wells in both formations are insufficient to
delineate critical areas. However, several public supply

systems which previously withdrew water from the Nacatoch and
Tokio Formation have partially or totally converted to surface
water to supply their water needs. And wells that showed
declines in the past are now showing rebound. Therefore, even
though quantity and quality problems exist in the Nacatoch
Sand and the Tokio Formation, these geclogic wunits are
probably not critical areas.

The Sparta Sand is under water table conditions in the
outcrop area within the basin. Water levels during the period
of 1980 to 1985 showed 0.4 foot of average annual decline.
While these delcines are reason for concern, the rate is not
high encugh to fit the c¢riteria for a critical wuse area.

in summary, the problem of declining water levels is not

severe enough to be critical. Water wusers that could have
caused significant cones of depression in Cretaceous units now
depend on surface water supplies to meet their needs. Quality

problems are either isolated problems in individual wells or
are naturally occurring with., increased distance from the
outcrop area. Therefore, no areas in the Upper Cuachita Basin
were designated as critical use areas.
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POTENTTIAL GROUNDWATER PROBLEMS

Potential hazards to groundwater 1in the basin include
surface impoundments, landfills, surface impoundments (waste
holding), hazardous and non-hazardous wastes, salt water
intrusion, and pollution of +the Sparta Sand recharge =zone.
{Ser Figure 4-24)

The potential for groundwater pollution exists
practically anywhere in the state. However, the probability
of contamination is highly variable from area to area
depending on the permeability of surface materials or the ease
at which water can percolate down to the water table and the
existence of a pollution source.

Figure 4-24 shows the areas in the basin with high,
medium, and low recharge potential along with some sources of

potential contaminants. Recharge occurs at various rates over
the basin dependent upon precipitation, depth to the water
table, and the permeability of surface materials. Zones

delineated on Figure 4-24 are designated as having either
high, moderate, or low recharge potential depending on the
general nature of the surficial materials within a given area.
Surface materials with high potential include the following:
the outcrop zones of the Bigfork Chert and Arkansas Novaculite
of Paleoczoic age, the Nacatoch and Tokico Formaftion of
Cretaceous age, the Sparta Sand of Tertiary age, and upland
terraces of the Quaternary System. Areas designated as having
medium potential are outcrops of Paleozoic sandstone and
shale, and the Cane River, Carrizo and Wilcox Group of
Tertiary age. The least permeable units in the basin on the
surface are the heavy clays of the Midway Group (Tertiary) and
the relatively impermeable marls of the Cretaceous system.
Many open land fills and dumps exist in the basin.

Forty-two sites are illustrated on Figure 4-24. The basin
also contains many roadside dumps but the locations are
numerous and are not inventoried. Some of the landfills have
remained as open dumps while others are called sanitary land
fills. The contents of these dumps are basically unknown,
Hazardous materials may be stored 1In these areas and could
eventually percolate intoc the surface aquifer. According to

data supplied by the ArKansas Department of Pollution Control
and Ecology (personal communication, 1987), approximately 2100
tons of hazardous waste was generated in the seven-county
study area 1in 1986, Officially there are no RCRA (Resource
Conservation and Recovery Act) sites in this basin. However,
there 1is one superfund site located at Mena around a wood
treating {creocsote) plant that has contaminated the shallow
aquifers with pentachlorophenol.
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A recent study by the Central Interstate Low-Level
Radicactive Waste Compact Commission listed 17 counties in
southern Arkansas as ©possible locations for a multi-state
waste disposal site. The counties 1listed were: Lincoln,
Drew, Grant, Bradley, Cleveland, Dallas, Calhoun, Clark,
Columbia, Hempstead, Howard, Little River, Nevada, Ouachita,

Pike, Sevier, and Union. Under Federal law, states are
responsible for disposal of thelr own low-level radicactive
wastes. Arkansags has signed a compact with Louisiana,

Oklahoma, Nebraska, and Kansas to rotate the location of the
site from state to state every thirty years.

The best available source of information on pits, ponds,
and lagoons is the Surface Impoundment Assessment (SIA). The
assessment was funded by ADPC&E and conducted in Arkansas in
1978 and 1979 by the Arkansas Soil and Water Conservation
Commission and the U.S, Soil Conservaticon Service. The study
found 7,640 impoundments at 872 sites in the state. Five
hundred and six impoundments were then selected for assessment
of pollution potential. <16

The assessment included describing the characteristics of
the impoundments such as size in acres, age, amount of
influent and effluent, type of liner, presence of monitoring
needs, purpose of impoundment, and nature of the wastes. The
geolegy underlying the impoundments was determined to the
extent possible. Then the impoundments were assessed for
ground-water contamination potential which 1is expressed as a
numerical score on a scale ranging from a low of 1 to a high

of 29. The numerical ratings were based on four separate
scores related to: "{1) the ease with which pollutants can
penetrate surface layers and reach the ground water, (2} the
ability of the ground water to move easily underground and the
amount of ground water present, (3) the quality of the
naturally occurring ground water at the location, and {4) how
hazardous is the waste in the impoundment." The impoundments
shown on Figure 4-24 had scores exceeding 15. <185

The Surface Impoundment Assessment discovered that
surface impoundments are distributed throughout localities
where little or no protection of groundwater is afforded by an

impermeable surface layer. Some unlined ponds have been
constructed at these sites which may be potentially hazardous
because of the lack of natural protection. A more detailed

investigation at each site would be required to quantify the
validity of this concern. <163

The assessment of surface impoundments determined that
78% of the impoundisents surveyed reported no liner, and 32%
were within one mile of a well used for drinking water. Only
about (0% of the +industrial sites have monitcring wells and
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less than 2% of the municipal sites assessed have monitoring
wells. The fact that 95% of the sites (on which information
was avallable) had no monitoring wells attests to the need for
a statewide monitoring system. <16>

Underground storage tanks containing hazardous materials
are sources for potential aquifer contamination. Gasoline
storage tanks are perhaps the most prevalent example. In
1983, there were 31 reports of gasoline leaking from
underground storage tanks in the State. Considering the
number of automobile service stations with underground
gasoline storage tanks, the potential is fairly significant
for further leaks from such tanks.

Septic tanks placed in a soil zone comprised of sand over
an unconfined aquifer or over bedrock comprised of secondary
openings such as the Paleozoic Rocks are potential sources of
contamination of aquifers. Contaminants from septic tanks
include nitrate nitrogen, bacteria, and certain viruses.

The potential for salt water intrusion exists as a result
of the overdraft of Cretaceous aquifers in the basin. With
large users shifting to surface water sources, however, the
probability of this occurring may be low.

The recharge area for the Sparta Sand that is directly up
gradient for the 1large use area around El Dorado 1s 1in
Quachita County within this basin. While the use from the
Sparta in this basin 1s minimal, the water percolating into
the recharge zone supplies wells used by approximately 50,000
persons in Union, Bradley and Calhoun Counties. The recharge
zone must be protected from contamination.
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SOCLUTIONS AND RECOMMENDATIONS

The two most common problems with water from Paleozoic

Rocks are low yields and excessive 1iron concentrations. Low
vields are characteristic of shales and sandstones. Movement
te wells is limited by the fracture density, size and
interconnection of individual cracks. Commonly, wells
yvielding in excess of 10 GPM are considered to be "large
producers™. The east-west orientation of geologic structures
can be utilized to obtain higher yields. Locating new wells
east or west of large yielding wells will generally .tap the
same geologic structure and have a similar yield. Because of
the large drawdowns that occur with larger yields, well
spacing should be greater than 1000 feet. Commonly, two areas
related to structure have the highest yields: (A) flanks of

anticlines and (B) along the axis of a plunging anticline.
Bedding plane separations during deformation expose fractures
to recharge along the flanks of anticlines. The axis of a
plunging anticline will commonly be highly fractured from
distortion and will provide high yields. <2>

Research is needed to study the feasibility of utilizing
Landsat imagery to locate favorable structural zones of higher
yields. it is possible that additional small municipalities
and industries could obtain sufficient yields from Paleozcic
rocks if proper planning and research were conducted; howcver,
low yields will remain an impediment to economic growth and
development in the Quachita Highlands.

Water in Paleozoic Rocks commonly contains excessive
iron. Treatment for iron removal is necessary over most of
the highlands and no changes or alternatives can be expected
in the near future.

Many areas in the basin have marginal water quality and
limited groundwater yields, Two incentives were contalined in
Act 417 of 1985 +to assist groundwater users 1ipn building
impoundments and/or converting to surface water sources. The
act was entitled "Water Resource Conservation and Development
Incentives Act of 19854". This Act stated that existing water
use patterns were depleting underground water supplies at an
unacceptable rate because alternative surface water supplies
in sufficient gquantity and quality were not available at the
time of demand. The Act provides Egroundwater conservation
incentives in the form of tax credits to encourage
construction and restoration of surface water impoundments and
conversion from groundwater to surface water withdrawal and
delivery systens.

Many of the problems associated with nitrate
contamination could be lessened with proper sealing of well
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casings to prevent the descent of pollutants alongside the

casing. Improper sealing provides an avenue of travel for
nilrates as well as other contaminants. Septic tanks and
leacheate lines placed too c¢lose to a well or installed in
soils that do not percolate well, cause quality problems.
Improper waste disposal on pastures is another source of
nitrates, along with barnyards and toilets. None of these
sources should be close to a well, or the potential for

contamination 1s significant.

The importance of protecting the recharge area for the
Sparta Sand cannot be over emphasized. However, protection of
such an aquifer requires knowledge of the groundwater system.
Many characteristics of the Sparta Sand aquifer are still
unknown. A recent cost-sharing agreement between the Arkansas
Soil and Water Conservation Commission and the USGS (Arkansas
District), for three (3) years at a cost of 40,000 per year
will result in a groundwater model of +the Sparta Sand in
Arkansas and Loulisiana. The investigation will develop =a
method for evaluating the 1impact of present and proposed
aquifer development on water-level declines and wultimately,
groundwater availability. The objectives of the studv are as
follows: (1) Evaluate the hydrogeologic characteristics of
major units that control flow in the Sparta Sand formation
within the project area, including recharge, vertical leakage,
nature of the flow system, and hydraulic characteristics; (2)
Evaluate areas of major withdrawal in Arkansas and adjacent
states with regard to their potential impact on water level

declines in this aquifer; {3 Construct and calibrate a
groundwater flow model, in coordination with the Louisiana
District (USGS), to be used 1n assessing the feasibility of
proposed withdrawals from the Sparta Sand aquifer in Louisiana
and Arkansas. The Regional Aquifer S8Systems Analysis (RASA)
will be utilized during model development and calibration for
estimating 1initial boundary conditions. A report will be

prepared that will describe the hydrogeology of the study
area, flow system within the aquifer, the digital model, and
will provide examples of how the model will run. The report
will be part of the cooperators technical report series in
Arkansas and Louisiana and will be submitted for Directors’
approval prior to the end of FY 1987.

Currently, additional work is being conducted in Ouachita

County on the recharge zone for the Sparta Sand. The study
consists of water-quality data collection and analysis to
determine the presence of contamination. If contamination has

occurred, the study will determine the nature and significance
of the contamination and provide recommendations to solve the
problem. This program is one of six (6) monitoring prototypes
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developed by ADPC&E in the state. Meonitoring objectives and
constituents vary with each prototype. Preliminary results of
the water-quality analyses for samples c¢ollected in Ouachita
County showed that only three (3) ocut of 26 samples contained
coliform bacteria.

The potential for pollution from surface impoundments may
be significant. Legislation is already in ©place for
controlling or denying construction of liquid waste holding
impoundments and for requiring an extensive monitoring system
to ensure that any leakage from the impoundments is detected
at an early stage and prompt action 1s taken to prevent
further contamination. Both the Water and Air Pollution
Control Act and the Hazardous Waste Management Act provide
proceduregs for enforcement by holding hearings on cases of
alleged violations and taking action through civil and
criminal courts. Both acts provide for immediate action by
the Arkansas Department of Pollution Contrel and Ecology 1in
case of emergency and specifies penalties up to $10,000 for
each day of wviolation or a maximum prison sentence of one
vear. In the past, court-imposed penalties for violation have
been in amounts of only a few hundred dollars for each case.

In 1982, a report was published by the Wright-Pierce
Engineering Firm of Topsham, Maine. The repert established
criteria for siting impoundments and landfills of hazardous
and non-hazardous waste and indicated areas that posed a

significant threat to groundwater quality. The report
outlines in detail, the siting c¢riteria that should be
required by ADPCRE. Each site ghould be physically inspected
to be adequately evaluated. Adequate staffing to inspect

these sites would prevent ADPC&E from relying on reports
supplied by firms applying for the permits. Volume II of the
Wright-Pierce Report has recently been adopted as the official
criteria for siting hazardous and non-hazardous landfills, but
Volumes I and III for land application of waste and surface
lagoons have not.

Under the RCRA (Resource Conservation and Recovery Act)
program, all open dumps should be upgraded to sanitary
landfills. This wupgrading would provide a data base for
further control. Impoundments holding hazardous waste could
be controlled by the permit process of site evaluation. If
the program was properly administered, the danger of
groundwater contamination from hazardous wastes should no
longer be a significant threat in the State. Although i1t will
be several years before the program is fully implemented, the
"interim status"” requirements for permit applicants will
provide some control on the impoundments as the program
progresses.
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For impoundments containing non-hazardous materials, the
states still must exercise some 1nitiative in developing
programs of control but can request funds in support of such
projects through the Sclid Waste Management Program of RCRA or
the Water Quality Management Program under the Clean Water
Act. All such impoundments should be permitted. This progranm
could be used to contribute to the overall protection of
groundwater by limiting the guantities of brine held in
surface impoundments in the Lower Ouachita Basin. ADPC&E 1is
currently updating infeormation on the location and nature of
surface holding impoundments.

Many of the problems associated with the execution of
programs that indirectly apply to groundwater and could result
in increased groundwater protection are hindered by inadequate

funding and staffing of state offices, The addition of any
new committments to groundwater protection will require
increased staffing and considerable financial, legislative,

and public support.

The major emphasis in the past has been on surface water
contamination and the result has been Federal legislation to
control the nature and extent of same. Commonly, groundwater
protection. has occurred as a spinoff of surface water
pollution regulstions. This approach, as evidenced by
groundwater pollution problems in the State, is inadequate to
protect the groundwater resource. The requirements for
groundwater protection that do exist are too easily ignored
and under-funded when they are secondary components of larger
programs. Accountability for groundwater protection is too
easily hidden among plans for protection of surface waters.

In summary, groundwater 1is not used much in the Upper
Quachita Basin due to the natural problems of low yields and

variable quality. Man-induced problems are rather limited in
the basin because the resocurce has never been available to
develop, or to deteriorate. If economic development is going

to occur i1in the area, it will continue to be dependent on the
development of surface-water resources which are relatively
abundant compared to groundwater resources.
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DEFINITIONS

ALKALINITY: A measure of the buffering capacity of water.
Alkalinity 1is used as an 1index of sensitivity because it
expresses the acid neutralizing capacity of water and the
water’'s relative sensitivity or tolerance to acid inputs.

ALLUVIUM: Debris from erosion, consisting of some mixture of
clay particles, sand, pebbles, or larger rocks, Ugsually a
good, porous storage medium for ground water.

AQUIFER: A water-bearing layer of rock that will yield water
in a usable quantity to a well or spring.

BEDROCK: A general term for the consolidated (solid) rock
that wunderlies soils or other wunconsoclidated surficial
material.

BEST MANAGEMENT PRACTICE (BMP): A practice or practices that
have been determined to be the most effective, practical means
of preventing or reducing pollution from nonpoint sources.

CONE OF DEPRESSION {Or drawdown cone): A conical concavity
(or dimple) in the potentiometric surface around a pumping
well caused by the withdrawal of water.

CONFINED (or artesian) AQUIFER: An aguifer that 1s under
pregssure significantly greater than atmospheric, and its upper
limit 1is the bottom of a bed of distinctly lower hydraulic
conductivity than that of the material in which the confined
water occurs.

CONFINING BED: A body of "impermeable"” material
stratigraphically adjacent to one or more aquifers, the
hydraulic conductivity of which may range from nearly zero to
some value distinctly lower than that of the aquifer.
Synonyms: agqguitard,; aquiclude; and agquifusge.

CONSUMPTIVE USE: Use of water in =a manner that makes it
unavailable for use by others because of absorption,
evaporation, transpiration or incorporation in a manufactured
product. In some instances, when water is returned to a
stream at a distance downstream from the point of diversion,
the use may be consumptive as to users immediately below the
point of diversion but nonconsumptive as to users below the
point where the water is returned.
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CRITICAL GROUND WATER AREAS:

Water Table Condition: Water levels have been reduced
guch that 50% of the thickness of the formation, or less,
is saturated; and/or average annual declines of one foot
or more have occurred for the preceding five years;
and/or groundwater quality has been degraded or trends
indicate probable future degradation that would render
the water unusable as a drinking water source or for the
primary use of the aquifer.

Artesian Condition: Potentiometric surface has declined
below the top of the formation; and/or average annual
declines of one foot or more have occurred for the
preceding five years; and/or groundwater quality has been
degraded or trends indicate probable future degradation
that would render the water unusable as a drinking water
source or for the primary use of the aguifer.

CRITICAL SURFACE WATER AREA: Any area where current water
use, projected water wuse, and {(or) quality degradation have
caused, or will cause, a shortage of useful water for a period
of time so as to cause preclonged social, economic, or
environmental problems.

DATUM PLANE: An arbitrary surface {(or plane} used in the
measurement of ground-water heads. The datum most commonly
used is the National Geodetic Vertical Datum of 1929, which
closely approximates sea level.

DEPENDABLE WATER SUPPLY: The amount of water of desired
quality that can be expected to be available at a given point
a stated percentage of the time.

DISCHARGE: Cutflow of water from a drainage basin, reservolr
or other facility through a channel, pipe or other outlet,
including the release of polluted water into a stream or
waterbody. Also, the rate of discharge measured in units of
volume per unit of time, either for an entire outlet or for a

gpecified cross-sectional area of the outlet.

DRAWDOWN IN A WELL: The vertical drop of the water level in a
well caused by pumping.

EPILIMNION: The upper stratum of a lake characterized by
uniformly warm, circulating, and fairly turbulent water.
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EROSION: The wearing away of the land surface by the
detachment and transport of s0il materials through the action
of moving water, wind or other geological agent.

EVAPOTRANSPIRATION: Evaporation from water surfaces, plus
transpiration from plants.

EXCESS STREAMFLOW: Twenty-five percent of that amount of
water available on an average annual basis above the amount
required to satisfy the existing and projected water needs of
the basin.

FAULT: A fracture in the Earth’s crust accompanied by
displacement of one side of the fracture with respect to the
other.

FRACTURE: A break in rock that may be caused by compressional
or tensional forces.

GROUND WATER: Water in the saturated zone that is under a
pressure egqual to or greater than atmospheric pressure.

GROUNDWATER, CONFINED: Groundwater which is under pressure
significantly greater than atmospheric, and its upper limit is
the bottom of a bed of distinctly lower hydraulic conductivity
than that of the material in which the confined water occurs.

GROUNDWATER, PERCHED: Unconfined groundwater separated from
an underlying body of groundwater by an unsaturated zone. Its
water table is a perched water table.

GROUNDWATER, UNCONFINED: Water in an aguifer under
atmogpheric pressure that has a water table and is free to
rise and fall.

HEAD (or static head): The height above a standard datum of
the surface of a column of water {or other liguid) that can be
supported by the static pressure at a given point.

HYDRAULIC CONDUCTIVITY: The capacity of a rock to transmit
water. It is expressed as the volume of water at the existing
Kinematic viscosity that will move in unit time under a unit
hydraulic gradient through a unit area measured at right
angles to the direction of flow.
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HYDRAULIC GRADIENT: The change in static head per unit of
distance 1n a given direction. If not specified, the
direction generally is understood to be that of the maximum
rate of decrease in head.

HYDROLOGIC CYCLE: The constant movement of water 1in the
atmosphere and on and beneath the earth’s surface.

HYPOLIMNION: The bottom region of a lake characterized by
cold, relatively undisturbed water.

INFILTRATION: The movement of water from the earth’s surface
into the soil =zone. ’

INSTREAM FLOW REQUIREMENTS: The flow regime which will best
meet the 1individual and collective instream uses and off-
stream withdrawals of water. Instream uses of water include
uses of water in the gtream channel for navigation,
recreation, fisheries, riparian vegetation, aesthetics, and
hydropower, Off-stream water withdrawals include uses such as
irrigation, municipal and industrial water supply, and cooling
water.

INTERBASIN TRANSFER: The physical conveyance of water from
one watershed to another.

IRRIGATION SCHEDULING: The process that enables an irrigator
to apply irrigation water in the proper amounts and at the
proper time to efficiently alleviate moisture shortages.

METALIMNION: An intermediate zone between the epilimnion and
the hypolimnion where temperature in the lake drops rapidly
with increasing depth.

MINTMUM STREAMFLOW: The lowest daily mean discharge that will
satisfy minimum instream flow requirements. The minimum
streamflow represents the discharge at which all withdrawals
from the stream will cease.

NONCONSUMPTIVE USE: Use of water with return to the stream or
waterbody of substantially the same amount of water as
withdrawn. A use in which only insignificant amounts of water
are lost by evapotranspiration or incorporation in a
manufactured product.

NONPOINT SOQURCE: The entry of a pollutant into a body of
water in a diffuse manner with no definite point of entry and
where the source is not readily discernible.
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PERCOLATION: Movement under hydrostatic pressure of water

through the openings of rock or soil, except movement through
large openings such as caves.

PERMEABILITY: A measure of the relative ease with which a
porous medium c¢an transmit a liquid wunder a potential
gradient.

pH: A measure of the relative acidity of water. Below 7 is
increasingly acid, 7.0 is neutral, and above 7 is increasingly
alkaline (basic).

POINT SOURCE: The release of a pollutant from a pipe or
discrete conveyance 1into a body of water or a watercourse
leading to a body of water.

POROSITY: The voids or openings in a rock. Porosity may be
expressed quantitatively as the ratio of the volume of
openings in a rock to the total volume of the rock.

POTENTIOMETRIC SURFACE: A surface that represents the total
head in an aquifer; that is, it represents the height above a
datum plane at which the water level stands in tightly cased
wells that penetrate the aquifer.

PRIME FARMLAND: Land well suited to the production of food
and fiber. Prime farmland has the so0il quality, Egrowing
geason, and moisture supply needed to economically produce
gustained high yields of c¢rops when managed according +to
acceptable farming methods.

RCRA SITES: Resource Conservation and Recovery Act sites
where hazardous wastes are treated wunder authorization of
regulatory agencies.

RECHARGE : The entry into the saturated zone of water made
available at the water table surface, together with the
assoclated flow away from the water table within the saturated
zone.

RECHARGE AREA OR ZONE: That portion of a drainage basin in
which the net saturated flow of groundwater is directed away
from the water table,

RECHARGE, ARTIFICIAL: The addition of water to the
groundwater by activities of man at a recharge rate greater
than normal.
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RIPARIAN DOCTRINE: The system of law in which owners of lands
along the banks of a stream or waterbody have the right to
reasonable use of the waters and a correlative right
protecting against unreasonable use by others that
substantially diminishes the quantity or quality of water.
The right is appurtenant to the land and does not depend upon
prior use,

RIPARTAN RIGHTS: The rights accompanying ownership of land
along the bank of a stream or lake under the riparian
doctrine.

RUNOFF: (1) That portion of precipitation which doces not
return to the atmosphere through evapectranspiration nor
infiltrate the so0cil to recharge groundwater, but leaves the
hydrologic system as streamflow; also (2) that portion of
precipitation delivered +to streams as overland flow to
tributary channels.

ROCK: Any naturally formed, consolidated or unconsolidated

material (but not soil) consisting of two or more minerals.

SALTWATER INTRUSION (Seawater intrusion): The migration of
saltwater into freshwater aquifers wunder the influence of
groundwater development {pumping).

SATURATED ZONE: The subsurface zone occurring below the water
table where the so0il pores are filled with water, and the
moisture content equals the porosity.

SAFE YIELD:

SURFACE WATER: The safe yield of a stream or river is
the amount of water that is available on a dependable
basis which could be used as surface-water supply. The
safe yield is the discharge which can be expected 95
percent of +the time minus the discharge necessary to
maintain the minimum flow in the stream during the low-
flow season (July-October).

GROUNDWATER : The safe yield of an aquifer is roughly
equal to the recharge rate to the system. Due to the
temporal and spatial variability of recharge, the safe
yield can most easily be expressed as the quantity of
groundwater that can be withdrawn while maintaining
static water levels over the long term.
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SHEET AND RTLL FEROSION: A combined process caused by runoff
water, that removes a fairly uniform layer of so0il from the
land surface and forms many small channels in the land
surface.

SOIL: The layer of material at the land surface that supports
plant growth.

SPECIFIC CAPACITY: The discharge from a pumping well {the
pumping rate) divided by the drawdown 1in the well; it is a
measure of the productivity of a well.

SPECIFIC RETENTION: The ratio of (1) the volume of water
which the rock or soil, after being saturated, will retain
against the pull of gravity to {(2) the volume of rock or salt.

SPECIFIC YIELD: The ratio of (1)} the volume of water which
the rock or soil, after being saturated, will yield by gravity
to (2) the volume of the rock or soil,

STORAGE COEFFICIENT: The volume of water an aquifer releases
from or takes into storage per unit surface area of the
aguifer per unit change in head. In an unconfined aquifer,
the storage coefficient is equal to the specific yield.

STRATIFICATION: The layered structure of sedimentary rocks.

THERMOCLINE: 1In a lake, the plane of maximum rate of decrease
of temperature with respect to depth.

TRANSMISSIVITY: The rate at which water of the prevailing
kinematic wviscosity is transmitted through 2 unit width of an
aquifer under a wunit hydraulic gradient. It equals the

hydraulic conductivity multiplied by the aquifer thickness.

UNCONFINED AQUIFER: An aquifer in which the upper surface of
the saturated zone is free to rise and fall.

UNSATURATED ZONE: The subsurface zone, usually starting at
the land surface, that contains both water and air.

WATER TABLE: The level in the saturated zone at which the
pressure is equal to the atmospheric pressure.
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APPENDIX A

COMMENTS ON THE DRAFT REPORT
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Additional comments were received from the U.s.
Geological Survey, but they were provided to the Arkansas Soil
and Water Conservation Commission as notations in the margins
of the draft report and cannot be included here.



Artansas DEPARTMENT OF HEALTH

4815 WEST MARKHAM STREET =  LITTLE ROCK. ARKANSAS 72205-3867
TELEPHONE AC 501 661-2000

BILL CLINTON BEN N SALTZMAN, M.D. DR

GOVERNOR DIRECTOR ff. Xy Y?,‘F’“
June 30, 1987 b “q]
J .
Mr. J. Randy Young,P.E. UL g 1987
Director

SUIL aip Walh e,

Arkansas 50i1 and Water Commission CONSE
RVATION pn
MMISSInN

One Capitol Mall, Suite 2D
Little Rock, AR 72201

RE: Upper Ouachita Basin
Draft Report
Arkansas State Water Plan
Dear Mr. Young:

The draft report referenced above has been reviewed by this office and we have
the following comments.

1., Figure 4-9 on Page 293 should be revised as follows:

Blakely Waterworks: Maximum Capacity = 0.144 MG
Storage = 0.005 MG

Oden-Pencil Bluff Waterworks: Storage = 0.2 MG

Harbor East Inc. Waterworks: Storage = 0.007 MG

Remmel Dam Landing Waterworks: Maximum Demand = 0.01 MG
Maximum Capacity = 0.05 MG

2. References on Pages 305, 311, 362, and 367 to the Hope Municipal
Water System abandoning thier well supply are incorrect. Our
records indicate that from January through May, 1987 the Hope
utility had an average daily groundwater withdrawal of 1.3 MG
with a maximum of 3.5 MGD. Surface water withdrawals during
this same time period averaged 1.3 MGD with a maximum of 2.1
MzD. So slightly more than 50% of their water still comes form
their well field.

If you have any questions concerning this matter please contact this office.

AwS

Harold R. Seifert,P.E.
Director
Division of Engineering

HRS:UP :BM:PS : ps A Squad Gporendy Snploger”



t of Conaervation X
Departmant o 100 West Capitol Avenue

{ﬂ\ United States Soil Room 5423 Federal Office Building
Agriculture Service -
Little Rock, Arkansas 72201

AUG 4 1867

Mr. J. Randy Young, Director
Arkansas Soil and Water Conservation Commission

One Capitol Mall, Suite 2D
Little Rock, Arkansas 72201

Dear Randy:

We have reviewed the draft copy of the Upper Ouachita River Basin Draft Report
and offer the following comments and suggestions:

1. (p. 18) (Third paragraph) Groundwater storage in the Ouachita

Mountains is limited to the cracks and fissures of the
underlying consolidated formatiomns.

2. (p. 18) (Last sentence) Quaternary deposits in the principal stream
floodplains yield adequate quantities for domestic supplies.

3. (p. 156) Figures 3-17, 3-18, 3-19 need the word elevation added to
streambed, mean wvalley, etec., to better explain to the reader.

4. (p.158) MSL. has been droéped for NGVD.

5. (p. 227) First paragrah is not understandable.

6. (p. 227) Change suitable alternative to feasible alternative.

7. (p. 274) (Second paragraph) Since saltwater is in the lower sections of

most of the fresh water aquifers in the area, there is the
possibility that saltwater contamination can be induced by

overpumping.

8. (p. 288) 1Increases from 1965 to 1970 amounted to approximately 1.5 MGD
with 0.5 MGD increases from 1970 to 1975 and 1975 to 1980.

9. (p. 355) Change high trangmissivity values to high conductivity values...

10. (p. 364) The dates of sampling need to be added to the figure or in the
text to quantify when these concentrations occurred.

We appreciate the opportunity to comment on this document.
Sincerely,

%_‘ﬂw; 5P Acting for

GENE SULLIVAN
State Conservationist
3398G

The So! Congervation Service
\ ; 13 an agency of the

Department of Agricullure



) DEPARTMENT OF THE ARMY
- VICKSBURG DISTRICT. CORPS OF ENGINEERS
. F. O. BOX 80
:;d B YICKSBURG. MISSISSIPPI 35180-0080
) e September 18, 1987 LT = ey e—
S R g
Planning Division o RERN i
Wegstern Tributaries B
otP 2 1 1087
SUIL AND wuirs

Mr. J. Randy Young CONSERVATION COMMISSININ

Director, Arkansas Soil and
Water Conservation Service

One Capitol Mall, Suite 2D

Little Rock, Arkansas 72201

Dear Mr. Young:

Thank you for the opportunity to comment on the Arkansas
State Water Plan for the Upper Cuachita Basin. The following
comments are offered for your consideration in compiling the
Ffinal report.

a. Instream Flow Regquirements. The report addresses water
quality, fish and wildlife, and interstate compact requirements,
but states that there are no instream flow requirements on the
streams in the Upper Ouachita Basin (page 98). It should be rec-
ognized that the Corps of Engineers operates and maintains the
Ouachita~Black navigation project. A minimum release of 100 cu-
bic feet per second {(cfs) from IL.ake Ouachita is maintained for
the Ouachita-Black navigation project.

b. Impoundments. As noted and recognized on page 124, large
impoundments presently exist in the Upper Ouachita Basin. Three
impoundments, DeGray Lake, near Arkadelphia; Lake Greeson, near
Murfreesboro; and Lake Ouachlita, near Hot Springs, are Corps of
Engineers lakes with the primary purpose of flood control. Addi-
tional purposes include hydropower and recreation with water sup-
ply at DeGray Lake alone. The report has placed a high value on
streamflows as calculated to meet fish and wildlife instream

reguirements (page 130, "The instream flow requirements for fish
and wildlife were previously identified as the governing instream
need for all streams. . ."). Additionally, the report on

page 228 suggests consideration of reduction of flood control
benefits to ensure maintenance of lake levels for recreation
benefits. The benefits and specific operational procedures
required to provide flood control and hydropower production
should be recognized as a part of the state plan.



Cc. Flow Duration. The duration curves used to analyze the
water supply potential were based on short and very short periods
of records. Because of the limited data used in development of
the duration curves, decisions and alternatives that use these
curves could be in error. To increase the accuracy and relia-
bility of the hydrologic data presented, the historical flows of
the basin should be routed through the existing system. This
routing could also be valuable in determining the alternatives to
meet water quality deficiencies.

d. Ground Water.

(1) The Cockfield Formation is a potential aquifer in
western Dallas County, Arkansas, which should be considered as a
source of ground water.

(2) The Trinity Group (Lower Cretaceous) aquifers,
including the Paluxy Sand, Ultima Thule Gravel, and Pike Gravel,
should be considered as a source of ground water.

(3} TFigure 4-2, page 264, shows geologic formations used
as sources of ground water. The Midway Group is included in the
figure, although it is not an aquifer. Also, a legend would be
helpful on this figure to clearly define the area of Quaternary
aquifers.

{4) The addition of a base freshwater map to the ground-
water section of the report would be helpful., This map would
show the distance below the outcrop area that the zone of fresh
water would be expected to be found.

e. Water Supply. The report states on page 28 that
250 million gallonsg per day {(mgd) for the city of Little Rock are
asgumed to come from DeGray Lake. The DeGray Lake project is
designed to release 250 mgd for water supply downstream to the
rerequlating pool. Currently, 98 mgd are released for water
guality water supply and a total of 152 mgd are available for
release to the reregqulating pool for municipal and industrial
water supply uses. The sponsor for water supply within the
DeGray Lake project is the Ouachita River Water District (ORWD).
As the local sponsor, the ORWD has the right to contract with
other entities for the sale of water for water supply.

f. Reallocation of Storage. The report recommends realloca-
tion of storage in the Corps of Engineers lakes for water supply
and recreation. It shculd be recognized that the current storage
allocation was bazed on detailed studies to optimize benefits of
maltipurpose uses. Future conditions were considered. Storage
was allocated in accordance with Federal policy, placing primary




emphasis on flood control and hydropower. On page 231, a state-
ment of Corps policy is made out of context. The current policy
for modification of completed projects does allow some flexi-
bility in reallocation of reservoir storage. The policy allows
for reallocation of the lesser of 15 percent of total storage or
50,000 acre-feet by the Office, Chief of Engineers, provided “
reallocation would not have a significant effect on other author-
ized purposes. The report references "storage in excess of
design purposes.” In order to determine the costs as well as the
benefits and the optimum sizing of projects, all storage in Corps
reservoirs is assigned a purpose (hence, the term "multipurpose
reservoir"), and costs and benefits are calculated accordingly.
Each reservoir has designed storage by elevation for the project
purposes extant within the reservoir pocl. Projects are designed
to fully utilize available capacity; therefore, there is no
storage in excess of the design purposes. '

My comments are offered to more fully explain the Federal
perspective of our role in wise use of water resources. My staff
is available to assist you in resolving guestions relating to
these comments. Please contact Mrs. Alett Little at {601) 634-5448
if you have any questions.

Sincerely,

V C. Ahlrl h, .E.
Chief, Planning Division



ARKANSAS

FORESTRY
COM MISSION P. O. Box 4623, Asher Station m Little Rock, Arkansas 72214
Edwin E, Waddell Ph, S0! 664-253)
State Forester '
July 9, 1987

~Mr., Jon Sweeney

Soil & Water Conservation Commissiocn
One Capitol Mall, Suite 2-D

Little Rock, AR 72201

Dear Mr. Sweeney:

The Arkansas Forestry Commission concurs with the draft Water
Plan for the Upper Ouachita Basin. Rather than using ten
year old RIDS information for forestry data, you may want to
use 1985 data from the U.S. Forest Service mid-cycle survey.
We have the 1985 data, and it is available for your study.

Thank you for the opportunity to review the draft.
Sincerely,

Fdwin E. Waddell
State Forester

Jgfzxaaaxz/avzé;gL/"YQ‘L"V7"“-

By: Garner Barmum
Assistant State Forester
Resource Management

o /A?E@@W@

JUL 1 4 199,

SOIL anp WATE

GONSERVATION COMMISSI O

An equal opportunity smployer



THE HERITAGE CENTER, SUITE 200
225 EAST MARKHAM
LITTLE ROCK, ARKANSAS 72201

Harold K. Grimmett Phone: (501) 371-1706 Bill Clinton
Director Governor

Date; July 27, 1987

Subject: Upper Quachita Basin
ANHC Job #SWCC-8

Dated June 12, 1987

Received June 17, 1987

LEE@ @HWE

Mr. Randy Young ' 27 1uy
Suite 2-D JUL 987
ERSIAN SOIL AND WATER
Little Rock, Arkansas 72201 CONSERVATION COMMISSIDN

Dear Mr. Young:

The staff of the Arkansas Natural Heritage Commission has reviewed the draft
state water plan for the Upper Quachita Basin. We note clear improvements over
previous draft plans in terms of both clarity and depth. However, some real
problems remain. Foremost among these is the selection of "ten percent of the
average seasonal flows" as a basis for determining minimum instream flow
reguirements for fish and wildlife,

Despite a much longer and better-written "argument" concerning the selection of
the ten percent standard, we find nothing in that argument to justify or vali-
date the ASWCC method. Lack of justification is the fatal flaw of this
document, and of all the other draft basin plans to date, and until this issue
is addressed, we have to view the state water plan as inadequate and incomplete.

At best, the relationship of the ASWCC standard to Tennant's findings is
superficial. In all likelihood Tennant was concerned, as we are, about low flow
conditions. His choice of ten percent of the average annual flow as a minimum
for short-term survival of fish and wildlife, therefore, was not accidental.

Ten percent of the flow during the driest season clearly is something totally
different--a horse of a different color--and use of this standard is an extreme
and inappropriate kind of extrapolation from the literature. While ten percent
of the average annual flow might yield minimums that are inappropriate for cer-
tain streams at certain times of the year (i.e., the minimums so established
might at times be greater than median monthly flows), there is no justification
for taking this same percentage and apply it to the Towest seasonal flows. In
other words, ten percent of the average annual flow may well yield figures that
are too high in some instances, but the ASWCC method produces minimum streamfjow
standards that are far too low in many instances. The solution is to work
toward something in between, and toward standards that can be justified--
justified, at the very least, on the grounds of reasonableness.

An Agency of the Department of Arkansas Heritage « An Equal Opportunity Employer



The point that allocation of water should begin well before a stream reaches
its designated minimum flow (p. 111) is certainly a good one. However, the
ASWCC currently has no means to implement and enforce allocation procedures.
Why, then, was allocation even mentioned?

As we have pointed out in earlier reviews of basin plans, each river basin har-
bors certain aguatic species the occurrences of which are of naticnal and/or
state significance. In the Upper Ouachita Basin, we have records for 25 special
animal species (90+ occurrences in basin streams). Although selection of mini-
mum streamflow standards will affect many different forms of wildlife, we are
particularly concerned about those species most vulnerable to extirpation or
outright extinction. A listing of these species and the locations in the basin
from which they have been collected is attached to this letter.

Sincerely,

Bill Pell
Stewardship Chief

cc: Kay Arnold
Craig Uyeda
John Giese
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01 DUACHITA RIVER, UFPER MT. IDA 15 TCIS/R24M BECT.: 33
015 GUACHITA RIVER, UFFER KATHAN 7.5 TO8S/R28H  SECT.: 1
(12  QUACHITA RIVER, UPPER ODEK 15 TOIS/RZEN  SECT.: 33
012 CUACKITA RIVER, UPPER ODEN 1 TOIS/R2BN  SECT.: 1§
010 CUACHITA RIVER, UPPER COEN 15 TO5/RITE  SECT.: 09
% PROCANBARUS REIMERI CRAYFISH
% FEDERAL GTATES:
G ACORN 7.5 TOLS/RR9H  SECT.: 30
001 ACORN 7. T0I1S/Rz%  SELT.: 1B
002 HENA 7.5 TO28/RI0H  SECT.: 13
++ REGINA RIGIDA SINICOLA : GULF CRAYFISH SNAKE
# FEDERAL STATUS:
210 ARKAPELEATA 7.5 TO7TS/RISH SECT. 12
G0 HARMONY SROVE 7.5 TL125/RIsl  SECT.: 29
'Y
%+ SOMATOGYVRUS AMNICOLOIDES GACHITA PERBLESHAIL
¥ FEDERAL STATUE:
001 ARERDELFHIA 7.3 TOTS/RIBE BECT.: 16
++  SOMATOGYRUS NHEELER CHANNELLED PEBBLESNALL
+ FEDERAL STATYS: |
001 ARKADELFATA 7.5 TOTS/RISH  GECT.: 16
#4 STERNOTHERUS CARINATUS RAZORBACK WUSK TURTLE
# FEOERAL STATLE:
G AHITY 7.5 TOSS/RZIM GECT.r 22
003 AKITY 7.5 T955/RE3  SECT.: 24
017 ‘ ATHENS 7.5 TOSS/RZE EECT.s lé

0oz CADDO VALLEY 7.5 TGES/R17%R SECT.: 3t
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Listed Endangered; the FWE hac listed these species as
endaxngersd.

Category 1: the FWS states 1t currentiy has substantial
information on hand that supports listing these specias as
Threatened or Endangered.

Categary Z; the FWS states tnat +further biological research
and field study will be necessary 1n order to determine i+t
these species s=hould be listed as Threatensd or Endangered.

These species have heen reviewsed by the FWS and the
determination has bsen made that spezial designation i1s nol
warranted.

DECURRENCE NUMBER

An Arkansas Natural Heritage Commission Occurrence Number has
been included for reference. rlease refer to this number whsn
requesting information on a particular occurrence.



STATE OF ARKANSAS

DEPARTMENT OF POLLUTION CONTROL AND ECOLOGY

8001 NATIONAL DRIVE, P.O. BOX 9583
LITTLE ROCK. ARKANSAS 72209

PHONE: (501) 562-7444

I?QE@EWE@

July 8, 1987

Mr. J. Randy Young, Director

Arkansas Soil and Water Conservation Commissicon JUL 1(3@8?

One Capitol Mall, Suite 2D

Little Rock, Arkansas 72201 SOIL AND c2ae
CONSERVATION ik 1 laNlter

Dear Mr. Young:

The following comments comprise the input of the staff of the
Department of Pollution Control and Ecology concerning the draft
copy of the Arkansas State Water Plan - Upper QOuachita Basin. The
seriousness with which we view the long-term directions set out by
the State Water Plan and the potential effects of this plan on the
water resources of our state cannot be overstated. It is with
these concerns that we make these constructive comments.

The following comments concern the groundwater section: (1) The
report attempts to discuss and develop a plan based on surface
water drainage basins. It 1s well documented that groundwater
aquifers and recharge areas are not congruent with surface
drainages. In its recent publication on groundwater problems, USGS
abandoned the surface drainage basins as a vehicle for dividing
its report and this resulted in a much more logical, concise and
comprehendable document. The groundwater section of each basin
report of the State Water Plan reflects the confusion between
surface water drainage and aquifers. Each of these reports contain
repetitive descriptions of overlapping agquifers and reflect the
difficulty of dealing with fragments of aguifers that underlie
cach of the basins. (2) While it is true that aquifer recharge
requirements are not known for each aquifer, elaborate models are
not needed for entire aquifers to figure recharge requirements as
they relate to minimum stream flows. Recharge as a percentage of
streamflow can be figured by either physical or chemical means
using methods and formulas available in basic hydrology texts. The
flow duration curves discussed on page 68 are a useful tool for
determining which streams have groundwater-~sustained base flow,
but more precise evaluations would be needed to establish the
actual percentages of groundwater to base flow. For streams in the
Upper Quachita, it is likely that those with sustained base flows
are spring fed and do not fit the criteria established on page
103-104. Such information would be needed to determine which
measures would work to preserve minimum flow in a threatened
stream. (3) It should be made <¢lear to all readers of this
document that there 1is a significant paucity of data on the
guantity and guality of groundwater in Arkansas and that much of
the available data 1is self supplied by the users and may be
heavily biased by their preconception of the uses of the data.
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(4) An additional source of data which is available concerning
groundwater quality is the CERCLA industrial monitoring data
available through STORET. Tonnage figures for hazardoys waste
generation are available by county through the ADPC&E Hazardous
Waste Division. The figures, as used on page 370, are misleading.
There is 1little hazardous waste generated in the Upper Quachita
Basin. Eighty-two percent of the 700,000 ton figure guoted on page
370 is generated in Union County, mostly in the form of wastewater
used in bromine manufacture and 1injected underground in deep
wells.

We are very concerned about the methodology used in the draft
document to establish minimum streamflows for surface waters and
the negative impact this will have on the biotic uses of the
streams. These minimum streamflows are proposed to be only
10 percent of the historical flows for 3 specified seasons of the
vear, and this is proposed to supply 2all instream flow needs,
including fish and wildlife, during all seasons of the year. In
our view, such a plan will drastically alter the designated
beneficial uses of the streams in contravention of federal and
state statutes and regulations. By definition, minimum streamflows
are the point at which "all diversions should cease"; however,
there 1is no effective mechanism to control diversions abave the
minimum streamflow level. Without such controls, diversions will
cause the minimum streamflows to become the average streamflow,
and with the proposed plan, "worst case™ conditions for instream
aquatic life will become the standard.

The Clean Water Act was a mandate from Congress to reverse the
trends of degradation of the nation's waters and toc restore and
maintain the chemical, physical and bioclogical integrity of these
waters. Such a mandate is not limited to water quality control and
is so recognized in the Act. The biological integrity of an
agquatic ecosystem 1is limited by 1its energy source, habitat
structure, water guality and flow regime. In the gocal of the Clean
Water Act "...that provides for the protection and propagation of
fish, shellfish and wildlife and recreation in and on the water,"
it further recognizes and mandates the protection of all life

stages of the aquatic biota, specifically 1including the
propagation stage. It is intimately c¢lear that maintaining the
"biological integrity of the nation's waters™ must include

maintenance of a flow regime that will be fully protective of all
life stages of the aquatic life beneficial uses of these waters.

We feel that an acceptable allocation plan must be a part of the
State Water Plan if minimum streamflows are established lower than
those of the "Arkansas Plan, and it 1is imperative that minimum
streanflows be established on a seasonal scale since the instream
flow needs for fish and wildlife are drastically different in the
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spring of the year than during the late summer. The streamflow
needs are more critical during the reproductive season of the fish
than at any other time. To assume that there will always be
sufficient water for fish reproduction in the springtime and that
removal of water from the streams during this period could not be
of significant magnitude to affect the fishery is erroneous. OQur
studies have shown that higher water quality standards requiring
more sophisticated treatment procedures and/or higher background
flows are necessary during the springtime when the most sensitive
life stages of various aquatic organisms are present.
Modifications of stream flow regimes through excessive withdrawals
will substantially increase the treatment Ilevels required at
municipal and industrial wastewater treatment facilities in order
to meet water quality requirements. This will result in a
significant cost increase to the public directly for public owned
facilities and indirectly at industrial facilities.

Considerations have been given to the development of a stream
classification system. The intent of such a system would be to
establish minimum flows reflecting a stream's historic flow
pattern and recognizing the wvariation 1in wuses of the state's
surface waters. We feel that development of such a system could be
a valuable asset to the State Water Plan and to numercus other
water resource management activities. Therefore, to establish
minimum streamflows before this option is thorcughly investigated
would be inapprepriate.

Since there appears to be several factors which may influence the
establishment of mwinimum streamflows--e.g., allocaticn proce-
dures and stream classification--we suggest the establishment of
minimum streamflows be delayed until all of the basin plans can be
thoroughly reviewed and the factors mentioned above resolved.

Sincerely,
<::?¥£§jL° YY\QDA&_H
Phyllis Moore, Ph.D.

Director

PM/WEK /sy
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