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PREFACE

This Type III Report covers the contract period from 27 January 1975
to 27 July 1976, and fulfills the requireménts as outlined in Article I,
Item B for NASA Contract NAS 5-20810, "Land Use Change Detection with
LANDSAT-2 Data for Monitoring and Predicting Regional Water Quality Degra-

dation.™

OBJECTIVE

The overall objective of the research program was to compare gross
water quality data with grogs phanges in land use.

The specific objective of this reseagch investigation was to compare
LANDSAT-1 and -2 imagery for land use change detection in Arkansas that
may indicate variations in regionmal water quality. The long-term
objective was to provide insight into the feasibility of using LANDSAT-
derived land use mapping for'moﬁitcring and predicting gross or regional

degradation of water quality.

SCOPE

The hypothesis of this LANbSAI research proposal was that the quality
of surface water at any given point within a watershed might be recognized
as an excellent indicator of }land use above that point. Conversely, the
updating of LANDSAT~derived land use maps would provide a technique for
defining, momitoring, and predicting changes in regional water quality.

Surface water quality data published by federal, state, and local agen--
cles provide a readily available source of information that could be used
in conjunction with LANDSAT-derived land use changes. LANDSAT imagery was

analyzed for changes in land use during the 1972-1976 time period, and

iidi



corresponding water quality records were evaluated. A converse approach
also was used whereby historical water quality data were processed for

anomalous trends, which were then correlated with changes in land usage.

CONCLUSIONS

Comparison between LANDSAT-1 and -2 imagery of Arkansas provided evi;
dence of significant land use changes; however, water quality records were
not available in areas of maximum éhange.

Processing of all Arkansas water quality data pubiished since 1944
tevealed that only 7 percent of more than 200 stations have been in con-
tinuous operation since 1964, and those having sufficient historical
records in the 1972-75 time frame provided data on parameters that have
little relevance in identifying nompoint source pollution.

Water quality sampling programs conducted concurrently with the
LANDSAT dnvestigation provided coneclusive evidence as to the extremely

variable mnature of the rate and quality of land runoff. Among the more

important variables that control runoff water quality are rainfall

intensity and duration, antecedent conditions, and the type of land use.
A few monthly samples taken without regard for rainfall, positioning én"
the stream hydrograph, and more importantly the parameters indicative of

surface runoff tell very little about the water quality of a stream.

SUMMARY AND RECOMMENDATTIONS

Land usage now is recognized as the dominant overall influence affect-
ing the quality éf surface waters for much of the United States. Land and
water no longer are considered to be independent components of the land-
scape. Though point source pollution has received considerable public

attention in the past two decades, the more complex diffuse or nonpoint

iv



pollution has been essentially ignored. Wit@ the exception of specific
inpu&s such as irrigatiqn return flows, surface mine drainage, and
subsurface flow, most of the total contribution of nonpoint pollutants
results from surface runoff. If greater attention is not given to land
use as a component of any water quality management system, the benefits
of tertiary and advanced waste treatment may be offset by pollution from.
surface runoff.

Nonpoint sources of pollution can be enormously great in number, yet
rarely are cited as pollution sources to streams and rivers. The expense
of monitoring all nonpoint sources in all river basins can be lessened
by monitoring land unse changes with TANDSAT imagery. What is urgently
needed is initiation of water quality —~ LANDSAT monitoring programs in
which specific considerations are given to the hydrograph. The design of
a monitoring ngtwork based on point sources alone can provide only partial
information. Stormwater quality analyses should be undertaken on those
stream segments where land usage indicates a significant impact. The con-

sideration of storm runoff is essential for determining critical conditiomns.
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SECTION T

RESFARCH PLAN

1.1 INTRODUCTION

Land and water now are being recognized as mutually dependent
components of the environment. Yet only récently have the full impii—
cations of iand'gse for water resources management begun to unfold.
Though the quality of surface waters can be influenced by many factors,
the more iméortant pgrameterS«dominating water composition generally
ar; the miner;logy of surfacé sdilé, geochemical composiﬁion of the
subsurface, and biclogical and physical characteristids wifhin the
watershed. However, land usage now is Eecognized as the dominant over-
all influence affecting the quality of surface waters for much of the
United States. Certainly urbanization and related industrial growth
-in the last two decades are the major ;auses of increased point source
pollution and associated deg;adatioﬁ of the quality of the nation's
surface waters. fhg more complex diffuse or nonpoint pollution from
land runoff; though not well underStooq, also is caused mainly by
some form of human activity. Because of the very nature of pollution
from land runoff, the problem has received little responsa beyond mere
.recognition. However, the 1owering'of the environmental quality of
surface waters has become a source of considerable public and govern-
Imental concern. This concern is manifested in the Federal Water
Pollution Control Act Amendments of 1972, the objective of which is to
restore and maintain the chemical, physical, and biological integrity

of U.S. surface waters.



Recognition of the complex interrelationships between land usage
and environmental factors is -essential for recognition of the impact
of nonpoint source pollution. For example, though nonpoint pollutants
qften are recognized as organic and inorganic materials entering sur-—
face and groundwatef from-nonspecific-or tunidentified sources in
sufficient quantity to constitute a pollution problem, these same com—
ponents in minor amounts may provide the nutrients essential for
productive aquatic ecosystems. Nétural,processes on watersheds -can
contribute their share of any pollution lecad and in wmany cases this share
may be substantial. In fact, if greater attention is not given to land
use in water quality ménagement, the benefits of advanced treatment may
be offset by pollution from land runoff. It is mandatory, therefore,
not only to est;blish the naturai or background water quality during
low flow in order to assess the effects of increased inputs caused by
humaﬁ activities, but als; tgambnitor stream characterics during times
of maximum surface runoff.

Because land use changes can be expected to affect the water quality
of an area, variations in regional surface water quality data coliected
by state and federal agencies should be éorrelative with gross land use
chaﬁges detected by LANDSAT image analysis. The updating of land use
maps in conjunction with analyses of historical water quality data
should provide a techﬁique for defining, monitoring, and predicting
regional water quality, As a general hypothesis for such a LANDSAT inves-
tigation, the quality of water at any point within a watershed might be rec-

ognized .as an excellent indicator of land use above that point. Conversely,



emphasis should be placed on determining how wvarious land use activities

may influence water quality.

1.2 SCOPE OF STUDY

The State of Arkansas wag a pioneer test region for the U.S.
Geological Survey's Natiomal Standard Land Use Classification System.

The first regional computerized land use mapping program in tﬁe United
States, aimed at monitoring urbam growth, was completed in 1975 for
approximately 52,000 square miles of the Ozarks Region, much of which
was the State qf Arkansas. Computerized land use maps generated mostly
frém high altitude photographs {1972-73 acquisition) and supplementary
LANDSAT-1 imagery represent a comprehensiﬁevdata collection program
designed to satisfy a great number and variety of user groups. Of
particular significance to the overall problem defined for this investi~
gation was the feasibility of updating these land use maps by LANDSAT~2
analysis, and comparing significant changes in land use with pertinent
historical water quality records.

Ground truth data proved to be available in the form of water
quality information for Arkansas surface waters which has been collected
and published amnually (since 1944) by the U.S. Geological Survey,
Arkansas Geological Commission, and other state and federal agencies. 1In
addition to the governmental compilation of regional water quality data,
two intensive water quality monitoring programs, in distinctly different
watersheds, were conducted in Arkansas during the period of investigation.
These two long-term comprehensive collection and monitoring investigations,
sponsored by the National Park Service (Buffalo National River) and Corps
of Enginéers (Caddo River and DeGray Reservoir), provided water quality data

that could be correlated with a multitude of -environmental parameters.



In the fields of land use and water rvesource management, remote
sensing technology and applications are of particular importance in two
areas, resource inventory and analysis and the monitoring of man's manipu-~
lation of the environment. Thus contrasting changes in land use from
LANDSAT-1 and LANDSAT-2 maps should provide gross or regional change detec—
tion. patterns, The extent to which land use change detection from LANDSAT
imagery can be used for monitoring and predicting regional water quality

degradation was the fundamental issue to be resolved. by this investigation.

1.3 OBJECTIVES
1.3.1 Short Term

1. Compare LANDSAT-1 and LANDSAT-2 images for changes in gross land
use patterns within selected.Arkansas watersheds.

2. Compare surface water quality data gathered during LANDSAT--1 and
LANDSAT-2 overflights for changes in gross water quality.

3. BEvaluate and compare-detailed water quality monitoring data
and land use changes in specific- areas (Buffalo National River and DeGray
Reservoir) with the regional.data.ohtaiﬂed from TLANMDSAT-1 and LANDSAT-2.

4, Analyze water samples-from selected Arkansas watersheds for
which no post-LANDSAT-1 and/or- LANDSAT-2. data are available.

5. Analyze water samples from selected Arkansas watersheds in order

to correlate with USGS~-derived data.

1.3.2. Long Term

The long-term objective. is to provide imnsight into the feasibility of
using LANDSAT-derived land use mapping for monitoring and predicting gross
or regional degradatiom of water quality. Should this method prove feasible

in Arkasnsas, applicability should hold for the entire United States.

y [LITY OF THE
REPRODUCIB
ORIGINAL PAGE IS POOR,



Computerized land use maps, updated with LANDS‘AT‘type inputs, may
provide a néaf—realutime Eapability of assessing regional water quality,
independent of political boundaries. The 1ong-terﬁ objective of the
study is to evaluate an emerging remote sensing technology, ultimately
to be combined. with Eomputerized image pfocéssing as a system for monitor-"
ing water qualify conditions on a spatial, continuous, almosf—real—time-

basis.



SECTION 2

BACKGROUND INFORMATION

2.1 LOCATION AND BACKGROUND

2.1.1 lLocation

Arkansas is in the south-central United States (Fig. 1), adjoining
Missouri on the north, Oklahoma and Texas on the west, Louisiana on the
gouth, and Mississippi and Tennessee on the east. Arkansas' latitudinal
location between 33° and 36°30'N is in the humid subtropics near their
poleward edge, or the lower middie latitudes. Because of this location
Arkansas is affected primarily by the Westerlies, a wind belt carrying
cyclones and anticyclones which produces greatly varying weather. Arkansas'
longitudinal location, from approximately 90° to 94030‘W, is in the mid~
section of the nation and just east of the semiarid lands which begin near

the 100th meridian.

2.1.2  Physiography

Parts of two major physiographic regions of the southern United
States are within the boundaries of Arkansas, the Gulf Coastal Plain which
covers the southern and eastern sections of the state and the Interior High-
lands encompassing the northern and western part (Fig. 2). Physiographic—
ally Arkansas is dividéd into two nearly equal areas, the highlands in the
northwestern half and the lowlands in the southeastern half. The Interior
Highlands can be subdivided into Ozark Plateaus and Ouachita Mountains
provinces, The Ouachita Mountains province consists of two subdivisions,

the Arkansas Valley and Ouachita Mountains regions or sections.



ARKANSAS IN RELATION TO THE UNITED STATES

(after: Arkansas Department of Planning, 1973).

Figure |. Arkansas in relation to the United States
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The Ozark Plateaus covers northern Arkansas and consists of three
well-defined steplike surfaces, the Salem Plateau, Springfield Plateau,
and Boston Mountains. Rock types in the plateaus are sedimentary and the
units are relatively undeformed. The Salem Plateau is characterized
mainly by elevations of 500 to ‘1,000 feet above sea level. Streams are
gradually dissecting the broad uplands and the area is undulating to
hiiiy, relief-generally not exceeding 200 feet. In the Springfield Plateau
elé%ééi;n generally ranges from l;ODO to 1,500 feet. The Boston Mountains
are:the higher southern eége of the Ozarks. The mountains are pfimarily
flat-topped sumﬁit ridges representing the original erosion surface of the
pléﬁéaus. Great stream dissection has created steep-sided mountains and

‘&eep narrow valleys. Elevation|generaliy'ranges from 1,500 to 2,200 feet
but in places exceeds 2,500 feet. Relief is mainly Wgthin the 500-1,000-
foot range but in places exceeds 1,600 feet. The mnorthern boundary is well
marked by a retreating escarpment in most areas. On the south, the moun-

. tains descend rather abruptly to the Arkansas Valley region.

The Ouachita Mountains in the west-central part of the state also-
are composed' of sedimentary rocks, but they have been folded iﬁto gen—
erally parallel ridges a;d ;alleys in an east-west orientation. Most
of the mountain ridges are na£¥ow with steep slopes; crests tend to be
sharp; valleys are generally rather broad{; Within the Quachita Mountains
province, subdivisions are distinguished mainly by the spacing of the
folds. Th; Arkansas Valley region, for example, is from 30 to 40 miles
wide and is characterized by widelf spaced ridges straddling the Arkansas
River which flows from northweét to southeast. Within the core area of the
Ouvachita Mountains, elevations of 2,000 feet are common with an associated

range of relative relief from 300 to 900 feet. The southern flank of the
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Ouachitas is characterized by an undulating surface with few elevations of
more than 500 feet,

The Gulf Coastal Plain is between 100 and 500 feet above sea level,
Wiih local relief of less than 100 feet. The gently rolling surface is
'on1§ moderately dissected by streams. Much of the surface material is
unconsolidated sand deposited in the sea which once covered the area.
Crowley's Ridge is a striking irregularity in the Northeastern Coastal
Plain. This featgre iz 3 to 12 miles wide, Fising 200 feet above the

plain on the north and 100 feet on the south.

2.2‘ GEOLOGY

The Interior Highlands of Arkansas is underlain by rock of Paleozoie
age, dominated by limestone and dolomite in the north plateaus areas and
.gradually changing to sandstone and shale in the south. fhe Gulf Coastal
Plain is underlain by rock of Cretaceous, Tertiary, and Quaternary age com-
posed of élaystong, sandstone, conglomerate, chalk, and marl. Table 1
provides an indication of the general geologic age groupings of rock units,
ana Figure 3 gives more specific details about the geologic units at the

surface.

2.3 SOTL, ASSOCIATIONS .

A soll survey and soil associations maplprovide valuable informa-
|
tion to anyone interested in land use - water quality studies. TIn Arkansas,
the USDA Soil Comservation Service, Forest Service, and the University of
Arkansas Agricultural Experiment Station cooperate in soil survey mapping,
research on soils, development of reports for publicatiom, classification

of soils, and interpretation studies for various uses. Figure 4 shows the

10
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EXPLANAT i ON
SURFACE GEOLOGY

AREA 1
The surface rocks of the Salem Plateaus are the oldest of the Ozark Plateaus, younger cnes
having been removed by erosion. They are largely of Ordovician age, and are predominantly dolo-
mlite and 1Imestone with some sandstone and shale. The Cotter Dolomite of Early Ordovician age, a
massive formation up to 500 feet thick, covers most of the east and north of this region. The
Everton Limestone is the predominant rock in the western and southern areas.

AREA 2
This area is primarily the Springfield Plateau. The Boone Formation, consisting of lime-
stone and chert of Early Mississippian age, is the surface rock. Weathering easily reduces the
limestone, leaving large pieces of chert which are especially prominent on hillsides where the
finer materials have been eroded away. Outliers of the Boston Mountains are especially common
In the western part of the region. They consist ltargely of sandstone and shale found in the
Boston Hountains.

AREA 3
The Boston Hountains and the eastern part of the Arkansas Valley are surfaced in sandstone
and shale of Pennsylvanian age. The massive Atoka Formation, more than 1,500 feet thick, is the
most prominent. The Atoka Sandstone forms the bluffs at the top of the Boston Mountains.

AREA &4 .
The western part of the Arkansas Valley Is surfaced in Upper Pennsylvanian rock, consisting
of sandstone and shale. The numerous natural gas fields in this region produce a dry gas.

AREA 5
Mississippian rocks surface most of the northern flanking Ouachita Mountains. The Jackfork
Sandstone is particularly important in the major mountain ridges. The Stanley Shale is the most
widespread unit.

AREA 6
The Central Ouachitas are closely folded ridges and valleys of Ordovician and Silurian sand-
stone and shale. 7Two major units are the Crystal "Mountaln Sandstone and the overlying Hazarn
Shale,

AREA 7
Arkansas novaculite is exposed along the outer edge of the Central Ouachitas, also referred
to as the Novaculite Uplift. The novaculite is of Devonian age and underlies the Hot Springs
Sandstone. [t is a very hard, fine-grained rock of silica, used as an abrasive stone and as a
si1ica source in manufacturing.

AREA 8
Recent alluvium and terrace deposits cover much of the lowlands in the southeastern half
of the state. Particularly, they provide the surface materials in the Mississippi Alluvial Valley
and along the rivers of the Gulf Coastal Plain. The terrace deposits are generally older, com-
monly Pleistocene, and represent former levels of bottomland below which streams now have cut.

AREA 9
The edge of Crowley's Ridge and a large area of the Gulf Coastal Plain are surfaced with the
Claiborne, Wilcox, and Mickey Formations of Eocene age. The area in the Coastal Plain is inter-
rupted by the more recent alluvial deposits of the major rivers. Generally, the surface mate-
rials are poorly consolidated sand and clay. There are scattered deposits of lignite. The
bauxite deposits of Pulaski and Saline Counties are in this surface area and the oil and gas
deposits of South Arkarsas are in older and much deeper rocks below the Coastal Plain.

AREA 10
Scattered Cretaceous units occupy the inner edge of the Gulf Coastal Plain from the
Oklahoma line to Clark County. Most of the beds are coarse sand, ciay, or gravel.

AREA 11
Loess caps the higher parts of Crowley's Ridge. It is a fine, windblown silt derived from
the alluvial deposits west of the ridge. The prevailing westerly winds picked up the dried al-
tuvium which had been deposited mainly during the Pleistocene and carried it eastward, dropping
Tt when forced to rise. The bluffs on the east side of the Mississippi Valley from Cairo,
IMlinois, southward also are capped with loess.

12
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EXPLANAT | ON ' ‘E.Poo

SOIL ASSOCIATIONS - GENERAL LAND USE

Group |

Ozark Plateaus Limestone Soils. These solls have developed chiefly on.the iimestones of the
Springfield and Salem Plateaus. Elevation ranges from 500 to 1,500 feet and most of the land Is
In slope. Soils have developed-chiefly under deciduous forest but some prairie is present in the
westernmost area. Subsolls are slowly to moderately permeable, graylsh brown to yellowish brown
clays. Solls are mainly silt, loam, relatively deep in the valleys and on flatter areas, but very
thin on the steepaer hillsides. They are used for general farming, especlally grazing of beef
cattle; and for orchards and vineyards.

Group 2
bzark Plateaus Sandstone Limestone Sofls. The hills and valleys are ercded from interbed-
ded sandstone and limestone on the Salem P]ateau - Clay and sandy loam subsoils are averlain by
joamy grayish brown and yellowish brown soils. Mixed hardwoods and shortleaf pine are the patural
vegetation and general farming predominates. .

Group 3
Boston Mountain Soils. The Boston Mountalns are the southernmost edge of the Ozarks where
much of the area is very rugged, and relatively level land is confined to ridgetops. Most of the
" area is heavily forested, chiefiy with declduous trees but with shortleaf pine in the esst and
south, The Ozark National Forest is in the middie of the area. The soils are sandy loams and
ciay loams, medium textured, and genera]ly well drained. Woodland and pasture with some general
farming.are major uses.

. Group 4,

Arkafi3as Valley Soils. Sandstone and shale are the parent materials for soils on the narrow
ridges and in the wide valleys of the Arkansas Valley section of the Ouachitas. Declduous forest
with some prairie and stands of shortleaf pine increasing southward are the natural vegetation.
Soil conditions vary considerably from valley floor to hillside, but most soils are siowly to
moderately. permeable and of medium texture. Sandy, silty, and ciay loams range from brown to yel-
Tow and red in calor. Pasture, general farming, and some specialty crops occupy the non-forested
land. ’

Group 5

-Cherokee Pralries Soils. These soils occupy scattered areas in the western Arkansas Valley, *
developing over sandstone and shale and under prairie, The folis aré déep and of medium texture
and are a dark silt loam. Grazing is the major use.

Group 6
Ouachfta Mountains Soils. Shale, sandstone, novaculite, and quartzite are common surface
rocks. The soils are of medium texture and moderate permeability. The area is forested; pines
and bottomland hardwoods predominate. Soils are mainiy silty clay and silty loam, deep in the
valleys and very shallow and stony on the rtdgetops. The Ouachita National Forest comprises con-
siderabie screage. Elsewhere, livestock grazing and general farming are the chief agricultural
pursuits and there Is much timber harvest:ng

X Group 7. ‘
Blackland Prairie Soils. In southwestern Arkansas, scattered prairies occupy areas of chalk
and calcareous marls. Gray ciay subsoils are ‘overlain by deep, dark clay and silf loam soils.
Pasture and field crops are the chief uses.

Group 8
Forested Coastal Plain Sofls. Central south Arkansas consists of a sandy coastal plain of
rolling terrain broken by stream valleys. Most of the area is gently to moderately sloping and
-pine forest dominates except along streams. Most subsoils are:sandy or silty clay loams, rel-
atively deep. Soils are largely sandy .loams with some silt and ¢lay loams. There is consider-
able harvesting of both pines and hardwoods. Pastures and truck and field crops are major
agricultural uses. '

. Group 9
Bottomiand and Terrace Soils. This scil association is found along all major streams. The
deep aliuvial material ranges from covarse to fine in texture and thus from rapid to slow in
permeability. The land is level to only gently undulating and there is much wetland. Bottomland
hardwoods are the major natural vegetation. Chief agricultural uses are for cotton, rice, soy-
beans, and pasture. .
.Group 10
Loessial Plain-Solls. 1In some areas of eastern Arkansas, especially on the west side of
Crowley's Ridge, are broad alluvial plains capped with wind-deposited silt. HMost of the soils
are deep, medium textured, and slowly permeable. The subsoils are mainly clay and commonly
compact. A variety of crops, but chiefly cotton and rice, are raised and pastures are extensive.
- Group 11
Eastern Prairie Soils. The prairies of eastern Arkansas have nearly level terrain. The clay
subsoils are generaliy compact. The silt loam soils are used for rice, cotton, soybeans, and
pasture.
Group 12
Loessial Hills Seils. Crowley's Ridge and smaller ridges of eastern Arkansas are capped with
windblown silt ranging In depth from & few to as many as 70 feet. The area is in moderate slope
and there has been much soil erosion. The largely silt loam soils are deep, of medium texture,
and moderately permeable. Pasture is the chief use.

14



Table 1. -Geologic Age Relationships

APPROXIMATE AGE (in years

ERA PERIOD EPOCH before present)
Recent
QUATERNARY (Holocene) 10,000
Pleistocene 1,000,000
CENOZOIC Pliocene 13,000,000
Miocene 25,000,000
TERTIARY Qligocene 36,000,000
Eocene 58,000,000
Paleocene 63,000,000
. CRETACEQUS 135,000,000
MESOZOIC JURASSIC 180,000,000
TRIASSIC 230,000,000
PERMLAN 280,000,000
PENNSYLVANIAN 310,000,000
MISSISSTPPTAN 345,000,000
PALECZOIC DEVONIAN 405,000,000
STLURIAN 425,000,000
ORDOVICIAN 500,000,000
CAMBRIAN 600,000,000

major soil associations for Arkansas and the explamation includes a brief

description of each land use rescurce area and respective association,

2.4 PRECIPITATION AND CLIMATE

The mean annual precipitation ranges from about 40 inches in the
western Arkansas River Valley to about 60 inches in the western Ouachitas
(Fig. 5). Most precipitation in Arkansas is of frontal origin, occcurring
along the zone or "front" where two unlike air masses meet. Locally in
highland areas precipitation amounts are increased by orographic action
which cceurs when moist air is forced to rise over a landform barrier. This
process 1s common in the area of the Quachitas that has the highest mean
annual precipitation in the state. Most precipitation is in the form of
rain. Snowfall occurs throughout the state, but nowhere is it great enough
to add significantly to the precipitation total. Snowfall in the south'is

usually very light; in some years only a trace is recorded.

15
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Because most of the state's precipitation is of  the frontal or
cyclonic type, the locations of the major storm tracks in the area are
important factors in Arkansas' precipitation. Three major storm tracks
affect the state. The most important is the South Pacific track which
crosses the state diagonally from the southwest to the northeast. The
effects of this tréck can be seen on ?he map as the area having the greatest
annual precipitétion through the ceiter of the state. As a low, or cyclomne,
moving along this track reaches the central part of the natiom, it draws
warm, moist air toward it from the Gulf of Mexico, thus creating precipi-
tation in Arkansas.

The Texas storm track passes south and east of the state. ZLows
following this track are able to draw considerable moisture up from the
Gulf. The track comes closest to the southeast corner of Arkansas, and
1s evidenced by the area with more than 50 inches of precipitation in that’
region of the state.

The third track, and the least important to the state, is the
Colorado storm'track which passes north of Arkansas through southern and
central Missouri. This track is farther from the moisture source of the
Gulf and thus has less effect on the precipitation in .the state. However,
‘the Colorado track is responsible fﬁr some of the precipitation received

in northwest Arkansas.

2.5 STREAM RUNOFF

Stream runoff is water ﬁhat drains from the land by means of surface
streams. These streams are supplied by surface flow and by drainage from
groundwater sources. Basically, runoff is the water remaining from precipi-
tation after losses to evaporation, transpiration, soil moisture, and

groundwater.

17



Many variables regulate the amount of runoff. Precipitation is the
most basic regulator. Amount, duration, iﬁtensity, and frequency of pre-
cipitation all affect it. If precipitation amounts are small, or if it is
infrequent or comes as light showers, runoff will bg small. Runoff will be
greater if precipitation comes in iarge quantities in a short period of
time. Vegetative cover is another factor that determines the amount of
runoff, A thick ground cover will retain precipitation and slow surface
runoff. Soil conditions are algo a factor. If the soil is loose and
porous, water can percolate inte the ground to become part of the soil
moisture or the groundwater, thus slowing the rate and decreasing the
amount of runoff. A hard-packed soll increases the amount of runoff, and
the porosity of the subsoil and bedrock also can influence it. Slope has a
significant effect, A steep slope decreases the time in which water can
soak into the ground, thus increasing runoff. All these factors must be
considered together to understand properly the pattern of runoff in Arkansas.

A few examples of the factors affecting runoff aid in interpreting
the mean annual data provided in Figure 6. Heavy precipitation, consider-
able slope, and shallow soil with rather impervious bedrock are probable
reas;ns for the large annual runoff in southwestern Arkansas. Similar
factors possibly are present in the area with the greatest amount of runoff
in the state; however, methods of data collection may have exaggerated the
size of this area somewhat. Dense forest-vegetation, little slope, and a
combination of various other factors result in a small amount of runoff
in southernmost Arkansas., Not reflected by the map data (fig. 6} are urban
areas where large paved expanses increase runoff markedly.

In general, stream runoff characteristics for all of Arkansas can

be correlated roughly on the basis of physiography, the Highlands in the
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northwestern half and the Lowlands in thg,southeastern half. The words
"high' and "low" readily bring to mind how a rivef or lake would look in
these two parts of the state. Highland rivers are generally flashy, f;st
running, ‘and clear; Lowlands rivers are sluggish and generally muddy. Lakes
and reservoirs %n the Highlands are relatively deep with steep irregular
shorelines. Lowland lakés-and rgservoirs are relatively shallow and small
quantities of water will flqod large areas-of land in comparison Witﬁ equal

quantities of water in a lake in the Highlands (Sniegockl and Bedinger,

1969).

2.6 LAND USE

The State of Arkansas was a pioneer test region for the proposed
National Standard Land Use Classification System. The first regional com-
puterized land use mapping program in the Uni£ed States, aimed at monitor—
ing urban growth, was completed in 1975 for about 52,000 square miles of
the Ozarks, including’ the entire State of Arkansas. Computerized land use
ﬁaps generated f&om high altitude photographs represent a comprehensive
‘data collection program designed to satisfy a great number and variety of.
user groups. Of particular significance to the overall objectives of this
investggation was the feasibility of updating these land use maps with
LANDSAT-2 imagery to make possible monitoring of lanq‘use changes which

might, have a direct influence on the gross degradatiom of water quality.

2.6.1 USGS Mapping Program+

The Ozarks Project was undertaken after an investigation by the

Geography Program to determine an area in which a test and demonstration

*#Summarized from a report released in 1975 by The Ozarks Regional Commission
in cooperation with the USGS; Ozarks Pilot Land Use Data Base Test and
Demonstration Final Report, Little Rock, Arkansas, 33 p.
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could be conducted. Selection was based on the availability of source mat-
erial for the region, the availability within the region, and the enthusi-

asm of the states' agencies for the program.

2.6.1.1 Data Base Parameters
The first meeting with personnel of the Ozarks Regional Commission

was held in Little Rock, Arkansas, in October 1971. At this meeting, 1.S5.
Geological Survey personnel displayed the Pheonix, Arizona, land use map,
computer plots, and statistical data. The Ozarks Regional Commission
favored investigating the possibility of £h; development of a similar system '
for the Oza;ks Region.‘ The U.S. Geologicdl Survey and Ozarks Regiomal
Commission personnel believed that it was necessary, before entering into
a commitment, to brief the individual states' members of the Commission;
i.e., the members from Missouri, Arkansas, Oklahoma, and Kansas. The pur-
pose of the briefings was to ascertain. that the land use data base would
provide meaningful data that could be used for resocurce management activi-
ties in the region. These briefings emphasized the need for such a system
and provided input for further system development.. Upon agreement by the
states as to the need for such a land use data base system, individual
1:250,000-scale map sheets to be compiled were selected.

This project provided the Ozarks Regional Commission with a computer-
ized land use data base system having the following features.

1. A set of maps in the standard 1:250,000-scale topographic map.
series format.

v

2. All data encoded and put into the computér for statistical data
development.

3. Provision for updating and/or expanding by the inclusion of new
and diversified data.

4. Programs available for data manipulation and statistical tabulation.
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2,6.1.2 Data Base Products
The land use,data base contains the following items for each
1:250,000-scale topographic map sheet within the selected area.
1. Lithographic copy of the topographic map at a scale of 1:250,000.
2.. A transparent overlay keyed to the topographic map showing Level
I1 land use, delineated in accordance with U.S. Geological Survey
Circular 671 and certain amendments (Table 1 provides the land

use classification).

3. A transparent overlay keyed to the topographic map sheet showing
the politiecal boundaries.

4, A transparent overlay keyed to the topographic map sheet showing
the drainage areas.

5. A transparent overlay keyed to the topographic map sheet showing
. the federal- and state-owned land to a minimum area of 40 acres.

6. A transparent overlay keyed to the topographic map sheet showing
census county subdivisions by census tracts within the standard
metropolitan statistical areas and the minor civil divisions
elsewhere,

The flow diagram (Fig. 7) illustrates the progressive tasks accom-
plished in the compilation of the data base.

All of the data, with the exception of the topographic map sheet,
are encoded on computer cards and stored on tape for manipulation by the
computer. Two types of computer items are produced, a tape to drive a

plotter which will plot, as a map graphic, various types of data stored, and

a tabulation of data which result from a specific data manipulation.

2.6.1:3 Land Use Map Preparation

The acquisition of source material was the first step in the com-
pilation of the land use data base map. The criteria for selection of
source material had to allow the extraction of Level II land use as described

in USGS Circular 671 (Table 2).
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Figure 7. Lland use data base system flow diagram.
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Table

01.

02.

03.

04,

05.

06.

07.

G8.

09.

*From

2. Land Use Classification System for Use With Remote Sensor Data -
Ozarks Regional Commission Program*

Level I

Urban and Built-Up Land

Agricultural Land

Rangeland

Forest Land

Water

Wetland

Barren Land

Tundra

Permanent Smnow and
Icefields

11.
12.
13.
14,
15.

16.
17.
18.
i9.

21,
22,

23,
24,

31.
32.
33.
34,

41.
42,
43.

51.
52.
53.
54,
55.

61.
62.

7i.
72.
73.
74.
75.

81.

91.

Level TI1
Residential
Commercial and services
Industrial
Extractive

Transportation, communications,
and utilities

Institutional

Strip and clustered settlement

Mixed

Open and other

Cropland and pasture

Orchards, groves, bush fruits,
vineyards, and horticultural
areas .

Feeding operations

Other

Grass

Savannas (palmetto prairies)
Chaparral

Desert shrub

Deciduous
Evergreen (coniferous and other)
Mixed

Streams and waterways
Lakes

Reservoirs

Bays and estuaries
Other

Forested
Nonforested

Salt flats

Beaches

Sand other than beaches
Bare exposed rock
Cther

Tundra

Permanent snow and icefields

USGS Circular 671, with modified wetland coding.
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The 1:250,000-scale topographic map series was used as the base
map for the compilation of the land use overlay and other overlays. A com-
posite positive at 1:250,000-scale was made for each map sheet showing
only the border information, the culture, and the open water features. This
film positive was enlarged to compilation scale of approximately 1:125,000.
The 1:125,000-scale enlargement was used as the base map for all data base
overlays. The 1:125,000~scale data base overlays were reduced in the final
reproduction phase to fit the original 1:250,000-scale film positive base.

Auxiliary sources of information useful in the compilation of land
use and other data base overlays were obtained by the Geography Program.
This source material consisted of land use or other types of maps supplied
by the U.§. Geological %urvey, Department of Transportation, Department of
Agriculture, Department of Housing and Urban Development, a;d state and
local agencies. The cartographic specifications for compilation were:

1. The delineatioms of all features other than water categories will
be in straight line segments approximating actual land use polygon

boundaries.

2. All water features will be delineated by curved lines that follow
the shoreline of the water feature being delineated.

The areas. of the polygons delineated are of twe minimum sizes.
411 Urban and Built-up Land and Water polygons have a minimum area of 10
acres. All other polygons of land use have a minimum area of 40 acres.
These minimum areas are derived from the minimum lengths of line. The mini-
mum ground dimension of polygons is 660 ft. (200 m.) for all Urban and Builﬁ—
up Land and Water Categories, and 1320 ft. (400 m.) for all other categor;es.
At a map scale of 1:250,000 these minimum dimensions would be about 1/32
(0.8) and 1/16 inch (1.6 mm), respectively. These minimum width considera-
tions preclude the delineation of very narrow long tracts. Triangles or

other polygons are acceptable for delineation if the base of the triangle
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or polygon satisfies the minimum width criterion for the appropriate minimum

area.

2.6.1.4 Computer Applications
Having the éomputer provide both map and statisticzl data requires.
that the information developed during the compilation be comverted to a
computer—acceptable format. TFor the original agreement (USGS znd Ozarks
Regional Commission), the conversion was accomplished by .gs:_i.ng Universal
Transverse Mercator (UTM) coordinates and encoding the iﬁformation by
square-kilometer cells. The encoded data were keypunched into computer
cards and read into the computer for data manipulation and plotting.
Although the data were encoded by individual map sheets, the dsta were
combined in the computer and stored on magnetic tape so that complete
county, regional, or state data cam be generated. The program used to
produce statistics in the computer has a subroutine which produces the data
necessary to drive the plotter in such a way that the data can be plotted
at any scale for an area of any size.
The term “encoding" refers to the means by which the graphic data
base mapé can be quantified for adaption to computer manipulation. The
encoding of all overlay data was completed for all areas of the agreement,
with reference to the Universal Transverse Mercator grid which allowed the
use of a rectangular grid throughout the area. Each map sheet contains
more than 20,000 cells, each cell representing one square kilometer. A
computer card for each square-kilometer cell contains data base information
in the following format.
Col. 1-3 UTM grid zone

Col. 4-5 100,000~km grid box designator
6-7
8-9

Col. East km? grid number (row)
Col, Worth km? row number (column)
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Col, 14-15 State number

Col. 18-20 County number

Col. 2]-26 Census minor civil division or tract number

Col. 29-32 Drainage number

Col. 33-36 Data

Col. 38-3%9 Land ownership code

Col. 41~42 Land use code
2.6.1.5 Updating

Updating of material for both graphic and computer input is pos-

sible in this land use data base. ¥From available source material, the new
graphic land use overlay is prepared by interpreting the source and delinea-
ting the areas which require updating or changes on a clear overlay keyed
to the original compilation map. This technique applies to all of the over-
lays involved in the data base. Once the changes have been determined and
plotted, the 1- ka grid is overlayed on the change sheet; those 1- km2
cells where changes have occurred are noted and new cards are prepared for
each cell, showing the changed data of the overlay being updated. The new

cards replace the o0ld cards in the original deck and the newly constituted

deck is read into the computer.

2.6.2 USGS Mapping Versus Change Detection

Coineidentally with the LANDSAT investigation, land use -~
water quality studies were conducted in the Buffalo National River and
Caddo River watersheds. TIn .addition to the land use maps prepared by the
USGS for these two watersheds, .land use mapping was done at the University
of Arkansas by use of large-scale (1:20,000) panchromatic photographs® in
combination with LANDSAT-1 imagery. Comparison of the University of

Arkansas and USGS land use maps revealed a problem that had not been
*Photographs furnished courtesy Arkansas Highway Department,
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anticipated during the initilal phases of the investigation. The USGS poly-
gonal land use boundaries only approxima&ed the actual "real-world" out~
lines. The comﬁuter—compatible polygons tend to average irregularit%es,

and this averaging necessarily leads to a reduction in the accuracy of
final map categories. Because the original data base used by the USGS has
been classified (secret) since the day it was obtained, change detection

by comparing real-world boundaries and updating of the computerized land use
maps were not feasible. However, particulars related to the water quality
monitoring for both the Buffalo National River and Caddo River watersheds.

are provided in sections 5.2 and 5.3, respectively.
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SECTION 3

PREVIOUS INVESTIGATIONS

3.1 INTRODUCTION

The use of mathematical models for simulating the response char-
acteristics qf a watershed has been firmly established and a comprehensive
review of progress in surféce runoff modeling is provided by Schaake (1975).
Attempts to model the effects of land use on surface runoff have met with
varying degrees of success; however, in most of these studies the emphasis
has been on surface water hydrology (flow regime) rather than surface
water quality. Research related to ;he association between land use and
surface water hydrology can be categorized into two main areas of concern,
(1) the effects of urban development on flood events and (2) the effects of

deforestation or vegetation on water yield and flood events.

3.2 EFFECTS OF URBANIZATION

A comprehensive summary of the hydrologic effects of urbanization in
the United States has been prepared by McPherson (1972). Espy and Winslow
{(1974) provide a state-of-the-art report in which a correlation between
physiographic, urban, and climatic factors i1s used to estimate urban flood
freguency characteristics. The effects of urbanizétion on water quality
are summarized by Shubinski and Nelson (1975}, and Gluck and McCuen (1975)
describe a method for estimating land use characteristics for hydrologic
models. Lehmann (19751 provides a bibliography with abstracts concerning
the effect of land use and urbanization on water resources. The current
interest of most of these investigators is the applicatioﬁ of computer tech—

niques to the simulation of the hydrologic response of urbanized watersheds.
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3.3 EFFECTS OF DEFORESTATION AND VEGETATION

The hydrologic consequences of changing land use have become obwvious
in areas of deforestation. Rothacher (1970) found that increases in water
yield'after timber harvest vary in proportion to the area cleared; he has
shown that clear—cut logging can increase annual surface runoff in the
Oregon Cascades by 18 inches. Hewlett and Helvey (1970) studied storm
hydrographs at a test site in the southern Appalachians and found an 1l
percent average increase in stream runoff. Most recently, hydrologists
have related their efforts indirectly to overall water quality. Mansue and
Anderson (1974) recognize that stream sediments degrade water quality for
nearly everyrwatér use. They point out that sediment interferes with aquatic
life processes, affects heat balance in stfeams by shading lower water lev-
els, and abrades constructural features in the stream channels. Mansue and .
Anderson used multiple regression analysis to model storm event streamflow
values associated with sediment load, and they recognized changing land use
as a probable factor contributing to sediment increases. Harr et al. (1975)
summarize'the more recent studies concerned with changes in storm hydrographs
after road building and c¢lear-cutting. Blackwood (1974) concludes that water qual-
ity varies greatly from storm to storm and that the factors causing these
variations are too numerous to permit the use of simple prediction tech-
nigques. However, Darby et al, (1976) suggest a method of discriminant
analysis which precludes extensive monitoring programs to gather comprehen—
sive water quality data, and conclude that even with limited stream samp-
ling data indicators of watershed characteristics can be used both to estl-
mate overall water quality-of a stream and to predict individual problem

parameters,
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SECTION 4

RESEARCH PROCEDURES

4.1 INTRODUCTION

Initially it was proposed to correlate land use change and water
quality changes in Arkansas by multivariate analysis. However, it was not
possible to match land use change aréas with areas for which historical
water quality data were available. Therefore it was necessary to modify
the initial objective to the correlation of different land usage with Wate¥

quality at several sites in Arkansas.

4,2  DATA COLLECTION

A1l available water quality data for the state of Arkansas were col-
lected. Included were water quality records of the U.S. Geological Survey,
U.3. Corps of Engineers, and the Arkansas Department of Pollution Control
and Ecology.

Difficulty was Immediately encountered in finding statioms with an
acceptable record length. Although water quality data for Arkansas have
been published annually since 1944, only 15 of the present stations (about
200) have data back to 1964 and even fewer stations have continuing (i.e.,
at least monthly) records back to the initiation of data collection. An
additional difficulty was a critical lack of data for the parameters most
useful in monitoring pollution, especially nonpoint source pollution
{McElroy et al., 1975). For example, there were virtually no phosphate,
insecticide, pesticide, or heavy metal data and sparse nitrate and bacteria

data——-parsmeters sensitive to nonpoint source polliution.
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8till another problem in selecting the data records to be used was
that in many cases different sets of data were measured at different sample .
times. This discrepancy virtually,eliminated the possibility of using-
multivariate data analysis. For example, a c}ose examination of the 41

stations in the White River basin and the 18 stations-in the Illinois River

basin with periods of recérd from:l§68 to 1974 revealed énly Fhree stationg
for which parémetérs and measurement frequency were sufficient to warrant-
further analysis.

After an extensive evaluati;n.of all data, seven stations finally were
selected for detailed study on the bagis of having the most complete water
qﬁality data available in terms of period of record, sample frequency, and.
number of parameters measured. _Three of“the stations selected have the same
terraine environment and gfe near each other in northeastern Arkansas.
These.similarities permitted cross—cﬁecking of data ond interpretation. Thé
other four stations represent two additional distinctly different land usages

and different locations.

4.3  ENVIRONMENT OF STATIONS SELECTED

The locations and environments of the seven stations are depicted -
grossly in Figure 8 and Table 3. 8St. Francis-station on the St. Francis
River; the Cache River station at McDougal, and the Black River station at
Corning are all in the northeasternmost corner of Arkansas (Fié. 8). The.
St; Francis and Black Rivers have headwaters- in the St. Francois MounFains
of Missouri and flow onto the Gulf Coastal Plain, whefeas the Cache River
drainage basin consists only of Recent alluvium (Figs. 3, 8). The rocks
of the St. Francois Mountains include Precambrian granite and felsite,

Cambrian dolomite and glauconitic shale, and Ordovician sandstome. Although
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Table 3 Environment ol Selected Water Quality Stations

Station Longitude- Physiographic Major Major
Number Latitude Provinces Rock Types Land Use
St. Francis 90208'13"W St. Francois granite, fel- agriculture
River at 36727121 Mountains site, dolomite,
St. Francis Gulf Coastal limestone,
Plain sandstone, al-

luvium
Cache River 90222‘24"W Gulf Coastal alluvium agriculture
at McDougal 36726'05"N Plain
Black River 90232'26"W similar to similar to St. agriculture
at Corning 36724707 St. Francois Francis station
Kings River 93237'15"W Ozark Region limestone, pasture,
near Berry- 36 25'36"N shale, sand- forest
ville stone
White River 91211'08"W Ozark Region alluvium agriculture
at Lock and 34701735"N Gulf Coast
Dam No. 1 Plain
Caddo Riwver 93325'00"W Quachita shale, sand- forest
at Glenwood 347177129 Mountains stone, nova-

culite, and

chert
Red River 93205'36"W QOuachita sand, lignite, agriculture
at Doddridge 33°05'36"N Mountains red clay, al-

Gulf Coastal
Plain
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these stations are on different rivers, the environments within each water-
shed are very similar. Land use in the areas of all three stations is
agriculture (Fig. 8), the geologic settimngs (Figs. 3, 4) are similar and,
because of the close spacing of the stations, climate (Fig. 5) is essen-
tially the same.

Farther south in the White River basin is the Lock and Dam No. 1
station on the White River (Fig.'S). It is similar to the three described
above in that the major laﬁd use in the area is agriculture. This station
is in Recent alluvium in the Gulf Coastal Plain; however, a significant part
of the White River drainage is in the Ozark Region. The Doddridge station
on the Red River in the southwestern cormer of the state (Fig. 8) is in a
predominantly agricultural area and also is in alluvium of the Gulf Coastal
Plain. However, the heédwaters of the Red River drain sand, lignite, and
red clay areas in Oklzahoma.

The Caddo River station at Glenwood and the Kings River station near
Berryville (Fig. 8) offer major differences in comparison with the other
stations, not only geologically (Fig. 3) but also in land use (Table 3).
The Kings River station near Berryville is surrounded by pasture-forest
lands and the Glenwood area is mainly forest. The Kings River is in north-
western Arkansas in the Ozark Region and the Caddo River is in the Cuachita
Mountains in west-central Arkansas (Fig. 2). Thus, these seven stations
offer diversity in terms of location,.climate, geology, land use, and size

of drainage basin for the State of Arkansas.

4.4  PARAMETERS ANALYZED

The parameters analyzed for the seven stations are shown in Table 4.

As mentioned, most of these are not the parameters most sensitive to land
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Table#. Explanation of major water quality parameters

TERM

Bicchemical
Oxygen
Demand (BOD)

Cubic Feet
per Second

Dissolved
Oxygen {DO)

Milligrams
per Liter -

{mg/1)

Hic§ograms
per Liter
(na/1)

pH

Specific
Conductance

Total
Coliform

Total
Hardness

Total
Iron

Total
Nitrate

Totatl
Residue

Turbidity

DEFINITION

BOD is a measure of the nonliving organic demand for oxygen
imposed by various kinds of wastes; a high BOD may tempo-
rarfly or permanently so depiete oxygen in water as to ki1l
aquatic 1ife.

CFS is the rate of discharge representing a volume of cne

cubic foot passing a given point during one second and is

equivalent to 7.48 galions per second or h48.8 gallons per
minute,

DO is the concentration of oxygen dissolved in stream w%ter;
the DO concentration of unpolluted water varies directly
with atmospheric pressure and inversely with temperature.
Nonliving organic matter depletes dissolved oxygen in water
creating stress for agquatic iife.

mg/l is a unit for expressing the concentration of chemical
constituents in solution; milligrams per liter represents
the weight of sclute per unit volume of water and can be
expressed as parts per million {ppm).

Unit expressing the concentration of chemical constituents
and can also be expressed as parts per biilion (ppb}). One’
thousand micrograms per liter is equivalent to one milligram
per liter.

pH is the measure of "'hydrogen-ion activity in selution and

is the negative logarithm of the number of hydrogen fons in
solution; pH is expressed on a scale of 0 (highly acid) to

14 (highly basic}; pH 7.0 is neutral being neither aclid nor
basic.

Specific conductance is literally specific electrical con-
ductance {or electrical conductivity)}, and is a measure of
the capacity of water to conduct ani electric current under
standard test conditions: speciflic conductance increases
directiy with increased concentrations of dissolved and
ionized constituents. Commonly, the amount of dissolved
solids (in mg/1} is about 65 percent of the specific con-
ductance {measured in micromhos).

Coliform organisms are a group of bacteria used as an in-
_dicator of the sanitary quality of the water; the number of
coliform colonies per 100 milliliters is determined by the

immediate or delayed-ipcubation membrane-filter method.

Hardness of water is a physicai-chemical characteristic
attributable to the presence of alkaline earths (princi-
patly calcium and magnesium) and is expressed as equivalent
calcium carbonate (CaC03) in the raw water sample.

fron in the raw water sample
Nltrogen in the form of nitrate in the raw water sample

Sum of the suspended and dissolved materials in a water
sample. The sample is evaporated and heated to 103-105°C,

Turbidity Is the capacity of materials suspended In water
to scatter light; turbidity is measured in arbitrary
Jackson turbidity units {JTU); highly turbid water 1s often
called "muddy", although all manner of suspended particles
contribute to turbidity.
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use or nonpoint source pollution. However, these parameters are the -only
ones for which record length and measurement frequency are sufficient to

warrant detailed analysis.

4.5  DATA ANALYSIS

Although multivariate analysis initially was plamned, those parameters
considered to affect water quality (i.e., rainfall, soil saturation, etc.)
were either not available or not available in sufficient quantity or detail
for multivariate analysis. Therefore, in lieu of multivariate analysis,
multiple variable analysis (see Appendix A) was carried out on the sparse
data available. Only at four stations were several parameters measured
simultaneously on the same date. TFor one station there were 16 such dates
but only during a 2-year period, for another there were 8 dates in a 4~year
period, for another 7 dates in a_3~year period, and for the last station
5 dates in a 4-year period. Although sufficient data are not available for
truly meaningful multivariable analysis, the results for these stations are
presented in Appendix A, This information is useful, however, in indicating
that streamflow, as expected, is a dominant factor in the control of water
quality. It should be noted that one would expect a general correlation of
streamflow and other factors, such as rainfall, soil moisture, and seasomn.
High rainfall, especially in a short pe;iod or associated with saturated
s0il conditions, usually will increase streamflow, Warm summer months éor;
relate with overall low streamflow, yielding general season-streamflow cor-
relation and temperature-streamflow correlation. During winter, iack of
vegetation cover tends to increase runoff and groundwater storage which
increase streamflow.

In summary, streamflow was selected as a simple basis for characterizing
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water quality and each parameter was plotted against streamflow to depict
graphically changes in water quality. Basic statistics used in data
analysis are the mean, standard deviation, coefficient of variation, cor-
relation coefficient, and linear regression. The number of measurements,
correlation coefficient, and the 90% significance level are indicated on
all graphs by N,C, and S, respectively. If initial regression &id not
yield significant trends, removal of one or two anomalous points (which
might represent data errors or unusual contamination) or separation of the
data into rising or falling water level sets (if possible) in some éases
provided significant results. In all cases the 0.90 significance level

was applied, i.e., the chance of the correlation being fortuitous is 10%.
Several parameters yie}ded significant correlation with streamflow, but
many vielded significant correlation coefficients when correlated with the
logarithm of streamflow. Correlation coefficients up to 0.98 thus can be
obtained. It should be noted that a high correlation coefficient does mot
necessarily imply that streamflow controls or causes water quality chz-mg,es,r
but simply indicates a correlation which can be used in water quality model-

ing.

4.5.1 Discussion of Parameter - Flow Variation

The parameters analyzed can be divided into three groups, those that
correlate with flow (1) linearly, (2) logarithmically, and (3) randomly.
The first group consists of those parameters expected to be controlled by
runoff--turbidity and suspended solids. The second group consists of
total dissolved solids, hardness, specific conductance, and pH which are
controlled mainly by groundwater at maximum values (baseflow) and also are

affected by storage flow (infiltration) and runoff (dilution) at greater
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flow values. The third group includes those parameters that may be con—
trolled by suspended and dissolved material--—total residue, total irom,

total nitrate, and total coliform.

4.5.1.1 Turbidity

Turbidity generally is correlated linearly with flow (e.g., Fig. 9);
however, complex relationships are noted for the St. Francis and Black River
stations. The Red, Caddo, and Cache Rivers' stations offer diversity in
the environment and river characteristics, yet all three exhibit the tur-
bidity-flow relationship expected.

The White River station shows an unexpected decrease in turbidity
with increasing flow (Fig. 10). However, the river characteristics for this
station, located just upstream from the White River's confluence with the
Arkansas River which ereates the effect of a small impoundment, are con-
siderably different from those of any of the other stations. An explanation
for the anomalous behavior of turbidity is that during high flow the turbid
White River water flows under the less dense, clear "impounded" water.
Therefore -sampling of the upper layers of the water at the station would
not indicate an increase in turbidity with increasing flow, but rather a
.decrease. The higher turbidity wvalues at low flow probably represent run-
off from the station area.

The Black River and St. Francis River stations' turbidity wvalues
versus flow values do not have statistical significance, but there is a
general increase in turbidity with increase in flow. By expansion of essen-
tially low flow data and omission of anomalous points, the Black River
station ylelds a significant increase in turbidity with increased flow

(Fig. 11); however, the St. Francis River station is much more sensitive
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to this effect than the other stations.

4,5.1.2 Specific Conductance, pH, and Hardness

All stations indicate a negative correlation of specific conductance,
pH, and total hardness with increasing flow at the 90% significance level,
except for specific conductance at the Kings River station. However,
specific conductance is correlated negatively with flow for the Kings
River station at the 85% significance level. Interestingly, the correla-
tion for all of these parameters is higher with log of flow than with the
arithmetical value (Figs. 12-14). The negative logarithmic correlation is
. attributed to dilution of dry period baseflow (groundwater) by less concen—
trated runoff and infiltration water and more dilute wet period baseflow.
Because the infiltration water contains more dissolved material and has a
longer period of flow than the runoff, there is a "tapering" effect on
concentration, The Kings River station is wnusual din that it exhibits
linear correlations of decreasing specific condhctancé and pH with increas-~
ing flow that have slightly higher coefficients than the correlations with
log of flow (Figs. 15 and 16). This situation suggests that these para-

meters are not controlled mainly by simple dilution with increased runoff.

4.5.1.3 Total Residue

" Total residue is the sum of the dissolved and suspended material
present, and thus may behave differently from one station to another depend-
ing upon the relative proportions. If total residue is mainly dissolved
material, one would expect a decrease in concentration with increasing flow;
however, if suspended material is dominant total residue would increase with
increasing flow. Scatter could result from variation (or gradation) of the

dissolved/suspended solid ratio. Fluctuation in this ratio could be the
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result of the proximity of rainfall which causes increased flow to the sta-
tion. For example, a significant part of the suspended material contributed
by runoff may settle out if the rainfall area is very far from the station.
Other factors, such as éroqnd cover {(e.g. season) and land use (e.g. time of
plowing) cén also affect total residue.

. The fact that the White, kings, St. Francis, and Black Rivers' stations
all exhibit decrease in tﬁtal residue with incréasing flow (e.g., Fig. 17),
suggests that the dominant coﬁtribution to tﬂe to£a1 reéidue for these sta-
tigns is the diséolved load. The sparse data available indicate thaé the
dissolvéd solids normally comprise about 607 of the total residue for these
three stations; however a£ high flow as little as 10% of the totalvresidue
is dissolved solids. Therefore, these trends appear to represent dilution.
Johnson -and Neednam (1966), Keller (1970}, Pinder and Jones (1969), and
Singh and Kalra (1972) all have noted similar dilution effects. The trends
showing an increase intotal residue with increase in flow for thelRed River
and Cache River stations (e.g. Fig. 18) areknot significant statistically

and probably reflect local station environment characteristics.

4.5.1.4 Total Iron

Total iron would be expected to follow a pattern similar to that of
total residue because it can be present as suspended or dissolvéd material.
However, oniy one station, Red River, has a total iron versus flow plot
that'is stétistically significant (Fig. 19). The best trends are for the
‘Red River and Cache River stations which also have the highest iron con;en—
tration. The increaée of total iron with increasing flow indicates that
the dominant amount of iron is present with the suspended solids, at least

at high flow, or that greater amounts of dissolved iron are added by

infiltration waters at high flow.
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4.5.1.5 Total Nitrate

Total nitrate includes nitrate from suspended and dissolved sclids,
and the explanation of its dincrease with increasing flow is similar to that
" for iron except dissolved nitrate in runoff is likely. Runoff water which
increases flow may dissolve nitrate (natural organic nitrate or nitrate in
fertilizer). One of the problems in interpreting the nitrate values is
lack of sufficient data. By omission of one anomalously high peint, six
nitrate values give a statistically significant trend at the 907 signifi-
cance level for the Kings River station (Fig. 20). The Red River, White '
River, and Cache River statiomns all show increasing nitrate trends with
incfeasing flow which approach the 90% significance limit. The Black River
and St. Francis River stations show decreasing nitrate values with increas-
ing flow, but the trends have very poor, unacceptable correlation coeffi-

cients.

4,5.1.6 Total Coliform

Although total coliform versus flow for the Kings River station has a
0.98 correlation coefficient, the graph has essentially only two points
with a cluster of four low value points and one high value; thus little real
meaning can be attached to this trend. The Red River, Cache River, and
Black River stations (e.g., Fig. 21) all show increasing total coliform
counts with increasing flow, but none are significant statistically. The
White River and the St. Francis Riyer (e.g., Fig. 22) both show overall
decreases of coliform bacteria with increasing flow; however, neither of
these trends is significant at the 907 level. Lack of data combined with
multiple source of the bacteria (runoff and infiltration water, i.e.,
rising or falling hydrograph) leads to scatter of coliform counts versus

flow.
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4.5.1.7 Dissolved Oxygen

Dissolved oxygen shows increase with increasing flow at the Red
River, Black River, and Caddo River stations (e.g. Fig. 23); however, only
the Red River trend is significant at the 907 level. The White River
exhibits a statistically significant trend of decreasing dissolved oxygen
with increasing flow rate (Fig. 24). This trend may be related to the fact
that at high flow denge turbid water which is alsc highly oxygenated flows
under the less oxygenated quiet water at the sampling station. The Cache
River has essentially constam-: dissolved oxygen (8‘pp1;1). This lack of
variation could indicate a significant input from the groundwater system
or a complex mixture of oxygen demand by runoff materials’that balances.
the increased dissolved oxygen due to runoff. The Kings River also shows
relatively constant dissolved oxygen values (L0 ppm}; however, this pattern
is attributed to the characteristics of the Kings River. The Kings River is
a riffle-pool stream in whicﬁ the dissolved oxygen is recharged and approaches
saturation as the water passes through the riffles. Another problem in cor-
relating dissolved oxygen with streamflow is the dissolved oxygen tempera-
ture dependence (higher dissolved oxygen at lower temperature). Thus,
although runoff waters may have high dissolved oxygen values, they may also
have low dissolved oxygen values because of the presence of oxygen—-depleting

materials. Temperature effect is additive to these effacts.

4.5.1.8 Biological Oxygen Demaad (BOD)

The Kings River (with the omission of one extremely high flow value),
White River, Red River, and St. Francis River stations yield statistically
significant trends of BOD with ;treamflow (e.g., Fig. 25). However, it

should be noted that there is a great variation in BOD for a particular flow

value. This variation undoubtedly is dependent upon the type of material
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present in the runoff and the infiltration waters. The Black and Cache

Rivers especially show great variation in BOD values.

4.6  IMPORTANCE OF HYDROGRAPHIC DATA TO WATER QUALITY

A hydrograph is a chronological graphic representation of the discharge
of a stream. Figure 26 is a schematic representation of a seasonal hydro-
graph with individual storms removed. The higher streamflow values for
winter and spring are attributable to greater runoff and greater groundwater
flow in comparison with the lesser groundwater flow and runoff associated
with the drier summer and fall months. Greater evapotranspiration concen-
tration in the summer also may help to differentiate values for these
periods. This type of low flow (i.e, nonstorm) water quality data is avail-
able; however, data for fluctuations caused by individual storms are lacking.

* Figure 27 is a schematic representation of a storm hydrograph. The
rising side and crest of the hydrograph reglect basin characteristics and
the nature of the storm or rain event which caused the rise. The falling
side of the hydrograph reflects the presence of various types of flow stor-
age-—-surface runéff, infiltration watér, and groundwater (baseflow)——and is
generally independent of the characteristics of the particular storm or rain
event. During periods of no rainfall, the total flow of the stream is com-
poséd of baseflow and the hydrograph assumes a shape uniquély characteristic
of the particular basin (Dracup et al., 1973).

The best storm hydrograph data with corresponding water chemistry data
for Arkansas aré from the Caddo River station at Glenwood. Figure 28 shows
a storm hydrograph for the Caddo River which exhibits a very short rise time
of only about six hours followed by a sharp rise in water levels resulting
from a second rain event. The hydrograph for the gauging station at

Glenwood, Arkansas, shows that for the period of December 1974 to November
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1975 water was rising for 383 of 7800 hours (i.e., 4.8 percent of the time).
The average rise time for each event was about seven hours, and of the 54
total rise events many lasted less than three hours. One can see from these
data how easily a rising event can be missed in water quality sampling,
especially because about half of the rise events oceccur at night.

Complete modeling of water quality should include the ascending part
of the hydrograph -as well as the descending part, but essentially all of the
histqrical water quality data are for baseflow and some represent the
descending si&e of the hydrograph. Complete modeling would require con-
tinuous monitoring of flow imn order to characterize a sample as representing
baseflow, rising hydroéraph, or falling hydrograph because the water quality
can be affected greatly by the relation of the water sample to the hydrograph.

Nix et al. (1975) observed the effect of a storm hydrograph at the
Glenwood station on the Cadde River in 1975. They noted dilution effects
for calcium, pH, and specific conductance, as well as plug flow or first
flush effects {small peaks) for Ca and specific conductance (Fig. 29).

They aléo-noted increases in turbidity, bacteria counts, suspended sedi-
ments, total Kjeldahl nitrogen (TKN), dissolved TKN, total phosphorus, and
suspeﬁded solids caused by increased ruﬁbff associated with the rising hydro-
graph (Figs. 28-32). fhese‘graphs emphasize the need for rising hydrograph
data in order to compare water quality accurately with land use. Sufficient
flow data were available for two stations, St. Francis and Black River, to
designate periods of rising and falling water levels. However, correspond-
ing water quality data are meager, total residue and turbidity being most
abundant. These parameters were plotted against rising and falling water
level flow for the St. Francis station and reasonable correlation coeffi-

cients were obtained for total residue and turbidity (Figs. 33-36). The
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Black River station yielded similar results (Figs. 37-40) except for very
poor results in the cases of falling water levels for turbidity (Fig. 40)
and rising water levels for total residue (Fig. 385. The separation of
rising and falling water level data often markedly improves correlation

with flow in comparison with the total data available (Figs. &41-44).

4.7 SUMMARY AND CONCLUSIONS

Total hardness, specific conductance, and pH tend to decrease (be
diluted) with increased streamflow. Turbidity tends to increase with
increased streamflow because of a corresponding increase in stream velocity
which adds to the suspended sediment load of the stream. The effect of
streamflow on total residue and total coliform is variable. If the dis-
solved load of the stream is dominant over the suspended load, increased
streamflow dilutes the dissolved solids and total residue will decrease
if no great quantity of suspended sadiment is introduced. However, the
reverse can happen, i:e., total residue can increase with increasing stream-
flow, if the suspended sediment load is dominant. Total coliform present
in the water camn be decreased by dilution or increased by runoff from con-
taminated areas. The same is true for total iron and nitrate. In the
spring the latter could be introduced by runoff from agricultural areas
and increased runoff from spring rains. However, without a contaminating
source and aside from the first flush effects, increased flow should dilute
iron and nitrate. Dissolved oxygen is dependent on temperature and oxygenat-
ing characteristics of the river which can be related to streamflow, i.e.,
increased surface area during flooding, aeration because of turbulent flow,
etc. Biological oxygen demand is dependent mainly upon factors affecting

dissolved oxygen—~coliform, nitrate, phosphate, and organic materials. It
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may increase or decrease with increasing flow, depending upon the concentra-
tions of the organic material and nutrients. Temperature has only minimalI
effect on biological and chemical reactions which affect parameter concen-—
trations (except for bacteria, dissolved oxygen, and biclogical oxygen
demand) because the total annual temperature range for these seven stations
small (0-35°C).

Correlation of land use and water quality was not feasible hecause of
the scarcity and infrequent measurement of .parameters, especially those
sensitive to nonpoint source pollution. Although data are limited, it is
apparent that the hydrograph controls water quality and that to monitor
land use effects, water collection time with respect to the hydrograph must
be knowni. The rising side of the hydrograph represents mostly runoff,
whereas the falling side shows the contribution of infiltration water as
runoff becomes less important. Data from both sides of the hydrograph
peak thus yield information concerning the land surface and its soil (di.e.,
land use).— Water quality data as now collected are totally inadequate as a

bagis for monitoring nonpoint source pollution.
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SECTION 5

WATER QUALITY MONITORING

5.1 COSSATOT RIVER WATERSHED

5.1.1 Introduction

LANDSAT imagery was used in an attempt to dgﬁermine changes in land
use in the Cossatot River watérshed of southwest Arkansas during the period
October 1972 - April 1975. Cleércutting operations in an extensive commer-
cial timber forest accounted for the major land use change detected. A 6.9
percent decrease in total forest cover in the entire watershed was noted
on LANDSAT 2 imagery; however, a concomitant increase of 181 percent in
clearcut areas also was determined. Tnterpretation of the clearcut areas
was made on the basis of distinctive color and pattern characteristics on

color composite imagery. Some difficulty was encountered in distinguishing

certain clearcut lands from stands of strictly deciduous vegetation in the
surrounding mixed forest. Nevertheless, a field investigation of part of
the watershed confirmed the extreme accuracy of the interpretation of
clearcut lands. The land use map created from LANDSAT imagery was found

to compare favorably with maps of the same area generated from high alci-~
tude aircraft imagery. A lack of adequate historical water quality records,
combined with a lack of access to the area, prevented water quality monitor-

ing during the research program.

5.1.2 Location and Description of Watershed

The Cossatot River of southwest Arkansas is a southward flowing tribu-

tary of the Little River, itself a major tributary of the Red River. The
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Cossatot is approximately 70 miles long and its watershed is 529 miz.

Lands &raine& by the Cossatot are predominantly in mixed deciduous and pine
forests; most of the cleared agricultural land is in the southern half

of the watershed. Populétion also is conceﬁtrateé in the downstream part
of the area; the towns of Horatio (852) and Lockesburg (620) being the
largest communities in the entire watershed.’ The towns of Gillham (200),
Grannis (177), and Wickes (409), each on the western divide along U.S.
Highway 71, are the only sizable communities in the northern half of the
watersheq.

For the purpose of this report, the Cossatot watershed is divided into
three sepatate areas: upper, middle, a#d Tower watersheds. Though land
use'change data were compiled for each of'the three areas, the upper part
of the watershed received special attention, being the-subject of a field
cheék conductéd to confirm the accuracy of LANDSAT land use classification

assignments.

5.1.2.1 Upper Cossatot

The upper Cossatot watershed is defined as the land drained by the
river north of the Duckett Bridge in sec. 9, T.6S8., R.30W., an area of
218 mi2. Approximately half of this area is within the Ouachita National
Forest, where the river has its source, and the remaining territory
(below the mouth of Brushy Creek) provides somewhat different land usage.
Rock exposed in the National Forest comsists primarily of alternate beds
of nonresistant shale and very resistant chert (the Arkansas Novaculite
of Devonian age). West-northwest trending folds have resulted in a series
of narrow, ridge~topped mountains which rise as much as 800 to 1000 feet
above adjacent valleys. The forest, which accounts for at least 95 percent

of the land cover, is composed mostly of deciducus vegetation though pine
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commonly is present on the gentler slopes at lower elevations. No appreci-
able amount of forest clearing activity is now being conducted within the
National Forest; however, a minor portion of the land is in pasture or
other agricultural use. In the National Forest, the Cossatot is a cold,
clear shallow stream, flowing over a river bed choked in many places with
cobbles of novaculite. As the river flows south and southwest, it is
joined by several small lateral tributaries, and just south of the forest
boundary the Cossatot is joinmed by Brushy Creek, another south-flowing
mountain stream of approximately the same size,

Below the mouth of Brushy Creek the Cossatot passes into a somewhat
different type of watershed area. Here the bedrock is composed of mostly
shale and sandstone. - East of Fhe river the topography is generally much
more subdued than in the National Forest, relief within single’ sections
rarely exceeding 200 feet. West of the river the topography is some-
what more rugged, especially in the Cross Mountains area, Wheye the
Arkansas Novaculite again is expésed. Ag;icultural iand use is more impor-
tant in this piedmont area than in the National Forest; however, the
principal land use is commercial timber production. Most of the forest
is of a mixed variety with relatively few stands of strictly deciduous
or coniferous forest. 'It is in this part of the upper Cossatot watershed
that clearcut locations were noted on LANDSAT imagery, areas which later

were checked in the field.

5.1.2.2 Middle Cossatot

The middle Cossatot watershed includes the land above the U.S. Highway
70/71 bridge east of De Queen, Sevier County, and south of the upper water-
shed. Tncluded in the middle watershed is the Gillham dam anc reservoir

site. A short distance below the dam site the Cossatot enters a typical
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Gulf Coastal Plain terrain, composed mostly of Quaternary alluvium. This
area supports substantial agricultural activity. WNorth of the coastal
plain boundary, small farms are numerous west of the river, whereas the

eastern part of the watershed here is almost exclusively in commercial

forest.

5.1.2.3 Lower Cossatot

The lower Cossatot watershed comsists of those lands drained by the
river south of the Highway 70/71 bridge. In this part of the watershed
commercial timbering is less important than agricultural activity,.which
is' carried out on both the Gulf Coastal Plain and the adjacent uplands
where favorable soils are present. .Surrounding the mouth of the river is
an e#tedsive area of poorly drained deciduocus woodland which supports
neithef agriculture nor the timber industry. This area is below the top

ievel of the flood control pool of the Millwood Reservoilr on Little River.

5.1.3 Imagery Interpretation and Field .Check

Increases in thg extent of forest removal in the Cossatot watershed,
as.detecteg on LANDSAT imagery for the_period‘1972—1975? are illustrated in
Figure 45. The classification scheme used in the construction of the
land use map is discussed in section 5.1.4.1. Detailed land use inventory

data appear in Table 5.

5.1.3.1 . Imagery Employed

Data for the land use map of the Cossatot watershed first were drafted
from a NASA color composite LANDSAT-1 image acquired on October &4, 1972
(810731623356200). An enlargement of the Cossatot. area as it appears on
the MSS Band 5 image of this scene is shown in Figure 46. Land use change

detection was accomplished by drafting data from a LANDSAT-2 image with an
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Table 5.

Cossatot watershed land use.

Forest

Watershed Urban Agricultural Clearcut Total
Division Acres Sq Mi Percent Acres Sq Mi Percent  Acres Sq Mi Percent . Acres ’ Sq M1 Perceunt Acres Sq Mi
1972 126 0.2 =<1 3,520 5.5 2.5 130,944-  204,6 93.7 5,120 8.0 3.7
Upper 139,712 218.3
1975 128 0.2 <1 3,520 5.3 2,5 123,584 193.1 - 88.5 12,480 19.5 8.9

. 1972 704 1.1 <1 . 11,456 17.% 14.6 63,936 9%.9 ‘81,7 2,176 3.4 2.8
Middle ) 78,272 122.3
1975 704 1.1 <], 11,456 17.9 14.6 55,488 86.7 70.9 10,624 16.6 - 13.6
Combined 1972 832 1.3 <l 14,976 23.4 6.9 194,880 304.5 89.4 7,296 11.4 3.3
Upper & . 217,984 340.6
Middle 1975 832 1.3. <1~ 14,976 23.4 6.9 175,072 279.8 82.1 23,104 36.1 10.6
1972 1,408 2,2 1.2 33,088 51:7 ) 27.4 83,328 130.2 69.1 2,752 4.3 2.3
Lower ' ) 120,576 188.4
) .+1975 1,408 2.2 1.2 34,048 53.2 28.2 80,000 125.0 . 66.3 5,120 8.0 4,2
Totals 1972 2,240 3.5 <1 48,064 . 75.1 14.27 278,208  434.7 82,2 10,048 . 15.7 3.0
for entire . ) ’ . 338,560 529.0
Watershed 1975 2,240 3.5° <1 - 49,024 6.6 . 14.5 259,072 404.8 76.5 28,224 44,1 8.3,
O -
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acquisition date of April 19, 1975 (82087161225N000) (see Figure 47). By
the Diazo process, an IR color composite for this scene was constructed in
the University of Arkansas Remote Sensing Lab by use of positive trans-
parencies of MSS Bands 4, 5, and 7. Additional reference occasionally

was made to a snow-cover Landsat-2 scene of the Ouachita region acquired

on March 14, 1975 (82051161225G000).

5.1.3.2 Image Characteristics and Mapping Techniques

Examination of the Cossatot watershed on both the 1972 and 1975 false
color composites shows an area generally dominated by the red hues of
healthy forest vegetation. Slight variations in darkness appear to indi-
cate distinctions between deciduous and evergreen forest. In a few areas
it is possible to delineate stands of either strictly deciduous trees
(light red) or strictly evergrz2en trees (dark red). However, most of the
forest has an intermediate hue which appears to be characteristic of a mixed
forest. Scattered throughout :he forest are areas where the tree cover
appears to have been altered drastically. On both the 1972 and 1975 images,
land cleared for agricultural >urposes, generally for pasture, has a dis-
tinctive bright orange hue.* Recognition of agricultural lands is facili-
tated by the fact that such laid often is cleared in regular blocks which
follow U.S. Land Survey system patterns. Agricultural lands can be dis-
tinguished from other, somewha: irregular blocks which have a variable hue.
On the 1972 image these areas :ire characterized mostly by a pronounced gray

color. A few of the sites, hovever, appear simply as pale areas within the

*The orange hue is due to nearly complete light transmission in agri-
cultural areas on the Band 7 IlI-Cyan component of the composite, with some
interception by the Yellow (Bard 4) and Magenta (Band 5) films. Clearcut
areas are much darker than agricultural areas on Band 7.
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forest, distinguished from the surrounding vegetation by only a siight
difference in hue. Both types of areas were delinzated as forest clear-
cuts on the land use map of the watershed. During the field check, it

was discovered that controlled burning is used to deaden remaininé decidu-
ous cover after the harvesting of pines in the mixed forest. This burning
apparently accounts for the gray color noted in most of the areas. The
1975 image has no areas of proﬁounced gray color, but does include several
additional sites with colors ringing from pale gray-red to a bright off-
white. These sites have the icregular block pattern of presumed clearcuts
noted on the 1972 image.

Mapping of clearcut and airicultural areas was fairly uncomplicated
because the aforementioned imaie characteristics could be used for dis-
crimination. However, large stands of deciduous vegetation in the midst
of the generally mixed forest 'vere, in a few cases, difficult to dis-
tinguish from clearcuts, especially if these areas appeared to have a defi-
nite pattern. Classification >f these areas was made by considering thedir
extent, their apparent accessi»ility, and their position in relation to
geomorphic features and to othar areas believed definitely to be clearcuts.
Most finally were placed in th: undisturbed forest category.

The upper Cossatot watersied initially was mapped entirely by an
uncertain, time-consuming manual sketching procedure. Acquisition of a
Bausch & Lomb Zoom Transfer Scope provided the means by which the initial
mapping could be checked, and by which mapping of the rest of the water-
shed was accomplished rapidly. The Zoom Transfer Scope allowed the trans-
ferral of imagery data directly to the 1:125,000-scale county highway maps

initially used as the base maps.
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5.1.3.3 Field Check

A field check of the commercial timiber area in the upper Cossatot
watershed was conducted during early August 1975. Previously 53 separate
areas had been d;signated as suspected clearcut locations in the upper
watershed. During the field investigation, 28 of these sites were visited.
The other areas either were not readily accessible or their location on
the ground could not be pinpointed with sufficient accuracy with the avail-
able maps. Of the 28 forest sites visited, 27 were found to bear evidence
of recent harvésting activity. General accuracy of interpretation thus

-was confirmed, allowing satisfactory assurance that the map produced for

the entire watersheéd reflects fairly closely the ground conditions in the
forests at the time of image acquisition. In addition, confirmation of
the'correct assignment of certain afeas to the agricultural land category
was achieved at several points, but those areas were not checked systematic-—
ally.

The single misidentification detected was accompanied by oﬁe confirmed .
omission of a clearcut area. In the.casé of the misidentification, a 320-
acre stand of strictly deciduous forest vegetation was placed in the clear-
cut category because of its light tone and well defined pattern on beth the
March and‘April 1975 images. A_smaller.area which is, in fact, a recent °
clearcut was omitted from the LANDSAT-derived map and placed in the forest
category after being interpreted as a stand;of mature deciduous vegetation.
The difficulties in the classification of these areas point up the need for
;éution in the interpretation of early spring imagery of a mixed commercial
forest. If a strictly deciduocus area which appears in light tomnes on the
imagery also has the characteristic outline of a clearcut, dis;rimination
becomes difficult, particularly because many -of the clearcut areas actually

have some deciducus cover remaining after harvesting. It is possible that
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this problem can be overcome by use of imagery obtained somewhat later in
the growing season, when spectral reflectance from undisturbed deciduous
forest 18 at a maximum. At this time, discrimination from disturbed areas

should be less uncertain.

5.1.4 Changes in Land Use, 1972-1975

5.1.4.1 Land Use Categories

The land use map accompanying this section of the report (Figure 45),
drafted from LANDSAT imégery, shows the extent to which recognizab;e changes-
occurred in the Cossatot %atershed during the 30-month period of 6ctober
1972 - April 1975. TFour separate categories of land use were delineated on
the LANDSAT imagery. Urban and built-up land is the smallest of these,
and is restricted to the five small communities mentioned in section 5.1.2.
¥o change was detected in this category. A nearly static condition also
prevailed in the extent of agricultural lands, only a slight increase‘being
noted. Additions to this category are restricted to the lower watershed
and are not designated separateiy on the watershed map.

The principal land use‘change in the Cossatot watershed during this
time period was the result of timber harvesting activity in the commercial
forest. Forest lands are defined here as those areas in which undisturbe@
stands of trees so completely cover the ground as to produce a character-
istic tone on the LANDSAT image, one which is generally darker Fhan that
produced by surrounding cleared areas, Clearcut areas comprise the fourth
category.  Some recent clearcuts have only a low weed cover remaining on
lthe site after harvesting. However, as has been noted, many clearcut
‘areas have a certain amount of deciduous cover, either as residual (usually

deadened) hardwoods or as a secondary growth of shrubbery ("browse"). In
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general, a clearcut area is defined here as an -area formerly in the forest
category which has been disturbed drastically in the recent past by commer-
cial timﬁer harvesting. Areas which were recognized as clearcuts on the
1972 imagery are considered to remain in that category for the 1975 land
use inventery. In Figufe 45?-these older areas are distinguished from

other clearcuts which were detected only on the 1975 imagery.

5.1.4.2 TLand Use Inventory

Land use data for each of the Cossatot watershed divisions are pre-
sented as area estimates and as percentage total in Table 5. Table 6 pro-
vides a summary of the percentage changes in the forest and clearcut cate-

gories in each of the watershed divisions.

Table 6. Land use change detection 1972-1975.

Combined
Upper Middle Upper & Lower Entire
Watershed Watershed Middle Watersheds Watershed Watershed
Percentage forest -5.6 -13.2 -8.1 =4.0 ~6.9
Percentage
clearcut 144 188 217 86 181

5.1.5 Comparison with High Alvitude Aircraft Imagery-Derived Map

Figure 48 is a representation of land use data for the Cossatot water-—
shed obtained from high altitude aircraft (U-2) imagery. The maps used in
the drafting of Figure 48 are the land use overlays for the McAlester and
Texarkana 1:250,000 Topographic Quadrangles as prepared by the U.S. Geol-
ogical Survey (discussed in section 2.6.1). Mapping was done from U-2
color IR photographs (March 1974) on an image scale of approximately
1:125,000. The classification scheme used was that described in USGS

Circular 671. The original map data were presented entirely at the proposed
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classification Level II, the level judged best suited for high altitude
imagery-derived data. Figure 48 simplifies this classification scheme
only within category 01, Urban and Built-Up Land. These lands all are
designated at classification Level I, whereas all other lands appear as
shown on the original Level IT maps of the area.

The LANDSAT imagery-derived land use map in Figure 45 can be compared
with Figure 48, 1In Figure 45, no attempt was made to delineate forest types,
or to distinguish among the various Level II categories of urban lands.
With these differences recognized, the LANDSAT-derived map compares favor-—
ably with the Level II mapping represented by Figure 48. 1In particular, it
is apparent that the proposed USGS classification scheme éoes not include a
separate Level II category which embraces clearcut lands. When they are
recognized (Figure 48) such lands generally are placed in the deeiduocus
forest category. Agricultural lands are approximately equal in total extent
on the two maps, whereas the exact positioning of these lands is somewhat
less precise on the LANDSAT-derived map. F;nally, on the original USGS
overlays from which Figure 48 was drafted, land use boundaries are drawn
as straight 1lines, with an averaging-of irregularities, so that acreage
data within each category can be processed readily by computer techniques.
This practice necessarily leads to a reduction in the accuracy with which
the boundaries are portrayed on maps. This loss of accuracy can be seen in
certain of the clearcut areas, most of which have an irregular outline on
" the ground. Within these areas at least, land boundaries are portrayed
more realistically on the LANDSAT-derived map than on the maps derived from
U-2 photographs.

The favorable comparison with aircraft imagery-derived data is sugges-

tive of the accuracy and sensitivity to detail which can be expected from
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LANDSAT mapping in forested areas. The capability for the detection of
land use change on LANDSAT imagery can be seen readily by comparing Figures
46 and 47, enlargements of the Cossatot area as it appears on the 1972 and
1975 images, respectively. The increases in the amount of clearcut lands
detailed in Tables 5 and 6 are immediately apparent on the 1975 image. The
detailed tabulation of clearcut lands, documenting a 181 percent increase
in this category for the entire watershed, included some areas no larger
than 50 acres. A small increase in the amount of agricultural lands, dis-
tinguished from-clearéuts by their color and pattefn, also was recorded

effectively in the LANDSAT data.

5.1.6 Water Quality in the Cossatot River Watershed

The Cossatot River watershed initially was selected for study as a
result of a preliminary examination of LANDSAT imagery which suggested that
a substantial land use change had occurred there. It was hoped that ade-
quate historical water quality records for the Cossatot could be found
which might be compared with more recent data. The search for water quality
records centered on data collected by the U.S. Geological Survey and pub-—
lished in "Water Supply Papers — Quality of Surface Waters in the U.S."
or in "Water Resources Data for Arkansas." These publications were checked
for the years 1947 through 1973. During only one of these years, 19539,
were samples from the Cossatot collected and analyzed systematically. 1In
more than half of the years, no samples were gathered at all. In 1971,
samples were collected on a one~time basis by the U.S. Army Corps of
Engineers in the preparation of a "Final Environmental Statement, Gillham
Lake, Cossatot River, Arkansas." Regularly scheduled water quality sampling

of the Cossatot was not begun uutil May 1974 when the Arkansas Department of
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Pollution Control and Ecology established a sampling point near Lockesburg
in the lower watershed.

The lack of adequate historical water quality records for the Cossatot
watershed precluded the possibility of showing a relationship between
detected changes in land use and any changes in water quality. In addition,
the commercial timber forests of southwest Arkansas, where the most dis—
tinct land use changes in the state have been detected on LANDSAT imagery,
are more than 100 miles from the University at Fayetteville. This lack of
proximity to the remote sensing facility effectively prevented the estab-
lishment of a systematic water quality monitcring program during the course

of the project.

5.2 WATER QUALITY OF THE BUFFALO RIVER

5.2.1 Introduction

The Buffalo River of northern Arkansas originates in Newton County,
35 miles southeast of Harrison, Arkansas. Tt flows génerally northeast 150
miles and ends 40 miles east of Harrison where it enters the White River
at Buffalo City in Marioen County (Fig. 49). Along most of its course it is
characterized by meanders and steep bluffs 400 to 600 feet high. A mantle
of white oak, pine, walnut, cedar, and other timber covers the hills sur-
rounding the river. Because of its scenic beauty and fair fishing, the
Buffalo River is very popular for canoe float trips. Recently under Public
Law 92~237 the Buffalo River became a National River under the auspices of

the National Park Service.

5.2.2 Geoclogy and Land Use

Becauseelemental variation correlates with the rock types of the area,
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it is helpful to summarize the geology of the Buffalo River. The Buffalo
River flows northeast along the northern edge of the Boston Mountains.

It dissects the Springfield Plateau and drops from an elevation of 2,000
feet at its source to 500 feet at its confluence with White River. Along
much of its course it has cut from 400 to 600 feet gelow the Springfield
Plateaua and in its upper part in the Boston Mountains it is in a gorge
1,400 feet deep. The drainage area is characterized by a maze of long,
narrow, fairly level-topped ridges of irregular pattern capped by the
Boone Formaéion. Because of the canyonlike character of the valleys,
spring and fallAstorms produce high floods. The Buffalo River at Gilbert
on August 18, 1915, rose 54 feet above the low stage (McKnight, 1935).

All rocks of the Buffalo River area are of sedimentary origin
and are mainly those of the Ordovician, Mississippian, and Pennsylvanian
Systems. Units of Silurian and Devonian age are mostly absent as a result
of erosion or nondeposition., Oxrdovician-age strata include the Cotter,
Powell, Evertom, Jasper, St. Peter, Joachim, Plattin, Kimmswick, Fernvale,
and Cason Formations. Mississippian-age strata include ‘the Boone, Batesville,
Fayetteville, and Pitkin Formations. Early Pennsylvanian strata of the area
include the Hale and-Atoka Formations. As the Buffalo River flows down-
stream it passes from a shale, limestone, chert enviromment to a sandstone,
limestone, dolomite environment.

The richer zinc ofe deposits are present either in the Everton Forma-
tion of Early Ordovieian age or in the Boone Formation of Mississippian
age. The maximum thickness of the Everton is 400 feet and it is composed
of limestone, dolomite, and sandstone. The Boone Formation is about 350
feet thick and is limestone and chert. Other mineralized strata are in the

Cotter dolomite and Powell dolomite., The strata have a slight southward
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regional dip of about 0.5°. Faulting and gentle folding are present locally.
The faults are normal and are in two major systems, one trending northeast
and the other trending east-southeast. Many of the faults form grabens.

Many o0ld mines and known deposiés of zinc, lead, and copper dot the
drainage area of the Buffalo River. These deposits are most extensive in
the area from Gilbert to Buffalo City. Omne of the Eest known mining areas
is along Rush Creek, a tributary of the Buffalo River 24 miles upstream
from the White River. Mines, mills, and reduction plants were in use there
as early as 1851, but were most active from 1914 to 1917. The Boxley-Ponca
Lead District was mined intermittently from 1860 to 1920 (McKnight, 1935).

The Rush Creek area alome has produced more than 25,000 tons of con- .
centrates, mainly zinc carbonate and a smaller amount of zinc silicate
and sulfide. An old mill and its tailings pile stand today on the bank of
Rush Creek at its confluence with the Buffalo River. Lead sulfide concen-
trates produced amount to less than 10% of the zinc produced in the northern
Arkansas mining district., Along the Buffalo River lead ores are mostly in
the headwaters region and one known deposit is near Water Creek, a tributary.
Copper ore is much less common than lead and zinc in the Buffalo River area
and is mostly along Tomahawk Creek, a tributary.

The dominant land use (70 percent) throughout the watershed of the
Buffalo River is forestry, agriculture being only a minor component. Table‘

7 gives the specific land usage of the Buffalo River watershed.

5.2.3 Water Quality

There is a lack of water quality data for the Buffalo River. The U.S.
Geological Survey operated a water quality station near Rush, Arkansas
(about 23 miles from the mouth of the riwver) from 1949 to 1960 (U.S. Geologi-

cal Survey). However, data were collected from this station only for 1950
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Table 7. Buffalo River watershed land use.

Land Use 5gq. Miles Acres
Agriculture 265.80 170,110
Urban 4.01 2,570
Forest Mixed 365.92 228,430
Forest Coniferous 11.16 7,145
Forest Deciduous 702.74 449,755

Total 1,349.63 858,010

{3 samples) and 1960 (9 samples) and partial analyses were made for 1951,
1952, 1953, and 1954 (2 samples for each of these years).

More recently the Water Resources Research Center of the University of
Arkansas in conjunction with the National-Park Service has begun a series
of studies on the Buffalo River that include water quality investigations.
The water quality investigations can be divided into two types of studies.
One type involves seasonal monitoring of eight stations along the river
(Parker, 1973, 1975; Rippey and Meyer, 1975; Steele et al., 1975). The
second type 1s an "intensive look" at the water qﬁality of the entire river
at "a point" in time (Nix, 1973, 1975).

Before an assessment of water quglity changes with land use can be made,
it is necessary to examine the changes in water chemistry along the river
and also chemical changes due to seasonal fluctuations. Nix (1973, 1975)
made two intensive water quality studies, one for six days in May 1973 and
another for six days during May-June 1974, Both studies were carried out
by canoe and samples were collected at the same locations along the river.
The 1973 sampling trip was cut short (about 10 miles upstream from the Rush
station) by heavy rains. Nix (1975) relates changes in calcium, magnesium;
and alkalinity concentrations with rock type changes along the river. These

parameters as well as dissolved oxygen, specific conductance, sulfate,
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nitrate, phosphate, and zinc show little difference between the 1973 and
‘1974 background values. However, the anomalous peaks for nitrate, phos-
phate, and zinc for 1973 and 1974 are not the same (Figs. 50-52). The
slightly lower phosphate levels in 1974 perhaps indicate phosphate addi-~
tion in 1973 due to runoff. As shown in Figure 51, there is a trend of
increasing phosphate concentration downstream. This loading of phosphate
may be due to disturbed land throughout the watershed of the stream. The
nitrate anomalies may be caused by agricultural activities and the lack of
nitrate loading indicates that although nitrate may be introduced at points
along the river, the elevated concentrations are quickly dissipated, prob-
ably by biological activity. Zinc anomalies may be the result of contamina-
tion by agriculture or by disturbance of old mine tailings. Calcium, mag-
nesium, and alkalinity values are slightly lower for 1973 than for 1974
(Figs. 53-55), probably because of dilution by rains in 1973. The break in
continuity of several of the parameters for 1973 near river mile 45 is
caused by the sresence of heavy runoff after rains, but the river had
regained "normal' values at river mile 33.

There are major differences between the 1973 and 1974 values for sodium, -
potassium, chloride, and iron (Figs. 56-59). The 1973 values are consider-
ably larger and show large fluctuatioms, whereas values for 1974 are very
low and comstant. This pattern suggests that the origin of the sodium,
potassium, chloride, and iron is very different from that of calcium, mag-~
nesium, and alkalinity. The sodium, potassium, and iron determinations
were made on raw water samples by atomic absorption spectrometry which would
detect these cations' presence as suspended material, and as dissolved
material. .

The fact that suspended load would be greater after rain could explain
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Figure 53, Calcium concentration versus river miles for the Buffalo River 1973
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river miles.
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the difference between the 1973 and 1974 values for these elements. Nix
notes that the levels of such constituents as sodium may reflect the
activities of man. WNix also concludes that during periods of runoff, the
river may become heterogeneous with constituents such as sodium and potas-
sium and that these constituents may originate in the watershed immediately
adjacent to the stream., A summary of the ranges and means determined by
Nix for each year for the entire river is given in Table 8.

The other type of water quality investigation carried out by the
Arkansas Water Resources Research Center confirms the general parameter
variation along the river noted by Nix (1973, 1975) but also gives seasonal
variation. Parker.(1975) indicates that alkalinity, hardness, and specific
conductance increase downstream. These three parameters also show seasonal
variation with the highest values in summer. Parker notes no other con-
stituents that show a seasonal fluctuation. Rippey and Meyer (1975) investi-
gated ammonia, nitrate, phosphate, and silica; however, biological activity
apparently masks any major seasonal variation. Table 9 summarizes the
ranges for each station and for the entire river determined by Parker
(1975) and Rippey and Meyer (1975).

Steele et al. (1975) monitored eight stations and found that the major
elements in the water (Tables 10, 11; Fig 60) generally reflect the geolo-
gle setting of the river as do the bottom sediments. Nix (1975) found
similar relationships with close sampling of water along the river. How—
ever, it igs important to note that Steele et al. used water filtered
through a 0.45-micron filter for amalyses. Calcium and Mg increase in con-
centration downstream where carbonate rocks {limestone and/or dolomite)
are present. Although K and Ra show very little variation along the rivera

they are clearly present in lower concentrations upstream. Shale, which is
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Top figures are the ranges for the entire river and tf

Buffalo River water data compiled from Nix (1975).

Table 8.

bottom ones are the means.

A1l values-are giver.in-ppm except pH.and spe¢ific conductance {mi cromhos) .
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Table 9. Buffalo River water quality data compiled from Parker (1973,1974).

entjre river.
tributary.

L Ranges are given
All of the stations are on the river except station 3 which is on the

A1l values are given in ppm except pPH, specific conductance (mlcrohmos idi i
y turbidity (J
and fecal coliform (numbers per 100 m! of water).’ ( ) v {Jackson Units),

for each station and the
Littie Buffalo River, a

BTT

Ay
L)
> v " iy & v
r ) o5 e z = & w =E
5 E z by 2o | 3 ol Fg | 2 |35 | B g3 uh
o A —— fl o~ o a =2 -1 & = meo [ 55 8 was a2
v = 2 o a9 -y Lom o= vE 3= o= = == 8 T G Em— b
¥ - -= o a X - [y »o= as b9y H ] 35 @O = o n SO - U
8 13 = 2 =L | 83 g EL 58 | w8 F8 | S8 | & |E8= | & = 8 kit
1973 1 7.0-7.3 - - 25-42 .5 0.08-0.20 | 7.5-8.4 | 90-1608| 16-64 | 4.8-15.6| 0-5 |~ 0-200 | 0.05-0.80 | 43
1974 7.0-7.4 - 0.05-0.40 | 27-29 & 0.22 9-12,3] 80-70 - 1.2-5.8 | 4-5 0-43 | ©.009 26-58
1873 - - - - - - - - s - - -
1974 7.0=T.6 0.011~0,40] 35-108 0.20-0.28 7.7-11,9] 72-18% - 1.3-3,5 0-12 4=130 | 0,006-0.074 § 40-120 3 SAMPLES PER STATION
FOR 1973 (5/73=6/T73)
1873 7.5~7.7 - 70-160 0.10-0.26 8.0-10.0 40-220% go~1582 | 5.0-23,2| 0-5 23-150 | €.0-0.50 109
1974 7.0-7.8 0,01-0.30 | 63-132 0,18-0.24 7.4=12,2| 09-289 - 2.1-6,4 o-10 8~56 | ©.004-0.005 | 70-124
1973 7.5-7.6 - 78-98 0.18-0.25 | 7.4-8.0 | wo-220 72-111 | 5.0-7.4 o 1190-1600¢ 0.05-0.40 95 6% savPLES PER STATION
1978 7.0-7.7 0.004-0,03| 5A-124 6.20-0.34 | 8.1-10.8| 15-201 - 2,0-4.4 | 5-10 ] 70-1460 | 0,006-0.226 | 64-130 FOR 1074 (S/74-3/75)
EXCEFT AS NOTED
1973 7.4=7.5 - 70-106 0.06~0.09 7.5-8,5 | %40=-200 75~176 | 5.0-39.6 o 4-2500 | 0.20 105
1974 7.3-7.9 0.009-0.30| 74-131 0.26-0.27 | 7.7-12.8| 21~205 - 1.7-6,9 | 6-30} S5-490 | 0.004-0.080 ] 80-134
1973 7.6=7.9 - 95-123 0.06-0.12 | 8.5~ 9,0| 20-220 63-168 ~20. 9 6-50 | 0.05-0.20 1l
1974 7.2-7.9 0.03-0.20 | B3-1Z1 0.16-0.34 | 8.6-13,1| 51-195 - 1.6=7.65| 0-7 | 2-160 | 0.005-0.033 | 86-124
1973 7.5=7.8 - 100-123 0.10-0,45 8.9-9,0 | 20-760 67-144 2.3-9.0 [+] 10-504 0.05-0.20 117
1974 7.2-7.8 0.05-0.20 | 90-130 0.20-0.36 | 8.6-13,2| %6~197 - ¢.5-8.2 | ©-12| 1-130 | 0.004-0,013 | 94-150
1973 PlT o6 - 102-127 0.,20-0.80 | 7.4-8.5 | 40-240 75-141%) 2.7-11.0 o 080 | 0.10-0.80 136
1974 7.2-7.8 0.05-0.20 | 91-128 0.18-0.36 | 7.8-13,0) #5-197 - 0.3-9.5 | 0-14] 1-280 | 0.006~0.010 ] 96-122
1973 7.5-7.6 - 112-140 0.60=1.20 T.2~8.0 | 40-250 s7-152%| 1.4-8.0 [*] 0=130 | 0.10-0.20 i48
1974 7.0-7.8 0.00~0.20 | 97-132 0.16-0.32 | 7.5-12.6| 66-283 - O.4~142 | 0-18) 0-390 | 0.010-0.036( 102-240
1673 1.,0-7.9 - 25=140 0.08-1.20 7.2-10.0| 40-760 16~176 | X.4-39.6( ©0-5 | 0-160QQ0( ©.0-0.80 g 43-148
1576 RIVER 7 0-7.9 £.004—0.,40( 27-132 0.08-0.75 | 7.4-t3.2| 50-233 - 0.3~14.2{ 0-30( 0~590 | 0.06~0.354" | 26~150
» .
; Two samples per station in 1973.
3 One sample for stat!on !, three samples for stations 5, 6, 7, and 8, and three samples for all other statjons.
i One sample per station in 1973.
Two samples per station.
g Four samples per station.
7 Maximum of three samples for station 1 and maximum of five samples for stations 5, 6, 7, and 8 in 1974. é;
Range for entire river - ten samples for period 6/74-4/75 {Rippey and Meyer, 1975).
8 ’ S&

Range for river includes data from Rippey and Meyer {1975).




Table 10. Buffalo River water data compiled from Steele et

(1975).

al.

Range (top figures) and mean (bottom flgure) glven:

for six samples from each station (stations same as in Table

C 9. AN values are in ppm except Fe afd Zn whlch are in ppb.
’ . ;
. 3 . 5
C g w = 3]
® - 8= Y] 2% ) e
) 3= o3 -3 Bx ... e
or » o S ;?-v et it
1 0.9~1.1 0.5-0.8 5-12: 0.8-1.1 11-41 4-12
1.0 0.7 7 1.0 21 7
2 1.1-2.2 0.7-1.2 | 20-3%: 1.5-4,2 7-40 4~102
1.3 0.8 27 2.3 19 21.
3 0.9-3.5 0.7-1.2 | 16-42 1.3-2.9 4-12. 0.3-163
1.7 0.9 27 1.8 12 58
4 1.0-2,1 0.7-2.2. | 19-64 1.3-3.9 3-36 1.0-101
1.4 0.8 31 2.2 11 23
5 1.2-1.8 0.6-1.0 | 24 49 1.4-3.5 1-30 1.0-147
1.4 0.9 30 2.5 ¥ 62
6 1.3-1.9 0.6-1.1 | 24-49 1.8-3.3 . 354 1.0-41
1.4 0.8 3¢ 2.9 18 18
7 1.3-2.0 0.6-1.1 | 26-50 1.9-4.0. 1-27 1.0-43
1.5.° 0.8. 3¢ 2.9 10 15
8 1.3-2,0 0.7-1.1 | 30-i8 2.9-8.9 1-16 1.6-348
1.5 0.9 37 4.2 8 64
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Table 11. Buffale River water data compiled from Steele et al.
(1975). Range (top figures) and mean {bottom figure) given
for each collection trip (8 samples) by date for entire
river. Ranges for entire river for period last row. All
values are in ppm except Fe and Zn which are in ppb.

{ T
E E
2 2
E ‘o g 0
0 =% Ts oW 2% e u’e
= o= e g-"4 — 0 o x o [
o 0= o— @ — = L~ =

o " [ (=] = - N

3776 0.9-1.6 9.7-0,9 5-30 0.9-3.0 16-41 4-15
1.2 0.8 21 1.8 31 7

S/ 74 1.0-1.4 0.8-0.9 8-42 1.1-3.4 8-21 2-163
1.2 0.9 30 2.4 11 29

T/74 1.0-1.4 0.8-0.9 12-50 1.0-5.6 3-13 15-106
1.2 0.9 41 2.8 & 51

8/74 1.8~3.5 1.0-1.2 36~42 3.0-4.7 3-16 1-87
2.2 1.1 39 3.9 7 16

12/74 0.9-1.4 0.5~0.7 36 1.0-8,9 3-19 10.4-348
1.3 0.6 26 2.2 8 o7

3775 1.1-1.6 0.6-0,7 5-33 0.9-4.6 1-54 0.3-4.6

1.4 0.7 26 2.3 17 20

PERIOD 0.9-3.5 0.5-1.2 5-50 0.9-8.9 1.0-54.3 0.3-348
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Figure 0. Dissolved river load (major elements)versus river miles.

Average values for each station plotted.
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relatively rich in these two elements compared with other rocks in the
area, is present upstream. However,'clay tends to scavenge Na and K from
the water, sorbing them on its surface and between 1ayérs. Because of
the presence of shale and clay particles in the bottom sediments. upstream
and possibly because of the presence of feldspar (a source of Na and K)
downstream in sandstone, the trend for Wa and K is a slight increase in con-
centration downstream.

Some of the minor elements follow trends similar to those of the major
elements (Figs. 61, 62). Strontium substitutes for Ca in minerals, and
is present in limestone. Strontium follows a trend similar to that of

Ca, i.e., it increases in concentration downstream. A trend of decreasing
Fe downstream is observed, probably because a major source of iron is the
shale in the upper part of the drainage basin and the dissolved iron is

diluted and precipitated downstream. Li concentration decreases downstream.

Because of the larger size of the hydrated Li iom, it is not strongly

adsorbed by clay and would not be expected to follow trends similar to
those for Na and K. But because the shale is probably a major source of
Li, the Li concentration is diminished downstream by dilution. Mn concen-—
trations are relatively constant (4-9 pbb). The low value for dissolved
Mn is at station 1 in an area where a large amount of Mn is present in the
bottom sediments. The effectiveness of sorption processes there may be
greater because of the large TFe and Mn concentrations, and thus a rela-
tively greater amount of Mn ﬁay be removed from solution there than at
other stations. Pb values are extremely constant, whereas Zn concentration
is quite variable. :

The major dons (Caz, Mg, Na, and K) fluctuate seasonaily, the greatest

concentration being during late summer (Fig. 63). This pattern correlates

122



ppb, Dissolved

© 501

S0r

10
Mn

LR L

o
I

10f-
5-..
! L L o] 1 1
140 120 00 80 60 40 20
Upper River Lowar River
RIVER MILES
Figure 61. Dissolved river load (minor elements) versus river miles.

Average values for each station plotted.
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with the flow pattern, the greatest concentration being during low flow
for the river (Fig. 64). The correlation can be explained as the result
of the concentration of the elements by evapotranspiration during periods
of least rainfall (or lack of dilution by rain and runoffﬁ.

O0f the trace metals, Pb shows a seasonal pattern (Fig. 65). The
pattern closely matches that for temperature and bears an inverse relation
to dissolved oxygen variation with time. As the dissolved oxygen content
increases the Pb content decreases. Mn solubility apparently is not
affected by the aforementioned factors—-—-the Mn concentration of the river
is very stable throughout the year. The other element variatioms with
time are irregular and there is no correlation with flow, temperature, or
dissolved oxygen.

Finally, it is possible to assess the changes in water quality for
the Buffalo River on the basis of the nature of the station (i.e., whether
it is anomalous) and seasonal fluctuations. The Rush station is apparently
a "normal" site along the river because the parameter trends there follow
those for the river as established by WNix (1973, 1975). From comparison
of several years' data for the Rush station (Table 12) and consideration
of seasonal fluctuations, it can be concluded that there has been no change
in the concentration levels of these parameters since 1949. There is not
only overlap of the ranges, but also-nearly duplication of values for the

ranges and means,

5.2.4 LANDSAT Anzlysis

Comparison between the land use map (completed 1972-73) and 1975-76

LANDSAT-2 imagery failed to reveal any significant changes.

126



3000

1000

500

100

50

5

R

!

Flow{CFS)

T TTH

"'A“‘-- (ppm)
r-

L ! 1 1 1 L { 1 i ] !

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR
1974 1975
Figure 64. River water properties.

for the eight stations except flow, which is for a

station near midpoint along the river (station 5)
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62T

hear Rush,

Arkansas from 1950 to 1974. All val_u'es are tn ppm.

Table [2. Comparison of water quality parameters at or
o oy :0__'
E E ‘n‘; o 8 n-g
E 2 s,.., o L g o 5 E’t
[ - § = § bl = 3.—. = = 3.—. = Q ] wn‘.’
g8 2 ) & ) B 55 e 5= 5 g - kG 5 4
- =2 57T -3 L nE sX ex ot 25 £ oz - < = R
. E nl e & £ & A ® a 5 el = a4 Hardness -~ 5
UEGS 1950 7.7-8.0 - - - 2.9-3.3 | 2.2-2.6 - 101-126 3.7-8.0 1.5~2,5 - 0.3-2.8 1i4~122 94=106 2-11 3
7.8 5.9 0.02 37 3.4 2.4 1.4 117 4.6 2.1 © 0.1 1.5 118 101 5 10/49-9/50
LBGES 1951 - - - - - - - 95-129 5.0-7.0 2.0-F.2 - 1.1-1.6 - B3-117 5-11 2
8.3 - - - 112 6.0 2.6 - 0.8 - 100 8 1/51-10/51
USGS 1852 8.2-8.6 - - - - - 121-124 4,0=7.0 - - 0.4~1.0 - 110-3125 8~18 2
- - - - - - 122 5.5 2.2 - 0.7 - 116 13 2/52-9/52
USGS 1953 | 8.2-8.3 - - - - 956-113 3.0-4.0 | 2.5-8.5 - 0.8-2.5 - 845102 45 2
- - ~ - - 108 3.5 5.5 - 1.6 - 93 4.5 2/53~9/53
USGS 1954 - - - - - = 8A-10% 3.0-4,0 2.5-3.2 - 0.7-2.6 - 73-88 -2 2
8.2 - - - - - - 97 3.5 2.9 - 1.6 - 81 1.5 1/54-9/54
U565 1960 7.8-8.1 - 33-46 | 1.9-5.3 | 1.0-2,0 0,5-0.9 107-158 4.2-9,6 1.2-2.8 - 0.0-0.7 103-137 | 92-137 3-8 g
7.6 - - 37 3.5 1.6 0.7 126 5.8 2.2 - 0.2 115 108 5 11/69-9/50
STRELE 1576 - - 0.001-0,0016 | 30-48 | 2,9-8.% | t.2-2.0 | 0.7~1. - - - - N - . _ 6
0.008 I 4.2 1.5 0.9 3/T4=3,T5
NIX 1974 7.7 - 0.05 43 2.4 1.3 0.9 112 4.2 1.6 _ 0.0 _ - = o741
Nix 1973 7.6 - 0.6 kL] 3.1 6.8 3.6 21 8.1 2.4 0.19 1.3 - - - 513t
PaRKER 1973 | 7.5-7.6 - - - - - - 112~140 - 1.5~2.8 - 0.60-1.20 - 148 v 5/72%6/73
APKER 1974 | 7.0-7.8 - 0.00-0,20 - - = = or-13z - 1.4-5.0 - 0,16-1,40 - 102-140 - sr7623s78
~
USGS data from U.S. Geological Survey records for appropriate years.
Steele, 1974 - Data for station 8, Table 9, this report.
Nix, 1974 ~ Data for station 64, Table 22, Nix (1975). .
Nix, 1973 - Data for station 59 (about 10 miles upstream from Rush), Table 6, Nix (1973). /égg
Parker, 1973 - Data for station 8, 1973, Table 8, this report. N ’57
Parker, 1974 - Data for station 8, 1974, Table 8, this|report. é} )
L



http:report.la
http:0.16-1.40
http:0.60-1.20

5.2.5 Conclusions

Regcent data (1973-1974) for water quality along the entire Buffalo
River indicéte no anomalous values that can be related to ldnd use changes
along ;ﬂe river. The differences along the river are related to changes
in the type of rock in the drainage basin-—there is more shale upstream.
bata from recent (1973-1974) studies alsc have allowed annual ranges for
parameters to be established which are necessary for the detection of any
water quality changes. Although several parameters have wide ranges, they
are related to seasonal (flow) fluctuations. Finally, comparison of all
historical data in light of the foregoing two.points indicates that there

has been no change in water quality for the Buffale River since 1949.

5.3 CADDQ RIVER — DEGRAY RESERVOIR

5.3.1 1Introduction

The Caddo River, which has its source in the mountains of Montgomery
County, Arkansas, flows southeastward 78 miles to its junction with the
Quachita River in the vicinity of Arkadelphia, Arkansas, where an impound-— .
ment forms the DeGray Reservoir. A watér quality monitoring program along
the Caddo was initiated in 1966 prior’ to impoundment, and has continued
through the time frame of the LANDSAT project. Because land use mapping
of the entire watershed was completed in 1972-1973 by means of large scale
photography, this test site was particularly well suited for change detec-

tion analysis.

5.3.2 Location
The DeGray Reservoir is on the south flank of the Ouachita Mountain
Region of central Arkanmsas on the Caddo River. The rocks of the area con-

sigt chiefly of shale and sandstone of Paleozoic age with lesser exposures
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of novaculite and chert. Very shallow soils cover the hillsides apd
slightly deeper soils are present on mountain ridges and in the valleys.
Recent alluvial deposits are-present along the Caddo River. Most of the
Caddo River watershed (approximately 449 miz) is mountainous with eleva-
tion ranging from 2201 feet abové mean sea level near the headwaters to
194 feet at the mouth. Forestry is by far the dominant land use, and
;gricultural and urban uses are subordinate.

The DeGray Dam was constructed on the Caddo River, Arkansas, approxi-
mately 7 miles north of Arkadelphia, Arkansas. Impoundment of the river
began upon closure of éhe diversion tunnel on August 8§, 1969. 1In
December 1971 the reservoir reached normal pool elevation of 408 feet, at
which the pool area is 18.3 miz. The reservoir extends west to northwest
approximately 20 miles (Fig. 66). The maximum depth of water when the
reservoir is at normal pool elevation is about 187 feet. The lower half
of the impoundment is characterized by relatively large open water whereas
the upper half of thé reservoir is narrower. The DeGray project is-unique
in that it is the first major upper level release dam in Arkansas..

A pre—%mpoundment water quality study of the Caddo River {(Nix,-1967)
involved the collection and analysis of samples from the Caddo River and
representative tributaries during the period from August 1966 through
July 1967. After impoundment of the Caddo River, the Office of Water
Research and Technology, U.S. Department of the Interior, in cooperation
with the Arkansas Water Resources Research Center, sponsored a project
to study the water chemistry of DeGray Reservoir (Nix, 1974). This pro-
ject extended from July 1970 through June 1972. A second project was
established which essentially provided for the continuation of studies

Al

initiated in the earlier project. Thé périod of this project was from
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July 1972 through July 1975 (not published).

In March 1974, the National Reservoir Investigation Program of the
U.5. Fish and Wildlife Service established a branch station on the campus
of Ouachita University for the purpose of investigating the fishery of
DeGray Lake. This group also will be involved in studies to determine
distribution and seasonal variations of plankton populations.

The DeGray Lake and the Caddo River have been used as a prototype for
a reservoir/watershed ecosystem modeling study by the Waterways Experimeng

Station, Vicksburg, Mississippi, since 1973 (Nix et al., 1974, 1975).

5.3.3 Geology and Land Use

| The Caddo River drains part of the southeastern flank of the
Ouachita Mountains in west-central Arkansas. The drainage area is charac-
terized by forested hills and narrow valleys. Slopes are commonly very
steep and rocky. The headwaters of the Caddo River drain a terrain of

mainly shale and sandstone. Near the dam site, the river enters alluvium

which persists to the confluence of the Caddo River with the Quachita River,
Runoff from the alluvial section enters the Caddo River downstream from
DeGray Dam, The dominant land use throughout the watershed of the Caddo
River is forestry,_agriculture being only a minor compoment. Table 13

gives the specific land usage of the Caddo River watershed.

5.3.4 Station Selection

Sampling stations were selected to provide a representative descrip-
tion of the reservoir during filling and after stabilization of the system
(Fig. 66). Reservoir stations were located directly over the former river
channel. Studies on DeGray Reservoir have indicated that three transi-

tional areas or sectors can be used to describe the impoundment. Sampling
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Table 13. Caddo River watershed land use.

Land Use Sq. Miles Acres
Agriculture 73.60 47,104.0
Urban 3.02 1,932.8
Lake 18.33 11,731.2
Forest Mixed 174.66 111,782.4
Forest Coniferous 145_87 93,356.8
Forest Deciduous 33.84 21,657.6
Total 449,32 287,564.8

of multiple stations within each sector of the reservoir during the FY

1974 study (Nix et al., 1974) indicated that although some intrasector water
quality variations did occur, the changes were minor and sector character-
istics were clearly definable. One station therefore was chosen to repre-
sent each of the three major sectors: station 12, station 10, and station

1 (Fig. 66).

5.3.5 Discussion of Water Quality

Water quality data on DeGray Reservoir and the Caddo River have been

collected from September 1969 to the present. The results of chemical
analysis of samples taken from DeGray Reserveoir have helped to establish
seasonal trends as well as distributions of the constituents in the
reservoir,

Lateral distribution of most water quality parameters is uniform at
each of the sampling stations. Gradients of some parameters were observed
from the lower end of the lake to its headwaters. Reduced species (irom
and manganese) are present in the oxygen—depleted hypolimnion. The chemi-
cal constituents which appear to be the most dynamiec are calcium, alkalinity,
silica and, in the hypolimnion, iron and mangsanese. Calcium and alkalinity

vary in an apparent response to the flow of the river.
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Total bacteria populations were observed to fluctuate considerably
during the period of study. Larger populations generally were observed
in the upstream section of the reserveir and are believed to be related
to bacteria associated with suspended sediment during periods of high run—
off. Moderately large total bacteria popilations were observed in the
downstream section of the lake after periods of rain.

Station 12 represents the upstream sector of the reservoir which is
characterized by a relatively narrow channel and is influenced directly
by the chemical content of the Caddo River. During periods of high run-
off, turbid water was observed throughout this sector. Complete flushing
of this sector has been oﬁserVPd during the period when the reservoir is
mix%d. Turbid runoff water ob::erved through the entire water column indi-
cates "plug" flow through this sector. During the early spring and late
fall, runoff may disrupt strat: fication. Interflow and/or overflow of
runoff may occur when the lake is rigidly stratified. Nix and his co-
workers suggest that water entering the lake during periods of elevated
flow travels into the reservoir as an interflow near the top of the thermo-
cline or, as winter approaches and the temperature of the runoff decreases,
the inte;flow changes to an underflow and carries water containing dis-— ‘
solved oxygen into the oxygen-depleted hypolimnion.

The midiake sector is influenced directly by the Cadde River after
periods of high runoff. This section of the reservoir is characterized
by open water with several side pockets. The interflow of turbid runoff ~
into station 10 usually is observed as an interflow, even when disruption
of stratification has occurred at station 10. During the period of summer
stratification, the turbid water usually enters this compartment as an

interflow near the top of the thermocline.
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The downstream sector of the reservoir is represented by station 1.
This sector is principally open water, much of which is relatively deep.
Effect of high runoff rarely is observed this far downstream in the reser-
voir. Turbid water originating from the Cadde River after major storm
events has been observed in this part of the reservoir only after extended

periods of heavy rain and then only as a confined interflow.

5.3.6 Changes in Water Quality

Table 14 gives annual ranges for water quality parameters measured
at the surface and at 66-foot depth at station 1. Although the reservoir
becomes stratified in the summer, note that the ranges for most parameters
are similar at the surface and at the 66-foot depth for any given year.

On the basis of this information it was concluded that despite stratifica-
tion, interflow, overflow, and underflow, the surface samples can be used
as a measure of long-~term water quality changes.

Table 15 compares the annual ranges for water quality p.rameters
based on surface samples for the three compartments of the reservoir.

The number of months and the period of sampling vary from year to year;
thus, cauticn must be used in interpreting differences in parameter values
as change in water quality. It appears that the orthophosphate, nitrate,
and calcium values have decreased with time. Nix (1974) noted the sig-
nificant decrease in orthophosphate during the first two years of impound-
ment of PeGray Reservoir. He attributes the relatively large quantities
of phosphate during the early period of impounding to the decomposition

of organic matter flooded by the reservoir. Nix (1974) also noted the
decrease in calcium concentration from 1970-1972. He suggests deposition

of calcium in the reservoir because pre- and postimpoundment calcium
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Table 14. Comparison of annual ranges of water quality parameters at 0 and 66-foot depths at station 1.

ATl values are in ppm.
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Comparison of annual ranges of water quality parameters for stations 1, 10,and 12.
in ppm.

A1l values are

Table 15.
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concentration of the Caddo River is about 10 ppm. Apparently this process
continued for a short time and now has stabilized. The 1970 values for
nitrate are relatively high in comparison with those of subsequent years
and this trend also may be attributable to decomposing organic matter
during f£illing of the reservoir. Despite the different collection times,

the other parameters appear to have remained essentially constant.

5.3.7 LANDSAT Analvysis

Comparison between the land use map (completed in 1972-73) and 1975-

76 LANDSAT-2 imagery failed to reveal any significant changes.

5.3.8 Conclusions

Aside from changes in a few water quality parameters attributable
to stabilization of the reservoir, there is no indication that there have
been changes in water quality of DeGray Reservoir. Changes in land usage
from 1972 to 1975 are not evident on LANDSAT imagery. It should be noted
that Nix et al. (1975) reported vast increase in concentration of several
parameters during high flow storm events on the Caddo River. Detailed

discussion of the Caddo River storm event data is presented in section 4.6.

5.4 RURAL TEST SITE

5.4.1 Introduction

The primary objectives of this part of the study were to determine
the effects of rural land use practices on water quality conditions in
northwestern Arkansas and to attempt to depict optimum monitoring condi-
tions for the collection of pertinent surface water qual::l.ty data.

Rural waéersheds similar in size, topography, and geology were

selected for a comparative water quality study on the basis of their
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contrasting land use practices. A cdntrol watershed representing a
near-pristine area and two test watersheds which are influenced by rural
development were monitored during both high flow (storm events) and low
flow periods. The test watershed was divided into two segments for com-
parison with the control. The upper segment, the primary test watershed,
is compared directly with the control watershed. Data collected on the
lower segment, the secondary test watershed, are used only to view the
effect of similar land use on a larger area,

By the evaluation of 9011ec£ed samples, present water quality con-
ditions can be determined. If substantial water quality variation is
found between the two watersheds, after consideraticn of both the amount
and intensity of precipitation, a correlation between land use and water
quality probably can be inferred. A comparison of collected water samples

should help justify this assumption.

5.4.2 Location

The study area-.is in southwestern Benton County approximately 8
miles east of the town of Siloam Springs. Both watersheds are within the
Robison 7.5-minute quadrangle, on opposite sides of the TIllinois River
(Fig. 67). The area is easily accessible by State Highway 68 gnd local
graded roads,

The control watershed is within the Ozark National Forest south
of the community of Pedro in sec. 16, T.16N., R.32ZW. Stream samples were
collected at the boundary between privately owned and National Forest
lands at lat 36°08'52"N., long 94°24'27"W.

The primary test watershed is approximately 3 miles north of the

community of Logan in Palmer Hollow within see. 21, T.16N., R.32W. Sanmples
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were collected at a point north of the bridge at lat 36013'40"N., long
94°24716™W.

The secondary test watershed is merely a southern extension of the
primary test watershed, sec. 27, T.16N., R.32W. Samples were collected
west of the bridge at lat 36°11'50"N., long 94°25'59"W. before the inter—

section with the Galey Hollow watershed.’

5.4.3 Physiography and Topography

The watersheds are in the Springfield Plateau of the Ozark Physi-
ographic Province, which is characterized by moderate to steep slopes,
rolling hills and entrenched valleys. Major streams are perennial and
have a dendritic drainage pattern.

The control stream has a 940-acre watershed and is approximately
1.7 miles long. The relief between the headwaters and the sampling point
is 220 feet (elevation 1280-1060 feet). The stream flows northward into
the Illinois River.

The primary test stream drains a 1,008-acre watershed and is approxi-
mately 1.8 miles long. Relief is 230 feet (elevation 1320-1090 feet)
between the headwaters and sampling point, The primary test stream is
the upper segment of the secondary test stream.

The secondary test stream drains a 3,404-acre watershed and its
approximately 3.2-mile length includes the upper segment. Relief is
310 feet (elevation 1320-1010 feet) between the headwaters and sampling
point. Flowing southeast, the stream enters Osage Creek which is a tribu-— .

tary of the Illinois River.

5.4.4 Geology

The study area is underlain by marine sedimentary rocks ranging from
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Mississippian to Devonian in age. The control and test watersheds are
within the Boone Formgtion of early Mississippian age. The Boone Formation
constitutes .the most extensive surface exposure in northwestern Arkansas.
Appearing gray on fresh surfaces and réddish brown on weathered surfaces,
the Boone is composed of finely to coarsely crystalline, thick-bedded
limestone with interbedded chert. It is approximately 300 feet thick,
extensively fractured, and very susceptible to weathering., Containing 30
to 60 percent chert by volume, the limestone weathers chemically, leaving
mostly insoluble chert fragments (Horn and Garner, 1965). These frag-
ments form a thin regolith covering the entire land surface. Transported

downslope, regolith commonly fills stream channels at lower elevatioms.

5.4.5 Soils
Soils within the area are composed of cherty limestone residuum

from the Boone Formation. They are of medium texture and contain large
quantities of chert fragments. Area soils can be divided into two classes
on the basis of their topographic location. TUpland soils are in associa--
tion with gently sloping ridge tops and steep-sided slopes, whereas low-
land soils are along floodplains and terraces. Both scils have low
organic content; cultivated soils contain less that 1 percent whereas
forested soils contain as much as 4 percent organic material. Chert
residuum ranges from 20 to 80 percent by weight, the larger amounts being
on slopes and along stream beds. The soils dre acid and of low to medium
fertility (Horn and Garner,.1965).

Upland soils are characterized by grayish-brown cherty silt loam soi;
over yellowish to red cherty,. silty clay or clay subsoil (Horn and Garner,
1965). The depth to bedrock is approximately 2 to 5 feet. Upland soils

are well to moderately well drained and are of moderate to low permeability,
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Lowland soils are brown, gravely, silt loam surface soils over yvellowish-

brown gravely, silty clay loam subsoil,(Horn and Garmer, 1965). They are
derived from alluvium washed down from upland areas. Low1a§d soils are
moderately to moderately well drained and are of moderate to low perme-
ability.

According to the U.S. Department of Agriculture's soil classifica~
tion for Benton County (£971), most of the study area is composed of the

upland soil type. Lowland soils are present only along the lower eleva-

tions of the primary and secondary test streams.

5.4.6 Land Use

Two major types of land use are found Within the study area. Land
is either covered by hardwood forest or cleared for agricultural use.
Major agricultural practices are cattle and poultry raising and there is
little or no crapland activity. Stream valley and hilltop land cleared
for pasture is the land most suitable for agricultural- use, whereas land
along steep-~sided slopes is predominantly wooded.

The control watershed is within the Ozark National Forest and is
completely covered with deciduous trees. Lacking developed recreational
facilities, the control watershed is relatively undisturbed. The only
human'influence in the 940-acre watershed is a county rocad which provides\
limited travel into the area.

Percentages of land use are relatively similar in the primary and
secondary test watersheds (Fig. 68). The primary test watershed contains
354 acres of forest land, 35.2 percent, and 654 acres of cleared land,
64.8 percent. The secondary test watershed contains 1,389 acres of forest

land, 40.8 percent, and 2,015 acres of cleared land, 59.2 percent.
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5.4.7 Rainfall

Daily rainfall data for Fayetteville, Arkansas, were gathered by the
National Oceanic and Atmospheric Administration. Monthly values of total
rainfall between May 1975 and May 1976 are given in Figure 69. buring
the October 1975 to Jure 1976 study period, total monthly rainfall ranged
from G.46 incﬂes in January to 7.16 inches in April. The lowest monthly
totals were recorded inJune and February and a substantial increase in

precipitation followed during March, April, and May.

5.4.8 Methodology

Samples were collected at selected points on each watershed during
high flow (storm events) and low flow periods. During storm events,
samples were collected in conjunction with initial rise in stream floﬁ.
Because of differences in lag time, intensity of rainfall, and distances
between sampling points, the collection of samples during the initial
rise iﬁ flow could only be approximated. In contrast, low flow samples
were collected during prolonged dry periodé wh;n collection time was of
little importance.

Flow rates in cubic feet per second were recorded on the control and
primary test streams. Stream velocity was measured by timing the passage
of floats along selected stream sections. The average depth and width of
each section were recorded. The information was then placed in Embody's
formula to determine the rate of flow (Welch, 1948).

Specific conductance, stream temperature, and pH values were obtained
during collection. Specific conductance values were determined by use
of a Hach DR-EL/2 portable test kit. Samples also were analyzed immedi-

ately upon return to the laboratory with a YSI Model 31 conductivity
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bridge; however, little wvariation’ was found between the two specific con-
ductivity mea;urementsz Stream temperattire and pH values were deter-—
mined by use of an Orin Model 407 pH meter and a centigrade thermometer.

A 500-nl water saﬁplg was collected and passed through 0.45-micron
memibrane filters for determinationm of alkalinity, nitrate-nitrogen, .
orthophosphate, chloride, and sulfate éoﬁcentrations. The samp;es vere
collected in polyethylene contafner; and ﬁgre iced for latef laboratory
analysis. Analyses were performed with a Hach Model DR-EL/2 by methods
outlined in the Hach DR-EL/2 Methods Manual (1972).

A liter sample was collected for the anaiysis of turbidity and non-—
filterable solids. Turbidity concentrations were determined by the method

outlined in the Hach DR-EL/2 Methods Manual (1972). Analysis of non-

filterable solids was conducted in accotdance with the FWPCA Methods for

Chemical Analysis of Water ah&.Wastes (1969).

After collection for fecal coliform determination, samples were placed
on ice and analyzed immediately upon return to the laboratory. Fecal coli-
form analysis was accomplished by the membrane filter method given in

Standard Methods for the Examination of Water and Waste Water (APHA, 1971).

A 50-ml sample Was.collected for atomic absorption analysis. Upon '
collection, samples were filtered and preserved Witﬁ five drops of 1:1
nitric acid. A Perkin~Elmer Model 303 atomic absorption spectrophotometér
was used to determine concentrations of calcium, magnesium, sodium, iren,
manganese, potassium, and arsenic. Analyses were conducted by procedures

in the 1970 Perkin-Elmer Handbook.

5.4,9 Data Interpretation

Stream samples were collected between October 5, 1975 and June 12,
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1976 during five low stream flows and four storm events. Samples from
the April storm event were collected at peak discharge rather than
during the initial rise in stream flow. Therefore data gathered during
the Aéril sampling date are thought to be influenced by dilution.

The data are listed in the ordef collected for easy evaluation (Table
16). TFor interpretation, data were grouped into five categories——physi-
cal, micro-, macrdu, nutrient, and biological parametexrs. Data collected
on the primary test stream, designated test stream A, are compared directly
with those from the control stream. The secondary test stream, designated
test stream B, is different in size and is not compared directly with the

cont;ol.

5.4,9.1 Physical Parameters
The values for pH were generally higher on the test streams during
the study period (Fig. 70). The wvalues correlate well with those found

by Kittle et al, (1974) on the Illineis River adjacent to the study area.

The average valuelwas 7.2 for the control stream and 7.5 for test stream
A. Values of pH seemed to be inversely proportional to stream flow on
both the contreol and test watersheds. During low flow conditions, the
control stream was found to be more acid than the test streams. The con-
trol watershed contains a large amount of decaying matter in the form of
leaf litter which lowers stream pH.

In all instances, stream temperatures were found to be higher on the
test streams than on the control (Table 16). The difference is most
likely due to the greater exposure of the test streambeds, because the

control stream is protected by vegetative cover. Absorption of solar
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Table i6. Sample data for control stream, test stream A and test stream B.
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10/17/75 | 3:30pm | control 1.20 o [ 15.0] 154 fo0.70| 0,00 { 7.5 | 100 |15.0] 5.0:0.03 {0.13 Q.77 0.69 | 0.83{37.0 |<0.01G |<0.002]| <0.50
' Test A 1.40 350 | 18,0 135 | 6.60( 14,40 | 8.0 90 | 10.0] 5.0}70.08 |0.95{2.67 [1.68 | t.16 135,14 | o0.046 | 0.029] <0.50
Test B - 25 i8.0 145 | 2.20 !.§5 &.2 80 15.0{ 5.0[0.05 |[1.22]5.22 [0.56 | 1.21 | 28.63 | <0.010 | <0.002{ <0.50
10/31/75 | 4:00ps | control i.15 0 15.6 152 | 0.75 0.00 7.2 | 100 |10.0| 5.0]0.,03 §0.10{4.09 [0.62 | 0.86} 34,64 0.012§ 0.004|<0.50
Test A 1.32 880 7.0 120 | 1.25| 0.00 | 7.6 90 | 10.0| 5.0]0.09 {1.00{5.09 1,58 | 1,11 (27,32} 0.029| 0.002]<0.50
+Test B - i20 17.0 130 | 0.90| 0.55 ) 7.7 | 100 10.0| 5.0(0.07 j1.35})3.07 |1.13 ] 1.18 31.54 1 0.017 | 0.008[<0:50
11/9/75 2:30pm | control | 1.65 g0 [ 17.0| 150 | 0.50( 0.81 | 7.2 90 | 10.0| 4.5)0.11 j0.35|2.80 |0.76 | 0.73 | 28,56 0.026 |<0.002} <0.20
Test A 3.20 | 37,450 { 18.0| 5% [ 1.75| 4H.06 | 7.5 85|19.0| B.0|0.18 11.8013.77 [2.95 | 1.41 | 26.05 | 0.527 | ©0.204f<0.20
Test B - 28,500 18.0| 165 | 1.20| 2.45 | 7.6 8oi16.0] 6.5]0.21 j2,15| - - - - - - -
2/5/76 10:45am | contrel | 1.10 0 8.5| 163 | 0.60] o0.16 | 7.8 90 |12.0) B.0]0.20 [0.2712.96 |0.93 | 1.79 | 34.30 [<0.010 {<0,005{ <0.20
S ' Test A 1.30 500 10.0 g 1.25 1.67 7.8 70 j15.0 4.0 0,06 |1.00|3.94 I.IB_ 1.12 28.2Q 0.C14 [<0.005]<0.20
Test B - 10 19,01 156 [ t.50{ 1.79 | 7.8 85} 5.0 2.0]0.05 |2.15(3.28 | 0.88 1.26 | 35,60 [<0.010 {<0.0057<0.20
3/26/76 2:35pm | control 1.20 0 h.0 | 152 - - 7.3 85t 7.5 h.0[0.01 |0.15])2.33 {0.69 | 0,71 |32.70 |<0.01k [<0.006}<0.20
Test A 1.37 | 1,200 | 15.0 | 133 - = 7.5 751 5.0 5.0)0.027/0.12 §3.38 }t.21 | 1,06 {2B.40 |<0.01L |<0.006]<0.20
Test B - 850 15.0 | 139 - - 7.5 90 | 5,0 2.5|0.008/0.17}1.82 [0.48 | 0.88|3h.70 |<0.014 |[<0.006]|<0.20
3/29/76 1:30pm | control 1.80 97 4.5 )lho 8.007 6.20 | 7.2 70 [1o.0| L4.0o]o0.01 {0.06|1.84 [0.61 | 0.56 26.50 0.054 ) 0.006 | <0.20
' Test A 3.10 | 4,200 i5.0 | 169 [16.00] 6.30 | 7.6 700 7.5 h0{0.04 |0.17|3.16 |1.59 | 1.03 26.;9 0,036 | 0.008]<0.20
Tes; B - 3,250 i5.0 161 [18.00] 14.7 7.6 90| 7.5 5.01{0.02 [0.20(2.59|1.69 | 0.88 32.50 70.032 0.006 | <0.20
h/20/76 6:30am | contratl 4,80 82 14,0 136 15.00) 11,00 | 6.1 10| 2.5| 0.0]0.15 |0,33 {0.63 {0.81 0.63 | 2.05} 0.051 0.012] <0.20
Test A 6.20 | 25,400 15.5 | 212 |80.00 472,00 | 6.5 201 5.0 5.0[0.16 |2.801.70 13.13 1.20 | 9.08 | o0.105{ 0.033)<0.20
Test B - - - - - - - - - - - - - - - - - - -
5/23/76 3:15pm { control | 2.50 120 | 15.0 145 | 460} H,100{ 7.0 9k | 43.0 | i0.0 | 0.02 JO.45 | 6.47 |0.90 | 1.75 32.6} 0.01% 0.017] <0,30
’ Test A k.20 |22,100 16.0 180 J40,00}252,00 | 7.4 75 115.09112,0|0.18 |1.40 | 7.21 | 2.87 |-1.29 | 24.56 | 0.084 | 0.071]<0.30
Test B - 35.@25 16,0 180 167.00{200.00 | 7.3 56| B.o|12.0(0.19 |1.10|1.63 12,26 | 0.92 | 19.38| 0,937 | 0.053|<0.30
6/12/76 4:20pm | control 1.32 6 | 17.5| 132 6.06} 0.33 (| 7.7 77 | 16.0 1.5]0.00 |0.1 |2.82|0.67 | 0.83)35.36| 0.014 | 0.006]<0.30
Test A 1.50 ] 3,500 | 20.5 | 147 | 0.20 3.30 | 7.6 72 119.0 |<1.0 ] 0.07 |0.74 | 3.76 3.9] 1,31 | 29.69 | 0.006 | 0.006] <0.30
Test B - 480 | 20.5 1 147 0.2& 3.72 1 7.8 61 Q.o <}.0(0.0] |1.20 2.6k {1.29 { 1.05(31.77{ 0.006} 0.009 <0.30

Above data n mg/] unless otherwise indicated,
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energy by vegetation tends to minimize daily stream temperatures.

Turbidity and nonfilterable solids also were found to be higher on
the test watersheds (Table 16). The data indicate that turbidity and
nonfilterable solids vary directly with stream flow. The test water-
gheds, 1gcking heavy vegetative cover, atre more susceptible to erosion
than the control.

E%cept during the June sampling period, the control stream had higher
specific conductance values during 1;w flows (Fig. 70). The fact that the
control stream had lower values during storm events suggests dilution.

In contrast, the fact that the test streams had greater specific con-
ductance concentrations during storm events suggests possible contamina-
tion by animal wastes.

Stream flows ranged from 1.1 to 6.2 cfs with an average difference
of 0.18 cfs between the control and test stream A during low f£low condi-
tions (Table 16). Regardless of the times of stream gauging (low flows
or storm events), relatively higher flows always occurred on test stream
A (Fig. 70). These differences in stream flow are most certainly the
result of contrasting land use betweer the control and test watersheds.
The test watersheds, lacking a dense vegetative cover, camnnot retain
water as well as the heavily forested control, and thus a relative increase

in surface runoff occurs..

5.4.9.2 Macroparameters

Chloride concentrations ranged from 2.5 to 43 mg/l on the control and
from 5 to 14 mg/1 on test stream A. The lowest chloride values were
recorded during the April storn. event. Although considerable fluctuations

occurred, the average low flow chloride value was 10.7 mg/1l for the control
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and 11.8 mg/l for test stream A. ' These values correspond well with the
average chlo?ide value of 10.5 mg/l given for tﬁe I1linois River adjacent -
to the study area (Kittle et al., 1974). Because of dilution, the time

of collection is critical for valid chloride analysis. During storm
events, samples should be collected after the initial rise in stream flow -
but before the hydrograph peak.

Sulfate concentrations ranged from zero to 12 mg/l with the greatest
values recorded during the May storm event (Tableilﬁ). Sulfate values
collected during low flow periods were similar for the control and test
watersheds.

Aside from the diluted values of the April storm event, alkalinity
concentrations were higher on the control stream throughout the stﬁdy:
Average alkalinity values ranged from 89 mg/l on the-control stream ‘to
78 and 80 mg/l on test streams A and B, respectively (Table 16). Because

of considerable variation, correlation between stream flow and alkalinity

cound not be determined.

5.4.9.3 Microparameters

In order of abundance, the major collected cations were calcium,
sodium, magnesium, and po?assium (Table 16). During low flows, calcium
concentrations were higher on the control than on test stream A. Having
greater flow, test stream A has a diluting effect on calcium concentra-
tions. Samples collected during storm events had no detectable pattern
on either the control or test streams. In general, low values for sodium,
potassium, and magnésium were found on the control and higher values
were found on the test streams (Fig. 71). The vegetative cover of the
control stream tends to stabilize stream quality and flow character-

istics, thus minimizing the effect of surface runoff.
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Because of their small values and great variability, iron, manganese,
and arsenilc concentrations were not good indicators of water quality
‘change. The hiéhgst iron and manganese values were recorded on the
;tesé streams during high flow periods (Table 16). Arsenic concentrations

were below detection on all sampling dates (Table 16).

5.4.9.4 Nutrients

Water quaiity researchers believe that nitrogen and phosphorus are
the major limiting nutrients in aquatic plant growth (Neas, 1966). Streams
in undisturbed forested watersheds should have lower concentrations of
nitrogen and phosphorus than streams in developed areas (Brown, 1972).
Thusg, phosphorus aﬁd nitrogen concentratidns should be sensitive indicators
of water quality Ehange in relation ‘to Ién@ use.

_ To evaluate the influence of different land uses on nutrient concen~

\trationg, orthopﬁosphéte and nitrate-nitrogen values were determined.
The control Stream ha&-lower nitr;te and phosphate valﬁes;;hép did!the
teét streams. Nitrate‘concentrations ranged from 0.12 to 2.8 mg/l on
test stream A with higher values occurring during storm events (Fig. 72).
Nitrate values did not exceed 0.45 mg/l oﬁ tﬁe control stream. Ortho-
phosphate concentrations ranged from 0.03 to 0.18 mg/l on test stream A
and averaged 0.063.mg/l on the cogtrol (Fig. 72). Values for bqth
nitrate and phosphate generally increased during periods of increased
stream flow. Loehr (1974) similarly observed that storm events contributed
greater concentrations of nutrients than were present during low flow _
conditions.

Because samples were filtered before analysis, only soluble forms of
nitrogén and phosphorﬁs were analyzed. Southerland (1974) suggests that

nutrients transported in surface runoff are primarily in the form of
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particulate matter. Analysis of the nutrient data suggests that storm
events produce greater concentrations of diséolved nitrate and phosphate
than are present during low streaim flows., Ryden et al. (1973) suggest
that a more realistic measure of nitrate and phosphate concentrations
during periods of surface runoff would be to sample both the dissolved

and particulate forms, and the present analysis supports this assumption.

5.4.9.5 Biological Parameters

Fecal coliform concentrations in the control stream ranged from
0/100 to 120/100 ml and in test stream A ranged from 350/100 to 37,450/100
ml {Table 16). Geldreich et al. (1968) suggest that increased nutrients
aﬁa temperature can be correlated with increasing survival rates-of fecal
coliform bacteria. Both the primary and sgcondary test streams, having
greater nutrient and temperature values, hgd higher concentrations of
fecal coliform than the control stream. The highest fecal coliform
values on each stream were obtained during storm events {(Fig. 73). Thus,
the assumption can be made that with increasing stream f£low an increase
in fecal coiifo;m concenérations should.be observed.

In the evaluation of fecal contamination, fecal coliform values are
considered better indicators than total coliform values (Geldrelch 1970).
Gallagher and Spino (1968) suggest that if the total collform standard
is 5000/100 ml in recreational wateré, corresponding fecal coliform
densities for contact and non-contact recreational activity should be
150/100 ml and 750/100 ml, respectively. The Arkansas Department of
Pollution Control and Ecology (1972) suggests a general-use total coli-
form standard of 5000/100 ml for the Upper White, Neosho, and Grand River
Basins, including the study area, and a value of 1000/100 ml for recrea-

tional use. During storm events, samples collected on the test streams
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exceeded both of the suggested standards and those given by the Arkansas
Department of Pollution Control and Ecology.

Nonpoint source increases in rural coliform concentrations usually
are associated with mechanical transfer of organisms from contaminated
land surfaces. Betson and Bucﬁingham (1970) recognize that samples col-
lected during storms usually show higher fecal coliform concentrations.
Coliform data from the present study suggest that random sampling without
regard for stream flow can give an inacdéurate estimate of fecal coliform

concentrations.

5.4.10 Conclusions

The control watershed, being heavily forested and only minutely
influenced by man, provided an indication of natural water quality con-
ditions within the study area. The test watershed, influenced by humaﬂ
development, gave an indication of wate; quality conditions related to
rural land use. As expected, rural land use has an important role in
determining both quantity and quality of surface stream flows.

Considerable variation in water quality was found between the con-
trol and test watersheds., The selected physical, macro-, micro-, nutrient,
and biological parameters proved to be good indicators of water quality
variation. In many cases, collected data showed greater variatiom during
conditions of iIncreased surface runoff.

Higher fecal coliform and nutrient concentrations were found in the
primary and secondary test streams than in the control stream. Both test
streams are influenced by poultry and livestock wastes resulting from land
use in the area. Concentrations of fecal coliform bacteria showed a
substantial increase during high flow periods (Fig. 73). As was noted,

random sampling without regard for stream flow can give an inaccurate
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estimate of water quality conditions.

Through data evaluation, a difference in water quality can be
detected between the control and test watersheds. The amount of differ-
ence is apparently more pronounced during high flow periods. Because of
similar topographic and geoiagic characteristics of the test and control
streams within the same geographic area, water quality change seems to be

related to land use in the study area,

5.5 URBAN TEST SITE

5.5.1 Introduction

During the last few years, the cities of northwest Arkansas have
undergone a steady population growth (13 percent im 1975). The urban
areas have expanded, incorporating farmland and forest and changing the
land use to suit the needs of the people. Unfortunately, concomitant
with urbanization are the associated changes in water quality, The pur~
pose of this part of the overall investigation was to examine the rela-
tionship between chanpes in land use and water quality. To accomplish
this, three watersheds were studied. Altrhough the watersheds are similar
in geology and topography, their land use is different. One watershed
which Erains a relatively unchanged forest area was used as the control
site. The other two watersheds drain urban areas. They consist of a
small watershed comparable in size to the control watershed and a much
larger watershed which includes the small watershed.

Selected points on each watershed were sampled during times of high
flow and low flow. By comparison of various parameters of the two water-

gheds, a change in water quality due to variation in land use could
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be determined.

5.5.2 Location

The watersheds are in north-central Washington County, Arkansas
(Fig.;74). The control watershed contains 1172 ac?es and includes the
southwestern part of the, Elkins 7.5—minu£e quadrangle (T.16N., R.29W.).
The lafge urban wétershed contains 7552 acres and includes the southern
part of the Fayetteville 7.5-minute Quadrang;é {T.16N., R.30W.). The
small urban watershed contains 1125 écres.

The control stream (CS) is an unnamed eastern tributarydof the. West
Fo%k of the White River. The control stream sampling sité was at
NWySWNEY%sec. 36, T.iﬁN., R.29W. on an unpaved farm-access road.

hThe urban stream is Town Branch, a western tributary of the West
Fork of the White River. Two ;ampling sites were maintained. Oné site
(TC-71) is upstream from the junction oﬁ CatoASprings Branch with Tdwn
Branch. It is at NW%SW4SE4%sec. 20, TL16N., R.30W. on State Highway 16
West, and is within the small ﬁrban watershed. The other site (TIC) is
downstream from the junction of Cat; Spfings Branch with Town Branch. It

is at NW4SE%SWisec.23, T. 16N., R.30W. on a partially paved farm-access

road.

5.5.3 Physiography and Topography

The watersheds are Wiéhiﬂ the Ozark Plateaus province of Arkansas,
straddling the Springfield Plateau on the north and the Boston Mountains on
the south. The low hills in which the headwaters of the control stream
and the Cato Springs Branch of the test stream form are considered to be

at the foothills of the Boston Mountains.
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5.5.4 Geology

The chemical quality of most sﬁrﬁace streams in northern Arkansas,
at least during times of low flow, is determined largely by the distribu-
tion and mineral composition cf the rock units in the drainage basims.

The tock uni;s that are exposed in tﬁé two drainage basins are primarily
shale, sandstoﬁé, siltstone, and limestone.

In the control stream drainaée Basin, the récks are of Late
Mississippian age. The headwaters of the control stream are in the Pitkin
Formation, a massive compact fossiliferous liﬁestone, and the main stream
body is in the Fayetteville Formation. The Fayetteville Formétioﬂ can be
described.as‘consisting of clay shale containing pyrite, quartz, irom
céﬁcretions, and a large amoupt of organic material, and a qalcareous
sandstone, -

In the Town Branch drainage basin, the rocks are of Late Mississippién_
and Pennsylvanian age. The headwaters and main streém body of Towr: Branch
are in the Fayetteville Formation. The Cato Springs Branch has its head-
waters in the Pennsylvanian Atpka Format ion which congists of- siliceous
sandstone and silty shale;‘ The drainage then passes through the Bloyd
Yormation, consisting of siity shale, organic shale, organic siltstone,
and sandy fossiliferous limestone. Farther downstream the Hale Formation
.is exposed which consists of siity clay shale, shaley siltstone,fanﬁ
‘orga;ic,sandstone. Finally Town Branch drainage traverses the Mississippian-
Pitkin Formation, ult;métely joining Town Branch in the Fayetteville

Formation.

‘5.5.5 BSoils

The Soil Conservation Service has described the soils of Washington
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County, and has defined them according to surface soll type, subsoil
composition, soil depth, slope, acidity, runoff, erosion hazards, and
available water capacity (USDA, 1969).

There are two surface soil types in the Town Branch drainage basin,
silty loam found on 0-3 percent slopes and stony gravel loam found on
3-20 percent slopes. The silt loams have an average depth of 16 inches.
The subsoil is plastic clay or silt loam which has an average depth
of 12 inches. These soils are slightly to moderately acid., Flooding is
an extreme hazard, as the scils are shallow, collect water and, because
of the plastic clay subsoil, do not dry quickly. The stony gravel loams
have an average depth of 8 incﬁes. The subsoil is plastic clay or stony
gravel silt loam which has an average depth of 60 inches. There is a
large percentage of stone material in these soils and they are strongly
acid. The runoff is rapid, the erosion hazard is severe to very severe,
and the available water capacity is low because of the large amounts of
rock material in the soils, ‘

The soils of the control stream drainage basin are primarily stony
loams with an average depth of 10 inches. The subsoils are clay loam,
silt loam, or plastic clay with an average depth of 60 inches. The soils
are strongly acid. Runoff is rapid and the erosion hazard is severe to
very severe.

The depth to bedrock within the drainage basins is 3 to 10 feet with

an average of 8 feet,

5.5.6 Land Use
Three types of land use in the study watersheds are detectable on
LANDSAT imagery (Fig. 75): Level 1-01, Urban and Built-Up Land, Level

1-02, Agricultural Land, and Level 1-04, Forest Land.
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The control watershed contains 81 percent (948 acres) forest land
and 19 percent (222 acres) agricultﬁral land.

The small urban watershed containg 36.6 percent (401 acres) urban
land, 0.2 percent (23 acres) agricultural land,. and 63.2 percent (701
acres) éorest land. The large urban watershed coﬁtains 35 percent (2,620
acres) urban land, 17 percent (1,310 acres) agricultural land, and 48

percent (3,622 acres) forest land.

5.5.7 Rainfall
Monthly rainfall values were gathered during the study period by
the National Oceanic and Atmogpheric Administration (see section 5.4.7

and Fig. 69).

5.5.8 Methodology

Samples were collected during storm events and at times of base
flow. The éampling methods used were identical to those described in
section 5.4.8, Sampling during storm events was attempted during the
peak of flow but because of the difference in lag fime at the three
sites, the distance between the sites, and the £apid peak of flow at all

sites, the samples usually were collected after the peak of flow,

5.5.9 Data Interpretation

Various water gquality parameters (Table 17) were studied from col-
lections made at the sampling sites at thes control watershed (CS), large
urban watershed (TC), and small urban watershed (TC-71).

In general, the urban watersheds yielded higher values for almogﬁ
all water quality parameters. Samples collected during high flow periods.
were found to have greater values except when affected by dilution. On

April 20, 1976, flooding of the West Fork of the White River made the
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Table 17. Sample data for control stream (CS), Targe urban stream (C), and small urban stream (TC-71).
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TC-71 1.6 1,200 18,0 480 2.4 4.0 | 7.1 {00 | 27.5] 1 - 128.90 | 4.29 {19,583 | 63.47] 0.012(<0.002 | <0.5
2/5/76 3:00pm | control | <0.5 701 6.0] 180 | 3.6| 0.9 |7.8| 35 | 10.0| 18} 0.06] 0.15 | 3.87 Jio.30 | 2.37 | 17.80] 0.105|<0.005 |<0.2
TE 1.2 | 3,800 5.0] 290 4.6 5.6 7.7 |117 | 30.0} 65| 0.10; 0,50 [17.10 ] 3.47 | B.57 ] 14.40] 0.051| 0.454 | <0.2
TC-71 0.5 650 | 5.0| 260 5.0 13.5 | 7.6 75 | 35.0|225] 0.35] 0.26 |34.80{ 2.43 [18.30 | 14.40] 0.279] 0.189 | <0.2
3/29/76 2:30pm | control 1.3 50 | 12,0} 145 8.7 Z.i 7.4 | 40 8.5f 17| 0.00] 0.12 3.38 1.01 2.08 | 18.10) 0.141 |<0.006 | <0.2
ic 18.0 | 57,500 |13.0] 266 |65.0) 62.7 7.8 1100 i2.5| 33| 0.06| 0.16 1 11.80|2.52 ] 7,12 | 45.20( 0.101| 0.296 | <0.2
TC-71 6.0 2,160 |15.0] 285 52.0] 21.2 | 7.6 50 10.0| 37| 0.02| 0,08 |14.80(|1.55 ] 9.70| 28.70| 0.126| 0,076 1.1
hr2o/76 2:30pm | TC 39.0 | 51,300 |12.0{ 205 [93.0[1B2.,0 ’ 6.8‘ 30 5.0{ 17| 0.16] 0.20 | 3.24}3.16 | 2.34 | 13.22| 0.472| 0.139 b
TC-71 ¥3.0| 4,075 |12.01 275 |66.0{ 66.0 [ 6.7 | 25 6.0{140 | 0.05] 1.00 h.71 ) 2.04 | 3.86|13.63] 0.532| 0.132 3
5/23/76 7:30pm | control 1.1 300 |16.0| 160 18.0( 15,0 |6.9 Ly 8.0] 38[0.03; 1.75| 3.381] 1.}1 2,27 116.82| 0.185] 0.025 .8
TC 4.2 |29,800 [17.0| 230 65.0 351.0 7.4 88 [21,0|200]0.37120.00 [11.29] 2.56 | 6.63 | 40.11| 0.034]| 0.146 Rl
TC-71 1.9 980 [17.0| 270 5.3115.0 | 7.2 | 88 j21.0|2z00]1.70] 0.33 |31.78[ 2.82 [17.21 | 52.11| 0.037] .264 .3
6/14/76 2:30pm { control [<0.5 20 [21.0f 170 k.3 5.5 7.3 61 7.6] 2510.02| 0,15 | L,25]1.08 | 2.87| 21.23{ 0.031| 0.009 .3
TC 1.3 3,500 [21,0( 28¢ 12.0] 16.5 7.6 117 |20.5| 68 | 0.04| 0.48 | 29.62] 2.66 7.34 [ Ak, 1] 0,031 0.2 .3
TE-7 <0.5 4o j21.0| 255 1.0} 245 | 7.3 li08 14.41237 | 0.03| 0.58 | 14.98 ] 3.05 {18.68{ 56.11]<0,010] 0.225 -

Data given in mg/1, unless otherwise Indicated.




control site inaccessible,

5.5.10 Physical Parameters

The values of pH rénged from 6.7 to 7.8 with an average of 7.4.
The large urban site generally had the highest values, and the small
urban site had consistently low values, as would be expected upon con—
sideration of the geology of the watersheds. The control stream had
intermediate values (Fig. 76).

Specific conductance values ranged from 135 to 480 micromhos at
25°C. The control site values were lower than those from the urban sites.
51ight trends were cbserved in the urban watexsheds. The large urban
watershed had higher wvalues than the small urban watershed during periods
of low flow, and the small urban watershed had higher values than the
large urban watershed during periods of high flow (Fig. 76).

Values for turbidity ranged from 2.8 to 66 ¥FTUs. TIn all except
two instances, the control site had lower values than the small urban
site; the large urban watershed always had the largest values. The values
had no pronounced patterns in relation to flow or between stations.

The values for nonfilterable solids ranged from 0.87 to 182 mg/I1.
The control values were lower than those from the urban sites. The
inconsistant patterns possibly can be attributed to collection after peak

storm flow.

The values for temperature ranged from 5 to 21°c. The control

values were generally 1 to 2° lower than the values from the urban sites,

perhaps because of foliage shading or the influence of groundwater

:
£. -y

Stream flow ranged from less than 0.5 to 39 cfs. The contrpl value.

was equal to the small urban site value at base flow, and was less than
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the small urban site wvalue during storm events, as expected, even though
the two drainage areas are approximately equal., The total urban water-
shed had the highest flow. The fact that'the amount of runoff is greater
in the urban test areas is attributable to the soil type and a smaller

percentage of foliage there.

5.5.10.1 Nutrients

The range of values-of orthophosphate (PO;) was from 0.0 to 1.7
mg/l. The control value was lower than the urban test site values,
although not always exceedingly lower. The values were not as high as
expected for an urban area containing so much agriculture and maintained
residential land, perhaps because of the percentage of agricultural area

at the control contributing to the PO, content, and the collection of

4
samples after peak storm flow (Fig. 77).

The values of nitrate (NOB) were from 0.1 to 1.75 mg/l. There
was no pronounced pattern for the data, as the control data were alter-
nately low and high in comparison with the urban data, without regard to

flow, This uncertainty was enhanced by the unavailability of data (Fig.

77).

5.5.10.2 Macroparameters

There was a wide range between the maximum and minimum values
for total alkalinity, chloride {Cl), and sulfate (804). for all three
parameters, the control site vilues were lower than the urban site values.
This finding is contrary to whit would be expected for alkalimity, because
the control watershed's geology suggests a caleium content higher than
that in the small urban site. Urban-induced calcium is indicated. It is

interesting to note that in the urban area streets are graveled with
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limestone in the winter and lawns are limed in the summer; these activi-
ties would provide possible sources of urban calcium. High values of
SO4 for the small urban watershed dre probably due to exposure of the

Fayetteville Formation at an excavation near the sampling site (Fig. 78).

5.5.10.3 Microparameters

The values of sodium (Na)}, potassium (K}, énd calcium (Ca)
showed a wide range. The control site values were lower than the urban
site values for all three parémeters. The small urban watershed values
were many times larger than the control site values. The calcium values
were consistent with the ‘alkalinity values. An anomalous high value for .
K at the control site on February 5, 1976, cannot be explained (Figs.

77, 9.

Magnesium (Mg) values covered a wide range. The control site
had the lowest values and the small urban site had the highest wvalues
(Fig. 79).

The iron (Fe) values had a wide range, with no correlation to
flow or to individual sampling sites.

The ranges of values for manganese (Mn) and arsenic (As) were
very broad. There was only a trace of both at the control site, although
there were relatively high values at both urban sites; Mn ﬁas always
present at the urban sites and As gshowed high concentrations during spring

months.

'5.5.10.4 Biological Parameters
Fecal coliform concentrations ranged from 20 to 300 mg/l in the
control stream, from 440 to 4,075 mg/l i1 the small urban watershed, and

from 2,950 to 57,500 mg/l in the total urban watershed. The urban sites'
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levels were higher during all flow periods, and were highest during storm
events. The control level was abnormally high during the highest flow
periods, perhaps because of livestock in the contrel stream watershed.

There is a direct correlation between fecal coliform and flow (Fig. 80).

5.5.11 Conclusions

Because the small urban watershed and the control watershed are
approximately the same size and are sinilar geologically, their parameter
values were compared to find possible indiéators of contrasting land usage.

‘Thé large urban area waé used to show relative changes in a large urban
area.

It was shown that the emall-urbar area values for specific.con-
ductance, orthophosphate, total alkalinity, cﬁloride, sulfate, sodium,
potassium, magnesium, manganese, and fecal coliform were significantly
higher than those of the control watershed. It must be concluded, there-
fore, that these would be %ndicators of ﬁrban_lané use change in this area.
Urban activities qonsisting of construction, lawn and garden fertilization,
industry, and human waste disposal are ériﬁe contributors to the intro-
duction of the aforementioned ﬁaterials into the natural water system.

L

An important factcr of urbanization-shown by this study is the
extreme amount of fecal colifo?ms found in the urban stream. The Arkansas
Dgpartment of Pollution Control and Ecology has determined a total coli-
form standard of 5000/100 ml fof the White River Basin. ‘This standard
value is lower if the water is to be u;éﬁ for recreationai purposes (ADPC&E
bases thls standard on total coliform, of which fecal colifo?m is only a
part; see section 5.4.9.5). Yet, in this area, fecal coliform was found

to be as much as 10 times the standard safe total coliform values during

storm events, thereby indicating the drastic effect of urbanization on the
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fecal coliform.content of natural waters.

Because most of the parameters studied were found to have higher
values in-the urban watersheds than in the cpntroi watershed, it is
obvious that a water qﬁality change due to a change in_the land use ﬁy
urbanization has occurred. These changes were seen at high flow even
thougﬂ most parameters show evidence of dilution caused by collection of
samples as pedk flow was diminishing. Although sampling prior to peak
flow was impossible in most imstances, all fecal coliform valﬁes show a
continuous input in£0 the water during storm events. This finding ?ndi—
ca£es that the fecal coliform of the peak flow was extremely concen-
trated. Fecal coliform is the. best indicator for land use changé duErts

urbanization 'in this area.
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SECTION 6

TMPLEMENTATION AND COST EFFECTIVENESS

Though population growth may be healthy for the nation's ecohomy,
the attendant construction of new roads, homes, and shopping centers on
a local level and the change of land usage from forest or othe; natural
terrain can create trouble for streams and reserveoire that are expected
to supply drinking water and provide recreation. As a stream moves toward
a reservoir, for example, its collection of dissolved load, suspended
solids, organic matter, and nutrients from nonpoint sources can cause
problemé that will remain even though advanced waste water treatmént
facilities are digcharging clean water into the same stream. In fact,
if greater attention is not given to land use as a component of most
water quality management systems, the begefits of tertiary waste treatment
may be offset by pollution from surface runoff.

During the‘cdnduct of this research program, two serious problems were
encountered in the investigation of the effect of changing land use on
water quality. First was the lack of historiecal water quality data that
could be related to surface runbff, and sgcond was the.almost total absence
of any program on the local, state, or federal level which might aid in
understanding the complex interrelationships between land usage and
environmental factors that influence nonpoint source pollution. Routine
periodic stream sampling does not give satisfactory values of pollution
loadings carried. ¥Yor specific examples, nutrients, suspended sediments,
and coliform counts may increase tremendously during storm events, but

could be insignificant during low flow. Water quality monitoring should
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include a proportional sampling of storm events and, because there is no
way a single sample can represent a particular stormrevent, sampling must
be coordinaéed with hydrograph positioning.

The Federal Water Pollution Control Act, as amended in 1972, now
requires that nonpoint sources of water pollution be c;nsidered in the
development of water qualify management proposals for both loccal andvregional
plénning, Thus, plaﬁning égencies need an inexpensive and reasonably
acéufaté method of estimating nonpoint source pollution loading. The poten-—
tial impact of changingaland use on water quality should be one of the con~
cerns for any monitoring system. On tHe basis of the results of this
reéearch program, it is obvious that LANDSAT imagery change detection
analysis provides a relatively inexpensive'method for monitoring land use-
changes. 1If it is assumed that the level of nonpoint pollution is dictated
by the manner in which the land is used and ﬂy Fhe kinds of pollutants
generated, then LANDSAT appears to provile at least half the information,
needed. The advantages of using LAﬁDSAT data are measured not only in
dollars saved, but more importantly in time saved.

In southwestern Arkansas, within the Cossatot River watershed, exten-—
sive cleafcutting was the major land use chaﬁge detected by comparing
LANDSAT-1 and -2 imagery: The Cossatot is approximately 70 miles long,
and its watershed is approximately 529 m%z. The techniques used for change
detection mapping are described in Section 5 of this report. If it is
assumed that water qua‘tlity conditions present in a stream are the result
of the types and levels of land use on the watershed contributing the

streamflow, then cost effectiveness of obtaining the land use data from

various sources can be addressed. Cost comparison estimates have been
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made for land use analysis (secale 1:125,000) by conventional methods, U-2
photography, and LANDSAT imagery. -

Cost comparison estimates can be made for land use analysis (scale
1:125,000) by means of conventional black and white photographs (1:20,000),
U-2 color IR photographs (1:120,000), and LANDSAT imagery color composites
(1:1,000,000). 1If all of the imagery sources were available, the single
LANDSAT scene covering the Cossatot watershed would be by far the most
economical data base ($15.00 for the LANDSAT composite in contrast to
$450.00 for the large-scale photographs). However, the primary ad%antage
of using LANDSAT imagery for clearcut change detection is in the saving of
j_nterp?:et:‘:'ltion time. TFor the Cossatot watershed, trained interpreters
can map and transfer the land use categories to a usable base map in
approximately 20 hours. The same task with U~2 photographs would tsake
approximately 35 hours, and the analysis and transfer would take about 100
hours with large-scale photographic interpretation. Not onl§ can a LANDSAT
land use map be obtained in a time effort at least five times as fast as
normal, but LANDSAT also provides a builf;—in capability for quick, inexpen-
sive updating as future imagery becomes available. Though the cost effectiﬁe—
ness of LANDSAT-derived land use data can be demonstrated, the future
utility of such information in water quality monitoring for nonpoint source
pollution has tremendous potential.

In Arkansas, during the 1975 water year, 123 gauging stations were
monitored for water quality information. Depe?ding on the parameters
measured, the cost of station operation, collection, and water analysis
ranged from about $3500 to $12,000 per station. Most of the water quality
samples were collected during low flow steady—-state conditions which

unfortunately tell little about nonpoint soutce pollution. When the
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inadequacy of these daga for nonpoint soutce pollution monitoring are
1 .

fully realized, and when the full impact of EPA-208 nonpoint &ater quality
planning requirements are recognized by local, state, and federal agencies,
-the true cost effectiveness of LANDSAT change detecéion mapping will
become abviousf

The positioning of water quality monitoring stations to address the
noﬁpoint source pollution protlem should be determined ultimately by
didersification of land use, geology, soils, topography, and other
parameters. Inferences about water quélity based primarily on such
papameterg-as these may provide.a suitable mechanism for predicting non-
point pollﬁtént séurcés, thus precluéing a c&stly extensive monitoring
network. Despite -the lack of significaﬁt data relating surface runoff
and storm-event water quality samplipg,(it aﬁpears that LANDSAT land use
change detection mapping can provide an iﬁdication of overall water

quality, and also a reliable mechanism for predicting areas that may

eventually cause problems.

THE
§§E§E§NEQJ:PENEE}IS POOR
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SECTION 7

SUMMARY

The hypothesis of this LANDSAT research proposal was that the quality
of surface water at any given point within a watershed might be recognized
as an excellent indicator of liand use above that point. Conversely,
the updating of LANDSAT-derived land use maps would provide a technique
for defining, monitoring, and predicting changes in regional water quality.
The overall objective of the research program was to compare gross water
quality data with gross changes in land use.

Two obvious approacheslwere used in evaluating LAWDSAT applicability
f;r land use change detection. The first consisted of analyzing LANDSAT
1-2 imagery for changes in land use anhd then evaluating the areas on the
basis of historical water quality. The second method provided for an
evaluation of all hi§torical water quality records, and location of
anomalous changes or trends according to sample site to determine whether
any land use change has occurred.

Water quality information for select Arkansas streams has been
collected and published amnually by federal and state agencies since 1944,
States having large urban populations generally have monitoring programs
that are more comprehensive and predate those of Arkansas. The apparent
abundance of readily available water quality information that might be
correlated with a multitude of envirommental parameters appeared to pro-
vide an adequate data base for comparing variation in water quality with
LANDSAT—d;rived land use changes.

Comparisoé between LANDSAT-1 and LANDSAT-2 imagery of Arkansas pro—

vided evidence of significant land use changes; however, water quality
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records were not available in areas of maximum change. Sparse water qua-
lity records for Arkansas di& not reveal favorable sites where land use
change may have taken place; howeve%, seven stations on Arkansas streams
had enough historical data-to allow investiéation of the effect of dif-
ferent 1and‘uées on water quaiity. Data for these seveﬁ stations provide
sufficient evidence to suggest the impact-of surrounding land uée on water
quality, and to emphasize the importance of sampling in conj;nctibn’with
hydrograph analysis.

. In two areas (Buffalo kiver and DeGray Reservoir) where extensive
water quality monitoring was being conducted during the LANDSAT investi-
gation, land use changes were not significantl However, storm.hydrographic
water quality data for the Caddo River (Deéray Reservoir study) emphasized
the fundamental importance of-sampling streams duting time of maximum
surface runoff, .

On the basis' of the preliminary data analysis, it became evident that
water quality samples colleéted during storm events would be indicative of
surface runoff and land use. To confirm this assumption, two water
quality sampling programs were conducted during petiods of both low flow
and storm events. These programs provided conclusive svidence as to the
extremely variable nature of the rate and quality of land runoff. Among
the more important variables that contrel runoff water quality are rain-
fall intensity and duration, aﬁtecedent conditions, and the type of land use.

Processing of all Arkansas Watef quality data published since 1944
revealed that only 7 percent of more than 200 stations have been in oper-
ation since 1964, and those having sufficient historical records provided
data on parameters that havg little relevance in identifying nonpoint source

pollution. In the past, many of the water quality data that have been
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collected were not utilized to full potential and as a consequence,

gaps in data gathering apparently have not been realized. It became
obvious during the conduct of this investigation that past and present
water quality monitoring programs have been hindered by the lack of a
true realization of data needs, and lack of recognition of the potential
for obtaining proper data. A few monthly samples taken without regard
for rainfall, positioning on the stream hydrograph, and more importantly
the parameters indicative of surface runoff tell very little about the
water quality of a stream,

Land use now is recognized as the dominant overall influence affect-
ing the quality of surface waters for much of the United States. Land
and water no longer are considered to be independent components of the
landscape. Though point source pollution has received considerable
public attention in the past two decades, more complex diffuse or monpoint
pollution has been essentialiy ignored. With the exception of specifie
inputs such as irrigation return flows, surface mine drainage, and
subsurface flow, most of the total contribution of nonpoint pollutants
results from surface runoff. If greater attention is not given to land
use as a component of any water quality management system, the benefits
of tertiary and advanced waste treatment may be offset by pollution from
surface runoff.

Nonpoint sources of pollution can be enormously great in number, yet
rarely are cited as pollution sources to streams and rivers. The expense
of monitoring all nonpoint sources in all river basins can be lessened
by monitoring land use changes with LANDSAT imagery. What is urgently

needed is initiation of water quality monitoring programs in which

specific considerations are given to the hydrograph. The desipgn of a
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monitoring network based on point sources alone can provide only partial
information. Stormwater quality analyses should be undertaken on those
stream segments where land usage indicates a significant impact. The

consideration of storm runoff is essential for determining critical con-~

ditions.
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APPENDIX

MULTIVARTABLE ANALYSIS FOR THE RED RIVER,
CADDO RIVER, ST. FRANCIS RIVER AND
WHITE RIVER STATIONS.
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