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PREFACE  

This Type III Report covers the contract period from 27 January 1975  

to 27 July 1976, and fulfills the requirements 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 gross changes in land use.  

The specific objective of this research investigation was to compare  

LANDSAT-l and -2 imagery for land use change detection in Arkansas that  

may indicate variations in regional water quality. The long-term  

objective was to provide insight into the feasibility of using LANDSAT­

derived land use mapping for monitoring and predicting gross or regional  

degradation of water quality.  

SCOPE  

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 land 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.  

Surface water quality data published by federal, state, and local agen­

cies 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  
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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-I and -2 imagery of Arkansas provided evi­

dence of significant land use changes; however, water quality records were  

not'available in areas of maximum change.  

Processing of all Arkansas water quality data published since 1944  

revealed 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 nonpoint source pollution.  

Water quality sampling programs conducted concurrently with the  

LANDSAT investigation provided conclusive evidence as to the extremely  

variable nature 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 on  

the stream hydrograph, and more importantly the parameters indicative of  

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

SUMMARY AND RECOMMENDATIONS  

Land usage 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 land­

scape. Though point source pollution has received considerable public  

attention in the past two decades, the more complex diffuse or nonpoint  
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pollution has been essentially ignored. With the exception of specific  

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 - LANDSAT monitoring programs in  

which specific considerations are given to the hydrograph. The design of  

a 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 con­

sideration of storm runoff is essential for determining critical conditions.  
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SECTION I  

RESEARCH PLAN  

1.1  INTRODUCTION 

Land and water now are being recognized as mutually dependent  

components of the environment. Yet only recently have the full impli­

cations of land'use for water resources management begun to unfold.  

Though the quality of surface waters can be influenced by many factors,  

the more important parameters .dominating water composition generally  

are the mineralogy of surface soils, geochemi:cal composition of the  

subsurface, and biological and physical characteristics within the  

watershed. However, land usage now is recognized 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 causes of increased point source  

pollution and associated degradation of the quality of the nation's  

surface waters. The more complex diffuse or nonpoint pollution from  

land runoff, though not well understood, 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 response beyond mere  

,recognition. However, the lowering of the environmental quality of  

surface waters has become a source of considerable public and govern­

mental 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  

often are recognized as organic and inorganic materials entering sur­

face and groundwater from nonspecific-or unidentified 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. Natural processes on watersheds can  

contribute their share of any pollution load and in many cases this share  

may be substantial. In fact, if greater attention is not given to land  

use in water quality management, the benefits of advanced treatment may  

be offset by pollution from land runoff. It is mandatory, therefore,  

not only to establish the natural or background water quality during  

low flow in order to assess the effects of increased inputs caused by  

human activities, but also to monitor 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 collected  

by state and federal agencies should be correlative with gross land use  

changes detected by LANDSAT image analysis. The updating of land use  

maps in conjunction with analyses of historical water quality data  

should provide a technique 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,  
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emphasis should be placed on determining how various land use activities  

may influence water quality.  

1.2  SCOPE OF STUDY  

The State of Arkansas was a pioneer test region for the U.S.  

Geological Survey's National Standard Land Use Classification System.  

The first regional computerized land use mapping program in the United  

States, aimed at monitoring urban'growth, was completed in 1975 for  

approximately 52,000 square miles of the Ozarks Region, much of which  

was thd State of Arkansas. Computerized land use maps generated mostly  

from high altitude photographs (1972-73 acquisition) and supplementary  

LANDSAT-I imagery represent a comprehensive data 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 annually (since 1944) by the U.S. Geological Survey,  

Arkansas Geological Commission, and other state and federal agencies. In  

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 Engineers (Caddo River and DeGray Reservoir), provided water quality data  

that could be correlated with a multitude of -environmental parameters.  
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In the fields of land use and water resource 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-l 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. Evaluateand compare-detailed-water quality monitoring data  

and land use changes in specific-areas (Buffalo National River and DeGray  

Reservoir) with the regional-data-obtained from LANDSAT-1 and LANDSAT-2.  

4. Analyze water samples-fromselected Arkansas watersheds for  

which no post-LANDSAT-1 and/or-LANDSA-T-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 insight into the feasibility of  

using LANDSAT-derived land use mapping for monitoring and predicting gross  

or regional degradation of water quality. Should this method prove feasible  

in Arkansas, applicability should hold for the entire United States.  
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Computerized land use maps, updated with LANDSAT type inputs, may  

provide a near-real-time capability of assessing regional water quality,  

independent of political boundaries. The long-tern objective of the  

study is to evaluate an emerging remote sensing technology, ultimately  

to be combined.with computerized image processing as a system for monitor-'  

ing water quality conditions on a spatial; continuous, almost-real-time­

basis.  
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SECTION 2  

BACKGROUND INFORMATION  

2.1  LOCATION AND BACKGROUND  

2.1.1  Location  

Arkansas is in the south-central United States (Fig. 1), adjoining  

Missouri on the north, Oklahoma and Texas on the west, Louisiana on the  

south,  and Mississippi and Tennessee on the east. Arkansas' latitudinal  

location between 330 and 36030'N is in the humid subtropics near their  

poleward edge, or the lower middle 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 900 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 divided 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.  

6 
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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  

hiiy, relief'generaliy not exceeding 200 feet. In the Springfield Plateau  

elevation generally ranges from 1,00 to 1,500 feet. The Boston Mountains  

are the higher southern edge of the Ozarks. The mountains are primarily  

flat-topped summit ridges representing the original erosion surface of the  

plateaus. Great stream dissection has created steep-sided mountains and  

,deep narrow valleys. Elevation generally ranges from 1,500 to 2"200 feet  

but in places exceeds 2,500 feet. Relief is mainly within the 500-1,000­

foot range but in places exceeds 1,600 feet. The northern 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 into gen­

erally parallel ridges and valleys in an east-west orientation. Most  

of the mountain ridges are narrow with steep slopes; crests tend to be  

sharp; valleys are generally rather broad,. Within the Ouachita Mountains  

province, subdivisions are distinguished'mainly by the spacing of the  

folds. The Arkansas Valley region, for example, is from 30 to 40 miles  

wide and is characterized by widely spaced ridges straddling the Arkansas  

River which flows from northwest to southeast. Within the core area of the  

Ouachita 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,  

with local relief of less than 100 feet. The gently rolling surface is  

only 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 feature is 3 to 12 miles wide, rising 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 Paleozoic  

age, dominated by limestone and dolomite in the north plateaus areas and  

-gradually changing to sandstone and shale in the south. The Gulf Coastal  

Plain is underlain by rock of Cretaceous, Tertiary, and Quaternary age com­

posed of Slaystone, sandstone, conglomerate, chalk, and marl. Table 1  

provides an indication of the general geologic age groupings of rock units,  

and Figure 3 gives more specific details about the geologic units at the  

surface.  

2.3  SOIL ASSOCIATIONS  

A soil survey and soil associations map provide valuable informa­

tion to anyone interested in land use - water quality studies. In Arkansas,  

the USDA Soil Conservation Service, Forest Service, and the University of  

Arkansas Agricultural Experiment Station cooperate in soil survey mapping,  

research on soils, development of reports for publication, classification  

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

10  
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EXPLANATION  
SURFACE GEOLOGY  

AREA I  
The surface rocks of the Salem Plateaus are the oldest of the Ozark Plateaus, younger ones  

having been removed by erosion. They are largely of Ordovician age, and are predominantly dolo­
mite and limestone 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 isprimarily 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 largely of sandstone and shale found in the  
Boston Mountains.  

AREA 3  
The Boston Mountains and the eastern part of the Arkansas Valley are surfaced insandstone  

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 InUpper 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 isparticularly 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. Two major units are the Crystal'Mountain Sandstone and the overlying Mazarn  
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. It is a very hard, fine-grained rock of silica, used as an abrasive stone and as a  
silica source inmanufacturing.  

AREA 8  
Recent alluvium and terrace deposits cover much 6f 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 Arkansas are Inolder 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, clay, 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
luvium which had been deposited mainly during the Pleistocene and carried iteastward, dropping  
Itwhen forced to rise. The bluffs on the east side of the Mississippi Valley from Cairo,  
Illinois, southward also are capped with loess.  
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4o,N  r  z 
EXPLANATION- , SOIL ASSOCIATIONS GENERAL LAND USE  

Group I  

Ozark Plateaus Limestone Soils. These soils have developed chiefly on.the limestones 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. Subsoils are slowly to moderately permeable, grayish brown to yellowish brown  

clays. Soils are mainly silt, loam, relatively deep in the valleys and on flatter areas, but very  

thin on the steeper hillsides. They are used for general farming, especially grazing of beef  

cattle; and for orchards and vineyards.  

Group 2  
Ozark Plateaus Sandstone-Limestone Soils. The hills and valleys are eroded from interbed­

ded sandstone and limestone on the Salem Plateau.- Clay and sandy loam subsoils are overlain by  

loamy grayish brown and yellowish brown soils. 'Mixed hardwoods and shortleaf pine are the natural  

vegetation and general faming predominates.  

Group 3  

Boston Mountain Soils. The Boston Mountains 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, chiefly with deciduous trees'but with shortleaf pine in the east and  

south. The Ozark National Forest is in the middle of the area. The soi-Is are sandy loams and  

clay aams, medium textured, and generally well drained. Woodland and pasture with some general  

faming.are major uses.  

Group 4,.  

Arkansas 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. Deciduous 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 slowly to  

moderately permeable and of medium texture. Sandy, silty, and clay loams range from brown to yel­

low and red in color. Pasture, general farming, and some specialty crops occupy the non-forested  

land.  

Group 5  

-Cherokee Prairies Soils. These soils occupy scattered areas in the western Arkansas Valley,  

developing oyer sandstone and shale and under prairie. The soils are deep and of medium texture  

and are a dark silt loam. Grazing is the major use.  

Group 6  

Ouachita Mountains Soils. Shale, sandstone, novaculite, and tuartzite are common surface  

rocks. The soils are of medium texture and moderate permeability. The area is forested; pines  

and bottomland hardwoods predominate. Soils are mainly silty clay and silty loam, deep in the  

valleys and very shallow and stony on the ridgetops. The Ouachita National Forest comprises con­

siderable acreage. Elsewhere,. livestock grazing and general faming are the chief agricvltural  

pursuits and there Is much timber harvesting.  

Group 7­

­ Blackland Prairie Soi-Is. in southwestern Arkansas, scattered prairies occupy areas of chalk 

and calcareous marls. Gray clay subsoils are overlain by deep, dark clay and silt loam soils.  

Pasture and field crops are the chief uses.  

Group 8  

Forested Coastal Plain Soils. 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 ahd clay loams. There is consider­

able harvesting of both pines and hardwoods. Pastures and truck qnd field crops are major  

agricultural uses.  

Group 9  

Bottomiand and Terrace Soils. This soil association is found along all major streams. The  

deep alluvial material ranges from coarse 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. Soils. In some areas of eastern Arkansas, especially on the west side of  

Crowley's Ridge, are broad alluvial plains capped with wind-deposited silt. Most 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 generally compact. The silt loam soils are used for rice, cotton, soybeans, and  

pasture.  
Group 12  

Loessial Hills Soils. Crowley's Ridge and smaller ridges of eastern Arkansas are capped with  

windblown silt ranging in depth from a 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.  
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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 Oligocene 36,000,000 

Eocene 58,000,000 
Paleocene 63,000,000 

CRETACEOUS 135,000,000 

MESOZOIC JURASSIC 180,000,000 

TRIASSIC 230,000,000 

PERMIAN 280,000,000 

PENNSYLVANIAN 310,000,000 

MISSISSIPPIAN 345,000,000 

PALEOZOIC DEVONIAN 405,000,000 

SILURIAN 425,000,000 

ORDOVICIAN 500,000,000 

CAMBRIAN 600,000,000 

major soil associations for Arkansas and the explanation includes a brief  

description of each land use resource 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, occurring  

along the zone or "front" where two unlike air masses meet. Locally in  

highland areas precipitation amounts are increased by orographic action  

which occurs when moist air is forced to rise over a landform barrier. This  

process is common in the area of the Ouachitas 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.  
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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 Arkansas3 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 track can be seen on the map as the area having the greatest  

annual precipitation through the center of the state. As a low, or cyclone,  

moving along this track reaches the central part of the nation, 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. Lows  

following this-track are able to draw considerable moisture up'from the  

Gulf. The track comes closest to the southeast corner of Arkansas, and  

is 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 for some of the precipitation received  

in northwest Arkansas.  

2.5 STREAM RUNOFF  

Stream runoff is water that 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.  
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Many variables regulate the amount of runoff. Precipitation is the  

most basic regulator. Amount, duration, intensity, 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 be small. Runoff will be  

greater if precipitation comes in large 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 also a factor. If the soil is loose and  

porous, water can percolate into 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 soil 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  

reasons 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  

18  



20 

r  in  i  h  1  4  ­1960F g r  6  M  a 

16- 

I{' *  ,  *  '  ­ , 

ao ....-.....­;!£!..)­ 18  0  25 
~MILES 

'  "  KILOMETERS 

- 1614 ru'= -"- 1416  

(of ter: Arkansas  Department  of  Planning,  1973). 

MEAN  ANNUAL  RUNOFF  IN  INCHES' 

1940­1960 

Figure  6.  MeaIn  annualI  runoff  in  inches,  1940  ­1960 

19  



northwestern half and the Lowlands in the~southeastern half. The words 

"high" and "low" readily bring to mind how a rivet or lake would look in 

these two parts of the state. Highland rivers are generally flashy, fast 

running, and clear; Lowlands rivers are sluggish and generally muddy. Lakes 

and reservoirs in the Highlands are relatively deep with steep irregular 

shorelines. Lowland lakes-and reservoirs Are relatively shallow and small  

quantities of water will flood large areas of land in comparison with equal  

quantities of water in a lake in the Highiands (Sniegocki and Bedinger,  

1969).  

2.6 LAND USE  

The State of Arkansas was a pioneer test region for the proposed  

National Standard Land Use Clasification System. The first regional com­

puterized land use mapping program in the United 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  

maps generated from 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  

investigation was the feasibility of updating these land use maps with  

LANDSAT-2 imagery to make possible monitoring of land use changes which  

might have a direct influence on the gross degradation 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, U.S.  

Geological Survey personnel displayed the Pheonix, Arizona, land use map,  

computer plots, and statistical data. The Ozarks Regional Commission  

favored investigating the possibility of the development of a similar system  

for the Ozarks Region. The U.S. Geological Survey and Ozarks Regional  

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 ascertainthat the land use data base would  

provide meaningful data that could be used for resource management activi­

ties in the regioi. 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.  

2.  All data encoded and put into the computer 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.  

21  



2.6.1.2  Data Base Products  

The land usedata base contains the following items for each  

P: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  
II 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 political 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. Land use data base system flow diagram.  
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Table 2. Land Use Classification System for Use With Remote Sensor Data - 

Ozarks Regional Commission Program*  

Level I  

01. Urban and Built-Up Land  

02. Agricultural Land  

03. Rangeland  

04. Forest Land  

05. Water  

06. Wetland  

07. Barren Land  

08. Tundra  

09.  Permanent Snow and  

Icefields  

Level II  

11. Residential  

12. Commercial and services  

13. Industrial  

14. Extractive  

15.  Transportation, communications,  

and utilities  

16. Institutional  

17. Strip and clustered settlement  

18. Mixed  

19. Open and other  

21. Cropland and pasture  

22. Orchards, groves, bush fruits,  

vineyards, and horticultural  

areas  

23. Feeding operations  

24. Other  

31. Grass  

32. Savannas (palmetto prairies)  

33. Chaparral  
34. Desert shrub  

41. Deciduous  

42. Evergreen (coniferous and other)  

43. Mixed  

51. Streams and waterways  

52. Lakes  

53. Reservoirs  

54. Bays and estuaries  

55. Other  

61. Forested  

62. Nonforested  

71. Salt flats  

72. Beaches  

73. Sand other than beaches  

74. Bare exposed rock  

75. Other  

81. Tundra  

91. Permanent snow and icefields  

*From 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.S. Geological Survey, Department of Transportation, Department of  

Agriculture, Department of Housing and Urban Development, and state and  

local agencies. The cartographic specifications for compilation were:  

1.  The delineations 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 two minimum sizes.  

All  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 Built­

up Land and Water Categories, and 1320 ft. (400 m.) for all other categories.  

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 computer provide both map and statistical data requires.  

that the information developed during the compilation be converted to a  

computer-acceptable format. For the original agreement (USGS and Ozarks  

Regional Commission), the conversion was accomplished by using Universal  

Transverse-Mercator (UTM) coordinates and encoding the information 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 d.ta were  

combined in the computer and stored on magnetic tape so that complete  

county, regional, or state data can 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 maps 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 

Col. 

Col. 

6-7 

8-9 

East km2 grid number (row) 

North km2 row number (column) 
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Col. 14-15 State number 

Col. 18-20 County number 

Col. 21-26 Census minor civil division or tract number 

Col. 29-32 Drainage number 

Col. 33-36 Data 

Col. 38-39 Land ownership &ode 

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- km2 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 old cards in the original deck and the newly constituted  

deck is read into the computer.  

2.6.2 USGS Mapping Versus Change Detection  

Coincidentally with the LANDSAT investigation, land use ­

water quality studies were conducted in the Buffalo National River and  

Caddo River watersheds. In 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-l imagery. Comparison of the University of  

Arkansas and USGS land use maps revealed a problem that had not been  

*Photographs furnished courtesy Arkansas HighwayDepartment.  
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anticipated during the initial phases of the investigation. The USGS poly­

gonal land use boundaries only approximated the actual "real-world" out­

lines. The computer-compatible polygons tend to average irregularities,  

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 of a watershed has been firmly established and a comprehensive  

review of progress in surface 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 the 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 is used to estimate urban flood  

frequency characteristics. The effects of urbanization 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 (1975) 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 application of computer tech­

niques to the simulation of the hydrologic response of urbanized watersheds.  

29  



3.3 EFFECTS OF DEFORESTATION AND VEGETATION  

The hydrologic consequences of changing land use have become obvious  

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 11  

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 every-water use. They point out that sediment interferes with aquatic  

life processes, affects heat balance in streams 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 clear-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

niques. 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 esti­

mate overall water quality-of a stream and to predict individual problem  

parameters.  

REPRODUcIBILTy  OF  THE 
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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 areas 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 water  

quality at several sites in Arkansas.  

4.2 DATA COLLECTION  

All available water quality data for the state of Arkansas were col­

lected. Included were water quality records of the U.S. Geological Survey,  

U.S. Corps of Engineers, and the Arkansas Department of Pollution Control  

and Ecology.  

Difficulty was immediately encountered in finding stations 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--parameters sensitive to nonpoint source pollution.  
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Still 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 close examination of the 41  

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

basin  with periods of record from 1968 to 1974 revealed only three stations  

for which parameters and measurement frequency were sufficient to warrant­

further analysis.  

After an extensive evaluation of all data, seven stations finally were  

selected for detailed study on the- basis of having the most complete water  

quality data available in terms of period of record, sample frequeicy, and  

number of parameters measured. -Three of the stations selectedhave the same  

terraine environment and are near each other in northeastern Arkansas.  

These-similarities permitted cross-checking of data and interpretation. The  

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. St. Francis-station on the St. Francis  

River; the Cache River station at MeDougal, and the Black River station at  

Corning are all in the northeasternmost corner of Arkansas (Fig. 8). The.  

St. Francis and Black Rivers have headwaters-in the St. Francois Mountains  

of Missouri and flow onto the Gulf Coastal Plain, whereas 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 sandstone. Although  
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Figure  8.  Water  quality 
station  locations. 
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Table 3 Environment of Selected Water Quality Stations  

Station  

Number  

1.  St. Francis  

River at  

St. Francis  

2.  Cache River  

at McDougal  

3.  Black River  

at Corning  

4.  Kings River  

near Berry- 

ville  

5.  White River  

at Lock and  

Dam No. 1  

6.  Caddo River  

at Glenwood  

7.  Red River  

at Doddridge  

Longitude- 

Latitude  

90008'13"W  

36027'21"N  

90022124"W  

36026'05"N  

90032'26"W  

36024'07"N  

93037'15"W  

36025'36"N  

91011'08"W  

34°01'35"N  

93025'00"W  

34017'12"W  

930 05'36"W  

33005'36"N  

Physiographic  

Provinces  

St. Francois  

Mountains  

Gulf Coastal  

Plain  

Gulf Coastal  

Plain  

similar to  

St. Frahcois  

Ozark Region  

Ozark Region  

Gulf Coast  

Plain  

Ouachita  

Mountains  

Ouachita  

Mountains  

Gulf Coastal  

Plain  

Major Major 

Rock Types Land Use 

granite, fel- agriculture 

site, dolomite, 

limestone, 

sandstone, al­

luvium 

alluvium agriculture 

similar to St. agriculture 

Francis station 

limestone, pasture, 

shale, sand- forest 

stone 

alluvium agriculture 

shale, sand- forest 

stone, nova­

culite, and 

chert 

sand, lignite, agriculture 

red clay, al­

luvium 
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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 settings (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. 8). It is similar to the three described  

above in that the major land 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 corner of the state (Fig. 8) is in a  

predominantly agricultural area and also is in alluvium of the Gulf Coastal  

Plain. However, the headwaters of the Red River drain sand, lignite, and  

red clay areas in Oklahoma.  

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 Ouachita  

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  

OF  THERF  PODUOIBILITY 
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Table4. Explanation of major water quality parameters  

TERM  

Biochemical  

Oxygen  
Demand (BOD)  

Cubic Feet  
per Second  

Dissolved  

Oxygen (DO)  

Milligrams  
per Liter  

(mg/l)  

Micrograms  
per Liter  

(lig/l)  

pH  

Specific  

Conductance  

Total  
Coliform  

Total  

Hardness  

Total  

Iron  

Total  

Nitrate  

Total  
Residue  

Turbidity  

IN  

DEFINITION  

BOD is a measure of the nonliving organic demand for oxygen  
imposed by various kinds of wastes; a high BOO may tempo­
rarily or permanently so deplete oxygen inwater as to kill  
aquatic life.  

CFS is the rate of discharge representing a volume of one  
cubic foot passing a given point during one second and Is  
equivalent to 7.48 gallons per second or 448.8 gallons per  
minute.  

DO is the concentration of oxygen dissolved In stream water;  
the DO concentration of unpolluted water varies directly  
with atmospheric pressure and inversely with temperature.  
Nonliving organic matter depletes dissolved oxygen inwater  
creati'ng stress for aquatic life.  

mg/l is a unit for expressing the concentration of chemical  
constituents insolution; milligrams per liter represents  
the weight of solute 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 billion (ppb). One'  

thousand micrograms per liter is equivalent to one milligram  
per liter.  

pH is the measure of'hydrogen-ion activity in solution and  
is the negative'logartthm of the number of hydrogen ions in  
solution; pH isexpressed on a scale of 0 (highly acid) to  
14 (highly basic); pH 7.0 is neutral being neither acid nor  
basic.  

Specific conductance is literally specific electrical con­
ductance (or electrical conductivity), and is a measure of  
the capacity of water to conduct an electric current under  
standard test conditions: specific conductance increases  
directly with increased concentrations of dissolved and  

ionized constituents. Commonly, the amount of dissolved  
solids (inmg/l) isatout 65-percent of the specific con­
ductance (measured inmicromhos).  

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-incubation membrane-filter method.  

Hardness of water is a physical-chemical characteristic  
attributable to the presence of alkaline earths (princi­
pally calcium and magnesium) and is expressed as equivalent 
calcium carbonate (CaC0 3) in the raw water sample.  

Iron in the raw water sample  

Nitrogen 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

0
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 isoften  
called "muddy", although all manner of suspended particles  

Zcontribute 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 planned, 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. For 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 season.  

High rainfall, especially in a short period or associated with saturated  

soil conditions, usually will increase streamflow. Warm summer months cor­

relate with overall low streamflow, yielding general season-streamflow cor­

relation and temperature-streamflow correlation. During winter, lack 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 did 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 cases  

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 yielded significant correlation with streamflow, but  

many yielded 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 not  

necessarily imply that streamflow controls or causes water quality changes,  

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 iron,  

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 creates 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 values at low flow probably represent run­

off from the station area.  

The Black River and St. Francis River stations' 'turbidityvalues  

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 yields 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 unusual in that it exhibits  

linear correlations of decreasing specific conductance 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 ground cover (e.g.- season) and land use (e.g. time of  

plowing) can also affect total residue.  

The fact that the White, Kings, St. Francis, and Black Rivers' stations  

all exhibit decrease in total residue with increasing flow (e.g., Fig. 17),  

suggests that the dominant contribution to the total residue for these sta­

tions is the dissolved load. The sparse data avdilable indicate that the  

dissolved solids normally comprise about 60% of the total residue for these  

three stations; however at high flow as little as 10% of the total residue  

is dissolved solids. Therefore, these trends appear to represent dilution.  

Johnson-and Needliam (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 the:Red River  

and Cache River stations (e.g. Fig. 18) are not 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 dissolved material.  

However, only one station, Red River, has a total iron versus flow plot  

that is statistically significant (Fig. 19). The best trends are for the  

Red River and Cache River statLons which also have the highest iron concen­

tration. The increase 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 solids,  

and the explanation of its increase 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 point, six  

nitrate values give a statistically significant trend at the 90% signifi­

cance level for the Kings River station (Fig. 20). The Red River, White  

River, and Cache River stations all show increasing nitrate trends with  

increasing 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 River (e.g., Fig. 22) both show overall  

decreases of coliform bacteria with increasing flow; however, neither of  

these trends is significant at the 90% 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  Cacido  River  stations  (e.g.  Fig.  23);  however,  only 

the  Red  River  trend  is  significant  at  the  90%  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 dense turbid water which is also highly oxygenated flows  

under  the less oxygenated quiet water at the sampling station. The Cache  

River  has essentially constant dissolved oxygen (8 ppm). 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 (10 ppm); however, this pattern  

is attributed to the characteristics of the Kings River. The Kings River is  

a riffle-pool stream in which the dissolved oxygen is recharged and approaches  

saturation as the water passes through the riffles. Another problem in cor­

relating dissolved oxygen with 3treamflow is the dissolved oxygen tempera­

ture  dependence (higher dissolved oxygen at lower temperature). Thus,  

although runoff waters may have high dissolved oxygen vaiues, they may also  

have  low dissolved oxygen value3 because of the presence of oxygen-depleting  

materials. Temperature effect is additive to these effects.  

4.5.1.8  Biological Oxygen Demaid (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 hydr6­

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 reflect 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 runoff, infiltration water, 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

posed of baseflow and the hydrograph assumes a shape uniquely characteristic  

of the particular basin (Dracup et al., 1973).  

The best storm hydrograph data with corresponding water chemistry data  

for Arkansas are 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 occur 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  

historical water quality data are for baseflow and some represent the  

descending side of the hydrograph. Complete modeling would require con­

tinuous monitoring of flow in order to characterize a sample as representing  

baseflow, rising hydrograph, 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 Caddo 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 also noted increases in turbidity, bacteria counts, suspended sedi­

ments, total Kjeldahl nitrogen (TKN), dissolved TKN, total phosphorus, and  

suspended solids caused by increased runoff associated with the rising hydro­

graph (Figs. 28-32). These 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. 38). 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 sediment 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 can be decreased by dilution or increased by xunoff 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 minimal  

effect on biological and chemical reactions which affect parameter concen­

trations (except for bacteria, dissolved oxygen, and biological 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 because 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 known. 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 (i.e.,  

land use). Water quality data as now collected are totally inadequate as a  

basis 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 determine changes in land  

use in the Cossatot River watershed of southwest Arkansas during the period  

October 1972 - April 1975. Clearcutting 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. Interpretation 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 alti­

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 mi2 .  

Lands drained 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. Population also is concentrated 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  

watershed.  

For the purpose of this report, the Cossatot watershed is divided into  

three separate areas: upper, middle, and lower 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  

check conducted 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.6S., 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 consists 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 deciduous 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 joined 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 the 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, where the  

Arkansas Novaculite again is exposed. Agricultural land 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. Included in the middle watershed is the Gillham dam an( reservoir  

site. A short distance below the dam site the Cossatot enterE a typical  
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Gulf Coastal Plain terrain, composed mostly of Quaternary alluvium. This  

area supports substantial agricultural activity. North 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 consists of those lands drained by the  

river south of the Highway 70/71 bridge. In this part of the watershed  

commerdial 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 extensive area of poorly drained deciduous woodland which supports  

neither agriculture nor the timber industry. This area is below the top  

level of the flood control pool of the Millwood Reservoir on Little River.  

5.1.3 Imagery Interpretation and Field Check  

Increases in the extent of forest removal in the Cossatot watershed,  

as-detected 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-l image acquired on October 4, 1972  

(81073162335G200). 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. 

Watershed 
Division Acres 

Urban 
Sq Mi Percent 

Agricultural 
Acres Sq Mi Percent Acres 

Forest 
Sq Mi Percent Acres 

Clearcut 
Sq Mi Percent 

Total 
Acres Sq Mi 

Upper 
1972 128 0.2 <1 3,520 5.5 2.5 130,944- 204.6 93.7 -5,120 8.0 3.7 

139,712 218.3 
1975 128 0.2 <1 3,520 5.5 2.5 123,584 193.1 88.5 12,480 19.5 8.9 

1972 704 1.1 <1 11,456 17.9 14.6 63,936 99.9 '81.7 2,176 3.4 2.8 
Middle 78,272 122.3 

1975 704 1.1 <1 11,456 17.9 14.6 55,488 86.7 70.9 10,624 16.6 1,3.6 

Combined 1972 832 1.3 <i' 14,976 23.4 6.9 194,880 304.5 89.4 7,296 11.4 3,3 
Upper & I 

' 
217,984 340.6 

Middle 1975 832 1.3- <I ' 14,976 23.4 6.9 179,072 279.8 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. <1 48,064. 75.1 14.2' 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 26.6' 14.5 259,072 404.8 76.5 28,224 44.1 8.3 

00 
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acquisition date of April 19, 1975 (82087161225000) (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 (820511612250000).  

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 evergreen 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 3urposes, generally for pasture, has a dis­

tinctive bright orange hue.* tecognition 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, somewhat irregular blocks which have a variable hue.  

On the 1972 image these areas are characterized mostly by a pronounced gray  

color. A few of the sites, however, 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  Il­Cyan  component  of  the  composite,  with  some 

interception  by  the  Yellow  (Batid  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 slight  

difference in hue. Both types of areas were delineated 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 remaining 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  

1915 image has no areas of pronounced gray color, but does include several  

additional sites with colors ranging 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 agricultural areas was fairly uncomplicated  

because the aforementioned image characteristics could be used for dis­

crimination. However, large stands of deciduous vegetation in the midst  

of the generally mixed forest "€ere, in a few cases, difficult to dis­

tinguish from clearcuts, especLally if these areas appeared to have a defi­

nite pattern. Classification )f these areas was made by considering their  

extent, their apparent accessibility, and their position in relation to  

geomorphic features and to other 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 timber area in the upper Cossatot  

watershed was conducted during early August 1975. Previously 53 separate  

areas had been designated as suspected clearcut locations in the upper  

watershed. Duringthe 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 harvesting activity. General accuracy of interpretation thus  

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

the entire watershed reflects fairly closely the ground conditions in the  

forests at the time of image acquisition. In addition, confirmation of  

the correct assignment of certain areas 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 one confirmed.  

omission of a clearcut area. In the case 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 both 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  

caution in the interpretation of early spring imagery of a mixed commercial  

forest. If a strictly deciduous area which appears in light tones on the  

imagery also has the characteristic outline of a clearcut, discrimination  

becomes difficult, particularly because many-of the clearcut areas actually  

have some deciduous 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 is 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 imagery, shows the extent to which recognizable changes,  

occurred in the Cossatot watershed during the 30-month period of October  

1972 - April 1975. Four 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.  

No change was detected in this category. A nearly static condition also  

prevailed in the extent of agricultural lands, only q 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 undisturbed  

stands of trees so c6mpletely cover the ground as to produce a character­

istic tone on the LANDSAT image, one which is generally darker than that  

produced by surrounding cleared areas. Clearcut areas comprise the fourth  

category. Some recent clearcuts have only a low weed cover remaining on  

the 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 conmer­

cial timber harvesting. Areas which were recognized as clearcuts on the  

1972 imagery are considered to remain in that category for the 1975 land  

use inventory. In Figure 45, these older areas are distinguished from  

other clearcuts which were detected only on the 1975 imagery.  

5.1.4.2 Land 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 144 388 217 86 181 

5.1.5 Comparison with High Altitude 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 dqne 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 II maps of the area.  

The LANDSAT imagery-derived land use map in Figure 45 can be compared  

with Figure 48. In Figure 45, no attempt was made to delineate forest types,  

or to distinguish among the various Level IT categories of urban lands.  

With these differences recognized, the LANDSAT-derived map compares favor­

ably with the Level II mapping represented by Figure 48. In particular, it  

is apparent that the proposed USGS classification scheme does not include a  

separate Level II category which embraces clearcut lands. When they are  

recognized (Figure 48) such lands generally are placed in the deciduous  

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. Finally, on the original USGS  

overlays from which Figure 48 was drafted, iand use boundaries are drawn  

as straight lines, 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 clearcuts by their color and pattern, 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, 1959,  

were samples from the Cossatot collected and analyzed systematically. In  

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 until 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 monitoring program during the course  

of the project.  

5.2 WATER QUALITY OF THE BUFALO RIVER  

5.2.1 Introduction  

The Buffalo River of northern Arkansas originates in Newton County,  

35 miles southeast of Harrison, Arkansas. It flows generally northeast 150  

miles and ends 40 miles east of Harrison where it enters the White River  

at Buffalo City in Marion 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  Geology 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 below the Springfield  

Plateau 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 Formation. Because of the canyonlike character of the valleys,  

spring and fall storms 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. Ordovician-age strata include the Cotter,  

Powell, Everton, 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 environment to a sandstone,  

limestone, dolomite environment.  

The richer zinc ore deposits are present either in the Everton Forma­

tion of Early Ordovician 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 0.50. 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 old mines and known deposits 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. One of the best 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-Ponc  

Lead District was mined intermittently from 1860 to 1920 (McKnight, 1935).  

The Rush Creek area alone 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 river) 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 Sq. 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 is an "intensive look" at the water quality of the entire river  

at "a point" in time (Nix, 1973, 1975).  

Before an assessment of water quality 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 presence 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 fluctuations, whereas values for 1974 are very  

low and constant. 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 50.  Nitrate concentration versus river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed li'ne).  

Confluence of the Buffalo River with the White River is at zero  

river miles.  
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Figure 51.  Phosphate concentration versus river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed line).  
Confluence of the Buffalo River with the White River  is at zero river  
miles.  
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Figure 52. Zinc concentration versus river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed line).  
Confluence of the Buffalo River with the White River is at  zero  
river miles,  
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Figure 53, Calcium concentration versus  river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed line).  Bars  
represent calcium values for tributaries. Confluence of the Buffalo  
River with the White River is at zero river miles.  
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Figure 55. Alkalinity concentration versus river miles for the Buffalo River  
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Figure 56. Sodium concentration versus river miles for the Buffalo River 1973  

(drrle.s  nd solid line) and 1974 (triangles and dashed line). 

Confluence of the Buffalo River with the White River is at zero 

river miles. 
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Figure 57. Potassium concentration versus  river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed line). 

t~i Confluence of the Buffalo River with  the White River s at zero river miles.  
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Figure 58. Chloride concentration versus  river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed line).  
Confluence of the Buffalo River with the White River is'at zero  
river miles.  
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Figure 59,  Iron concentration versus river miles for the Buffalo River 1973  
(circles and solid line) and 1974 (triangles and dashed line).  
Confluence of the Buffalo River with the White River is at zero  

river miles.  



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. Nix also concludes that during periods of runoff, the  

river may become heterogeneods 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

gic setting of the river as do the bottom sediments. Nix (1975) found  

similar relationship's with close sampling of water along the river. How­

ever, it is important to note that Steele et al. used water filtered  

through a 0.45-micron filter for analyses. Calcium and Mg increase in con­

centration downstream where carbonate rocks (limestone and/or dolomite)  

are present. Although K and Na show very little variation along the river,  

they are clearly present in lower concentrations upstream. Shale, which is  
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Table 8.  Buffalo River water data compiled froin Nix (1975). Top figures are the ranges for the entire river and tt  

bottom ones are the means. All values-are give4r'.jn-ppm except pH.and specific conductance (micromhos).  

­  .2 '  ov nc.2 

26­118  3.1­15.6  1.0­1.  ­ 0.0­0.5  68­317  8.9­11.0  0.00"0.09  0.0­0.03  34  S  5/731974  7.0­7.8   0.06­040  10­SO  1.0­.1  0.9­1.4  0.6­19. 
1.5  0.1  229 9.5 0.04 0.017.6 0.06 34  2.1  1.3  0.9  3. 

1973  7.0­7.8  0.0  ­0.8  5.4­39.2  1.0­3.1  2.0­17.2  0.9­6.7  18­101  2.0­12.1  1.3­5.8  0.1­0.41  0.1­Z.8  45­315  8.5­120  0.04­0.30  0.01­0.21  64  SAKWLS  5/74 
2  0.24 0.9  14  10.2  0.06 0.077.6  0.3  28.1 2.1 6.0 2.0 74  73 

2. 7 .  

­ 4 
.  

0d  

t=  

http:0.01-0.21
http:0.04-0.30
http:0.1-0.41
http:0.0-0.03
http:0.00"0.09


Table 9. Buffalo River water quality data compiled from Parker (1973,1974). Ranges are given for each station and the  
entire river. All of the stations are on the river except station 3 which is on the Little Buffalo River, a  
tributary. All values are given in ppm except pH, specific conductance (microhrnos), turbidity (Jackson Units),  
and fecal coliform (numbers per 100 ml of water).  

K  C  07- I- ­

97  ­­ ­­­ 0.  '~  0I  . 

1974* IA  7.0­7.6  0.0110.0  35­108  0.9­.5  0.20­0.28  7.7­11  .9  72­189  ­ 1  3­3  5  0­12  .  4:­130  0  006­0.074  40­120  3  SA  WcLES PM  TATI  M 

1­ 3 

C74 

1973 

197 

1974 

2 

3 

IA 

75­7  7 

7  0­7­

7.5­7.6 

7. 0­ 7 .2 

7.0­7.7 

0 

­

0  5­0 .  0 

0.01140.03 

70­­

63­132 

78­98 

2- 2 9 

3A-124 

.8 

0.9­4:0­

1.5­2.8 

1.  ­ .  0 

0.9­4.5 

0.10­.26 

0.18­0.24 

0.18­0.25 

0. 2  2 

0.20­0.34 

8.0­10  0 

7.4­12  2 

7.­.0 

.­

7­1.9 

0­2204 

09­29 

0­220219 

80152 

­

72­1­

50­23.2  0-5 23­150  0.0­0.50 

2.1­4.4  0­10  5­56  0004­0.005 

5.0­7.  0  L90­16001  0.05­0.0 

0.  57­110  7 0 ­ 1 4 6 0  0 . 0 0 6 ­ 0 . 2 2 4 

1.­.U01C­10006­.7F4­2 

7 

6 

097 

­12 

95 

-1 3 0 

6463, ES  STATIC0 

F  M 1 9 7 4  (/ 7  ­ 7 5  ) 
SAS  FNST  f' 

1973 

1974  2 

7.-7.5 

7.­7.9 

­

0.009-0.30 

70-106 

74­131 

1.  ­2.8 

0.9­.0 

0.06-0.09 

0.24­0.27 

7 .-8.5 

7.7­12.a 

40­200 

21­20s9 

7 -176 

­

5.0­ 3. 

.  . 

2  0 

0­30 

­ 50 

5­690 

0.  00 

0.004­0.080 

10  9 

0­134 

1973 
1974 5 

7.6­7.9 
7.2­7.9 

­­
0.03­0.20 

95­123 
83­121 

1.0­2. 
0.9­ .0 

0.06­0.12 
0.16­.34 

8.5­ 9.0  20­220 
8.6­13.  51­195 

63­168 
­

2.2­2.6 
1.6­7.5 

0 
0­7 

0­50 
2­160 

0.05­0.20 
0.005­0.033 

5II 
88­124 

1973  7.5­7.8  ­ 10­123  1.5­4.2  0.10­0.0S  .9­9.0  20­760  67­164  2.3­9.0  0  10­504  0.05­0.20  117 

1974  6 7.2­7.8  0.05­0.20  90­130  1.­5.0  0.20­0.36  .- 13.2  6­197  ­ 0.5­8.2  012  1­130  0.004­0.013  94­150 

1973  7.4­7.9­ 109­127  1.­2.8  0.2  ­0.80  7.­8.5  0  ­20  76­141  2.7­11.0  0  0­50  0  0­0.0  136 

1974r  7  7.2­7.8  0.0­0.20  91­128  1.­4.5  0.18­0.36  78­13.0  45­197  ­ 0.3­9.5  0­14  2­280  .006­0.010  96­122 

1973  7.5­7.6  ­ 112­10  1.5­2.8  0.60­1.20  7.2­8.0  40­250  67­1524  1.­8.0  0  0­130  0.10­0.20  148 

1974t  a  7.0­7.8  0.00­0.20  97­132  1.4­5.0  0.16­0.32  7.5­12.6  66­283  ­ 04­142  0­18  0­590  0.010­0.036  102­240 

1973  7.0­7.9  ­ ­ 25­140  0.5­4.2  0.08­1.20  7.2­10.0  40­760  16­176  1.4­39.6  0­5  0­16000  0.0­0.80  a43­148 
1974  IVER  7.0­7.9  1­ 77  0.004­0.40  27­132  0.9­5.5  0.08­0.75  7.4­L3.2  50­233  ­ 0.3­14.2  0­30  0.590  0.0­0.354  26­150 

Two samples per station in 1973.  
2 One sample for station 1, three samples for stations 5, 6, 7, and 8, and three samples for all other stations.  

3 One sample per station in 1973.  
4 Two samples per station.  

5 Four samples per station.  
6 Maximum of three samples for station I  and maximum of five samples for stations 5, 6, 7, and 8 in 1974. 
7 Range for entire river - ten samples for period 6/74-4/75 (Rippey and Meyer, 1975). 
8 Range for river includes data from Rippey and Meyer (1975).  



Table fO. Buffalo River water data compiled from Steele et al.  

(1975). Range (top figures) and mean (bottom figure) given­

for six samples from each station (stations same as in Table 
­,9Th  All va.lues are- in ppm except Fe arid Zn which are in ppb. 

M 

0 0  

1  0.9­1.1  0'.5  ­O. 8  5­12:  0.8­1.1  11­41  4­12 
1.0 0.7 T 1.0 21  7 

2  1.1­2.2  0.7­1.2  20­39'  1.5­4.2  7­40  4­102 

1.3  0.8  27  2.3  19  21. 

3  0.9­3.5  0.7­1.2  16­42  1.3­2.9  4­12  0.3­163 
1.7  0.9  27  1.8  12  58 

4  1.0­2.1  0.7­2.2  19­44  1.3­3.9  3­36  1.0­101 

1.4- 0.81 31 2.2 11 23  

5  1.2­1.8  0.6­1.0  24­49  1.4­3 .5  1­30  1.0­147 

1.4 0.9  2.5  9  62 

6 1.3­1.9  0.6­1.1  24­49  1.8­3.3  3­54  1.0­41 

1.4  2.9  18  18 

7  .1.3­2.0  0.6­1.1,  26­50  1.9­4.0,  1­27.  1.0­43 

2.9  10  15 

8  1.3­2.0  0.7­1.1  30­8  2.9­8.9  1­16  1.6­348 
1.5  0.  4.2.  a 64 
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Table II. Buffalo River water data compiled from Steele et a].  

(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.  

E  E 

3  E 

3/74  0.9­1.6  0.7­0.9  5­30  0.9­3.0  16­41  4­15 

1.2  0.8  21  1.6  31  7 

5/74 1.0-1.4 0.8-0.9 8-42 1.1-3.4 8-21 2­163 
1.2 0.9 30 2.4 11 29  

7/74 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 6 51  

8/74  i.8­3.5  1.0­1.2  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 0.5-0.7 7­34  1.0­8.9  3­19  10.4­348 

1.3 0.6 26 2.2 8  97 

3/75 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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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 layers. 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 Na 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 ion, it is not 3trongly  

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 ppb). 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 Fe and Mn concentrations, and thus a rela­

tively greater amount of Mn may be removed from solution there than at  

other stations. Pb values are extremely constant, whereas Zn concentration  

is quite variable.  

The major ions (Ca, Mg, Na, and K) fluctuate seasonally, the greatest  

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

Of 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 variationwith time. As the dissolved oxygen content  

increases the Pb content decreases. Hn solubility apparently is not  

affected by the aforementioned factors--the Mn concentration of the river  

is very stable throughout the year. The other element variations 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 Nix (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 Analysis  

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 

Flow (CFS) 

100  

50  

-. 
10A.­­­­­e...A.2gQ10­ m  °C.T 

o -26 oH  ' 

5  1  I  I  I1  I  I  I  I  
MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  JAN  FEB  MAR  
1974  1975  

Figure 64. River water properties. Each point is an average value  

for  the  eight  stations  except  flow,  which  is  for  a 

station  near  midpoint  along  the  river  (station 5) 

127  



.5 

100  ­ a 

50 

0-

­

II 

/k 

\  Zn/\ 

/ 

/\ 

/\ / 

//\ 

/ 

/Fe 

/ 

5 

­0 

U, 

CL 

1.0  I I  I  I  I  I  I  I I 

a.0  

­­..  /
i  / 

\  / 

\  / 
\ / 

MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC  JAN  FEB  MAR  
1974  1975 

Figure 65. Dissolved river load (minor elements)  versus  month  of 

collection. Points are average values "or eight stations 

128  



Table 2. Comparison of water quality parameters at or near Rush, Arkansas from 1950 to 1974. All values are 'Fn ppm.  

4.,~  _  2. ~  a2_ Hardness 
G6 195  7.7-8.0 ­2.9­.3  2.2­2.6  ­ 101­126  3.7­8.0  1.5-2.5 ­ 0.3-2.8 114­22  94105  2­11  3.6­­ 12­ 2  8,  ­ ­2r,.'­.  ­ 0  4­1.  ­ L­2I81­2.4  1.4  118 4.6  2.1  0.1  1.5 118  101  5  10/49­9/50

­­ 0  ­ 122  5 •  5Z2  2  %  0,  ­..  11  13052 

USGS  1951  - ­ ­ ­ ­ 9S­129  5.0­7.0  2.0­4.2  ­ 1.1­1.6  ­ 83­117  5­11  2
8.3  ­ ­ 112  6.0  2.6  ­ 0.0  ­ 100  a 1/51­90/SI 

USS  1I952  8.2­8.6  ­ ­ ­ ­ ­ 121­124  4.0­7.0  ­ ­ 0.4­1.0  ­ 11­126  8­18  2,6- 37 . 6 - 122 5.S 2.2  ­ 0.7 ­ 116  13  2/52­9/52 

5  1953  8.2­8.3  ­­ ­ ­ 9­113  3.0­4.0  2.5­4.5  ­ 0.8­2.S  ­ 84­102  4  2S  ­ -3.0510 3.5  ­ 1.6  ­ 93  4.5  253­9/53 

USM  1954  ­ .0 ­ ­ 6 0 3.0  4.0  2.5­3.2  ­ 0.7­2.6  ­ 7388  1.2  2
8.2  ­ ­­ 7­ 97  3.5  2.9  ­ 1.6  ­ 81  1.5  1/54­9/S4 

16,8  1960  7.0­8.1  ­ 3346  1.9­5.3  1.0­2.0  0.5­0.9  107­158  4.2­9.6  1.2­2.8  ­ 0.0­0.  203­137  92­137  3­8  9
7.6  ­ O37  3.5  1.6  0.7  126  5.8  2.2  ­ 0.2  115  108 5  11/59­9/60 

SteeLE  1974  ­ ­ 0.001­0.0016  30­48  2.9­.9  1.2­2.0  0.7­1.1  ­ ­ -
H0.008  37  4.2  1.5  0.9  .  /4.37 

NIx t974 7.7  ­ 0.05  43  2.4  1.3  0.9  112  4.2  1.6  ­ 0.0  ­­ ,5/741 

NIX  1973  7.6  ­ 06  38  3.1  6.8  3.6  91  0.1  2.4  0.19  1.3  ­ ­ ­ 5/731 

PARKER  1973  7,5­7.6  - ­ ­ ­ ­ 112  146 1. 5­2. a  ­ 0.60­1.20  ­ 148  ­ 7- 17/
NiI, - a/ o7saio44 Tbe ;V4 W7Nx(]7)  

PAW(E  1974  7.0­7. 8  ­ .002  r  ­ ­ 1.4­5.0  ­ 0.16­1.40  ­ 102­1M)  5 /743/75j 

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). §
Parker, "1973 ­ Data for station 8. 1973, Table 8, this report. 
Parker, 1974 ­ Data for station 8, 1974, Table 8, thisJ report.la 

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


5.2.5  Conclusions  

Repent data (1973-1974) for water quality along the entire Buffalo  

River indicate no anomalous values that can be related to ldnd use changes  

along the river. The differences along the river are related to changes  

in the type of rock in the drainage basin--there is more shale upstream.  

Data from recent (1973-1974) studies also 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 Buffalo River since 1949.  

5.3  CADDO RIVER - DEGRAY RESERVOIR  

5.3.1  Introduction  

The Caddo River, which has its source in the mountains of Montgomery  

County, Arkansas, flows southeastward 78 miles to its junction with the  

Ouachita River in the vicinity of Arkadelphia, Arkansas, where an impound­

ment forms the DeGray Reservoir. A water 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 Arkansas on the Caddo River. The rocks of the area con­

sist 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 and  

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 mi2) is mountainous with eleva­

tion ranging from 2201 feet above mean sea level near the headwaters to  

194 feet at the mouth. Forestry is by far the dominant land use, and  

agricultural 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 the diversion tunnel on August 8, 1969. In  

December 1971 the reservoir reached normal pool elevation of 408 feet, at  

2 
which the pool area ig 18.3 mi .  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 the reservoir is narrower. The DeGray project is-unique 

in that it is the first major upper level release dam in Arkansas. 

A pre-impoundment 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  

initiated in the earlier project.' Th& period 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.S. 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 Experiment  

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 Ouachita 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 component. 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 Reservoir 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 (iron  

and manganese) are present in the oxygen-depleted hypolimnion. The chemi­

cal constituents which appear to be the most dynamic are calcium, alkalinity,  

silica and, in the hypolimnion, iron and manganese. 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 reservoir and are believed to be related  

to bacteria associated with suspended sediment during periods of high run­

off. Moderately large total bacteria popdlations 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 observd during the period when the reservoir is  

mixed. Turbid ,runoffwater ob::erved through the entire water column indi­

cates "plug" flow through this sector. During the early spring and late  

fall, runoff may disrupt stratification. 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 interflow changes to an underflow and carries water containing dis­

solved oxygen into the oxygen-depleted hypolimnion.  

The midlake sector is influenced directly by the Caddo 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 Caddo 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.Lrameters  

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, caution 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 DeGray 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 l.  Comparison of annual ranges of water quality parameters at 0 and 66-foot depths at station 1.  
All values are in ppm.  

I 0 

1970  0  6.7­8.0  0.09­0.25  1.0  ­1.5  4.1­ 7.3j  1.1­2.6  1.7­2.0  
66  6.3­7.4  ­ 0.09­0.27  1.4­ 2.0  5.6­ 8.31  1.6­2.0  1.6­2.0  1.2­1.6  ­.  

075­5.-71.1­1.3 
2  ­6.9 

1971  0  6.5­7.3  27.1­35  0.07­0.19  0.2  ­1.1  8.2­ 9.8  1.6­2.3  2.9­2.3  8.3­31.0  1.566  6.3­6.8  29.9­33  0.05­2.0  0.5  ­2.0  7.7­ 9.1  1.7­2.1  .8­3.0  7.1­ 8.5  1.4­2.4   1.5 -6.9 
1.8  ­3.2 

1972  0  6.4­7.6  33  37  0.03­1.5  0.3  ­2.1  7.8­ 9.6  1.8­2.0  2.1­2.4  - 00­1.­3.4
66  6.4­6.7  33  38  0.02­1.6  0.3  ­1.9  8.5­10.0  1.8­2.0  1.­"2.5  ­ ­. 6  

.3 

0.8­4.32973  0  6.7­7.6  20  2366  6.3­6.8  0.0  0.015  0.09­0.32  3.2­ 5.6  0.8­1.418  25  0.0  ­0.04  0.1  ­0.9  4.3­ 5.2  1.0­1.4  1.6­1.7  20.0­30.5  0.8­1.6  ­ 0.03­0.06  0.1­5.81.0­1.4  6.6­10.3  1.1­1.2  ­ 0.04­0.05 

1974  0  6.6­7.8  19  36  0.0  ­0.002  0.1  ­0.3  3.8­ 5.4  1.1­1.5  1.0­2.2  7.0­26.3  1.0  0.0­7.5  0.14­1.0  1.4­5.8  26­5566  6.3­6.8  18  25   41­63  67­83  7.2­10.6  -0.0 ­0.04  0.1   ­0. 9  4.3­ 5.2  1.O­I.4  6.6­1.4  6.6­10.3  1.1  0.0­3.9  0.7  ­2.2  5.2­6.9  27­60  39­75  50­78  0.9­ 7.9  -
1975  0  6.6­6.9  21  23  0.0  ­0.022  0.2  ­0.3   4.7­ 4.8  1.2­1.3  1.5­1.6  8.0­12.8  1.0­2.066  6,6­6.8  2  0.0  

0.4  ­0.6  4.0­6.3  26­43  41­45  77­84  8.0­10.8­0.009  0.2 ­0.4  4.1­5.0  1.2­1.3  1.3­1.6  7.9­ 8.1  0.0­2.0  0.4  ­0.7  4.9­5.3  27­52  42­51  68­89  8.5­9.5 

Ol 

0I 
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Table 15.  Comparison of annual ranges of water quality parameters for stations I, lOand 12.  

All values are in ppm.  

0 

I  U 

C..   2 

19706.7-8.0  - 0.09-0.25 1 o-1.5 4.1- 7.3 1.-1.6 4.7-2.0 1.1-1.> 

7.8- 9.6 1.8-2.0 2.-2.4 1.-.9 - -

1973 6.7-7.6 20 24 0.0-.0.0 09-0.32 3.2-5.6 0.8-1.4 1.6-1.7 0.0-30.5 0.8-.6 0..0 9.4-10.8 075-5.6 

972 6.4-7.6 33 .37 0.3-1.5 0.3-2.1 8.2­ 9.8  1.6­2.2  1.9­2.3  8.3­31.0  1.595716.5­7.3  27.1­35  0.07-0.19 0.2  ­1.1 

0.0  -0.002 1.1-1.5 0.4. 7.2-10.6 ,5-.7 197h 6.6-7.8  19 36 0.1 -0.3 3.8- 5.4 1.0-2.2 7.0-26.3 1.0 0.0-7.5 4 1:4-5 26-55 41-63 67-83  
1975 6.6-6.9  21 23 0.0-0.012 0.2 -0.3 4.7- 4.8 1.2-1.3 1.5-1.6 8.0-12.8 1.0-2.0 0.4  -0.6 4.0-6.3 16-3 41-45 77-84 8.8-10.8 0.3 -34 

10  1970 6.8­7.5  0.10-0.26 0.7 -2.2 4.9-13.4 1.1-2.3 1.7-2.4 ­ I­I.-
1971 6.7-7.3 27.1-39 0.05-0.11 0.2 -1.3. 8.4-11.0 1.6-2.0 2.0-2.4 4.1-30.0 0.9-2 2 -

1972 6.6­7.3  2 37  0.05-1.5 0.2 -2.0 6.1- 8.8 1.6-2.0 1.6-2.5 1 0.0­1.6  ­ -­

co  1973 7.1-8.5 23 0.01  0.16  4.5  0.9 1.7 4.4-30.7 0.9 0.08  2.2-9.3 65 9.7­79.8  1.3­5.4 
1974 6.6-7.9 18  32  0.0 -0.032 0.07-0.5 3.9- 7.0 1.2­1.4  7.0­2.8  7.4­27.0  0:7 0.0-3.4 0.2-1.1 2.4-7.2 29-65 39-76 36-76 6.4-70.6 1. 8-3.2 
1975 6.7-6.9 19 21 0.0 ­0.015  0.2 3.8­ 4.4 1.1  1.4­1.5  8.8-13.3 ­ 1.9-2.6 0.5 -0.6 4.0-5.8 21-43 39-42 8-58 0.8­70.4  0.3  ­3.6 

12  1970 6.2-8.0 0.09-0.22 0.0 -2.0 0.0-17.0 7.2-2.3 2.0­2.4  0.7­2.5 
1971 6.7-7.3 25.4-41 004­0.74  0.0 ­1.1  9.0­13.3  1.59.0 1.9-2.3 2.4-30.5 0.7-1.6 
1972 6.9-7.8 28 35 0.03-1.6 0.2 -2.1 7.2- 9.1 1.4-5.4 2.0-2.6 0.6-1.6 -. -. 

1973 7.2-8.5 4  27 0.0-0.025 0.14-0.23 J.7-5.0 1.9 1.4-1.7 9.0-30.5 0.8-1.1 - 0.08  2.2-9.3 - 7 10.0-11.8 1.25-7.5 
1974 6.7-8.9 20 32  0.0  ­0.03  0.07-0.4 4.4- 7.3 1.2-1.7 1.0-1.8 7.0-27.2 0.6 0.0-2.8 0.2  -1.6 3.8-7.9 38-63 42-81 12-68 7.5-11.5 1.5 -2. 
1975 6.8­7.9  18 25 0.0 -0.072 .1 -0.4 3.9- 5.5 1.0-1.3 1.2­1.6  7.1­13.3  1.3­2.6  0.4 ­0.6  4.3­7.0  27­37  39­43  15-51 10.0-10.6 1.8 ­3.8 
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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 filling of the reservoir. Despite the different collection times,  

the other parameters appear to have remained essentially constant.  

5.3.7 LANDSAT Analysis  

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 quality data.  

Rural watersheds 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 c6ntrol 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 collected samples, present water quality con­

ditions can be determined. If substantial water quality variation is  

found between the two watersheds, after consideration 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 Illinois River  

(Fig. 67). The area is easily accessible by State Highway 68 and local  

graded roads.  

The control watershed is within the Ozark National Forest south  

of the community of Pedro in sec. 16, T.16N., R.32W. Stream samples were  

collected at the boundary between privately owned and National Forest  

lands at lat 360 08'52"N., long 940 24'27"W.  

The primary test watershed is approximately 3 miles north of the  

community of Logan in Palmer Hollow within sec. 21, T.16N., R.32W. Samples  
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were collected at a point north of the bridge at lat 36013'40"N., long  

94024'16"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 3601'50"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 Formation of early Mississippian age. The Boone Formation  

constitutes .the most extensive surface exposure in northwestern Arkansas.  

Appearing gray on fresh surfaces and reddish 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 elevations.  

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. Upland soils are in associa-,  

tion with gently sloping ridge tops and steep-sided slopes, whereas low­

land soils are along floodplains and terraces. Both soils 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 are acid and of low to medium  

fertility (Horn and Garner, 1965).  

Upland soils are characterized by grayish-brown cherty silt loam soil  

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 yellowish­

brown gravely, silty clay loam subsoil.(Horn and Garner, 1965). They are  

derived from alluvium washed down from upland areas. Lowland 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 (1971), 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 cropland 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. tacking developed recreational  

facilities, the control watershed is relatively undisturbed. The only  

human influence in the 940-acre watershed is a county road 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. During  

the October 1975 to June 1976 study period, total monthly rainfall ranged  

from 0.46 inches 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 flow.  

Because of differences in lag time, intensity of rainfall, and distances  

between sampling points, the collection of samples during the initial  

rise in flow could only be approximated. In contrast, low flow samples  

were collected during prolonged dry periods when 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 inmedi­

ately upon return to the laboratory with a YSI Model 31 conductivity  
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bridge; however, little variationwas found between the two specific con­

ductivity measurements. Stream temperature and pH values were deter­

mined by use of an Orin Model 407 pH meter and a centigrade thermometer.  

A 500-ml water sample was collected and passed through 0.45-micron  

membrane filters for determination of alkalinity, nitrate-nitrogen,.  

orthophosphate, chloride, and sulfate concentrations. The samples were  

coilected in polyethylene containers and were iced for later 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 analysis 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 accordance with the FWPOA Methods for  

Chemical Analysis of Water and 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 50ml sample was collected for atomic absorption analysis. Upon  

collection, samples were filtered and preserved with five drops of 1:1  

nitric acid. A Perkin-Elmer Model 303 atomic absorption spectrophotometer  

was used to determine concentrations of calcium, magnesium, sodium, iron,  

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 April sampling date are thought to be influenced by dilution.  

The data are listed in the order collected for easy evaluation (Table  

16). For interpretation, data were grouped into five categories--physi­

cal, micro-, macro-, nutrient, and biological parameters. 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  

control.  

5.4.9.1 Physical Parameters  

The values for pH were generally higher on the test streams during  

the study period (Fig. 70). The values correlate well with those found  

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

The average value was 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 control 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 16. Sampie data for control stream, test stream A ark4 test stream B.  
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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

sheds, lacking heavy vegetative cover, ate more susceptible to erosion  

than the control.  

Except during the June sampling period, the control stream had higher  

specific conductance values during low 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 flow 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 between the control and test watersheds.  

The test watersheds, lacking a dense vegetative cover, cannot 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/l 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/l for the control  
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and 11.8 mg/l for test stream A. These values correspond well with the  

average chloride value of 10.5 mg/l given for the Illinois 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 (Table 16). 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 study.  

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 potassium (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 magnesium 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 arsenic concentrations were not good indicators of water quality  

change. The highest iron and manganese values were recorded on the  

,test streams during high flow ,periods (Table 16). Arsenic concentrations  

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

5.4.9.4 Nutrients  

Water quality 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).  

Thus, phosphorus and nitrogen concentrations should be sensitive indicators  

of water quality change in relation -to land use.  

To evaluate the influence of different land uses on nutrient concen­

trations, orthophosphate and nitrate-nitrogen values were determined.  

The control stream had lower nitrate and phosphate values than did the  

test 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 on the control stream. Ortho­

phosphate concentrations ranged from 0.03 to 0.18 mg/l on test stream A  

and averaged 0.063-mg/1 on the control (Fig. 72). Values for both  

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  

nitrogen and phosphorus were analyzed. Southerland (1974) suggests that  

nutrients transported in surface runoff are primarily in the form of  

155  



3.0 

*  Control  Stream 

E  Test  Stream­ A 
El  Test  Stream,  B 

2.0 

E
*­1.0 

0 

10/17 10/31  11/9 

DATE 

2/5 

OF 

3/26  3/29  4/20 

COLLECTION 

5/23  6/12 

0.20 

­

E 
-

0 

0.15 

0.1 

0.05 

10/17  ,10/31  119 2/5 3/26,  3/29  4/20  5/23  6/12 

4­

6 

4 

­0  2 

10/17 10/31  11/9  2/5  3/26  3/29  4/20  5/23  6/12 

Figure 72. Nitrate and phosphate values. 

156' 



particulate matter. Analysis of the nutrient data suggests that storm  

events produce greater concentrations of dissolved nitrate and phosphate  

than are present during low stream 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  

and temperature can be correlated with increasing survival rates of fecal  

coliform bacteria. Both the primary and secondary test'streams, having  

greater nutrient and temperature values, had 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  flow  an  increase 

in fecal coliform concentrations should be observed.  

In the evaluation of fecal contamination, fecal coliform values are  

considered better indicators than total coliform values (Geldreich, 1970).  

Gallagher and Spino (1968) suggest that if the total coliform standard  

is 5000/100 ml in recreational waters, 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 Budkingham (1970) recognize that samples col­

lected during storms usually show higher feca?. coliform concentrations.  

Coliform data from the present study suggest that random sampling without  

regard for stream flow can give an inaccurate 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 human  

development, gave an indication of water 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 variation during  

conditions of increased 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 geologic 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 in 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 changes in land use and water quality. To accomplish  

this, three watersheds were studied. Although the watersheds are similar  

in geology and topography; their land use is different. One watershed  

which drains 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

sheds, 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 acres and includes the  

southwestern part of the Elkins 7.5-minute quadrangle (T.16N., R.29W.).  

The large urban watershed contains 7552 acres and includes the southern  

part of the Fayetteville 7.5-minute quadrangle (T.16N., R.30W.). The  

small urban watershed contains 1125 acres.  

The control stream (CS) is an unnamed eastern tributary of the.West  

Fork of the White River. The control stream sampling site was at  

NWkSW NE sec. 36, T.16N., R.29W. on an unpaved farm-access road.  

The urban stream is Town Branch, a western tributary of the West  

Fork of the White River. Two sampling sites were maintained. One site  

(TC-71) is upstream from the junction of Cato Springs Branch with Town  

Branch. It is at.NW SW SEsec. 20, T.16N., R.30W. on State Highway 16  

West, and is within the small urban watershed. The other site (TC) is  

downstream from the junction of Cato Springs Branch with Town Branch. It  

is at NW SE SW sec.23, T. 16N.., R.30W. on a partially paved farm-access  

road.  

5.5.3 Physiography and Topography  

The watersheds are within 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 surface streams in northern Arkansas,  

at least during times of low flow, is. determined largely by the distribu­

tion and mineral composition o the rock units in the drainage basins.  

The tock units that are exposed in the two drainage basins are primarily  

shale, sandstone, siltstone, and limestone.  

In the control stream drainage basin, the rocks are of Late  

Mississippian age. The headwaters of the control stream are in the Pitkin  

Formation, a massive compact fossiliferous limestone, and the main stream  

body is in the Fayetteville Formation. The Fayetteville FormAtion can be  

described as' consisting of clay shale containing pyrite, quartz, iron  

concretions, and a large amount of organic material, and a calcareous  

sandstone.- 

In the Town Branch drainage basin, the rocks are of Late MissiLssippian  

and Pennsylvanian age. The headwaters and main stream body of Town Branch  

are in the Fayetteville Formation. The Cato Springs Branch has its head­

waters in the Pennsylvanian Atoka Formation which consists of- siliceous  

sandstone and silty shale. The drainage then passes through the Bloyd  

Formation, consisting of silty shale, oiganic shale, organic siltstone,  

and sandy fossiliferous limestone. Farther downstream the Hale Formation  

.is exposed which consists of silty clay shale, shaley siltstone, and  

organicsandstone. Finally Town Branch drainage traverses the Mississippian  

Pitkin Formation, ultimately joining Town Branch in the Fayetteville  

Formation.  

•5.5.5  Soils  

The Soil Conservation Service has described the soils of Washington  
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County, and has defined them according to surface soil 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,  

siity 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 soils 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 inches. 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-UpLand, 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) agricultural land.  

The small urban watershed contains 36.6 percent (401 acres) urban  

land, 0.2 percent (23 acres) agricultural land,. and 63.2 percent (701  

acres) forest land. The large urban watershed contains 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 Atmospheric 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 sampling 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 time at the three  

sites, the distance between the sites, and the rapid peak of flow at all  

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

5.5.9  Data Interpretation  

Various water quality parameters (Table 17) were studied from col­

lections made at the sampling sites at the control watershed (CS), large  

urban watershed (TC), and small urban watershed (TC-71).  

In general, the urban watersheds yielded higher values for almost  

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), large urban stream (C), and small urban stream (TC-71). 
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control site inaccessible.  

5.5.10 Physical Parameters  

The values of pH ranged 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.  

Slight trends were observed in the urban watersheds. The large urban  

watershed had higher values 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. In 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/l.  

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 210 C. The control  

values were generally 1 to 20 lower than the values from the urban sites,  

perhaps because of foliage shading or the influence of groundwater.  

Stream flow ranged from less than 0.5 to 39 ofs. The control value.  

was equal to the small urban site value at base flow, and was less than  
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the small urban site value 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 (P04) 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 PO4 content, and the collection of  

samples after peak storm flow (Fig. 77).  

The values of nitrate (NO3) 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 (SO4). For all three  

parameters, the control site values were lower than the urban site values.  

This finding is contrary to whit would be expected for alkalinity, because  

the control watershed's geology suggests a calcium 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 are 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), and calcium (Ca)  

showed a wide range. The control site values were lower than the urban  

site values for all three parameters. The small urban watershed values  

were many times larger than the control site values. The calcium values  

were consistent with thealkalinity values. An anomalous high value for  

K at the control site on February 5, 1976, cannot be explained (Figs.  

77, 79).  

Magnesium (Mg) values covered a wide range. The control site  

had the lowest values and the small urban site had the highest values  

(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 was always  

present at the urban sites and As showed 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 ii 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 control 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 siiilar geologically, their parameter  

values were compared to find possible indicators of contrasting land usage.  

The large urban area was used to show relative changes in a large urban  

area.  

It was shown that the Emall urban area values for specific con­

ductance, orthophosphate, total alkalinity, chloride, 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 indicators of urban land use change in this area.  

Urban activities consisting of construction, lawn and garden fertilization,  

industry, and human waste disposal are prime contributors to the intro­

duction of the aforementioned materials into the natural water system.  

An important factcr of urbanization-shown by this study is the  

extreme amount of fecal coliforms found in the urban stream. The Arkansas  

Department of Pollution.Control and Ecology has determined a total coli­

form standard of 5000/100 ml for the White River Basin. This standard  

value is lower if the water is to be used for recreational purposes (ADPC&E  

bases this standard on total coliform, of which fecal coliform 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 control watershed, it is  

obvious that a water quality change due to a change in the land use by  

urbanization has occurred. These changes were seen at high flow even  

though most parameters show evidence of dilution caused by collection of  

samples as peak flow was diminishing. Although sampling prior to peak  

flow was impossible in most instances, all fecal coliform values show a  

continuous input into the water during storm events. This finding indi­

cates that the fecal coliform of the peak flow was extremely concen­

trated. Fecal coliform is the best indicator for land use change due ,to  

urbanization 'in this area.  
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SECTION 6  

IMPLENENTATION AM 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 other natural  

terrain can create trouble for streams and reservoirs 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  

problems that will remain even though advanced waste water treatment  

facilities are discharging 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 benefits of tertiary waste treatment  

may be offset by pollution from surface runoff.  

During the conduct 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 historical water quality data that  

could be related to surface runoff, and second 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. For 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  

178  



include a proportional sampling of storm events and, because there is no  

way a single sample can represent a particular storm event, sampling must  

be coordinated with hydrograph positioning.  

The Federal Water Pollution Control Act, as amended in 1972, now  

requires that nonpoint sources of water pollution be considered in the  

development of water quality management proposals for both local and regional  

planning, Thus, planning agencies need an inexpensive and reasonably  

accurate method of estimating nonpoint source pollution loading. The poten­

tial impact of changing land use on water quality should be one of the con­

cerns for any monitoring system. On the basis of the results of this  

research program, it is obvious that LANDSAT imagery change detection  

analysis provides a relatively inexpensive method for monitoring land use­

changes. If it is assumed that the level of nonpoint pollution is dictated  

by the manner in which the land is used and by the kinds of pollutants  

generated, then LANDSAT appears to provile at least half the information  

needed. The advantages of using LANDSAT data are measured not only in  

dollars saved, but more importantly in time saved.  

In southwestern Arkansas, within the Cossatot River watershed, exten­

sive clearcutting was the major land use change detected by.comparing  

LANDSAT-l and -2 imagery, The Cossatot is approximately 70 miles long,  

2
and its watershed is approximately 529 ml . The techniques used f6r change  

detection mapping are described in Section 5 of this report. If it is  

assumed that water quality 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 (scale 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). If 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 advantage  

of using LANDSAT imagery for clearcut change detection is in the saving of  

interpretation time. For 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 take  

approximately 35 hours, and the analysis and transfer would take about 100  

hours with large-scale photographic interpretation. Not only 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 built-in capability for quick, inexpen­

sive updating as future imagery becomes available. Though the cost effective­

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. Depending 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 source pollution. When the  
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inadequacy of these data for nonpoint source pollution monitoring are  

fully realized, and when the full impact of EPA-208 nonpoint water quality  

planning requirements are recognized by local, state, and federal agencies,  

-the true cost effectiveness of LANDSAT 'hange detection mapping will  

become obvious.  

The positioning of water quality monitoring stations to address the  

nonpoint source pollution problem should be determined ultimately by  

diversification of land use, geology, soils, topography, and other  

parameters. Inferences about water quality based primarily on such  

parameters-as these may provide a suitable mechanism for predicting non­

point pollutant sources, thus precluding a costly extensive monitoring  

network. Despite-the lack of significant data relating surface runoff  

and storm-event water quality sampling,,it appears that LANDSAT land use  

change detection mapping can provide an indication of overall water  

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

eventually cause problems.  
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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 land 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 approaches were used in evaluating LANDSAT applicability  

for land use change detection. The first consisted of analyzing LANDSAT  

1-2 imagery for changes in land use and then evaluating the areas on the  

basis of historical water quality. The second method provided for an  

evaluation of all historical 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 annually 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 environmental parameters appeared to pro­

vide an adequate data base for comparing variation in water quality with  

LANDSAT-derived land use changes.  

Comparison between LANDSAT-l 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 did not reveal favorable sites where land use  

change may have taken place; however, seven stations on Arkansas streams  

had enough historical data to allow investigation of the effect of dif­

ferent land uses on water quality. Data for these seven stations provide  

sufficient evidence to suggest the impact-of surrounding land use pn water  

quality, and to emphasize the importance of sampling in conjunction with  

hydrograph analysis.  

In two areas (Buffalo River and DeGray Reservoir) where extensive  

water quality monitoting was being conducted during the LANDSAT investi­

gation, land use changes were not significant. However, storm hydrographic  

water quality data for the Caddo River (DeGray Reservoir study) emphasized  

the fundamental importance of sampling streams during time of maximum  

surface runoff.  

On the basis of the preliminary data analysis, it became evident that  

water quality samples collected during storm events would be indicative of  

surface runoff and land use. To confirm this assumption, two water  

quality sampling programs were conducted during periods of both low flow  

and storm events. These programs provided conclusive evidence as to the  

extremely variable nature of the rate and quality of land runoff. Among  

the more important variables that control runoff water quality are rain­

fall intensity and duration, antecedent conditions, and the type of land use.  

Processing of all Arkansas water 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 have 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 nonpoint  

pollution has been essentially ignored. With the exception of specific  

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 design 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  

MULTIVARIABLE ANALYSIS FOR THE RED RIVER,  

CADDO RIVER, ST. FRANCIS RIVER AND  

WHITE RIVER STATIONS.  
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-0.05465 
­0.2b823 
0.5r641 

­0.415913 
0.67687 

-0;31998 
-0.62879 
-0.43646 
-0.04900 
0.09930 

INTERCEPT 

6361.98438 
11097.18750 
7461.•571 
4870.82413 
11160.5244 
5744.28906 
-950.30078 
4840.597A6 
60]5.93359
6636.80078 
249.453;4
294.01343 
599.61133 
130.42395 
323.30469 
262.72627 
82.11577 
168.70471 
?0.94996 

538.4P603 
8".16519 
M4.951345 

-141.6A422 
79.40164 

-0o.A6774 
86.3,935

130,0?615
7?.So038 
83.5fj 57 
27.24173 
7.10254 
7.35610 
b.49670 
7.30775 
6.15402 
7.49941 
7.82369 
7.19676 
7.12451 
6.89428 

RFGRESSINM 
COE.FFICIENT 

-Q.33239 
-10?.98541 
-441.60962 

-6.84312 
-60.624M0 

-858.78296 
20622.45703 

­0.09316 
-1.39479 

-2441,888O3 
-0.00584
-1.052 

q
4 

-53.04007 
1.10301 

-0.87372 
-22.59926 
560.17480,

0.00939 
0.16421 

-32.71107 
-0.00514 
­0.083q5
29.37297 
-0.15549 
0.6801f0 

-11.93951 
-251.59947 

-0.00109 
-0.01408 
4.049P2 

-0.00001 
-0.00126 
0.00873 

­0.00274 
0.00513 
-0.25083 
-2.95156 
­0.00002 
-0.00004 
0.01872 

STANnAPD 
PPO R 

PP.43584 
56.0405S 

4732.390b3 
26.2S941 
44.86774 

36q2.01733
18792.92b9 

0.21706 
3.H6033 

8f2?.?5708 
0.0)405
1.9);15

114.56A79 
0.19222 
1.33154 

92.04262 
453.07A37 

0.00140. 
0,f2736

11  .96­13 
0.002o0 
0.15566 
28.A7596 
0,16Ak7
O.0651 

25.32944 
60.06793 
0.00145 
0.02665 
5.86418 
0.00007 
0.00272 
n.OOA58 
0.00?e2 
0.00510 
0.42 7 
2.1f0730 
0.00002 
0.00048 
0.10831 

UNCLASSIFIED 



I 
CA)OOCL FI DATA COPPFLATION  

'  
CA0O0,LEN DATA ANAyc;IS  

VARIARLES  DATA 

OqSEVATIONS OAT" 

DFLFTED PATA VALUE IS  

VARIA.LE CODE SAAPLE  

17EOATA 

10n 

ns .16  

CAL  1A 

PH 16  

TIIRH 16  

SCO-D 16  

DC 16  

Ct 

mAI,i 

13.1ono  

55.S37 ;n  

10.60A?S  

-7.?0624  

5637'0 

73. (;6?5  

o 
10.14Q9  

UNCLASSIFIED 

iFGRESSTON vjjTH  ITEM, DELETION 

STANDARD SKEWNESS  

DEVI AT'ION  

11.04788 0.97765  

13.39685 -0.16092  

2.76368 0.47039  

6.1§919 -0.01490  

5.51t5 2.47207  

22.18649 1.25195  

1.06958 0.02332  

UNCLASSIFI'ED  

PROBLEM NO.  

GRAND TOTAL MATRIX  

KURTOSIS  

-0.61488  

-:0.75176  

-0.05690  

-0.86285  

5.83547  

0.74106 

-1.04034  

http:VARIA.LE


ID
0o 
o 

REDDODRI DATA ANALYSIS 

DATA ANALYSIS 

VARALFS 
DATA 

oqS.PVATIONs DATE. 

D"PFJIOFrNT  INDEPPNRENT 
VARTARLE"  VARIAJLF 
TOTCAL TuiTF,
TOTCOL  TUTHAPFr 
TI1TCtL  PH
TnTCnL  TURN 
TOTC L SCTOTCOL BO 
TOT~OL 800 
TnTCAL TOTNO3
TOTCOL FF
TFTCOL  I) 

FE FLOW
FF TOTNFS " FF TTHAQD
Fl PF 
P TLINR

PF SC
FF NOD 

Ft  TjTr,)  3FF TTCOL 
F 20 
DO) FLOW 
n) TOtTR4QS
Do  THTi AQO
DO PHH 
o 

nC S 
DO  mL)DDO TOTCn 

FECLF7 

SA.PLR 
SIZF 

7 
7 
7 
7
77 
7 
7 
7 
7 

7 
7 
7 
7 

7 
7 
7 

7
7 
7
7 
7 
7 
7 
7 

7 
7 
7 

LINCLASqIF IED 

NEGRESSION 41TH ITEM DELETION 

CODRELATION  INTERCFPT 
COEFFICIENT 

U.06281 a1S6.39258
­0,5­3?b5  532d.06641 
.1906 ­1]9S0.76V53

0.q4673  1396.06177
-0 S56208-0. 08 4874.73,38
0.18013 3714).1M455-3
0.2t506  2147.27612 
(1.7 498 804.10986 

-0.22098 574.33q84 
0.91510 157.65601 
0.3d,-37 -360.54370

-0.72430 "0(4.94829
-0.01628 322b.15186 

0.7  , 2425.89063 
-0.7 400 4609.61?50 
-0.30676 3951.17554 

0.30  25  1543.6A4810.72498  5?9.57227 
-0.20510 461b.21094
-0.11284 .512 
-0.71750 11.64744 
­1) .3466 w .28i92  3-0.b4610 46R2300 
-0. 10220 8.49949 

-0.39116 9.26c28 
0.12199 7.92785
0.01741  8.32342 
0.29 8.659031-0.20b0 8.65244 

PRORLEM NO. I 

GRAND TOTAL MATRIX 

REOPFSSION  STAmnARD 
COEFFICIFNT  EPOP 

0.77928 5.53789 
-18.63242 11 .6  592 
I8P.19897 4350.2n703

7.02765  5.640555-..; 4735 
-4.81734 3.17007 

-555.19751 1310.67236 
604.87305 9A4.03174 

0.85103 0.36158 
-371.73633 733.70 3 

0.05122 0.010O9 
4.04159 4.36762

-19.73b05 8.4n47
-137.38o06 3774.5a325 

9.166161 3.A6675
-5.20602 2.25232

-931.96094 1057. 2144 
75P.81396 801.55298

0J.61761 O.?S?40 
-293.91284 

­ 0000.00000627.5635 

-0.00529 0.00230 
-0.00657 0.0n798
-4.97803 1.40R32 
-0.00088 0.00382 

-0.00199 0.(0210
0.21631 0.78708 
0:02361 0.60658

­0.00013  0.001026-0.00014 0.00031 

UNCLASSIFIED 

C)G 



EDDODRI D)ATA a'ALYSI5  

DATA ANALYSIS  

VANIARL.ES DATA  

ORSERVATInIS OATE  

DFPENDEN T  [INEPFNDEPIT 

VAQIARLE  VlhkIALF 
TUPR  FLOA ' 
Ti I R  T;TkFtF

TllwA  TOTH­AP, 
TtRR  PH 
TlIW9  sC 
TtIe i  AnDQ 
Ttl"  To)TNQ39 
TIIR  T')TCnL
TLIRR  FF 
T0QR  PO 
Sc  FLO14 
SC  TOTRFS 
SC  TOTHARD 

- SC PH 
'  qSC TUb 

SC -0D  
SC  TOTN03 
S1C TOTCnL  
sC FE  
Sc P0  
Ron FLOW  
POl)  TUTRFS 
R0ROT) TOTHA4RPH  

oD TUPB 

RO)D  SC 
ROO  TOTNO)
R, TOTCnL  
Pot) FE  
Rol) DO  
TOTNO3 FLOw  
TOT1I3 TO TRPS  
TnT,403 TOTHAOD  
T0TND3
TOrNn"  TIJI.i 
TOT,103 Sc 

TONTM3  TTCOL 
TOTr,03 FF 
TnTN3 00  
TOTCOL FLOW  

q WPLF 

STI7F 
7  
7  
7  
7  
7 
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
77  
7  
7 
7  
7  
7  
7  
7  
7  
7  
7  
7  
7  
7 
7  
7  
7  
7  

UrCLA  5  IF IF D 

kEGRFSSIO WITH ITEM DELETION  

COPRELATION  INTERCEPT 

COFE ICTIFJT  5O.27C07 
0.f4198  5b.27707 
0.47365  ­7'.59123 

­0.6'1263  396.3a397 
0.  03234  6.99974 

­069430  369.32­A37 
­0  .28323  290.C3325 

0.b6379  63.63292  
0.46673  89.40555 
0.7 'i42 47.47772  

-0.10220 277.90723  
­0.67t79  6A6.00A35 
0.?1?05 271.16772  
0.99111 -69.21997  
0.42468 -3332.61060  

-0.69430 671.7?437  
0.51827 116.785H9  

-0.50634 573.,79297 
-0.t50208 636.3?570  
-0.72400 677.3n938  
-0.3'9116 1103.3A643  
-0.4.184 2.33413  

0.1b302  1.44319 
0.59793 0.99533 -0.16646 6.7064A  

­0.1d643  2.16338 

0.50?27 1.22932  
­0.19bu05  2.04199 
­0.18613  2.09362 
-0.3,,76 2.23078  
0.12199 1.34463  
0.37400 0.39672  
0.33b08 -0.31818  

-0.51 76 I  .RF380  
0.13484  ­3.70317 
0.86379  ­0..17568  

­0.50b  34  1.70306 
­401)0.  9605 1.31452 
o. a5&0 0.51563 

0.38725  0.39;96
0.01741 0.71581  
0.42168 1560.16555  

UNCLASSIFIED  

I PROPLEM NO.  

GRAND TOTAL MATRIX  

REGPFqSION  

0FRR0P 
0.0031  
0.40703 

­1.51217 
22.19609  
­0,41213

­Sq.51337
139.68227 

0.03371 
0.  06060 

-11.90671  
­0.00519 
0.30698 A 
3.694+9 

491.00513  
1.716966  

180.37971  
-134.A1842  

-0.ns55h  
-0.09916  

-76.77609  
-0.00001  
0.00076 
0.00641 -0.6193P  

­0.00137 
0.00149 

­0.  14998  
-0.00006  
-0.(,014 
0.06679  
0.00001  
0.00173  

-0.007213  
0.58552 
0.00559 
-0.00190  
-0.25627  
0.00012  

0.00020
0.01283  
0.02770  

STANDARD  

0.00147 
0.33k4 7  

0.723Q4 
306.75781  

0.19105
38.6020 
33.07161 
0.NTU6 
0 *NP0?4 

91.83146 
0.0025? 
0.63271 
0.?3410 

468.11060  
0.421  

133.11287  
102.6R?77 
0.04316  
0.04225  
80.79415  
0.0000  
0.01pi
0.00384 1.45q56  
0.00208 
0.0011I0 
0.  33S;9 
0.n0015  
0.00016  
0.2503?  
0.50001  
0.00M3­
0 00537  
1.9217 
0  o00132-
0.n345  
0.S7323  
0.00019  

0.00021
0.-296  
0.02664  

http:VANIARL.ES


UNCLASS IF IED 

REDDODRI DATA ANALYSI5 
RFGRESSION WITH ITEM DELETION 

DATA ANALYSI PRnRLEM NO. I 

VARIAMLES DATA 

ORSERVATIONS OATF GPANP TOTAL MATRIX 

) 
o
O 

nFP­,NOENT
VAqTAnLE
FL,q
FLO,
FLO0'q
FLOW 
FLOW 
FLOW 
FLO" 
FL')
FLO'W 

TOT.IFS 
TfTeS­
TO TPFS 
TnT:?FS 
TOTRFS
TOTNFS 
TOTPES 
T0T  ,S 
ToTdF-S 
TNTFS 
TOTH  AP0 
TOTHARI)
TOiT  IAO)
TOTH L0Q
TOTlAQO
TnT­A0 
TflTH  4 
TOr  ­APO 
TO TH  AR 0 
TOT-HAR0
DH 
PH 
PH 
PH 
PH 
PH 
PH 
PH 
PH 
PH 

PFNOE MT 
VAN[a.aLF
I(TPrS
ToTHA­
PH 
T1RK 
S C 
PtlI)
T"TNO 1
T'ITCfL 
FF 
"LU0I'll 
FL(w
TOTHA40 
PH 
Tliw 
sC
.OD 
TOTNO3 
TOTCOL 
FF 
00 
FLUW 
T0TRES 
PH 
TIIH 
SC 
HOD 
TOTN03 
TOTCOL 
F: 
110
FLOw 
TnTRFq
ToTHARO 
TURK 
SC
R)0
TOTNr03 
TOTCOL 
FE 
D0 

SfMPLE 
SI7E

7 
7 
7 
7 
7 
7 
7
7 
7
7 
7 
r 
7,
7 
7
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

COPPELATION 
COEFFICIENT

0.3d60o 
­0.6  031
­0.07,73
0.69198 

­0.67679 
-0.4d184 
0.37800 
0.42168 
0.91510 

-0.112R4 
0.4H00]
0.22177 
0.40509 
0.47365 
0.21?05
0.18302 
0.33o08 
0.06281 
0.3MR37 

­0.71750 
-0.69031 

0.22777 
0.32191 

­0.68?63 
0.99011 
0.54793 

­0.5  1576
­0.58255 
­0.72430 
-0.34566
­0.07473 

0.40,0
0.3d191 
8.03234 
0.42468

­0.1 8646 
0.13484 
0.19056 

-0.01628 
-0.84510 

INTERCEPT 

­5656.74609 
67549.87500 
126?b?.68750 
12000.97266 
8002?.06?50 
81129.37500 
28353.40234 
22180.28906 
3789.0A594

63261.8  13 
545.63721 
539.81915 

­224h.6955 
526.00415 
556.63354 
540.01196 
573.5668c 
61l o955 
n 4.17700

1436.00  44 
199.52342 

88.82539 
­641.28101 

194.02805 
21 .19826 
37.01230 

174.27966
19?.17578 
201  .5026? 
295.67090

7.74940 
7.3$,635
7.57758 
7.72158 
7.t5998 
7.83768 
7.70444 
7.67913 
7.73417 
8.92h94 

REGPFSIOt 
COEFFICIENT

71.7t785 
­33.. n6104 

-11271.10156 
15?.07455 
-PR.?8m45 

-21876.94766 
131P9.55078 

6.41847 
16.35031 

-2889.26245 
0.00201 
0.58719 

371  .42505 
0.5s118 
0.14647 

­43.9v965 

61.91096 
0.00506 
0.03h17

­97.27779 
­0.00142 

0.08836 
101  .58b82 
­0.30816 
0.26531 

55.7642b 
­36.798??

­0.0 1? 
­0.02t58 
-18.17976
­0.00000 

0.0u05P 
0.00106 
0.00005 
0.00037 

-0.05613 
0.03109 
0.00002 

-0.00000 
-0.14347 

STANDAPO 
FRQOR

7A.12308 
157.92161 

67261.a7500 
70 95181 
42.q4A?9

17792.02734 
14381.06641 

6.17223 
3.22202 

11377.65r,25 
0.00219 
1.1 2251 

316.17480 
0.4533 
0.30119

105.69731 
77.46658 
0.n3597 
0.03909

42.23366 
0.0006f,
0.16A93 

130.89020 
0.14753 
0.01681 
33.43066 
27.3363b

0.01136 
0.0 1132 
22.07137
0.00000 
0.00050 
0.00136 
0.00065 
10.00035
0.13226 
0.10205 
0.00004 
0.00005 
0.04059 

UNCLASSIFIED 



UNCLASSIFIED 

REDDODRI QATA ANALYSIS REGRESSION WITH ITEM DELETION 

)ATA  AN'ALYSIS  PROBLEM NO. I 

VARIARLES DATA 

(ORSERV4TIONS DATF GRAND TOTAL MATRIX 

DELETEO  DATA VALUE  15 0 

VARIA14LE  COD)E  SAIPLE  MFAtt  STANDARD SKEWNESS KURTOSIS 

DATA cZ; DEVIATION 

FLOW 7 39157.14063 40282.47266 0.77838 -0.78965 

TflTES 7 62a.4?847 213.29691 -0.04923 -1.60429 

TOThAPO 7 144.ooono 82.74457 0.99979 -0.45030 

PH 7 7.7300 0.26709' -0.95484 0.66039 

TUR;3  ­7  17A.,7143 183.29640 1.28840 O.44995 

SC 7 46?.$S5A93 308.7924d 0.87828 -0.74206 

pOO 7 1.91A"7 0.887e3 1.16016 0.45671 

TOTNO3 7 0;'ia,"86 1.15974 1.16511 -0.33122 

TOTCnL 7 264 .0000 2646.50439 0.40118 -1.56604 

Fr 7 2163.14 8? 2254.53711 0.66673 -1.11927 

7 8.34Pir 1.57324 0.50895 -1.04882 

UNCLASSIFIED 



STF-RSTFR D)ATA  

CADOrLEI' O)ATA  

VARI AqLES  

OQPERVATIQNS  

r)FPEKENNT
VARIARLE  
TIFqH- 
TURR 
T,1w1A 
Tt 
TI1RR  

TII9 
TR-
TlJR
TIIRN 

oD TUA8  
SC  
;C 

SC
Sc 
sC  
SC 
,C 
SC 
SC 
sC 
PAO 
ROO  

Rol)  

POD
90) 
P0OD 
POD7 
R01)
1400  
TOATNO3  
ToTNQfl
TOT'  07TTI43 
TOT103 
ToT  "n3 
TOT'j03 
T0T  ID3 
TT4Ai  
TOTCO3  
TOTCOL 

ANALYSIS  

ANALYSIS  

DATA  

DATE  

I'4DEPFPIDFNT 
VANIALE  
FL OW 
T')TRFS
T,­TH AR D 
PH
1C  

4i1) 
T,Th)O,
TOTCnL

I  &F 
0L  
FLO4  
TOTk&'o  
TTHA  o 
PH  
TiINH  
I'l)0
T("TNOI
T,)TCfIL
FE 
D,
FLUVI  
T0THFS  
T0) TITIH A5
PH 

TII q
Sro  
To TCo­
T(,TOL
FF 
OW  
TFLTVr  
TOTRFq
ToTHAQt)PH  
TJHb  
sC  
AOD  
TOTCOL 

FE  
DO  
FLOW 

S 4,APL. 
STZF  

5  
5  
5  

5  

5  
.
5  

5  
5  
5  
S 
5  
s  
5  

5  
S 
5 
b 

5  

5  
5  
5 
5  
5  
5  

5 
1 i  
5  
5  
S 
5  

b 
s  
5  

UNCLASSIFIEQ 
REGRESSION  

WITH ITEM DELETION  

CORRELATI0N  INTERCEPT 
COEFFICIENT  
­0.14662  99.03902 
0.95734 -101.25563  

-0.47915 182.57745  
-0.4b913 70.06665 
-0.56144 221,24P60 

0.06996  bR.71307
0.726bb  ­69.239260.99463  3!.550800.8q486  ­79.26370 

-0.74774 326.45A50  
- 139.95A04 -0.6jbgq 
-0.35427 149.43457  
0.976511 20.4A 012 
0.61687 ­28.  5A867  

-0.56144 135.54710  
-0.?2976 145.94946 
-0.95313 207.84700  
-0.4o037 124.40222  
-0.29447 138. 2703  
0.36937 57.5.301 

­0.1345  1.78492 
-0.1?935 1.89160 
­0  .2659  2.07787
-11.31998 4.5"359 

0.069S6  1.65359
-0.09b76 2.20dRI 

0.071825 .5667 
0.07mh2 161,7H4

­0.ObOb9  1.7756t8 
0.5o12 0.39621 
0.53!19 0.19445
)i099  0.11878

­01.9411  0.47842-0.62H79 1.20160  
0.72658 0.18003  

-0.95413 052.998
0.071 R8 0.23364 
0.65292 0.216,05  

0.50730 0.14259  
-0.62998 0.49689 
-0.24051 8596.66016  

PRO9LEM NO. 1  

GRAND TOTAL MATRIX  

RERFSSION  STA  DARD 
COEFFTCIENT ETApn 

­0.00323IE40 0CE  
(1. A303  44­0 L.0  
-1.47274 1'.4761 

-87.?0207 89.77574
­1.?1O179  I  .0P266 
9.72107  80.49026

608.02930  331  .96655 0.00837  0.00050
0.13274  0.03A23 

-25.13110 12. A8441  
-0.006?.4 0.00462  
-0.14365 0.21A92  
1.40230 0.17837 

56.37399 35 39612  
-0.26229 0.22?320  

-1°.30984 36.00769 
-372.62h46 68.29012  

­0.00189  0.00]99
-0.02068 0.03819  
5.79961) 8.42412 

­0.00002  0.00009 
-0.00087 0.00355 
­0.00578  0.01225
­0.40820  0.69779 

0.00050  0.00412 
-0.00453 A.00945 

0.43043  3.448270.00000  0.00003 
-0.00006 0.00061  
0.13519 0.114C4  
0.00001 0.00001 
0.00060 0.00049­0.00339  0.0008]

-0.13396 0.09054  
0.00087 0.0047 

-0.00244 0.00045
0.01200  n .096 17  
0.0000o1  0.00n00 

0.00009 0.00009  
-0.02530 0.1801 
-0.62094 1.44684  

UNCLASS  TFrED 



STFRqTFR QATA ANALYSIS- 

CA00GLE \  DATA ANALYSIS 

VARIARLES DATA  

(NSERVATIONS DATE  

rOFPEF,0ENT  IjUEPFNOENT 
VAL4ANLE  VA4IA3LE
TOTCOL  TOTHFS 

TOTCOL  TOTHAP 
TOTCOL  Pd
TOTCnL  TiJRB 

Sc TOTCOL  
TOTCOL  Q­5 
TOTCOL TOfrNO53.  

TOTCOL  FF  

TOTCOL D.) 
F FLOw  
EFF  TOT FS  

(A FF TOTrIARn 
Fp- P,4  

FF  TIIHN 
FF SC 
FE 0Ql1  
FE TOTrlqni 
FE  TI)TCOL 
FE  DO 
on FLow
Do TOIRFS  

no  TITHAQO 
no PH  
00  T  IB 
DO  SC 
no Poo 

0 TOTCOL  
DO FE  

9IZ 

SAtPLE 
SUF  

5 
53  

5 

5  
5 
5  
5  

r 
5 
'3 
5  
1  
5 
5 
5 
5 
5 
V)  

S
4o 

6  

UNCLASSIFIED  

REGRESSION WITH ITEM DELETION  

COPRELATION  INTERCEPT 
COEFFICIENT 

0.96640  ­16487.9843b 
40.3 

9 b57  15515.4?578 
-0.4J -4 71671.06250  

Q.9463  -4140.07031 

­0.48037  19771.76563 
0.07882 3713.2?'14 
0.6b292 -10564.41016 
n ",.,  -14n(,7 .71.O 

-0.7?h07 337$3.9A484 
-0.20421 1367.19531  
0.v9o079 -22.52930  

-0.29169 1638.64404  
­0.0OY00  1655.60840 

.8486  725.01367 
-0.29147 1726.56616 
-0.06059 1335.81274 

0.50730  517.06396 
0.91547  930.92773 

­0.79140  2960. 
4 

0 
4 05 

­O.15b311  10403806
­0.84474  14.4951 

0.37037  7.37047 
0,09930 5087387  

­0.74774  11.49551 
0.36937 6e93698  
0  5o242 5.63586

­0629  8  1 3.5A422 
-0.72607 10.67836 
-0.79140 13.92759  

UNCLASS IF IED 

PRO3LEM  NO. 

GRAND  TOTAL 

REGRFSSION 
COEFFICIENT  

99.92062  
­144.90677 

-9292;7781 
118.24265 

-122.24001  
1309.538b7  

64955.23828 
16.14362 

-2901 .01831 
-0.02990  
5.62179  

-6.04423  
-58.89?97  

6.03270 
-4.30712  

-57.0830A  

2 8 6  1  .09561 
0.05191 

­179.31299 
-O.0101 
­0.02101 
­0.03387 
0.52674  

­0.02225 
0.n2352  

­15.68596 
-0.00018 
-0.00349  

1 

MATRIX 

STANIDAPD 
FPROR  

14.85672 

10 C7.37-00  
7 .-053  

9562.  14453 
43504.7A953  

4.96f65  
15RO.2?266  

0.0A?75 
O.Q 3664  

11.44306  
693.06372  

1.73727 
7.95166  

542_.94360  
2806.91675 

0.01317 
79:Q6783 
0.00037  
0.00748 
O. 04905 
3.04737  
001144 
0.0341  
1.98550 

11.16410 
0 DOM 
0:001 6  



I fl.A"; I IED 
WHITFLOI  0aTA  Alt  LYSI.S 

'EGRESSION AITH ITEM DELETION 
OATA Ah!ALYSIS 

PROBLEM NO. I 
VA4IARLES DAT 

ORSFPVATVn'js nATP 
GRAND TOTAL MATRIX 

OFLETED DATA VALlE 5S 6 

VARIARLE COOE ,A STANA)  SKEWNESS KUHTOSIS 
DATA ,  si1F DEVIATO'I 
FLOW (w 113flb,1t)i)  28670.19141 0.73382 0.12914 
TOTNFS 1 7. i- 5?863b4 0.80966 -0.06447 
ToTHARDD  ] 2>.57684  ­0.45R65  -0.26160 

OH 70.­A.  0.30D85 0.70628 -0.71004 

0 

T11481,43 

SC $ 

.uu 

'e..-7so 

1..26218 

3d.9667b 

­0.  190c3 

-0.74690 

-1.52995 

-0.48679 
PD!r) A ?.b31? 1.24820 0.93505 0.27317 
TOTNO3 A 0.?7171) 0.24b99 0.91772 -0.88964 
TOTCOL H 4 4. h? l)r 431. 96362 1.08176 0.01 45 
FE, 7;r5.Snoo 497.54d97 0.77007 -0.19503 
DO . ()oIto  1.92530 -0.19598 -0.91130 

UNCLASSIFIED 



W'HTTFLD,  r ATA  AWALYqIS 

I)ATA  MAI  YI­

VARTARLES nATA 

OPSEPVATTOIS  nATw 

DrPlENENT  NIF',.';MfThT 
VA TARLE V,141  AUiLF 
FLOW  TO TPF 
FLOW TfIT AF  
FLOW  PH 
FLOW  TINA 
FLO"I  Sc 
FL()W  No0)
FL  m T'F,,jO 1 
FLOW TOTCOL 
FLO4 F,
FL')t'  Of) 
ToT;4FS  FL uI 
TITRFS T.,TH -H4-'0  
TOTf%  t"H 
TOTPFS  T, INo 
T0TnFS  Y" 
TATRF'S  POD 
TOTqF; TO TNO 1 
TnT9FR  T)TCOL 
TnT'FS F 
TOTPe' 0 )  
TOTHAPRD  FLi t, 
T6THArdn T')THFR 
To r,  'Po 
TOTHAP') T kI,  
TO THA1) ­" . 
TOT'IbR-) ;i,  
TATH A10 T 1111311 
TATHARD  r­ ,[C"L 
TOTH'RO F-
TnTHARD  
PH 'I  
PH TOTPC,  
PH T)THf)  
ow TIF,  
PH ",  
PH  "ti, 
PH TI)TN,­­3 
PH Tr)COL 
OH  FF 
OH 00  

r4  (IIPOLASS1;IFIED 

LL  q 

SAHLF  

T 
­

1 
H 

k 

K 

m 

a 
A 
A  

p 

p 

A 

8 
8  
$ 

8  
" 
H  

PIPESSION WITH  

COWRFLATION 
CnFFFICFNT 

­nf.347  O? 
-0.60D93  
­0.7  3J4 
0.261 1 

­u.702?; 
-0.3u992  

0.42302 
0.1b033 

-0.06350  
0.25272  

­0.39702  
0.50344  
f.4,481
0.95767 
0 .5 26t)

­0.2,707 
0.b9648  

­).­t 
9 

24 
0.b147  

-0.3,+367  
­ 0.593 
0.50344  
0.90 

-0.09147  
0  .  6164 

-0.17155  
0.11043 

-0.69554  
-0.14964  
-0.3'639  
­0.73345 
0.4y481, 
0.90616  

-0.0e040  
O.sI46  

­0.  1278  
0.02739  
-0.4n600  
-0..j013 
0.A l,216  

ITEm nELETION  

INTERCEPT  

86261.43750  
135A70.93750  
578340.75)00
37b58.02734 

153152.62500 
71159.l.50O 
39041.14063  
46m6sb.77734  
5495o.44531 
21590.7663 

195.71620 
39.40390  

­4t3.6672 4 
106.27040 

19.19942 
187.22125 
12?.7082?  
169.67967  
I18.8i625  
234.56416  
127.05287 
6,.16?80  

-411.71240  
103.579Ni3  
­t  .S  78h3 
1OP.18762  
95.S.?147 
116.672P4  
104.79n33 
134.1579  

8.05979 
7.20857  
6.4242  
7.6603,  
'.40398  
7.72938  
7.6407A  
7.79,307 
7.78449  
7.71777  

UNCLASS IF IE]  

PROPLEM  "0.  1 

GPAND  TOTAL MATPIX 

RrGRFSS04  STANDAPD 
COgFFTCIEIT  FQROP 
-215.32306 203.21266 
-832.95947 3'l .32397 

­68753.75000  26013.18750 
639.17j83  841.7n239 

­517.14014  213.66180 
-7118.60156 8915.41797  
48708.1992? 42594.27734  

11.96888 P6.45195  
-3.65903 23.47723  

3763.35547  5881.9H436 
­0.n0073  0.0f069 
1.17681 0.R2593 

83.79646  61.71r38 
2.21953 1.34873 
0.70905  0 .7?18 

­11.11077  9.66199 
126.A3,72  69:56761 
-0.0k683 0.04875 
0.05460 0.03721 

-9.43633 10.52660 
-0.01(152 0.00024 
0.21501 0. 1505 
66.R9059 12.74b58 
-0.15b48 0.69103 
0.55716 0.  064b8 
-3.10265 7.27472  
1,.3',99l  36.40923 
-0.03635 0.01q33
-0.00679 0.n1832 
-4.17919 4.47292 
­0.00001  0.00000 
0.00280 0.00207 
0.01228 0.00234 
-0.00047 0.00940 
0.00639 0.00186 

­0.03008  09928 
0.03364 0.90128  
-0.0U032 0.00026  
-0.00019 0.00024  
-0.00829 0.06476  



­

' 

NHITFLD)I nATA ANALYS IS  

OATA V;ALYST1 

VARTARLES  DATA 

0PSERVATTo'IS nATF 

nFPFOENT 
VAqTARLE 
TIFlqH
TBR4 
Tilq
T1HIP 
TIINq4 
TtIi 
Til4R 
TURH 
TIIM8; 
TIl1RP 
SC 
SC  
C 
SC 
SC  
SC  
sC  
sC  
SC 
SC 
POD 
p0)
qfl)
An)
PO)
qfl))C 
PD.)
q0')
POO 
pol
TO 
TDT'103 
TDT6,O3 
TOTI)3 
T0T'l4f3 
TO  TNI3 
TnT"03  
TO0T  'n3 
TOTNO3  
TAThO3 
TOTCOL  

I,  o>APNLFNT 
V44}IAA­LF 
Fi 
TIT;c(;
T01 t  :W 

4C  
v)0 
TOTN.')
TOTC  )L 
FR 
1 

FLOw 
TQTHFq
TUTHMI'0 
P­I 
T,1 
QnD 
T'"TNl A 
TOTChL 
FP  
I)'I
FLOw 
"Tf1R R-
T)TMA,')
Po  
TlId 

TtOT,9JO  1 
ITCIIL 
F 

£4,A, 
T'T<  S  
T' ­T  41A)  

Td 
"C  

0  
I  ,TCI)L 
F8  

gLC1 
lliz 

k 
H 
8 

H 
8 
8 
p
h 
8 
8 
6 
8 
m 
H  
H 
8  
A  
8 
;k
8 

8 
8 
8c 

$ 
H. 
Ri8 
8 
8 
8 
kI 
8 

8  
A  
li  
1IA 

AL.: 

IJ1,CLASCIIF0IE  

PFRES,ION wITHIVTEM DELETION  

COPPELATIOIJ  INTERCEPT 
COEFFICIEuT 

O.2.:1  15 .4401n 
.bi767  1.97,,30 

­O.0  7  28.406144
­0.()e040  29.80133 
­0.  19282  3b.83301 
­0  .48125  36.53790 

0.6732P  13.1 9416 
0.19960  20.21025 
0.3h40  16.1A436 
0.3046­ b .8  3bO 

­0.71)'7  2& 4 .90642 
0.  2dS6  134.24500 
0  .9t,164  PH.89972 
t).1462 -599.01)717 

-0.19282 207.89993 
-0.0 7 5 1q9.71431 
0.14(85 188.5'3377 

-0.6V948 223.81364 
0.0'*35 92.53499 

­II  .5*486 8.7428 
-11.30492 3.34543  
­0  .?.n707  3.6  114 
­0.17155  3.58717 
­0.1;278  6.47193 
­0.4 i1?5  3.b6006 
­0.0"675  3.00546 
­­0.65b76  3.53865 

0.591?.0  1.85407 
0.  (0  2..2370 

­0  . 37iPe2 4.6 1288 
0.42302 0.08133 
0.i4648 -0.16839  
0.18043  0.07476 
0.0?739  0.30318 
0  6  N22  ­0.016A4 
1).1448b  0.019084 

-0.b5576 0.618c)3 
­0.37 070 0.37175 
0.30o63 0.1o549  

­0.In333  0.46769 
0.1H033 316.32300  

PRORLEM NOD. I 

GPANO TOTAL MATRIX  

REGRFSSION 
COEFFICIENT 

0.00014 
0.14012 

­0.05381 
-0 .8b77  
­0.06572  
­5.12096  
35.91176  

0.00614 
0.00978 
2.10147 

-0.00096  
0.38526 
1.65975 

103.7b732  
-0.965n9  
-I.R3395  
?2.93166  
-0.06310  
0.00332  

-11.10b54  
­0.00001 
­0.00631 
­0.n0948 
­0.50107 
­0.04523 
­0.001 

1
88 

­.  ?6733 
0.00171 
0.00002 

­ .'41340
0.00000 
0.00281  
0.00Q19
0.02230 
0.01262 
0.00U094 

-0.13081  
-0.00021  
0.000150  

­0  .(2371 
0.00272  

STANDAPD  
FRPOR 

0.00018 
0.08914 
0.R3ql7
17.7?548  

0  43654 
3.805 

16. 10306  
0.01230  
0.01014 
2.6P?5 
0.0039 
0,25655
0.1929 

30.16740  
1.17523  
12.7P81  
63.19685  

0.02632 
0.03194  
6.90687  
0.00002 
0.00929 
0.02224 
1.6r351 
0.03363 
0.01305 
1.54507 

).0005 
0.00102 
0.74t)65
0.00000 
0.00 154 
0.00443 
0.33724 
0.00566 
0.00258 
0.06148  
0.00022 
.00019  

0.05190 
0.00605  

UNCLASSIFIED 



'4HITFLOI  DATA ANALYSIS  

DATA AHAIYSIS  

VANT RLFS Dt TA  

O(SFOVATIOJS .)ATF  

nr pr;I0IIT   !F  .C )T
TTCDL   T-0.TS
TnTCOL  TIH Alf') 

1T('OL  
TOTCOL  T11" 

C TOTC L  
TOT( L  

TPTCOL   Torrlf
T1TCOL  FF  

TOTCOL  I  1
FF  . k-  
E- kLlW 

TCTHA-0  

FFg:\0.  
FF  F312 

FF  5Cr
FE   TJJ 

FE  TUR 
FF  Q0D  
FF  TOT,1103 
FF  TO ICOL

o0 FF.'LO4 
no   TnTP 

OH4 no¢  TfTH,,l4 00  

T0.3u62 0o  
TS 0r0 00  .  

no  TOT.Nn  I 
no  TOTCOL  
DO  FF  

4 

UjCLA\q IF TED  

'FGP.';Db!N ,,ITrI ITEM DFLETION  

CS  !-,-E,,,PLCOI HEL4T IINTECEPT 

F'L  TCOEL 
t -)2]1?4 749.3bSP9 5 ' -0.tv'  54  17b').-19344--337 
L -0.46U 53b.43199 

0.1'6O 309.1613P  
1969. 6 79 9 4 8 - .690. -96.0750  00.b9-5 
b 4(6) 407.0 a?.071 ) 7  

­0.37070
0.07604 4  2.05273 
0  .)7  60  ­71  .040P8 
.18 -.5)5 63184 

-) .5,350 763.?V'09 

9 9 2 -0.14964 1035.26440 
-01v13 4564 4 0  

364.9422 
0.04235  600.R127
0 .3,40  38$474450220 

'1  004243"49 
P,  0.00550 616  
A  0.30663 537.77?95 

() .0 bO4 665.3'b3423" 
­0.'e"91  165h .44'0

$ 0.2'272 7.29113  
-0.34367 10 .14981  

I
o .6 gim 

p- 
0  -0.3(b39-0.0t216 ii.219?3 

7.16332 
72 A  -0.546 13.4n

4

-0.572?5 9.69512  
-0.37225 8.05  

-0.11 
A  0.2t860 7.59005 

-0.44891 9.40554  

UNCLASSIFIED  

1 PRORLEM io.  

GPANn TOTAL MATRIX  

REGPFSSIO,4 

COEFFTCIFNT  
­].79144 

-0 44.02808  
6.49136  

-:.7 400  
204.90630  

-643.10254  

n.0. o6f01
A4.75130 
­.  0010.00707 
4"Q3b42 -0.001 If.0)7  

­31  .2,765
-504.50391  

13.720A 
. 7  

6  
612.7016  

0.obl75 
-116.009tb7 

0.00002  
-0.01252  
- 0 .n303q 
-0-12834  

0.0 12  
-. 02712  
-0.574l  
-1.41755  

030230004 0.00129  
­0.00174 

STANDARD  

ERPOP 
-3.25476 -62'  

513.15283  
13.00990  
3.?3425  

113.85417  
657.78223  

0.35341
87.69757  

3.29625  

.8.9558 
631.38013  

14 .2?;27 
.0  

162.72485 
76..77O 
776.4A7070 

0.27287  
94.272800003 
0  
0.01396  
0.0353 2.q6641 

.05636  
0.41686  
0.58445  
3.10321  

0.00174 
0.00141 


