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Cover Photograph. View looking downstream at the Middle Fork Saline River between Danville Road and Goosepond Road bridges.
Photograph by Aaron L. Pugh, U.S. Geological Survey.
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Conversion Factors and Datums

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Slope
foot per mile (ft/mi) 0.0001893 meters per meter (m/m)
Area
square foot (ft?) 0.09290 square meter (m?)
square mile (mi?) 2.590 square kilometer (km?)
Flow rate
foot per second (ft/s) 0.3048 meter per second (m/s)
cubic foot per second (ft%/s) 0.02932 cubic meter per second (m¥s)
Mass
ton per day (ton/d) 0.9072 megagram per day (Mg/d)
Stress
pound force per square foot (Ibf/ft?) 4.88243 kilogram force per square meter (kgf/m?
Specific Weight
pound per cubic foot (lb/ft?) 157.10919 newton per cubic meter (N/md)

Altitude, as used in this report, refers to distance above the vertical datum, and is referenced
to the National Geodetic Vertical Datum of 1929 (NGVD of 1929).

Latitude and longitude are referenced to the North American Datum of 1983 (NAD of 1983).



Geomorphic Characterization of the Middle Fork Saline
River: Garland, Perry, and Saline Counties, Arkansas

By Aaron L. Pugh', Thomas J. Garday? and Ronald Redman?®

Abstract

This report was prepared to help address concerns raised
by local residents, State, and Federal agencies about the cur-
rent geomorphic conditions of the Middle Fork Saline River.
Over the past 30 years the Middle Fork Saline River Basin
has experienced a marked increase in urbanization. The report
summarizes the Middle Fork’s current (2003) channel charac-
teristics at nine stream reaches in the upper 91 square miles of
the basin. Assessments at each study reach included compar-
ing measured stream geometry dimensions (cross-sectional
area, top width, and mean depth) at bankfull stage to regional
hydraulic geometry curves for the Ouachita Mountains Phys-
iographic Province of Arkansas and Oklahoma, evaluations
of streambed materials and sinuosity, and classification of
individual stream reach types.

When compared to the Ouachita Mountains’ regional
hydraulic geometry curves for natural, stable, stream reaches,
five of the nine study reaches had slightly smaller cross-
sectional areas, longer top widths, and shallower depths.
Streambed material analysis indicates that the Middle Fork
is a bedrock influenced, gravel dominated stream with lesser
amounts of sand and cobbles. Slight increases in sinuosity
from 1992 to 2002 at seven of the nine study reaches indicate
a slight decrease in stream channel slope. Analyses of the
Middle Fork’s hydraulic geometry and sinuosity indicate that
the Middle Fork is currently overly wide and shallow, but is
slowly adjusting towards a deeper, narrower hydraulic geom-
etry.

Using the Rosgen system of channel classification, the
two upstream study reaches classified as B4c,, stream types;
which were moderately entrenched, riffle dominated chan-
nels, with infrequently spaced pools. The downstream seven
study reaches classified as C4,, stream types; which were
slightly entrenched, meandering, gravel-dominated, riffle/
pool channels with well developed flood plains. Analyses of
stream reach types suggest that the downstream reaches of the
Middle Fork are more vulnerable to streambank failure than
the upstream reaches of the stream.

''U.S. Geological Survey
2 Natural Resources Conservation Service

3 Arkansas Natural Resources Commission

Introduction

Streams and their flood plains are complex natural sys-
tems. The combined effects of climate, geology, topography,
and biology control the stability and sensitivity of fluvial land-
forms. Understanding how observed stream forms have devel-
oped helps in forecasting effects of different actions on future
stream forms. Streams allowed to adjust their boundaries natu-
rally will develop hydraulic geometry and slope in proportion
to the incoming water and sediment discharge. Because natural
streams are self-formed and self-maintained, it is important
to relate measurable features identifiable in the field with
consistency so comparisons may be made. The bankfull or
effective discharge of alluvial rivers in humid regions is gener-
ally a flood of moderate magnitude with a recurrence interval
of 1 to 2 years (Annable, 1994). Bankfull stage indicators and
their associated discharge serve as consistent morphological
indices, which can be related to the formation, maintenance,
and channel dimensions that exist under the current hydrologic
and sediment conditions.

The U.S. Geological Survey (USGS) in cooperation
with the Arkansas Natural Resources Commission (ANRC)
and the U.S. Department of Agriculture-Natural Resources
Conservation Service-National Water Management Center
(USDA-NRCS-NWMC) participated in a study to character-
ize the geomorphology of the Middle Fork Saline River to
help address concerns raised by local residents and State and
Federal agencies. Two of the concerns raised were a changing
hydrologic regime because of urban development and water
withdrawals, and non-point pollution resulting from a broad
assortment of activities. Personnel from the three agencies
conducted fieldwork on the Middle Fork Saline River from
March through October 2003. This study is one of several
studies of the Middle Fork currently (approximately 2003
through 2007) being conducted by various entities. The other
studies may yield results that could help place the results
described in this report in a broader context.



2 Geomorphic Characterization of the Middle Fork Saline River: Garland, Perry, and Saline Counties, Arkansas

Purpose and Scope

The purpose of this report is to summarize the Middle
Fork Saline River’s (known locally and hereafter referred
to as the Middle Fork) current (2003) channel geomorphic
characteristics. Channel geomorphic characteristics examined
include hydraulic stream geometry dimensions (cross-sec-
tional area, top width, and mean depth), sinuosity, stream
reach classification, channel bed material, bankfull stage
tractive stresses, and basin disturbances. Portions of this report
are applicable to other streams within the Ouachita Mountains
Physiographic Province, but such applications should be made
cautiously because of the unique anthropogenic activities that
have taken place in the Middle Fork’s Basin over the past 25
years.

This report focuses on the upper 91 mi? of the basin
upstream from Vance Road (fig. 1). Stream channel geom-
etry dimensions and bed-material samples were collected at
seven reach locations along the Middle Fork and at two reach
locations along tributaries to the Middle Fork. Starting at the
upstream end of the basin and traveling downstream, the nine
study reach locations were: (1) Highway 7, (2) Baily Road, (3)
Above Coleman Creek, (4) Coleman Creek, (5) Talley Cem-
etery Road, (6) Above Mill Creek, (7) Mill Creek, (8) Below
Danville Road, and (9) Vance Road (fig. 1).
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Figure 1. Study reach locations along the Middle Fork Saline River.
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Streams have inherent dynamic qualities by which change
continually occurs in the stream position and shape. Changes
may be slow or rapid, but all streams are subjected to forces
that cause changes to occur. The degree of stream channel
change varies with hydrologic events, bed and bank material,
type and extent of vegetation on the banks, and flood-plain
use. A stable stream channel is one that over time, maintains
its width, depth, and slope (sinuosity) while transporting
the water and sediments produced within the basin without
excessive erosion or deposition. Data collected for this report
represents a snapshot in time; accordingly stream stability can
only be partially assessed, limited to the variables examined.
Consequently, for this report, stream stability refers to a direct
comparison between the stream’s bankfull hydraulic geometry
and the hydraulic geometry of a “regional stream” with the
same drainage area. Agreement of bankfull geometry indicates
stability, whereas, departure indicates increased or decreased
sediment transport capacity, stream slope, or stream water
discharge.

Description of the Middle Fork Basin

To characterize a stream basin, it is essential to under-
stand how the local landscape has evolved over time— both

92°52'30" 92°45°

Balbod

EXPLANATION

A Study reach location
@ Town
@ State highway




at a human time scale and a geologic time scale. This section
contains descriptions of the Middle Fork’s location, land use,
drainage areas, topography, and geology.

Location

The Middle Fork is a part of the Saline River Basin,
which in turn is part of the Ouachita River Basin. Geo-
graphically, the Middle Fork flows from the northwest to
the southeast with its headwaters gathering in eastern Perry
County, flowing across northeastern Garland County, and
joining with the Alum Fork of the Saline River at their conflu-
ence near Crows, in western Saline County, Arkansas (fig. 1).
The Middle Fork lies along the eastern flank of the Ouachita
Mountains Physiographic Section, of the Interior Highlands
Major Physiographic Division (fig. 2) (Fenneman, 1938).
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Figure 2. Physiography of Arkansas.

Land Use

From the nomadic hunters at the end of the last Ice Age,
12,000 to 15,000 Y.B.P. (years before the present date), to
the homesteaders of the early 20th century, to the present,
humans have inhabited the Ouachita Mountains. Because little
historical land-use data exists, historical land use was inferred
from archeological and historical census data. Examination of
these data indicates that three distinct human activities have
occurred in the Ouachita Mountains that may have affected
stream basins. These activities were human habitation and
associated infrastructure, the introduction of agriculture, and
large scale timber harvesting.

The earliest known inhabitants of the OQuachita Moun-
tains were the Paleo-Indians who occupied the region begin-
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ning about 11,500 Y.B.P. Archeological evidence suggests that
the Paleo-Indians were highly mobile hunters and gatherers
that would have minimally impacted Ouachita stream basins
(Etchieson and others, 1999).

Approximately 2,000 Y.B.P., the population of the
Ouachita Mountains increased as people began establishing
more permanent settlements in the larger valleys. Maize (corn)
was introduced to this area about 1,200 Y.B.P. and by the late
16th century, the Quapaw Indians occupied much of the region
cultivating crops and raising livestock (Etchieson and others,
1999). Both permanent settlement and agricultural develop-
ment would have affected the stream basins in which they
occurred.

European settlers were slow to move into the Ouachita
region until the interstate railroad system reached the region
in the 1880’s. The arrival of the railroad spurred a region-wide
lumbering boom. Land acquisition records indicate that many
of the rough upland areas were settled between the 1880’s
and the 1930’s. Ultimately, low agricultural potential, over-
grazing, over farming on highly erodable soils, and distance
from markets resulted in widespread deprivation. Many of the
upland farms were abandoned during the economic depression
of the 1930’s (Etchieson and others, 1999). The timber harvest
and farming practices during this period could have drastically
affected the stream basins in which they occurred.

The majority of land use within the Ouachita region,
from the late 1930’s through the present, has been forestry.
Properties abandoned during the 1930’s were typically
purchased by timber companies or the U.S. Department of
Agriculture (USDA) Forest Service (U.S. Department of
Agriculture, Forest Service, no date). The effects of land use
on stream basins during this period have varied depending on
the management practices employed by the various timber
companies and the USDA Forest Service.

Over the past 25 years, the Middle Fork Basin has expe-
rienced a rapid population growth. Census records indicate
that the population of Saline and Garland Counties grew at a
rate of approximately 15 percent for each decade from 1930
to 1970. The exception to this growth was in Garland County,
between 1950 and 1960, when the population decreased by
0.9 percent. Between 1970 and 1996, the area’s population
has increased 37 percent (University of Virginia, 1998). The
greatest development has taken place in Hot Springs Village
along the southern border of the basin. Construction at Hot
Springs Village began in 1970 on 26,000 acres, of which
approximately half is within the Middle Fork Basin. In 2003,
there were 13,000 residents and 32,000 home sites in the
Village. The development of Hot Springs Village includes
the construction of numerous dams on Middle Fork tributar-
ies including Lake DeSoto (200 acres) and Lake Cortez (245
acres) in the Mill Creek Basin and Lake Lago (100 acres) on
an unnamed tributary to the Middle Fork (Hot Springs Village
Property Owner’s Association, 2003). This residential con-
struction and associated infrastructure has affected the Middle
Fork Basin and is, in part, the reason for this study.
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Drainage Areas

At its confluence with the Alum Fork, the Middle Fork
drains an area of approximately 107 mi. This report only
examines the upper part of the Middle Fork upstream from
Vance Road (drainage area 91 mi?). Several small creeks
contribute to the upper Middle Fork’s drainage. These include
Coleman Creek (drainage area 10.9 mi?), Brushy Creek (drain-
age area: 19.0 mi®) and its tributary Angling Creek (drainage
area 7.2 mi?), and Mill Creek (drainage area 10.0 mi?) (Yan-
chosek and Hines, 1979).

Drainage areas were delineated using a geographic infor-
mation system and digital raster graphic topographic maps to
outline the polygon area contributing drainage to each study
reach. The areas of these polygons are reported as the study
reach drainage areas.

For the purposes of this report, drainage areas are divided
into two categories, controlled and uncontrolled. Controlled
drainage areas are associated with those basins that have some
type of structural control (dams) or substantial amounts of
impervious surfaces from urbanization. Dams tend to attenu-
ate peak flows, store bed-load sediments, and increase base
flows, while impervious surfaces from urban development
increase runoff, which increases storm event peak flows and
shortens storm event flow durations. Uncontrolled drainage
areas are associated with basins that have no structural control
and are free to flow in a natural manner, and storm event peak
flows are minimally affected by land use (minimal impervious
surfaces).

An example of uncontrolled and controlled drainage
areas in the Middle Fork Basin is the Mill Creek Basin. Prior
to the construction of Lakes DeSoto and Cortez, Mill Creek’s
uncontrolled drainage area equaled its total drainage area,

10 mi% Following the construction of these lakes, 9.1 mi? of
Mill Creek’s drainage area flows through the lakes, becoming
controlled drainage area, and leaving an uncontrolled drain-
age area of 0.9 mi*. Because Mill Creek contributes drainage
area to the Middle Fork, any drainage areas measured below
the confluence of these two streams also have uncontrolled
drainage areas reduced by 9.1 mi?. This includes the Below
Danville Road and Vance Road study reaches whose uncon-
trolled drainage areas are reduced from 71.0 mi” to 61.9 mi?
and 90.8 mi* to 81.7 mi?, respectively.

Topography

The topography of the Middle Fork Basin is directly
related to the local geology. Relief or difference in elevation
between the ridgetops and valley bottoms for the Middle Fork
Basin is the result of the compression and uplift of Paleozoic
rocks and the subsequent erosion and entrenchment of drain-
age channels into the land surface. Elevations within the Mid-
dle Fork Basin range from 1,886 ft above National Geodetic
Vertical Datum of 1929 (NGVD of 1929) at Smith Pinnacle
located in the Jackfork Sandstone ridge bordering the northern

edge of the basin to approximately 350 ft at the Middle Fork’s
confluence with the Alum Fork underlain by Womble Shale.
The maximum relief for the basin is 1,536 ft. The ridges and
valleys trend generally in an east-west direction. Ridges con-
sist of sandstone, quartzite, and to a lesser extent novaculite;
while the larger valleys are underlain by shale (Arkansas Geo-
logical Commission, 2000a, 2000b). Smaller, upland valleys
underlain by sandstone are v-shaped, while the larger, lowland
valleys underlain by shales are u-shaped.

Geology

All the geological formations within the Middle Fork
Basin (table 1, fig. 3) are of sedimentary origin deposited
as nearly flat layers of mud, sand, gravel, lime, and silica in
the marine waters of an ancient deep basin that occupied the
region. With the load and weight of the overlying sediments,
they were subsequently converted to shale, sandstone, con-
glomerate, limestone, and chert. These consolidated deposits
then were subjected to intense compressive forces in late
Paleozoic time that transported them towards the north causing
them to bend, fold, and in many places, rupture. Ultimately,
the region was uplifted, forming an extensive mountain range.
This deformation, called the Ouachita orogeny, metamor-
phosed portions of these consolidated deposits in places,
changing some shale to slate, sandstone to quartzite, and chert
to novaculite. The uplift produced prominent east-west folds
and large thrust faults in the strata. Subsequent to the Ouachita
orogeny, the region was eroded and dissected with minor arch-
ing and extensional faulting. During the Pleistocene and Qua-
ternary (recent times), the older rocks in the area were further
eroded. Terrace, alluvial, and colluvial deposits represent some
of the most recent products of these climatically related cycles
of erosion and deposition (Arkansas Geological Commission,
2000a; 2000D).

Nine geologic formations are delineated within the
Middle Fork Basin and range in age from early Ordovician
age (Mazarn Shale) to Pennsylvanian age (Jackfork Sand-
stone). The rocks consist primarily of shale, sandstone, chert,
and novaculite and generally are steeply inclined, fractured,
folded, and faulted. The erosional surface of these Paleozoic
rocks dips to the southeast at an average rate of 80 ft/mi (Ple-
buch and Hines, 1967) (table 1, fig. 3).

Basin Disturbances

The Middle Fork Basin is a complex hydrologic system.
The changes in this system are the result of physical, chemi-
cal, and biological processes operating within the system and
the natural and anthropogenic changes to these processes
over time. A number of anthropogenic disturbances to the
Middle Fork Basin are known. These consisted of chemical
disturbances including agricultural applications of pesticides
and nutrients and stormwater runoff; biological disturbances
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Table 1. Geologic stratigraphic summary of the Middle Fork Basin (modified from Arkansas Geological Commission, 2000a, 2000b).

Era

Period

Formation

Geology

Paleozoic

Pennsylvanian

Jackfork Sandstone

The Jackfork Sandstone is thin- to massive-bedded, fine- to coarse-grained, brown, tan, or bluish-gray,
quartzitic sandstone with subordinate brown, silty sandstones and gray-black shales. The Jackfork Sand-
stone rests conformably on the Stanley Shale.

Mississippian

Stanley Shale

The Stanley Shale is composed of dark-gray shale interbedded with fine-grained sandstone. A thick
sandstone member, the Hot Springs Sandstone, is found near the base of the sequence. The Hot Springs
Sandstone at the base of the formation possibly indicates a submarine disconformity between the Stanley
Shale and Arkansas Novaculite.

Devonian

Arkansas Novaculite

Three divisions of the Arkansas Novaculite are recognized. The lower division is a white, massive-bed-
ded novaculite with some interbedded gray shales near its base. The middle division consists of greenish
to dark gray shales interbedded with many thin beds of dark novaculite. The upper division is a white,
thick-bedded, often calcareous novaculite. The formation rests conformably on the Missouri Mountain
shale at most places, but the presence of conglomerates in a few places suggests a possible minor incipient
submarine disconformity.

Silurian

Missouri Mountain Shale

The Missouri Mountain Shale is shale interbedded with various amounts of conglomerate, novaculite, and
sandstone. The shales are usually gray, green, black, or red and weather to buff, green, yellow, or red-
dish-brown. Conglomerate is normally present at or near the base of the unit and may be up to 4 feet
thick. Thin beds of novaculite are present in the upper part of the unit. Thin quartzitic sandstones occur
throughout the unit, but are more common in the upper and lower parts. The formation rests conformably
on the Blaylock Sandstone.

Blaylock Sandstone

The Blaylock Sandstone consists of fine- to medium-grained sandstone of tan, dark-gray, or greenish color,
interbedded with dark-colored to black, fossil shale. The sandstones tend toward wackestones with small
amounts of plagioclase, zircon, tourmaline, garnet, leucoxene, and mica. The shales, which may dominate
thick sequences, are usually dark-gray and micaceous. The unit rests conformably on the Polk Creek
Shale.

Ordovician

Polk Creek Shale

The Polk Creek Shale rocks are black, sooty, fissile shale with minor black chert and traces of gray quartzite
and limestone. The Polk Creek Shale rests unconformably on the Womble Shale.

Womble Shale

The Womble Shale is mostly black shale with thin layers of limestone, silty sandstone, and some chert.
Some green shales are interbedded with the black shales, but less so than in the Mazarn Shale. Cleavage,
at an angle to bedding, frequently displays ribboned cleavage surfaces. The sandstones are dark gray,
compact, fine-grained, occasionally conglomeratic, and may be phosphatic. These sandstones generally
are present in the lower part of the formation. Dense, blue-gray limestones usually occur near the top of
the formation in thin to medium beds. Black chert also is present as thin layers at the top of the formation.
Large milky quartz veins often fill fractures in the formation. The formation rests conformably on the
underlying Blakely Sandstone.

Blakely Sandstone

The Blakely Sandstone consists of black and green shale in alternating layers with hard, gray sandstone, and
some bluish-gray limestone. Although the shale may locally make up 50 to 75 percent of the sequence,
the sandstones appear to dominate because of their erosion resistance. The sandstones are light gray to
blue, medium-grained, well-cemented and in thin to thick beds. Silica or calcite may be present as ce-
ment. Where the cement is silica the sandstone is quartzite and is quite resistant to weathering. Erratic
meta-arkose boulders and pebbles occur in some conglomeratic sandstone. The shales of the Blakely
Sandstone are sometimes ribboned much like the Mazarn Shale. The lower contact is considered con-
formable.

Mazarn Shale

The Mazarn Shale is predominantly shale with small amounts of siltstone, silty to conglomeratic sandstone,
limestone and glossy black chert. The shale is mostly gray-black, but thin layers of olive-gray silty shale
or siltstone are interbedded with the darker shales in some sequences. In many places quartzose siltstone
or very fine-grained sandstone is present. Dense, bluish-gray, thin-bedded limestones may be present
throughout the interval. Milky quartz veins are common in some areas.
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Figure 3. Geology of Middle Fork Saline River Basin.

including livestock grazing and the presence of exotic flora
(kudzu); and physical disturbances including dams, weirs,
utility crossings, bridges, gravel removal, water withdrawals,
soil exposure and compaction (construction), and flood-plain
reduction from urban or road encroachment. The known
anthropogenic basin disturbances associated with each study
reach are listed in table 2.

Methods

The following discussions describe the study reach
locations and the methods used to sample at each location.
Sampling included hydraulic geometry surveys including
cross-sectional, profile, and bankfull indicator surveys, pebble
counts, and digital photography.

Study Reach Locations

Nine study reach locations were selected following an
initial reconnaissance of the Middle Fork Basin. Seven of
these study reaches were located on the main stem of the
Middle Fork. The remaining two study reaches were located
on Coleman Creek and Mill Creek (tributaries to the Middle
Fork). The initial reconnaissance of the basin was conducted

and Blaylock Sandstone

to assess its general condition, locate study reaches, and to
locate available benchmarks. The selected study reaches were
generally upstream from and far enough away from bridges
to minimize flow effects that bridges may have on the stream.
Starting at the upstream end of the basin and traveling down-
stream, the nine study reaches were: (1) Highway 7, (2) Baily
Road, (3) Above Coleman Creek, (4) Coleman Creek, (5) Tal-
ley Cemetery Road, (6) Above Mill Creek, (7) Mill Creek, (8)
Below Danville Road, and (9) Vance Road (fig. 1).

Hydraulic Geometry

In natural stream environments, where the stream chan-
nel is connected to the flood plain and is allowed to adjust its
width, depth, and sinuosity, bankfull discharges occur at stages
where water completely fills the stream channel or is the maxi-
mum discharge that the channel can convey without flowing
onto the flood plain. The flood plain is the flat area adjacent to
the stream channel constructed by the present stream under the
present climatic conditions and is frequently subject to flood-
ing (Dunne and Leopold, 1978).

At each study reach, a total station survey instrument was
used to obtain location and elevation data for bankfull indica-
tors, riffle cross sections, and longitudinal profiles (thalweg
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Table 2. Anthropogenic basin disturbances.
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points). All bankfull indicators that could be identified, from
both the left and right banks, were measured and included all
relatively flat depositional areas where the flood plain meets
the stream bank. The bankfull stage or elevation for each cross
section was determined by visually inspecting the cross-
section plot for a break in the land-surface slop occurring at

or near the elevation of the best-fit regression line through

the bankfull indicators upstream and downstream from the
cross section in the profile view. Cross-sectional survey data
provided stream geometry measurements for top width, area,
wetted perimeter, maximum depth (thalweg), and stage or
water-surface elevation (fig. 4). From these cross-sectional
data, the mean depth and hydraulic radius were calculated (see
figure 4 for definitions). All stream geometry data reported are
for bankfull stage. Additionally, most cross-sectional surveys
were carried to an elevation high enough to include the flood-
prone elevation, which is defined as twice the maximum bank-
full depth (fig. 5). From the bankfull stream geometry data,
the width-to-depth and entrenchment ratios were calculated
(see figure 5 for definitions). Thalweg or longitudinal profile
surveys were carried upstream and downstream from the cross
sections approximately 10 times the bankfull stream channel

width or for a total distance of approximately 20 times the
bankfull stream channel width.

Along two of the study reaches (Highway 7 and Baily
Road) more than one cross section was surveyed. At Highway
7, six cross sections were measured. Data from cross sections
5 and 6 were averaged to determine bankfull characteristics
and stream classification. The remaining four cross sections
were conducted to define the Highway 7 Bridge and were
to be used if a hydraulic computer model was constructed.

A computer model was not constructed and these data were
not used. Similarly, at Baily Road, two cross sections were
measured and the data averaged to determine bankfull charac-
teristics and stream classification.

At bankfull stages, the relations between drainage area
and bankfull hydraulic dimensions (cross-sectional area, top
width, mean depth, and discharge) have high coefficients of
correlation for similar stream types within the same physio-
graphic province. Plots of these relations between drainage
area and bankfull hydraulic dimensions (regional hydraulic
geometry curves) can be utilized to help assess stream hydrau-
lic geometry within the same physiographic province.

An analysis of the Middle Fork’s hydraulic geometry
dimensions was conducted by comparing measured hydraulic
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Mean depth = area/top width

Hydraulic radius = area/wetted perimeter

Stage-or
water-surface
elevation

Maximum depth
Wetted perimeter or thalweg

Figure 4. Channel dimensions.

Width/depth ratio = bankfull top width/mean depth
Entrenchment ratio = flood prone width/bankfull top width

Bankfull top width

Bankfull elevation
Flood prone width

Flood prone elevation

|
ALl AL ML I A

Maximum. bankfull depth.or thalweg

2 x-maximum-bankfull depth

Figure 5. Bankfull and flood-prone dimensions.



geometry dimensions to predicted dimensions from prelimi-
nary regional hydraulic geometry curves for the Ouachita
Mountains Physiographic Province. The variability of the
dependent dimensions (bankfull cross-sectional area, bankfull
top width, bankfull mean depth, and bankfull discharge) of the
preliminary Ouachita Mountains regional hydraulic geometry
curves is indicated by the 95 percent confidence and predic-
tion intervals (T.J. Garday, Natural Resources Conservation
Service, written commun., 2005). Prediction intervals provide
upper and lower limits of individual dependent dimensions
(bankfull cross-sectional area, bankfull top width, bankfull
mean depth, and bankfull discharge) predictions, whereas con-
fidence intervals provide upper and lower limits of dependent
dimensions (bankfull cross-sectional area, bankfull top width,
bankfull mean depth, and bankfull discharge) of prediction
population means. To aid in the assessment of the Middle
Fork’s hydraulic geometry data, the data are plotted with the
Ouachita Mountains regional data and the percent difference
between the two data sets is presented. Percent difference and
total percent difference are defined as:

Percent difference = (|Middle Fork measured value -
regional curve predicted value| / regional curve predicted
value) x 100

Total percent difference = ((|Middle Forked measured area

- regional curve predicted area| + |Middle Fork measured
width - regional curve predicted width| + |Middle Fork
measured depth - regional curve predicted depth|) / (regional
curve predicted area + regional curve predicted width +
regional curve predicted depth)) x 100

Additional hydraulic geometry data were obtained from
individual USGS discharge measurements made at the Middle
Fork Saline River below Jessieville gage (station number
07362641, at the Talley Cemetery Road bridge) and at the
Middle Fork Saline River near Owensville gage (station
number 07362693, at the Vance Road bridge) (data on file at
USGS Arkansas Water Science Center, Little Rock, Ark.).
Examination of individual discharge measurements provides
cross-sectional area, top width, mean depth, and mean veloc-
ity data for the measured discharge. Plotting the measured
hydraulic geometry dimensions and the measured discharge
and drawing least squares regression lines through each set of
dimensions yields hydraulic geometry curves for each gage.

Estimates of suspended sediment loading rates were
developed for the flows passing the Middle Fork’s two USGS
gaging stations from the hydraulic geometry curves developed
for each station from individual discharge measurements.
Leopold and Maddock (1953) noted that the rates of change in
hydraulic geometry variables dimensions (width, mean depth,
mean velocity, and suspended load) with changes in discharge
are defined by the slopes of the lines in the following equa-
tions and are equal to the exponents b, m, f, and j.

w=aQ’ d=cQ,u=kQ" and L = pQ/
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where w is width, in feet;

d is mean depth, in feet;

u is mean velocity, in feet per second; and

L is suspended sediment load, in tons per day.

a, ¢, k, and p are numerical constants of the coefficient
at unit discharge for width, mean depth, mean
velocity, and suspended sediment load, respectively,

Q is discharge, in cubic feet per second, and,

b, f, m, and j are numerical constants of the slopes in the
lines for width, mean depth, mean velocity, and
suspended sediment load, respectively.

Note: b+ f+m= 1.0 and a X ¢ x k = 1.0 as required by the
identity O =w X d X u.

The numerical constants a, c, k, b, f, and m were derived
form the hydraulic geometry curves developed for the two
USGS gaging station from the least-square best fit lines of the
top width (a and b), mean depth (c and f), and mean veloc-
ity (k and m) curves. The slope of the suspended load and
discharge curve (j), or the suspended sediment loading rate,
was obtained from figure 18 of USGS Professional Paper
252 (Leopold and Maddock, 1953). The suspended sediment
loading rate was determined by calculating the ratio of slopes
of mean velocity and discharge curve and mean depth and
discharge curve (m/f), and using the slope of the top width and
discharge curve (b) to read the estimated slope of the suspend-
ed-sediment rating curve (j) from figure 18 for the data from
each of the two gaging stations.

Streambed Sediment

The composition of streambed sediment is an important
factor in how a stream responds to changes in slope or dis-
charge or both. The most efficient technique for measuring the
distribution of streambed-sediment size is the Wolman pebble
count (Wolman, 1954). Pebble counts were conducted across
the riffles using the step-toe procedure to collect approxi-
mately 100 samples for each study reach. Only materials from
the active streambed were measured. For each sample selected,
the intermediate (B) axis was measured and recorded (fig. 6).

|~

749

4/

A Longest axis (length)

B Intermediate axis (width)

C Shortest axis (thickness)

Figure 6. Pebble axis.
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From the pebble count data, the bedrock tallies were removed
and cumulative frequency curves were developed, the median
(D50) and one standard deviation from the median (D16 and
D84) particle sizes were determined. Bedrock is defined as
any exposure of native solid rock in the streambed or along the
streambanks.

Tractive Force for incipient motion or shear stress and
the maximum particle size moved during bankfull flows also
were calculated for each cross section. Newbury and Gaboury
(1993) developed the following equation to characterize the
average shear stress in a stream reach. Using the hydraulic
radius and profile slope data from each study reach’s cross-
section survey, the average bankfull tractive forces for each
cross section was calculated using the Newbury and Gaboury’s
equation.

T=yYXrxs

where 7 is tractive force of flow (pound force per square foot)
v is specific weight of water (62.4 pound per cubic foot)
r is hydraulic radius (feet), and
s is energy slope (feet/feet).

From field observations Lane (1955) compiled recom-
mended design guidelines for tractive force and related them
to the size of material at incipient motion. For non-cohesive
bed materials greater than 0.394 inches (10 mm) in diameter
(fine gravel), the relation is:

Particle diameter at incipient motion (in) =t x 2 (gravel equa-
tion, Lane, 1955)

The particle size transported during bankfull flow events at
each study reach was calculated by applying the results from
the bankfull tractive force calculations to Lane’s particle diam-
eter equation.

Sinuosity

The degree to which a channel meanders can be
expressed by its sinuosity. Sinuosity (K) is determined using
the ratio:

K = channel length / valley length

Stream and valley lengths were measured upstream from
the downstream end of each study reach for approximately 2
meander wavelengths or roughly 20 to 30 times the channel’s
bankfull top width. Stream lengths were measured twice for
each reach using a geographic information system to delin-
eate the streamflow paths from 1992 and 2002 digital aerial
imagery, while the centerline of the valley was delineated
from digital raster graphic imagery of 1:24,000-scale USGS
topographic maps.

Stream Reach Classification

Each of the study reaches were classified using a stream
reach classification system developed by Rosgen (1994). Clas-
sification is based on stream form and pattern. Specifically, the
classification is determined using the entrenchment ratio, the
width to depth ratio, sinuosity, slope, and median streambed
particle size measured at each study reach. Because a stream
may vary in character over a relatively short distance, the Ros-
gen classification system describes individual reaches and not
the entire stream system.

Photographs

For basic documentation, digital photographs were taken
at all cross sections. The photographs include views looking
along the centerline of the cross section at the left and right
banks, and upstream and downstream.

Geomorphic Characterization

The following discussions are a summarization of the
data collected from nine study reach locations along the upper
parts of the Middle Fork. Characterization includes discus-
sions of hydraulic geometry, streambed sediment, sinuos-
ity, and stream reach classification. A summary of channel
geometry characteristics by study reach is presented in table
3. Geomorphic characteristics by study reach are provided in
appendixes 1-9 at the back of the report.

Hydraulic Geometry

An analysis of the Middle Fork’s hydraulic geometry
was, in part, conducted by comparing measured hydraulic
geometry dimensions to predicted dimensions from prelimi-
nary regional hydraulic geometry curves for the Ouachita
Mountains physiographic province. The preliminary Ouachita
Mountains regional hydraulic geometry curves with 95 percent
confidence and prediction intervals are presented in figure 7
(T.J. Garday, Natural Resources Conservation Service, written
commun., 2005). To aid in the assessment, the Middle Fork’s
hydraulic geometry data are plotted with the Ouachita regional
data in figure 8 and the percent difference between the two
data sets are presented in table 4.

When compared to the Ouachita Mountains regional
curves (fig. 8, table 4), the Talley Cemetery Road reach most
closely matches the hydraulic geometry curve values with
a total percent difference value of 2.9 percent. The bankfull
cross-sectional area, top width, and mean depth fall on or near
the regional curve values for a basin with a 29.9-mi? drain-
age area, indicating that the reach is as stable and in balance
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with respect to water and sediment discharge as other natural
streams in the Ouachita Mountains physiographic province.

The Mill Creek reach is geometrically oversized for a
basin with its drainage area and has the greatest divergence
from the Ouachita Mountains regional hydraulic geometry
curves of any of the reaches examined. Using the total, par-
tially controlled drainage area of 10.0 mi?, the total percent
difference was 64.2 percent and the geometry data plotted
below the regional curves indicating that Mill Creek is geo-
metrically undersized for this size drainage area (fig. 8, table
4). Using an uncontrolled drainage area of 0.9 mi?, the total
percent difference was 84.3 percent and the geometry data
plotted above the regional curves indicating that Mill Creek is
geometrically oversized for this size drainage area. Back-cal-
culating the equivalent drainage area that produces the mini-
mal total percent error for the measured Mill Creek hydraulic
geometry dimensions gives an equivalent drainage area of 2.6
mi?, with a total percent difference of 8.5 percent. Together,
these data indicate Mill Creek is adjusting its hydraulic geom-
etry to a smaller uncontrolled drainage area resulting from the
construction of a series of dammed lakes built within the basin
over the past 30 years. Because the dams are releasing flow
from the upper, controlled part of the basin, Mill Creek may
always be geometrically (area, width, and depth) oversized
with respect to the 0.9 mi? uncontrolled part of the drainage
basin. It may take decades for Mill Creek to construct a new
channel and flood plains at the appropriate dimensions and
elevations considering the small size of the uncontrolled part
of the drainage basin and the lack of sediment passing through
the dams.

Reaches at Highway 7 and Above Mill Creek both have
bankfull cross-sectional area, top width, and mean depth
values considerably smaller than what the Ouachita Mountains
regional hydraulic geometry curves predict. At the Highway
7 reach, the cross-sectional area is 118.7 ft? less (51.4 percent
difference), the top width is 20.0 ft narrower (24.6 percent dif-
ference), and the mean depth is 1.1 ft shallower (37.5 percent
difference) than what the Ouachita regional hydraulic geom-
etry curves predict (fig. 8, table 4). At the Above Mill Creek
reach, the cross-sectional area is 244.7 ft? less (32.9 percent
difference), the top width is 18.0 ft narrower (11.3 percent dif-
ference), and the mean depth is 1.2 ft shallower (25.5 percent
difference) than what the Ouachita regional hydraulic geom-
etry curves predict (fig. 8, table 4). This indicates that both
sites are geometrically undersized for their drainage areas.
This suggests one or a combination of three possibilities: (1)
velocities are higher, reducing the cross-sectional area needed
for similar discharges, (2) sediment size has decreased, or (3)
sediment discharge has decreased.

Both the Highway 7 and Above Mill Creek sites have
structural influences just upstream from their reaches that may
be affecting their geometry. Upstream from the Highway 7
reach, a ridge of Arkansas Novaculite and the State Highway
7 bridge are pinching the valley width preventing the Middle
Fork from meandering freely and reducing available flood
plain needed for energy dissipation. The effect of this valley
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pinching is to decrease sinuosity, increasing slope and water
velocity, and thus reduce hydraulic geometry dimensions (area,
width, and depth). Water is being withdrawn from the Middle
Fork at a low water weir approximately one-half mile upstream
from the Above Mill Creek reach. The effect of the reduced
flow would be reduced hydraulic geometry dimensions (area,
width, and depth). The weir also attenuates flows and traps sedi-
ments at stages below the weir crest. This may not mean these
reaches are unstable, only that the reach conditions at these two
sites are different from the reach conditions used to develop the
Ouachita Mountains hydraulic geometry regional curves. Con-
clusions for these two sites can not be based on regional curve
comparisons because of these differences in site conditions.

The remaining five Middle Fork study reaches—Baily
Road, Above Coleman Creek, Coleman Creek, Below Danville
Road, and Vance Road—all have cross-sectional areas smaller
than, top widths greater than, and mean depths shallower than
the Ouachita Mountains hydraulic geometry regional curve
values for basins with their respective drainage areas predict
(fig. 7, table 4). This suggests one or a combination of three
possibilities: (1) the Middle Fork is receiving and transporting
more streambed sediment, (2) the Middle Fork is receiving and
transporting larger streambed sediment, and (3) the Middle Fork
is receiving smaller volumes of water, relative to the streams
used to develop the Ouachita Mountains regional hydraulic
geometry curves.

Analysis of hydraulic geometry data developed from
discharge measurements made by the USGS at the Middle Fork
Saline River below Jessieville gage (station number 07362641,
at the Talley Cemetery Road bridge) and at the Middle Fork
Saline River near Owensville gage (station number 07362693,
at the Vance Road bridge) indicates that with similar increases
in discharge, the estimated change in suspended-sediment loads
at the Vance Road bridge are greater and increasing at a faster
rate than at the Talley Cemetery Road bridge (table 5, fig. 9).

Table 5. Comparison of estimated changes in suspended sediment
with changes in discharge at two U.S. Geological Survey stream gaging
stations—Mliddle Fork Saline River below Jessieville (07362641) and
Middle Fork Saline River near Owensville (07362693).

Middle Fork Saline River
below Jessieville, Arkansas

Middle Fork Saline River
near Owensville, Arkansas

(07362641), (07362693),
Talley Cemetery Road bridge Vance Road bridge
Estimated Estimated
Increase increase in Increase increase in
in discharge suspended- in discharge suspended-
(cubic feet sediment load (cubic feet sediment load
persecond)  (tons per day) per second) (tons per day)
10 794 10 7,943
100 630,957 100 63,095,734
1,000 501,187,234 1,000 501,187,233,627
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Graphs of hydraulic geometry variables (cross-sectional area,
top width, mean depth, and mean velocity) plotted against
discharge for the two Middle Fork USGS gaging stations are
presented in figure 10. The numerical constants b, f, m, a, c,
and k were derived from the least-square best fit lines through
the hydraulic geometry data, and also are presented in figure
10 and in table 6. The slope of the suspended sediment and
discharge line (j) was obtained from Leopold and Maddock
(1953, fig. 18) by calculating the ratio of slopes of the mean
velocity against discharge line and mean depth against dis-
charge lines (m/f), and using the slope of the top width against
discharge line (b) to read the estimated slope of the suspended
sediment line (j). The values for m/f and j also are presented
on the hydraulic geometry graphs (fig. 10) and in table 6.
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Based on the measured discharge data from the gages
below Jessieville (at Talley Cemetery Road bridge, fig. 10A)
and near Owensville (at Vance Road bridge, fig. 10B), the
slopes of the suspended-sediment load against discharge lines
(j) are estimated to be 2.9 and 3.9, respectively. Because the
constant p is unknown, the rates of change of suspended-
sediment load (AL) to changes in discharge (AQ) are examined
substituting AL for L and AQ for Q into Leopold’s equation
L =p x @ tobecome AL = AQ'. For a 10 ft¥/s increase in
discharge (AQ) passing the Vance Road bridge (gage near
Owensville), the suspended-sediment load (AL) will increase
by approximately 8,000 tons per day; while for the same
increase in discharge (AQ = 10 ft*/s) passing the Talley Cem-
etery Road bridge (gage below Jessieville), the suspended-
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Table 6. Comparison of Middle Fork hydraulic geometry dimensions from two U.S. Gelogical Survey stream gaging stations—Middle
Fork Saline River below Jessieville (07362641) and Middle Fork Saline River near Owensuville (07362693).

Dimension Coefficient Jessieville Owensville
exponent
WIDTH =a x Q" a 422 24.9
b 0.112 0.230
DEPTH=c¢ x Q' c 0.167 0.914
f 0.445 0.181
VELOCITY =k x Q" k 0.150 0.044
m 0.432 0.588
b+f+m=1.0' 0.989 0.999
axcxk=1.0 1.057 1.001
Shear stress rate factor m/f 0.971 3.249
Estimated sediment load rate j 2.9 39

'As required by the identity: discharge (Q) = width x depth x velocity.

sediment load (AL) will increase by approximately 800 tons
per day. Similarly, for a 100 ft*/s increase in discharge (AQ)
passing the Vance Road bridge (gage near Owensville), the
suspended-sediment load (AL) will increase by approxi-
mately 63,000,000 tons per day; while for the same increase
in discharge (AQ = 100 ft/s) passing the Talley Cemetery
Road bridge (gage below Jessieville), the suspended-sediment
load (AL) will increase by approximately 630,000 tons per
day. Together these data indicate that for the same discharge,
more suspended sediment will flow pass the Vance Road
bridge (gage near Owensville), than will flow past the Talley
Cemetery Road bridge (gage below Jessieville), and that as
discharge increases, the amount of suspended sediment pass-
ing under the Vance Road bridge (gage near Owensville) will
increase at a faster rate than the amount of suspended sediment
passing under the Talley Cemetery Road bridge (gage below
Jessieville).

Note, the numbers presented above and in table 5 and
figure 9, for changes in suspended-sediment load (AL) because
of changes in discharge (AQ), are to illustrate relative rates of
change and are not the expected suspended-sediment loads.

To estimate the suspended-sediment load (L), the change in
suspended-sediment load (AL) is multiplied by the numeri-

cal constant p(L = p x (). At this time there are insufficient
suspended-sediment measurements at these gages to calculate
p- Expected p values range from 0.001 to 0.000007 for streams
similar to the Middle Fork.

Additional examination of the hydraulic geometry from
the gage data indicates that the shear stresses acting on the
streambed at the Vance Road bridge are rapidly increasing
with increasing discharge while the shear stresses at the Talley
Cemetery Road bridge remain relatively constant with increas-

ing discharge. The force exerted on bed-sediment particles is
caused by the shearing of the fluid. The relative shear stress
(t) between any two thin sheets of fluid may be expressed by
using Newton’s equation of viscosity: T = udu/dy, where t

is shear stress, u is a constant coefficient of viscosity, du is
change in velocity, and dy is change in depth (Vanoni, 1975).
Examining the hydraulic geometry data from the gage below
Jessieville (at Talley Cemetery Road, fig 10A), note that the
slopes of the best-fit lines for mean depth and mean velocity
are parallel and near equal, where f=0.445 and m = 0.432.
Substituting m for du and f for dy, du/dy is approximately 1,
indication that the shear stresses acting on the bed at Talley
Cemetery Road remain approximately constant with changes
in discharge. A similar examination of the hydraulic geometry
data for the gage near Owensville (at Vance Road, fig. 10B)
f=0.181 and m = 0.588 leads to du/dy of approximately 3.25,
indicating that the shear stresses acting on the bed at Vance
Road are rapidly increasing with discharge. This analysis con-
firms the evaluation of the study reaches using the Ouachita
Mountain regional hydraulic geometry curves. That is, the
reach at Talley Cemetery Road is in equilibrium with the flow
regime, while the reach at Vance Road is not in equilibrium
with the flow regime having overly wide and shallow dimen-
sions resulting in rapidly increasing streambed shear stresses
with increasing discharge.

Streambed Sediment

The Middle Fork is a bedrock influenced, gravel domi-
nated stream with lesser amounts of sand and cobbles (see
streambed grain-size cumulative percentage plots in appen-



dixes). Bedrock was noted at all nine sampling reach locations
and was particularly prevalent along the two upstream reaches
at Highway 7 and Baily Road. Upstream from the Highway 7
sampling reach the Middle Fork’s valley narrows as it passes
through a ridge of Arkansas Novaculite. At the Baily Road
reach the Middle Fork’s streambed is dominated by an outcrop
of Womble Shale.

Much of the streambed sediment in the Middle Fork is
estimated to be in motion during bankfull flow events (fig.

11, table 7). At six of the nine stream reaches sampled along
the Middle Fork, the tractive force values are greater than the
measured median (D, ) streambed sediment size (Highway 7,
Baily Road, Above Coleman Creek, Talley Cemetery Road,
Above Mill Creek, and Mill Creek), indicating that a major-
ity of the streambed particles are subject to movement during
bankfull flow events (fig. 11).

At the remaining three stream reaches (Coleman Creek,
Below Danville Road, and Vance Road), the tractive force val-
ues were less than the measured median streambed sediment
sizes (D, ) indicating that less than 50 percent of the stream-
bed particles are subject to movement during bankfull flow
events. At the Coleman Creek and Vance Road sites the slope
values (0.0026 and 0.0028, respectively) are relatively gentle.
Because the calculated tractive force (t =y x r X s) values are
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proportional to slope, the gentle slope values produce lower
tractive force values. At the Below Danville Road study site,
the Middle Fork is against Goosepond Mountain, where talus
was observed in the stream. The effect of the talus at this loca-
tion was to increase the median (D, ) streambed sediment size
and accordingly reduce the proportion of streambed sediment
in motion during bankfull flow events (fig. 11).

Typical sources of sediment into river systems include
sheet and rill erosion off of the uplands, streambed degradation
of tributaries joining the river, gully erosion, flood-plain scour,
streambed degradation in the main channel, and streambank
erosion or failure (Leopold, 1994). The amount of sorting (for
example, standard deviation or particle size uniformity) was
calculated using the formula: graphic geometric sorting (Sg)
= (D, /D, )", and is illustrated by the relative divergence
between the Dy, and D, particle size values (fig. 11). When
the sorting value is relatively small, the streambed materials
are considered very well sorted or well sorted, and when the
sorting value is relatively large, the streambed materials are
considered extremely poorly sorted or poorly sorted. Moving
in the downstream direction, if no new sediment sources are
introduced into the stream, streambed materials become more
sorted with distance from the initial sediment source.
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Table 7. Middle Fork streambed material analysis of particle size, tractive force, sorting, and location.
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Baily Road 8,000 2.4 0.67 11.9 68 64 -52.1 81.4 82.9 10.07
Above Coleman Creek 18,250 5.5 9.90 31.0 66 32 -1.0 3.1 51.0 2.58
Coleman Creek 21,750 6.6 2.00 359 88 16 19.9 554 40.0 6.63
Talley Cemetery Road 29,000 8.8 0.32 28.1 82 31 29 9.4 52.2 16.01
Above Mill Creek 42,500 12.9 0.06 172 45 59 -41.8 70.8 91.6 27.39
Mill Creek 46,000 14.0 0.48 10.2 33 42 -31.8 75.7 90.0 8.29
Below Danville Road 61,750 18.8 0.46 56.9 215 42 14.9 26.2 43.0 21.62
Vance Road 107,500 32.7 15.02 37.6 82 34 3.6 9.6 44.8 2.34

Analysis of streambed particle size sorting indicates
the Middle Fork is receiving sediment from sources between
the Above Coleman Creek study reach and the Talley Cem-
etery Road study reach, and from sources between the Talley
Cemetery Road study reach, and the Above Mill Creek study
reach. Examining the Middle Fork data (fig. 11) starting at
Highway 7 and moving downstream through Baily Road,
to Above Coleman Creek, the values for sorting decrease
from 22.14 to 10.07 to 2.58, respectively, indicating that the
streambed material is becoming more sorted and suggesting
that no new major sources of sediment are being introduced.
Continuing downstream, the sorting values increase from 2.58
at Above Coleman Creek to 16.01 at Talley Cemetery Road to
27.39 at Above Mill Creek, suggesting less-sorted sediments
have been introduced into the Middle Fork between Above
Coleman Creek and Above Mill Creek. Coleman Creek (Sg
= 6.63) is one source, but the large sorting values at Talley
Cemetery Road and Above Mill Creek suggest additional sedi-
ment sources are being input into the Middle Fork between
the Above Coleman Creek site and the Above Mill Creek site.

Continuing downstream from the Above Mill Creek site to the
Below Danville Road site, a moderate decrease in the sorting
values from 27.39 to 21.62, respectively, occurs. This moder-
ate decrease in sorting between these two sites is because the
Middle Fork is against Goosepond Mountain where talus has
fallen into the river providing an additional sediment source.
Continuing downstream from the Below Danville Road study
site to the Vance Road site, the sorting values again decrease
from 21.62 to 2.34, respectively, again indicating that the
streambed material is becoming more sorted and suggesting
that no new major sources of sediment have been introduced
into the Middle Fork between these two reaches.

Sinuosity

Sinuosity can range from straight (K < 1.05), through
partly meandering (1.05 < K < 1.5) to meandering (K > 1.5)
(Brice, 1964). All of the Middle Fork study reaches were
classified as partially meandering except the Highway 7 reach,



which classified as straight (table 8). The lower sinuosity value
at the Highway 7 reach is the result of bedrock control at this
point in the stream’s flow path as it passes through a ridge of
Arkansas Novaculite.

Between 1992 and 2002, the Above Mill Creek study
reach’s sinuosity remained the same, while the Vance Road
study reach’s sinuosity decreased slightly, and the sinuos-
ity values for the remaining seven reaches increased slightly
(table 8). This slight increase in sinuosity from 1992 to 2002
at seven of the nine study reaches indicates a slight decrease in
stream slope has occurred at these reaches, which may be an
adjustment to increased stream discharge, decreased sediment
discharge, decreased sediment size, or some combination of
these factors.

The 2002 sinuosity values reported in table 8 were used
when classifying stream reach types (discussed in the next
section). The sinuosity values for all the study sites, except at
the Above Mill Creek and Mill Creek, were slightly lower than
their stream type classification would indicate; although they
easily fall within the +/- 0.2 units, Rosgen (1994) allows sinu-
osity values to vary when classifying streams. Sinuosity can be
modified by bedrock control, roads, channel confinement, and
vegetation and carries the least weight of all the criteria used
to determine stream type classification.

Stream Reach Classification

The Middle Fork changes from a moderately entrenched,
riffle dominated channel in the upstream reaches to a slightly
entrenched, riffle/pool channel in the downstream reaches.

Of the nine study reaches examined within the Middle Fork
basin, the two upstream reaches, Highway 7 and Baily Road

Table 8. Changes in sinuosity from 1992 to 2002.
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reaches, classified as B4c ,, Stream type, while the seven down-
stream reaches classified as C4, stream type under the Rosgen
(1994) stream reach classification system. The “c” designa-
tion indicates that the stream classified as a B with a less than
2 percent slope. The “/1” designates the presence of bedrock
within the study reach. The change in stream type is charac-
teristic of most streams with increasing distance down valley.
Within a stream’s headwaters the valleys are narrow, the slopes
are steep, and the bed material relatively large. As the stream
flows down the valley, the slope flattens, the valley becomes
wider, and the bed material becomes finer (Schumm, 1977).

The two upstream study reaches, at Highway 7 and Baily
Road, are moderately entrenched, riffle dominated channels,
with moderate width/depth ratios, sinuosities of 1.02 and 1.13,
respectively, and slopes of 0.0037 and 0.0078, respectively.
The sinuosity values are low for B4 stream types because of
the influence of bedrock at these sites limiting the stream’s
ability to meander. The Middle Fork at these locations has
developed within a relatively narrow, gently sloping, collu-
vial valley with bedrock structural control. The channel bed
morphology is sand and gravel dominated with lesser amounts
of cobble and is characterized by a series of rapids over cobble
and bedrock with irregular spaced scour pools. The stream
banks are well vegetated consisting of unconsolidated, hetero-
geneous, non-cohesive, alluvial materials that are finer than
the bed materials.

The remaining seven study reaches are slightly
entrenched, gravel-dominated meandering, riffle/pool chan-
nels with well developed flood plains. Width/depth ratios are
moderate to high, ranging from 27, at the Talley Cemetery
Road site, to 89, at the Below Danville Road site. Sinuosity
values are low to moderate, ranging from 1.09, at the Coleman
Creek and Talley Cemetery Road sites, to 1.38, at the Above

1992 stream 2002 stream Change in
length length Valley length 1992 2002 sinuosity from Reach sinuosity
Study reach (feet) (feet) (feet) sinuosity sinuosity 1992 to 2002 description

Highway 7 1,791 1,799 1,771 1.01 1.02 0.01 Straight

Baily Road 3,048 3,124 2,760 1.10 1.13 0.03 Partially meandering
Above Coleman Creek 4,813 4,851 3,527 1.36 1.38 0.02 Partially meandering
Coleman Creek 2,704 2,722 2,496 1.08 1.09 0.01 Partially meandering
Talley Cemetery Road 2,608 2,704 2,479 1.05 1.09 0.04 Partially meandering
Above Mill Creek 4,469 4,470 3,483 1.28 1.28 0.00 Partially meandering
Mill Creek 912 1,011 835 1.09 1.21 0.12 Partially meandering
Below Danville Road 7,176 7,236 6,066 1.18 1.19 0.01 Partially meandering
Vance Road 6,802 6,745 5,999 1.13 1.12 -0.01 Partially meandering
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Coleman Creek site. The sinuosity values at four of the seven
sites (Coleman Creek, Talley Cemetery Road, Below Danville
Road, and Vance Road) are low for C4 stream types because
the steam at these locations is against the valley wall and the
influence of bedrock at these sites is limiting the streams abil-
ity to meander. The Middle Fork at these lower seven locations
has developed within a relatively broad, gently sloping, coarse
alluvial valley with bedrock structural control. The channel
bed morphology is gravel dominated with lesser amounts of
sand and cobble and is characterized by riffle/pool sequences.
The stream banks are generally well vegetated consisting

of unconsolidated, heterogeneous, non-cohesive, alluvial
materials that are finer than the bed materials. The reaches are
characterized by the presence of point bars and other deposi-
tional features, and are susceptible to lateral shifts in stability
caused by direct channel disturbances and changes in the flow
and sediment regimes.

It should be noted that bedrock was observed at all nine
sampling sites. The importance of the presence of bedrock is
that it limits vertical movement of the stream, thus potentially
increasing the lateral adjustments made by the stream when
the stream system is disturbed. Bedrock also can provide a
hydraulically smooth surface (low Manning’s roughness coef-
ficient) producing greater velocities and greater shear stresses
that can mobilize greater quantities of sediment and larger
sizes of sediment.

Implications

Streams have inherent dynamic qualities by which change
continually occurs in the stream position and shape. Change
may be slow or rapid, but all streams are subjected to forces
that cause changes to occur. The degree of stream channel
change varies with the hydrologic events, bed and bank mate-
rials, type and extent of vegetation on the banks, and flood-
plain use. Stable stream channels maintain their width, depth,
and slope (sinuosity) over time while transporting the water
and sediment produced within their basin without excessive
erosion or deposition.

With the increasing anthropogenic activity taking place in
the Middle Fork Basin, changes in the hydrologic regime are
to be expected. Over the past 30 years, the Middle Fork Basin
has experienced a marked increase in urbanization and associ-
ated infrastructure. These activities tend to reduce infiltration
and produce greater runoff in shorter amounts of time, hence,
increasing the magnitude of peak flows and reducing the time
between storm events and the peak flows. Concurrently, a
number of dams and weirs have been constructed within the
basin. These structures tend to trap water and sediment, and,
hence, attenuate peak flows.

Hydraulic geometry dimensions measured at nine study
reach sites reflect the Middle Fork’s response to the changes
in its hydrologic regime. When compared to the Ouachita
Mountains regional hydraulic geometry curves, five of the nine

sites have smaller cross-sectional areas, greater top widths,
and shallower mean depths than the regional curves predicted
for these study reach sites. These differences in hydraulic
geometry dimensions are the result of some combination of
the following changes in the stream’s hydrologic regime:

(1) decreased streamflow, (2) increased sediment size, or (3)
increased sediment flow. One study reach site, Talley Cem-
etery Road, matches the dimensions predicted by the Ouachita
Mountains regional hydraulic geometry curves, indicating
that the site is in equilibrium with the current hydrologic flow
regime. The other three study reach sites have structural influ-
ences upstream making a comparison to the Ouachita Moun-
tains regional curves tenuous.

An evaluation of shear stresses on the streambed from
discharge measurements made at the two USGS gaging sta-
tions within the study basin confirm the evaluation of the
study reach sites made using the Ouachita Mountains regional
hydraulic geometry curves. Shear stress analysis of discharge
measurements made at the Talley Cemetery Road study reach
(USGS gaging station 07362641) indicate that the stream at
this location is in equilibrium with the current hydrologic
flow regime. Shear stress analysis of discharge measurements
made at the Vance Road study reach (USGS gaging station
07362693), one of the five sites the regional curves indicated
to have small cross-sectional areas, large top widths, and
shallow mean depths, indicate that the stream at this location
is overly wide and shallow, and is not in equilibrium with the
current flow regime.

Because historical flow or hydraulic geometry records
for the Middle Fork do not exist, an analysis of changes in the
stream sinuosity (a surrogate for slope) was conducted using
1992 and 2002 aerial photography. The sinuosity analysis
indicated that the Middle Fork has experienced a very slight
increase in sinuosity over the decade. This slight increase in
sinuosity corresponds to a slight decrease in stream slope sug-
gesting the Middle Fork has experienced some combination
of: (1) an increase in streamflow, (2) a decrease in sediment
flow, or (3) a decrease in sediment size over the decade.
However, because the changes in sinuosity were so slight, well
within possible measurement errors, this assessment should be
viewed cautiously.

The analysis of sinuosity appears to contradict the analy-
sis of the Middle Fork’s hydraulic geometry, but, whereas the
hydraulic geometry analysis was for a single point in time,
the sinuosity analysis was for change over a decade of time. If
the tenuous assessment of sinuosity is correct, together these
analyses suggest that although the Middle Fork is currently
(2003) overly wide and shallow it may be slowly trending
towards a more stable hydraulic geometry.

Streambed particle samples were examined to evaluate
the streambed sediment portion of the flow regime and to help
identify non-point sediment source locations. An analysis
of the median (D50) particle size measured and the particle
sizes transported during bankfull flow events based on tractive
force calculations indicate that most of the streambed particles
within the Middle Fork are in motion during bankfull flow



events, which is typical of Ouachita Mountain streams. Analy-
sis of streambed particle size sorting indicates the Middle Fork
is receiving substantial amounts of sediment from sources
between the Above Coleman Creek and the Talley Cemetery
Road study reaches and from between the Talley Cemetery
Road and the Above Mill Creek study reaches. The reliability
of the sediment source characterization is tenuous because of
the variability in streambed sediment, but is included to assist
in the prioritization of possible-restoration efforts. Typical
transport mechanisms of sediment into a river system include
sheet and rill erosion from upland areas, streambed degrada-
tion of tributaries joining the river, gully erosion, flood-plain
scour, streambed degradation of the main stem, and stream-
bank erosion and failure.

The topographic, geologic, and physical characteristics
of the Middle Fork Basin are major influences on how the
stream is responding to the changes in its hydrologic regime.
The upper two study reaches are classified as Rosgen B4
stream types. They are gravel dominated channels with lesser
amounts of boulders, cobbles, and sand and are characterized
by a series of riffles with irregular spaced scour pools. The B4
stream type is considered relatively stable and is not a high
sediment supply stream channel. The remaining seven study
reaches are classified as Rosgen C4 stream types. They are
gravel-dominated, riffle/pool channels with well developed
flood plains. The streambanks are composed of unconsoli-
dated, heterogeneous, non-cohesive, alluvial materials that are
finer than the gravel-dominated streambeds. Consequently,
the C4 stream type is susceptible to accelerated lateral/bank
erosion. Rates of lateral adjustment are influenced by the pres-
ence and condition of riparian vegetation. Sediment supply
is moderate to high. The C4 stream type is very susceptible
to shifts in both lateral and vertical stability caused by direct
channel disturbances or changes in the flow and sediment
regimes of the contributing basin. Together the characteristics
of these two stream types indicate that the lower reaches of the
Middle Fork are more susceptible to erosion and bank fail-
ure than the upper reaches. Additionally, bedrock was noted
at all nine study reach sites. The importance of the presence
of bedrock is twofold. First, bedrock prevents the stream
from making vertical adjustments in its streambed and hence
prevents head-cuts from migrating up the system, initiating
further instability. Second, because bedrock is preventing the
stream from making vertical adjustments in its streambed, the
stream is limited to lateral adjustments, making the stream-
banks more susceptible to lateral/bank erosion. This indicates
that maintaining a continuous, high-quality, vegetated riparian
corridor is even more important for the Middle Fork than for
other similar streams that do not have the bedrock control.

Distinguishing the effects on a river basin from one type
of disturbance from the effects of another type of disturbance
is difficult, and practically impossible with a one-time study
such as described in this report. To begin quantifying cause
and effect of disturbances to a hydrologic system, at a mini-
mum, long-term flow, long-term climate, changes in land-use
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data and multiple years of hydraulic geometry measurements
are needed.

Summary

This report summarizes the Middle Fork’s current
(2002-2003) channel geometry characteristics for nine study
reaches in the upper 91 mi? of the watershed. Assessments at
each study reach included comparisons of measured stream
geometry dimensions (cross-sectional area, top width, and
mean depth) at bankfull stage to preliminary regional hydrau-
lic geometry curves for the Ouachita Mountains Physiographic
Province of Arkansas and Oklahoma, evaluations of streambed
materials, comparison of stream reach sinuosity from 1992
and 2002, and classification of individual stream reach types
using the Rosgen stream reach classification system.

When compared to the Ouachita Mountains regional
hydraulic geometry curves, the Talley Cemetery Road reach
closely matches the hydraulic geometry curve values indicat-
ing that the reach is in equilibrium with respect to streamflow
and sediment discharges. The Mill Creek reach hydraulic
geometry data have the greatest divergence from the Ouachita
Mountains regional hydraulic geometry curves, indicating that
Mill Creek may still be in the process of transitioning from an
uncontrolled, total watershed drainage area of 10.0 mi® to a
new uncontrolled basin drainage area of 0.9 mi’.

The Highway 7 and the Above Mill Creek reaches both
have bankfull cross-sectional area, top width, and mean depth
values considerably smaller than what the Ouachita Mountains
regional hydraulic geometry curves predict. Both reaches
have structural influences upstream that may be reducing the
hydraulic geometry; a ridge of Arkansas Novaculite is pinch-
ing the valley width above the Highway 7 reach, and water is
being withdrawn at a low-water weir upstream from the Above
Mill Creek site. This does not mean the reaches are unstable,
only that the reach conditions differ from conditions used in
the development of the Ouachita Mountains hydraulic geom-
etry regional curves.

The five remaining Middle Fork study reaches have
cross-sectional areas slightly smaller than, top widths greater
than, and mean depths shallower than the Ouachita Mountains
hydraulic geometry regional curves predict for watersheds
with their respective drainage areas. The Middle Fork, at
these locations, is wider and shallower than what the regional
hydraulic geometry curves indicate for natural, stable Ouachita
Mountains’ streams. This suggests that the Middle Fork is
receiving and transporting more streambed sediment, or larger
streambed sediment, or decreased streamflow discharge, or
some combination of the three.

Streambed-material analysis indicates that the Middle
Fork is a bedrock influenced, gravel dominated stream with
lesser amounts of sand and cobbles. Tractive force analysis
indicates that a majority of the streambed particle sizes are
in motion during bankfull flow events at six of the nine study
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reaches. At the remaining three stream reaches (Coleman
Creek, Below Danville Road, and Vance Road), the tractive
force values were less than the measured median streambed
sediment sizes (D)) indicating that less than 50 percent of the
streambed particles are subject to movement during bankfull
flow events.

Analysis of the particle size sorting indicates that no new
sediment sources are being introduced into the Middle Fork
between the Highway 7 and Above Coleman Creek study
reaches. Sediment is being introduced into the Middle Fork
between each of the study reaches between the Above Cole-
man Creek and Above Mill Creek Reaches. No new sediment
sources are being introduced into the Middle Fork between the
Below Danville Road and Vance Road study reaches.

At the Highway 7 study reach the sinuosity classified as
straight, while at the remaining study reaches the sinuosities
were classified as partially meandering. Examining the change
in sinuosity from 1992 to 2002, the sinuosity values for seven
of the nine study reaches increased slightly, while the Above
Mill Creek study reach’s sinuosity remained unchanged, and
the Vance Road study reach’s sinuosity decreased slightly.
This indicates that the Middle Fork is slowly trending towards
a geometry more closely matching the geometry predicted by
the Ouachita Mountains regional hydraulic geometry curves.
Because changes in sinuosity were so slight, this analysis
should be viewed judiciously

The two upstream study reaches, at Highway 7 and Baily
Road, classify as B4c, stream types. The reaches are mod-
erately entrenched, riffle dominated channels. The channels
have developed in narrow, gently sloping valleys on colluvial
deposits with bedrock structural control. Channel materials are
composed primarily of gravel with lesser amounts of boul-
ders, cobbles, and sand. The “c” designation indicates that the
stream classified as a B stream type with a less than 2 percent
slope. The “,” designation indicates the presence of bedrock
within the stream reach channel.

The remaining seven study reaches classify as C4, stream
type. These reaches are slightly entrenched, meandering, grav-
el-dominated, riffle/pool channels with well developed flood
plains. The streambanks generally are composed of unconsoli-
dated, heterogeneous, non-cohesive, alluvial materials that are
finer than the gravel-dominated bed material. Consequently,
the streams are susceptible to bank erosion. Rates of lateral
adjustment are influenced by the presence and condition of
riparian vegetation. Sediment supply is moderate to high. The
reaches are characterized by the presence of point bars and
other depositional features, and are susceptible to lateral shifts
in stability caused by direct channel disturbance and changes
in the flow and sediment regimes. The *,” designation indi-
cates the presence of bedrock within the stream reach channel.

Distinguishing the effects on a river basin from one type
of disturbance from the effects of another type of disturbance
is difficult, and practically impossible with a one-time study
described in this report. To begin quantifying cause and
effect of disturbances to a hydrologic system, at a minimum,
long-term flow, long-term climate, changes in land-use data

and multiple years of hydraulic geometry measurements are
needed.
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APPENDIX 1: Highway 7 Drainage Area: 13.2 mi?

LOCATION

Reach: Arkansas State Highway 7 Bridge Section: WYz Sect.20
County: Garland Township: 1 North
Quadrangle map: Jessieville Range: 19 West

BANKFULL CHARACTERISTICS (values averaged from cross sections 5 and 6)

Stage: 3.0 ft above thalweg Slope: 0.0037 ft/ft

Cross-sectional area: 112.2 ft* Tractive force: 0.42 Ibf/ft>

Top width: 61.4 ft Particle size transported: 21 mm

Mean depth: 1.8 ft Portion of bed material transported: 60.1 percent

Hydraulic radius: 1.8 ft

STREAM CLASSIFICATION (values averaged from cross sections 5 and 6)

Flood prone width: 123 ft Width to depth ratio: 34
Entrenchment ratio: 2.0 Sinuosity: 1.02
Stream type: B4c,

LOCATION AERIAL PHOTOGRAPH - MAP
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APPENDIX 1: Highway 7

SITE SURVEY DATA PLOTS

Middle Fork Saline River
Highway 7 survey plan view
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Drainage Area: 13.2 mi?
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APPENDIX 1: Highway 7 Drainage Area: 13.2 mi?

SITE SURVEY DATA PLOTS

Middle Fork Saline River
Highway 7 cross section 5
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APPENDIX 1: Highway 7 Drainage Area: 13.2 mi?

SITE SURVEY DATA PLOTS

Middle Fork Saline River
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APPENDIX 1: Highway 7 Drainage Area: 13.2 mi?

SITE SURVEY DATA PLOTS
Middle Fork Saline River
Highway 7 cross sectpn , May 1, 203
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Highway 7 cross section 6, May 1, 2003
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APPENDIX 2: Baily Road

LOCATION

Reach: ~900 ft above Baily Road Bridge
County: Garland
Quadrangle map: Jessieville

Appendix 2: Baily Road

Drainage Area: 15.5 mi2

Section: NW %4 NW % Sect.28
Township: 1 North
Range: 19 West

BANKFULL CHARACTERISTICS (values averaged from cross sections 1 and 2)

Stage: 5.1 ft above thalweg
Cross-sectional area: 243.8 ft
Top width: 102.4 ft

Mean depth: 2.4 ft

Hydraulic radius: 2.6 ft

Slope: 0.0078 ft/ft

Tractive force: 1.27 Ibf/ft>

Particle size transported: 64 mm

Portion of bed material transported: 82.9 percent

STREAM CLASSIFICATION (values averaged from cross sections 1 and 2)

Flood prone width: 211 ft
Entrenchment ratio: 2.1
Stream type: B4c,

LOCATION AERIAL PHOTOGRAPH - MAP
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APPENDIX 2: Baily Road

SITE SURVEY DATA PLOTS
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SITE SURVEY DATA PLOTS

Middle Fork Saline River
Baily Road Cross section 1
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Drainage Area: 15.5 mi2
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APPENDIX 2: Baily Road Drainage Area: 15.5 mi?

SITE SURVEY DATA PLOTS
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APPENDIX 2: Baily Road Drainage Area: 15.5 mi?

PHOTOGRAPHS OF CROSS SECTIONS
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Baily Road upstream cross section, September 9, 2003
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APPENDIX 3: Above Coleman Creek

LOCATION

Reach: Above confluence with Coleman Creek
County: Garland
Quadrangle map: Jessieville

BANKFULL CHARACTERISTICS

Stage: 6.2 ft above thalweg
Cross-sectional area: 271.3 ft?
Top width: 150.5 ft

Mean depth: 1.8 ft

Hydraulic radius: 1.8 ft

STREAM CLASSIFICATION

Flood prone width: 710 ft
Entrenchment ratio: 4.7
Stream type: C4,

LOCATION AERIAL PHOTOGRAPH - MAP
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Width to depth ratio: 83.6
Sinuosity: 1.38
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APPENDIX 3: Above Coleman Creek Drainage Area: 16.5 mi?

SITE SURVEY DATA PLOTS
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APPENDIX 3: Above Coleman Creek

Drainage Area: 16.5 mi?

SITE SURVEY DATA PLOTS
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APPENDIX 3: Above Coleman Creek Drainage Area: 16.5 mi?

PHOTOGRAPHS OF CROSS SECTION

Right bank

Upstream - QoWnStrégrri
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APPENDIX 4: Coleman Creek

LOCATION

Reach: Above confluence with Middle Fork
County: Garland
Quadrangle map: Jessieville

BANKFULL CHARACTERISTICS

Stage: 4.9 ft above thalweg
Cross-sectional area: 196.4 ft*
Top width: 99.3 ft

Mean depth: 2.0 ft

Hydraulic radius: 1.9 ft

STREAM CLASSIFICATION

Flood prone width: 458 ft
Entrenchment ratio: 4.6
Stream type: C4,

LOCATION AERIAL PHOTOGRAPH - MAP

93°01'30"

34°41'30"

Drainage Area: 10.9 mi2

Section: NWY4 NWY% Sect. 34
Township: 1 North
Range: 19 West

Slope: 0.0026 ft/ft

Tractive force: 0.32 Ibf/ft>

Particle size transported: 16 mm

Portion of bed material transported: 40.0 percent

Width to depth ratio: 50
Sinuosity: 1.09

Middle Fork Saline River
Coleman Creek
IMAGERY: U.S. Geological Survey digital orthophoto
quarter-quadrangles, 25FEB1994

LINE WORK: U.S. Geological Survey digital raster graphic
CONTOUR INTERVAL: 20 feet
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APPENDIX 4: Coleman Creek Drainage Area: 10.9 mi?

SITE SURVEY DATA PLOTS

Coleman Creek survey plan view
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APPENDIX 4: Coleman Creek

SITE SURVEY DATA PLOTS

ELEVATION, IN FEET
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APPENDIX 4: Coleman Creek Drainage Area: 10.9 mi?

PHOTOGRAPHS OF CROSS SECTIONS

-

Left bank

‘;bo&nstream
(~'80 feet below cross-section)
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APPENDIX 5: Talley Cemetery Road

LOCATION

Reach: ~900 ft above Talley Cemetery Road Bridge
County: Garland
Quadrangle map: Goosepond Mountain

BANKFULL CHARACTERISTICS

Stage: 7.2 ft above thalweg
Cross-sectional area: 461.4 ft
Top width: 111.1 ft

Mean depth: 4.2 ft

Hydraulic radius: 4.0 ft

STREAM CLASSIFICATION

Flood prone width: 261 ft
Entrenchment ratio: 2.4
Stream type: C4,

LOCATION AERIAL PHOTOGRAPH - MAP
92°59'30"

34°42'30"

Middle Fork Saline River
Talley Cemetery Road
IMAGERY: U.S. Geological Survey digital orthophoto
quarter-quadrangles, 25FEB1994
LINE WORK: U.S. Geological Survey digital raster graphic
34°42 CONTOUR INTERVAL: 20 feet

EXPLANATION

B Left bankfull indicator
Right bankfull indicator

=l Thalweg

n Cross section

500 1,000 1,500 FEET
1 1

I I
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Drainage Area: 29.9 mi?

Section: SWY4 SW¥% Sect. 25
Township: 1 North
Range: 19 West

Slope: 0.0024 ft/ft

Tractive force: 0.60 Ibf/ft>

Particle size transported: 31 mm

Portion of bed material transported: 52.2 percent

Width to depth ratio:26
Sinuosity: 1.09
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APPENDIX 5: Talley Cemetery Road Drainage Area: 29.9 mi?

SITE SURVEY DATA PLOTS
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Talley Cemetery Road survey plan view
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APPENDIX 5: Talley Cemetery Road

SITE SURVEY DATA PLOTS

ELEVATION, IN FEET
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PHOTOGRAPHS OF CROSS SECTION

Middle Fork Saline River
Talley Cemetery Road, May 13, 2003

Ay
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Drainage Area: 29.9 mi?
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APPENDIX 6: Above Mill Creek

LOCATION

Reach: ~900 ft above Talley Cemetery Road Bridge
County: Saline
Quadrangle map: Goosepond Mountain

BANKFULL CHARACTERISTICS

Stage: 5.9 ft above thalweg
Cross-sectional area: 498.6 ft*
Top width: 142.0 ft

Mean depth: 3.5 ft

Hydraulic radius: 3.4 ft

STREAM CLASSIFICATION

Flood prone width: 1,130 ft
Entrenchment ratio: 8.0
Stream type: C4,

LOCATION AERIAL PHOTOGRAPH - MAP

34042

Drainage Area: 54.3 mi?

Section: NEY% NEY Sect. 31
Township: 1 North
Range: 18 West

Slope: 0.0055 ft/ft

Tractive force: 1.17 Ibf/ft?

Particle size transported: 59 mm

Portion of bed material transported: 91.6 percent

Width to depth ratio: 41
Sinuosity: 1.28

92°57'30"

above Mill Creek

IMAGERY: U.S. Geological Survey digital orthophoto
05 quarter-quadrangles, 25FEB1994 i
2 LINE WORK: U.S. Geological Survey digital raster graphic i
CONTOUR INTERVAL: 20 feet

EXPLANATION
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i Cross section
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APPENDIX 6: Above Mill Creek Drainage Area: 54.3 mi?

SITE SURVEY DATA PLOTS

Middle Fork Saline River

above Mill Creek survey plan view
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APPENDIX 6: Above Mill Creek

SITE SURVEY DATA PLOTS

ELEVATION, IN FEET

Middle Fork Saline River
above Mill Creek cross section
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PHOTOGRAPHS OF CROSS SECTION

Middle Fork Saline River above Mill Creek, October 3, 2003

7 o

Appendix 6: Above Mill Creek

Drainage Area: 54.3 mi?
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APPENDIX 7: Mill Creek

LOCATION

Reach: Mill Creek above confluence with Middle Fork
County: Saline
Quadrangle map: Goosepond Mountain

BANKFULL CHARACTERISTICS

Stage: 2.9 ft above thalweg
Cross-sectional area: 60.6 ft?
Top width: 29.6 ft

Mean depth: 2.1 ft
Hydraulic radius: 1.8 ft

STREAM CLASSIFICATION

Flood prone width: 73 ft
Entrenchment ratio: 2.5
Stream type: C4,,

LOCATION AERIAL PHOTOGRAPH - MAP

34°42'30"

Drainage Area: 10.0 mi2
(uncontrolled area is 0.9 mi?)

Section: NWY4 NEV4 Sect. 31
Township: 1 North
Range: 18 West

Slope: 0.0043 ft/ft

Tractive force: 0.49 1bf/ft>

Particle size transported: 42 mm

Portion of bed material transported: 90.0 percent

Width to depth ratio: 14
Sinuosity: 1.21

92°57'30"

Middle Fork Saline River
Mill Creek

&1 IMAGERY: U.S. Geological Survey digital orthophoto
" quarter-quadrangles, 25FEB1994

LINE WORK: U.S. Geological Survey digital raster graphic
CONTOUR INTERVAL: 20 feet i

EXPLANATION
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APPENDIX 7: Mill Creek Drainage Area: 10.0 mi?

(uncontrolled area is 0.9 mi?)

SITE SURVEY DATA PLOTS
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APPENDIX 7: Mill Creek Drainage Area: 10.0 mi?
(uncontrolled area is 0.9 mi?)

SITE SURVEY DATA PLOTS

Mill Creek cross section
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GRAIN SIZE, IN MILLIMETERS

Percent (%) by particle type based on total count (100):
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PHOTOGRAPHS OF CROSS SECTION

Mill Creek, October 2, 2003
‘ . 5

Left bank

Upstream

Appendix 7: Mill Creek

Drainage Area: 10.0 mi?
(uncontrolled area is 0.9 mi?)
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APPENDIX 8: Below Danville Road

LOCATION

Reach: Middle Fork below Danville Road Bridge
County: Saline
Quadrangle map: Goosepond Mountain

BANKFULL CHARACTERISTICS

Stage: 9.5 ft above thalweg
Cross-sectional area: 691.8 ft?
Top width: 250.2 ft

Mean depth: 2.8 ft

Hydraulic radius: 2.7 ft

STREAM CLASSIFICATION

Flood prone width: 2,482 ft
Entrenchment ratio: 9.9
Stream type: C4,,

LOCATION AERIAL PHOTOGRAPH - MAP

34°40'30"

Drainage Area: 71.0 mi2
(uncontrolled area is 61.9 mi?)

Section: NE Y NE % Sect. 3
Township: 1 North
Range: 18 West

Slope: 0.0049 ft/ft

Tractive force: 0.83 1bf/ft>

Particle size transported: 42 mm

Portion of bed material transported: 43.0 percent

Width to depth ratio: 89
Sinuosity: 1.19

92°54'30"

Middle Fork Saline River
below Danville Road

IMAGERY: U.S. Geological Survey digital orthophoto
i quarter-quadrangles, 25FEB1994

gst:  LINE WORK: U.S. Geological Survey digital raster graphic
CONTOUR INTERVAL: 20 feet

EXPLANATION

B Left bankfull indicator
Right bankfull indicator

= Thalweg

i Cross section
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I I I
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APPENDIX 8: Below Danville Road Drainage Area: 71.0 mi?
(uncontrolled area is 61.9 mi?)

SITE SURVEY DATA PLOTS

Middle Fork Saline River
below Danville Road survey plan view
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APPENDIX 8: Below Danville Road

SITE SURVEY DATA PLOTS

Geomorphic Characterization of the Middle Fork Saline River: Garland, Perry, and Saline Counties, Arkansas

Drainage Area: 71.0 mi2
(uncontrolled area is 61.9 mi?)
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0 below Danville Road cross section
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175 mmm Bankfull (elevation = 97 feet, width = 250 feet)

mmmmm  Flood prone area (elevation = 106 feet, width = 2,482 feet)
150
125
100
75

Thalweg (elevation = 87.1 feet)
50
1,000 1,050 1,100 1,150 1,200 1,250 1,300 1,350 1,400

STATIONING, IN FEET

Middle Fork Saline River
below Danville Road
Wolman Pebble Count (100 samples)

100

\ SEEE 4

90 ¥~ Cumulative percent 45

[ ] Number of particles |IIII
80 - Portion of streambed sediment 40
Dg, = 215 millimeters transported du.ring bankfull events
L based on tractive force calculations
O w 70 35 »n
< N L
Eo o]
w Zz g0 30 =
w : 1Z a
o> 50 THJ—“—#LLT 25 o
w % i 42 milimeters or 43.0 percent fin 2
= T Ds, = 56.9 millimeters | i i 4
25 a0 20 4
o
= Z { g
e

8 . I‘ I.IIII )

20 W”L 10

I
10 er ‘ ‘ " —‘l\ IIII I I.IIII 5
5,000 1,000 100 10 1 0.1 0.05
GRAIN SIZE IN MILLIMETERS
Percent (%) by particle type based on total count (100):
ed- Boulder Cobble Gravel Sand Silt or
rock 13% 34% 29% 24% Clay

1,450



APPENDIX 8: Below Danville Road

SITE SURVEY DATA PLOTS

Middle Fork Sali

Appendix 8: Below Danville Road

Drainage Area: 71.0 mi2
(uncontrolled area is 61.9 mi?)
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APPENDIX 9: Vance Road

LOCATION

Reach: Middle Fork above Vance Road Bridge
County: Saline
Quadrangle map: Lonsdale NE

BANKFULL CHARACTERISTICS

Stage: 10.3 ft above thalweg
Cross-sectional area: 997.8 ft?
Top width: 248.3 ft

Mean depth: 4.0 ft

Hydraulic radius: 3.4 ft

STREAM CLASSIFICATION

Flood prone width: >800 ft
Entrenchment ratio: 3.2
Stream type: C4,,

LOCATION AERIAL PHOTOGRAPH - MAP

92°50"

I L H
Middle Fork Saline River
Vance Road
IMAGERY: U.S. Geological Survey digital orthophoto
quarter-quadrangles, 25FEB1994
LINE WORK: U.S. Geological Survey digital raster graphic
¢ CONTOUR INTERVAL: 20 feet

EXPLANATION

B Left bankfull indicator
= Thalweg
w Cross section
34°37'30" S=rr
e 500 1.t|)00

I I
200 300 METERS

Drainage Area: 90.8 mi?
(uncontrolled area is 81.7 mi?)

Section: SW %4 SW Y Sect. 3
Township: 1 South
Range: 17 West

Slope: 0.0028 ft/ft

Tractive force: 0.67 1bf/ft>

Particle size transported: 34 mm

Portion of bed material transported: 44.8 percent

Width to depth ratio: 62
Sinuosity: 1.12

92°49'30"
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APPENDIX 9: Vance Road Drainage Area: 90.8 mi?
(uncontrolled area is 81.7 mi?)

SITE SURVEY DATA PLOTS
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Vance Road survey plan view
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APPENDIX 9: Vance Road Drainage Area: 90.8 mi?
(uncontrolled area is 81.7 mi?)

LOCATION

Middle Fork Saline River
Vance Road cross section
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Appendix 9: Vance Road 65

APPENDIX 9: Vance Road Drainage Area: 90.8 mi?
(uncontrolled area is 81.7 mi?)
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