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1 INTRODUCTION

Excessive erosion, transport, and deposition of sediment in surface waters are
major water quality problems in the United States. The 1996 National Water Quality
Inventory (Section 305(b) Report to Congress) indicates that sediments are ranked as a
leading cause of water-quality impairment of assessed rivers and lakes. Impairment by
sediment can be separated into problems resulting from chemical constituents adsorbed
onto the surface of fine-grained sediments (sediment quality), problems resulting from
sediment quantities (clean sediment) irrespective of adsorbed constituents, and alteration
of substrate (bed material) by erosion or deposition. The maximum allowable loadings
to, or in a stream or waterbody that does not impair designated uses has been termed the
“TMDL” (total maximum daily load). The 1998 list of impaired waterbodies in the state
of Alabama lists Shades Creek, Jefferson County as having impaired conditions for
aquatic life support due to turbidity and siltation.

Impairment due to turbidity refers to excessive amounts of fine-grained materials
being transported in the water column. Impairment due to siltation implies that deposition
of fine-grained materials on the channel bed has hampered oxygenation of coarser bed
material (gravels and cobbles), creating poor habitat for aquatic organisms. To determine
the severity of the sediment problem and along Shades Creek, rates of suspended-
sediment transport and characteristics of the channel bed need to be compared to un-
impacted streams from the same climatic and physiographic region. In the case of Shades
Creek, this region is Ecoregion # 67, the Ridge and Valley.

1.1 Background and Problem

Virtually the entire length of Shades Creek is listed as impaired by the Alabama
Department of Environmental Management (ADEM). Surveys conducted between 1990
and 1993, and again in 1997 indicated impairment due to the following reasons:
collection system failure, highway/road/bridge construction, land development, urban
runoff, removal of riparian vegetation, and bank/shoreline modification. By law a TMDL
must, therefore, be developed for Shades Creek.

Water quality criteria for the State of Alabama does not contain a numerical
target for sediment but is in narrative form for turbidity: “there shall be no turbidity other
than natural origin that will cause substantial visible contrast with the natural
appearance of waters or interfere with any beneficial uses which they serve.
Furthermore, in no case shall turbidity exceed 50 Nephelometric units above
background. Background will be interpreted as the natural condition of the receiving
waters, without the influence of man-made or man-induced causes. Turbidity levels
caused by natural runoff will be included in establishing background levels” (ADEM,
2003, written communication). In the absence of a numerical target for suspended-
sediment loads and bed-material characteristics along Shades Creek, conditions need to
be compared to unimpaired streams in the region. Sediment conditions in these
unimpaired streams are thus termed “reference” streams or reaches.
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Preliminary-reference suspended-sediment transport rates have been developed for
various ecoregions of the United States (Simon et al., 2003). However, reference
conditions for the ecoregion containing Shades Creek (# 67; Ridge and Valley) needed to
be determined to provide a mechanism to compare suspended-sediment transport rates
and bed-material characteristics along Shades Creek.

Only limited historical sediment-transport data are available for Shades Creek and a
number of stable/“reference” reaches can be identified. More specifically, these
sediment-transport data must be expressed in the same form as those data developed for
reference conditions. To accomplish these tasks a combination of empirical and
numerical techniques can be used. Suspended-sediment loads from typical streams in the
region with historical data can be analyzed by relating the geomorphic conditions at those
streams with the conditions along Shades Creek (Simon et al., 2003). Water and sediment
contributions from uplands areas can be obtained with the watershed simulation model
ANNAGNPS (Cronshey and Theurer, 1998). This information is also supplied as the
boundary conditions used to determine the channel contributions from main channel
streambeds and banks using the channel-evolution model CONCEPTS (Langendoen,
2000).

1.2 Objectives and Scope

The overall objectives of this study are to determine sediment yields and sources
in the Shades Creek watershed and to compare these to “reference” sediment yields for
unimpaired streams in the region, and to develop a methodology for determining
“reference” bed-material characteristics supportive of aquatic health. Sediment sources
can potentially include sheet and rill erosion from uplands and agricultural fields, gullies,
and streambeds and banks. Specific objectives include:

1. Determine an applicable suspended-sediment “reference” condition and sediment
yield for the Ridge and Valley Ecoregion and apply it to conditions along Shades
Creek using geomorphic techniques and historical data from the U.S. Geological
Survey gauging station on Shades Creek near Greenwood, Alabama;

2. Develop a methodology to determine “reference” bed-material characteristics for
the Ridge and Valley Ecoregion and apply it to conditions along Shades Creek.

3. Determine sediment loadings emanating from Shades Creek using historical flow
and suspended-sediment transport data and by upland flow and sediment
modeling using ANnAGNPS and the channel-evolution model CONCEPTS;

4. Determine the contributions to sediment loads from various channel and upland
sources in the Shades Creek watershed and simulate the effects of gross upland
and streambank best management practices.

The project encompasses the entire Shades Creek watershed. Watershed
reconnaissance, channel surveys, sampling and testing of stream-boundary sediments,
and rapid geomorphic assessments were conducted along the entire length of Shades
Creek (Figure 1-1). AnnAGNPS modeling was conducted for the entire watershed to



Sediment Loadings and Channel Erosion: Shades Creek Watershed 1-3

produce water and sediment loadings from tributaries and adjoining land along the main
channel that was modeled using CONCEPTS.
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Figure 1-1. Map of Shades Creek watershed showing locations of historical surveys
that were used for sampling and rapid geomorphic assessments (RGAS) in this
study.
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1.3 Overview of Methodology

The methods used in this study follow a conceptual procedure aimed at
developing defensible estimates of current sediment loads and sources relative to a
“reference” sediment load for the Shades Creek watershed. Data must be acquired and
analyzed to support each of the following phases of analysis, with each phase building on
the previous. This methodology is outlined below.

1.3.1 Characterization of “Reference” Suspended-Sediment Loading and Bed-
Material Composition

A “reference” suspended-sediment loading condition can be defined as a
concentration (in milligrams per liter; mg/l), load (in metric tonnes per day or year; T/d or
T/y) or yield (in tonnes per day per square kilometer (T/d/km?) representative of
“natural”, stable, or non-impaired conditions. For Shades Creek this means that data from
similar watersheds in the Ridge and Valley (Ecoregion 67) must be used (Figure 1-2).
The following tasks are outlined:

1. Empirically derive regional sediment loads for the Ridge and Valley using
historical flow and sediment-transport data;

2. Based on diagnostic geomorphic criteria, determine relative stability of each site
where historical data is available;

3. Determine regional sediment loadings by stage of channel evolution, dominant
bed-material size class and relative stability;

4. Derive a general “reference” for Shades Creek using data from the Ridge and
Valley and stability conditions from Shades Creek.

A similar approach is used to determine a “reference” bed-material composition for
streambeds dominated by coarse-grained materials (gravel and coarser) with data from
both the Ridge and Valley as well as stable reaches of Shades Creek. This directly
addresses those reaches listed as impaired due to siltation by evaluating the percentage of
fine-grained materials (sands and finer) present within a coarser matrix (embeddedness).

1.3.2 Characterization of “Actual” Sediment Loading and Bed-Material
Composition

“Actual” sediment loading in Shades Creek can be defined as the amount of
sediment that is being transported through and out of the watershed outlet. This is
accomplished in two ways. Firstly, limited historical sediment-transport data is available
for Shades Creek and can be used to estimate suspended-sediment transport over a range
of flows and on an average, annual basis. Secondly, field and digital data are required as
inputs to run the numerical-simulation models AnnAGNPS and CONCEPTS to estimate
upland and channel contributions, respectively. The simulation period 1978-2001 was
selected because this period coincides with measured channel-survey data. In general
terms the work plan involved:
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1. Simulate flow and sediment transport between known channel conditions 1978-
2001;

2. Simulate the contributions from uplands and tributaries using the non-point
source pollution loading model AnnAGNPS;

3. Use runoff and erosion data obtained from AnnAGNPS as water and sediment
inputs for CONCEPTS;

4. Simulate channel erosion along Shades Creek between 1978 and 2001 over a 76
km reach;

5. Simulate the contributions from the main stem of Shades Creek using the channel-
evolution model CONCEPTS with AnnAGNPS loadings;

6. Determine sediment-transport rating relations, loads, and bed-material
compositions from the combined AnnAGNPS with CONCEPTS simulations to
determine “actual” sediment loadings and bed-material compositions in the same
dimensions (units) as those defined for the “reference” condition; and

7. Provide detailed analysis of upland contributions from the Little Shades Creek
Watershed using results from the AnnAGNPS simulations.
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Figure 1-2. Map showing Ecoregion 67 (Ridge and Valley), and locations of Shades
Creek and sites with historical suspended-sediment data.
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2 DATA COLLECTION AND METHODS
2.1 Introduction

Collection of field data was required to support several aspects of the research.
Given that the research scope covered the entire basin, it was essential to collect as much
first hand information as possible to evaluate channel, upland, and sediment-transport
conditions. This section concentrates on field work that was used to evaluate geomorphic
conditions, support numerical modeling, and re-surveying of historical, channel cross
sections. Computational techniques used to analyze suspended-sediment transport
loadings and bed-material characteristics are also included in this section.

2.2 Site Selection

Study sites were selected along the main stem of Shades Creek to coincide with
locations that were surveyed in 1978 as part of a flood-hazard study. A total of 105 cross
sections were used over 76.4 km, labeled from DD at the upstream end to 4,
approximately 10 km above the confluence with the Cahaba River (Figure 2-1). At each
site, rapid geomorphic assessments (RGAs) were conducted and samples of bed, bank,
and bank-toe materials were collected and tested.

Additional field work was conducted at 73 locations throughout the Ridge and
Valley stretching from Georgia to New Jersey for the purpose of characterizing
geomorphic conditions and bed-material composition. RGAs were conducted at these
sites and samples of bed material were collected. Figure 1-2 shows the extent of the
Ridge and Valley and the location of study sites.

2.3 Geotechnical Data for Analysis of Streambank Stability

The adjustment of channel width by mass-wasting and related processes
represents an important mechanism of channel response and a potential major contributor
to sediment loads in Shades Creek. In the loess area of the Midwest United States, for
example, bank material contributes as much as 80% of the total sediment eroded from
incised channels (Simon and Rinaldi, 2000). In the Shades Creek Watershed sediment
entrained from bank failures are blamed as a contributor to fine-grained sediment
deposition on channel beds.

Conceptual models of bank retreat and the delivery of bank sediments to the flow
emphasize the importance of interactions between hydraulic forces acting at the bed and
bank toe, and gravitational forces acting on in situ bank materials (Carson and Kirkby,
1972; Thorne, 1982; Simon et al., 1991). Failure occurs when erosion of the bank toe
and the channel bed adjacent to the bank have increased the height and angle of the bank
to the point that gravitational forces exceed the shear strength of the bank material. After
failure, failed bank materials may be delivered directly to the flow and deposited as bed
material, or dispersed as wash load, or deposited along the toe of the bank as intact
blocks, or as smaller, dispersed aggregates (Simon et al., 1991). Analysis of streambank
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stability within CONCEPTS is based on measured field data using in situ devices such as
the borehole shear test (Figure 2-2) and the submerged jet-test device (Figure 2-3).
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Figure 2-1. Map of Shades Creek showing labels applied to historical cross-section locations and sites of data collected in this study.
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Figure 2-2. Schematic representation of borehole shear tester (BST) used to
determine cohesive and frictional strengths of in situ streambank materials.
Modified from Thorne et al., 1981.

2.3.1 Borehole Shear Testing and Bulk Unit Weights

To properly determine the resistance of cohesive materials to erosion by mass
movement, data must be acquired on those characteristics that control shear strength; that
is cohesion, angle of internal friction, pore-water pressure, and bulk unit weight.
Cohesion and friction angle data can be obtained from standard laboratory testing
(triaxial shear or unconfined compression tests), or by in-situ testing with a borehole
shear-test (BST) device (Lohnes and Handy 1968; Thorne et al. 1981; Little ef al. 1982;
Lutenegger and Hallberg 1981). The BST provides, direct, drained shear-strength tests on
the walls of a borehole (Figure 2-2). BST results for Shades Creek are shown in Table 2-
1. Advantages of the instrument include:

1. The test is performed in situ and testing is, therefore, performed on undisturbed
material;

2. Cohesion and friction angle are evaluated separately with the cohesion value
representing apparent cohesion (c,). Effective cohesion (¢’) is then obtained by
adjusting ¢, according to measured pore-water pressure and ¢°.

3. A number of separate trials are run at the same sample depth to produce single
values of cohesion and friction angle based on a standard Mohr-Coulomb failure
envelope.

4. Data and results obtained from the instrument are plotted and calculated on site,
allowing for repetition if results are unreasonable; and
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5. Tests can be carried out at various depths in the bank to locate weak strata

(Thorne et al. 1981).

Table 2-1. Borehole shear tests conducted at sites along Shades Creek.

. Depth . Ca c' ' Matric suction
Site | Test | Bank (nF1)) Material (kPa) | (kPa) |(degrees) (kPa)
DD 1 R 0.50 Clay 15.1 | 149 17.7 1.00
CY 1 L 0.90 Silt 8.24 | 0.720 23.5 5.90
CW 1 L 0.90 Silt 11.3 | 10.0 20.3 7.30
CW 2 L 1.60 Clay/silt 518 | 4.90 21.8 1.60
CT 1 L 0.25 Clay/silt/sand 116 | 8.07 214 19.9
CP 1 L 0.65 Clay/silt 296 | 2.54 27.4 2.40
CK 1 R 0.75 Sandy silt 9.75 | 8.64 8.21 8.61
CG 1 R 0.68 | Mixed sand/gravel/silt | 8.86 | 7.80 16.8 7.78
CE 1 L 0.70 Silty Clay 6.20 | 5.10 23.2 6.25
CE 2 L 2.20 Sand 0.710 | 0.143 30.6 6.48
CA 2 L 1.65 Clay/silt 125 | 115 20.0 5.88
BW 1 L 0.90 Silt 1.10 | 0.0564 | 315 11.9
BW 2 L 1.32 Silty clay 390 | 2.88 30.6 5.80
BT 1 R 1.00 Clay 543 | 3.76 29.9 9.50
BT 3 R 2.10 Clay/sand 212 | 1.30 31.0 4.80
BQ 2 L 1.65 Sandy silt 5.20 | 0.388 31.0 7.16
BO 1 L 0.65 Clay/silt 0.900 | 0.134 33.0 8.75
BO 2 L 1.00 Clay/silt 5.00 | 3.03 32.0 11.2
BO 1 R 0.90 Sand 276 | 2.50 29.8 2.60
BO 2 R 1.40 Clay 2.17 | 0.400 28.3 8.60
BJ 1 R 0.85 Sandy silt 3.94 | 3.00 33.0 5.10
BJ 2 R 0.55 Silty sand 407 | 3.18 25.0 5.10
BG 2 L 2.03 Clay 0.450 | 0.00 35.3 5.70
BA 1 R 1.60 Clay 6.13 | 5.40 30.2 4.30
BA 2 R 3.00 Clay 159 | 1.30 31.8 1.90
AX 1 R 0.65 Silty/sand 3.08 | 207 25.4 5.75
AX 2 R 1.40 Clay/sand 1.80 | 0.78 33.1 5.80
AV 2 R 1.50 Sand 1.10 | 0.00 31.0 6.40
AS 1 L 0.60 Silty sand 3.29 | 218 25.5 6.30
AO 1 R 1.05 Clay/sand 260 | 2.28 31.7 1.80
AO 2 R 1.30 Clay/sand 1.76 | 145 34.0 1.80
AL 2 R 1.50 Silty/sand 220 | 152 32.3 3.85
AK 1 R 0.80 Sand 1.47 | 0.500 29.2 5.50
AG 1 R 0.90 Clay 6.38 | 5.00 32.4 7.80

AF-AE| 1 R 0.80 Silty clay 141 | 129 8.00 6.99
AF-AE| 2 R 1.70 Silty clay 8.28 | 7.84 21.8 2.52
AA 2 R 0.85 Silty sand 3.06 | 1.69 32.8 7.75

X 1 L 1.80 Clay 7.62 | 6.53 27.6 6.16

U 1 R 1.40 Silt 440 | 2.32 355 11.8

U 2 R 2.50 Silty sand 190 | 155 355 1.97
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S 1 L 0.60 Clay/sand 0.964 | 0.0103 | 31.6 10.9
Q 1 R 1.20 Silty sand 3.60 | 1.06 28.6 14.4
Q 2 R 1.70 Silty sand 3.30 | 0.761 30.5 14.4
L 1 L 0.40 Sand/gravel 454 | 4.01 15.6 3.00
J 1 R 1.70 Clay 3.69 | 229 314 7.97
J 2 R 0.70 Sand 451 | 343 21.8 6.15
F 1 R 0.37 Sand 2.21 | 0.741 32.2 8.33
B 1 L 0.68 Sand 1.19 | 0.376 27.0 9.30
B 2 L 1.45 Clay/sand 0.214 | 0.0113 | 31.8 1.15

2.3.2 Submerged Hydraulic Jet Testing: Erodibility of Fine-Grained Materials

The submerged jet-test device is used to estimate erosion rates due to hydraulic
forces in fine-grained in situ materials (Hanson 1990; 1991; Hanson and Simon, 2001)
(Figure 2-3). The device shoots a jet of water at a known head (stress) onto the
streambed causing it to erode at a given rate. As the bed erodes, the distance between the
jet and the bed increases, resulting in a decrease in the applied shear stress. Theoretically,
the rate of erosion beneath the jet decreases asymptotically with time to zero. A critical
shear stress for the material can then be calculated from the field data as that shear stress
where there is no erosion.

The rate of erosion € (m/s) is assumed to be proportional to the shear stress in
excess of a critical shear stress and is expressed as:

€=k (to-1c) “= k(te)“ 1)

where k = erodibility coefficient (m*/N-s); 1, = average boundary shear stress (Pa); t. =
critical shear stress; a = exponent assumed to equal 1.0 and 1, = excess shear stress (Pa).
An inverse relation between t and £ occurs when soils exhibiting a low t. have a high &
or when soils having a high tc have a low k. The measure of material resistance to
hydraulic stresses is a function of both t. and k. Based on observations from across the
United States, & can be estimated as a function of 7. (Hanson and Simon, 2001; Figure 2-
4). This is generalized to

k=01t % (2)

Two jet tests were conducted at each site where cohesive bed or bank-toe material was
present. In general, the average value of the two tests were used to represent the cross
section and for input into CONCEPTS. Values are shown in Table 2-2 and plotted in
Figure 2-4).
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Figure 2-3. Schematic of submerged jet-test device used to measure the erodibility
coefficient k, and the critical shear stress t., of fine-grained materials.
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Simon, 2001), and from Shades Creek.

Table 2-2. Submerged jet-test values obtained for Shades Creek.

Site Location (PT;) (cm?’i;N-s)
CY Bank toe 18.3 1.75
Ccw Bank toe 1.58 4,98
CT Bank toe 3.42 0.84
CP Bank toe 2.88 2.58
CK Bank toe 76.9 0.065
CE Bank toe 4.3 1.18
CA Bank toe 0.031 8.81
BY Bank toe 18.7 0.59
BA Bank toe 0.37 8.52
AG Bank toe 6.69 3.22
AE Bank toe 6.61 2.59
X Bank toe 6.45 2.75
DD Bed 10.5 0.51
CG Bed 3.38 0.72
BO Bed 181 0.02
BA Bed 79.0 0.010
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2.4 Bank-Toe Erodibility

In Shades Creek in situ bank-toe materials are composed of a wide range of
materials ranging from silts and clays to bedrock. In cases where bank-toe material is
fine-grained alluvium a submerged jet-test device (modified to operate on inclined
surfaces) was used to determine values of t. and . Values for sites along the main
channel of Shades Creek are shown in Table 2-2. Erosion of bank-toe materials is then
calculated using an excess shear stress approach (equation 1). For coarse-grained
materials, bulk samples were obtained for particle-size analysis. Critical shear stress of
these types of materials can then be calculated using conventional techniques as a
function of particle size and weight.

2.5 Texture of Bed Materials and Embeddedness

CONCEPTS requires information on sediment texture to determine sediment
routing and sorting processes. Bulk samples of bed materials were collected for this
reason and to determine the degree of fine-sediment deposition where beds were
dominated by gravels and/or cobbles. Deposition of fine-grained sediment (silts, clays
and sands) is one of the main concerns along Shades Creek because of the potential
filling of interstitial spaces in gravel and cobble beds. This condition is described as
embeddedness and is often represented by the percentage of material finer than 2 mm
within a coarser matrix of gravels and/or cobbles.

Samples were analyzed in the laboratory for particle-size distributions. If the bed
was dominated by gravel-sized and cobble-sized material, a count of a minimum of 100
particles was made to determine the distribution of particle sizes. In cases where
streambeds were composed of a bi-modal mixture of sediment sizes with coarser-grained
gravels, cobbles and boulders, particle-size distributions were weighted by the percentage
of the bed covered by each type of sample (ie. bulk and particle count). In these cases, if
16 or more points registered sand-sized particles during a particle count, a bulk ample of
these materials was obtained and analyzed in the laboratory.

The composition of bed material for each study site is shown in Table 2-3.
Interpretations of the degree of embeddedness apply to those sites having more than 50%
coarse material. Of the 102 sites sampled for bed material along Shades Creek, 53 are
considered coarse-grained (dominated by gravel or larger clasts), 30 bedrock, and 19 fine
grained (dominated by sand or finer clasts). In terms of overall stream lengths, 32% of
the reach contains bedrock beds, about 41% has coarse-grained beds, and 27% has fine-
grained beds. Those sites that are dominated by bedrock are not considered coarse
grained although they are shown in Table 2-3 as containing 100% coarser than 64 mm.
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Table 2-3. Composition of bed material for sites along Shades Creek. ! = sum of
gravel and cobble fractions; = sum of clay, silt, and sand fractions.

Percent classified grain size (%)
Site River Boulder/cobble | Gravel | Sand Silt+clay % %
: 1 : 2
kilometer [™">64mm | 2-64mm | 0.062- | <0.062mm | Coarse” | Fines
2mm
DD 86.45 0.00 0.00 86.2 13.8 0 100
DC 86.05 8.50 75.5 12.3 3.74 84 16
DB 85.49 - - - - - -
DA 84.31 68.9 31.0 0.139 69 31
cz 83.31 15.6 81.3 3.13 0.00 97 3
CY 82.61 100 0.00 0.00 0.00 100 0
CX 81.85 100 0.00 0.00 0.00 100 0
CW 81.08 100 0.00 0.00 0.00 100 0
Ccv 80.54 100 0.00 0.00 0.00 100 0
Cu 80.05 100 0.00 0.00 0.00 100 0
CT 78.87 100 0.00 0.00 0.00 100 0
CS 78.26 100 0.00 0.00 0.00 100 0
CR 77.82 100 0.00 0.00 0.00 100 0
CQ 77.60 100 0.00 0.00 0.00 100 0
CP 77.07 2.67 85.3 12.0 0.00 88 12
CO 76.41 194 67.7 12.9 0.00 87 13
CN 75.91 100 0.00 0.00 0.00 100 0
CM 75.17 - - - - - -
CL 74.02 - - - - - -
CK 73.09 60.0 15.8 23.9 0.347 76 24
CK 73.09 0.0 0.00 82.1 17.9 0 100
CK 73.09 0.0 28.7 63.7 7.55 29 71
CJ 72.53 100 0.00 0.00 0.00 100 0
Cl 71.74 100 0.00 0.00 0.00 100 0
CH 70.51 33.6 37.0 29.4 0.0545 71 29
CG 70.05 33.6 37.0 29.4 0.0545 71 29
CF 69.73 33.3 58.6 6.06 2.02 92 8
CE 69.24 27.0 61.2 10.1 1.77 88 12
CD 68.65 6.00 82.0 12.0 0.00 88 12
CC 68.32 6.00 84.0 10.0 0.00 90 10
CB 67.99 16.0 76.0 8.00 0.00 92 8
CA 67.55 22.0 75.0 3.00 0.00 97 3
BZ 66.96 6.00 84.0 6.00 4.00 90 10
BY 65.49 35.0 60.0 5.00 0.00 95 5
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BX 65.17 20.5 47.1 324 0.0570 68 32
BW 64.91 12.8 6.4 80.5 0.27 19 81
BV 64.43 52.0 19.5 28.5 0.00 72 28
BU 64.14 61.6 36.0 2.40 0.00 98 2
BT 63.78 20.2 58.8 21.0 0.0487 79 21
BS 63.35 0.00 86.0 14.0 0.00 86 14
BR 62.95 20.0 78.0 2.00 0.00 98 2
BQ 61.92 35.0 53.0 12.0 0.00 88 12
BP 61.26 13.2 76.9 9.89 0.00 90 10
BO 60.84 0.00 0.00 83.1 16.9 0 100
BO 60.84 95.5 4.20 0.350 0.00 100 0
BN 60.10 100 0.00 0.00 0.00 100 0
BM 59.63 54.4 45.6 0.00 0.00 100 0
BL 58.78 41.2 56.5 2.35 0.00 98 2
BK 58.49 49.0 51.0 0.00 0.00 100 0
BJ 58.02 5.00 91.0 4.00 0.00 96 4
Bl 57.60 6.00 79.2 14.7 0.0467 85 15
BH 57.26 10.0 77.2 125 0.303 87 13
BG 56.75 80.0 20.0 0.00 0.00 100 0
BF 56.17 84.4 15.6 0.00 0.00 100 0
BE 55.14 12.6 50.8 36.4 0.247 63 37
BD 54.56 20.0 63.3 16.6 0.114 83 17
BC 53.91 40.6 50.1 9.28 0.00 91 9
BB 53.13 4.80 39.8 55.3 0.167 45 55
BA 52.14 0.00 79.6 19.1 1.32 80 20
BA 52.14 0.00 0.00 81.1 18.9 0 100
AZ 51.03 0.00 50.3 43.2 6.49 50 50
AY 50.18 36.0 58.0 6.00 0.00 94 6
AX 49.86 0.00 46.7 53.1 0.18 47 53
AW 48.81 60.0 28.0 12.0 0.00 88 12
AV 48.34 60.8 4.20 34.3 0.707 65 35
AU 48.10 62.0 4.86 33.1 0.00 67 33
AT 47.56 96.8 3.20 0.00 0.00 100 0
AS 46.99 40.0 22.4 36.9 0.639 62 38
AR 46.43 0.00 76.3 23.4 0.241 76 24
AQ 45.61 0.00 0.00 93.4 6.65 0 100
AP 45.25 0.00 88.7 10.4 0.879 89 11
AO 44.59 80.0 13.6 6.38 0.0216 94 6
AN 44.21 58.8 11.8 29.4 0.00 71 29
AM 43.27 85.0 1.19 13.8 0.00 86 14
AL 42.74 0.00 31.7 68.0 0.233 32 68
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AK 41.57 0.00 0.00 100 0.00 0 100
Al 41.21 0.00 0.00 98.3 1.69 0 100
Al 40.73 0.00 0.00 100 0.00 0 100
AH 39.59 0.00 1.61 98.4 0.00 2 98
AG 35.16 0.00 0.00 100 0.00 0 100
AF 31.55 0.00 0.00 99.7 0.338 0 100
AE 29.49 0.00 39.4 59.4 1.24 39 61
AD 27.93 - - - - - -
AC 25.31 0.00 0.00 100 0.00 0 100
AB 24.52 - - - - - -
AA 24.29 - - - - - -

Z 24.07 0.00 49.8 45.7 4.53 50 50
Y 23.78 85.0 7.47 6.85 0.679 92 8
X 22.94 100 0.00 0.00 0.00 100 0
W 22.57 0.00 0.00 100 0.00 0 100
\ 21.41 97.6 2.40 0.00 0.00 100 0
U 20.96 0.00 0.0639 93.0 6.96 0 100
T 20.52 - - - - - -
S 19.73 100 0.00 0.00 0.00 100 0
R 19.33 100 0.00 0.00 0.00 100 0
Q 19.01 0.00 0.635 83.1 16.2 1 99
P 18.06 100 0.00 0.00 0.00 100 0
@) 17.77 0.00 79.3 20.2 0.492 79 21
N 17.35 100 0.00 0.00 0.00 100 0
M 16.84 100 0.00 0.00 0.00 100 0
L 16.32 100 0.00 0.00 0.00 100 0
K 15.81 57.3 30.2 12.5 0.00 88 13
J 15.42 100 0.00 0.00 0.00 100 0
I 14.74 100 0.00 0.00 0.00 100 0
H 13.83 76.0 24.0 0.00 0.00 100 0
G 13.18 90.1 9.90 0.00 0.00 100 0
F 12.68 100 0.00 0.00 0.00 100 0
E 12.09 100 0.00 0.00 0.00 100 0
D 11.56 100 0.00 0.00 0.00 100 0
C 11.36 100 0.00 0.00 0.00 100 0
B 11.11 100 0.00 0.00 0.00 100 0
A 10.04 100 0.00 0.00 0.00 100 0




Sediment Loadings and Channel Erosion: Shades Creek Watershed 2-13

Many study sites along Shades Creek are characterized by streambeds composed
of sand, gravel and cobbles. Resistance of these non-cohesive materials is a function of
particle size (weight), and is expressed in terms of a dimensionless critical shear stress
(Shields 1936):

™* =10/ (ps— pw) g D 3)

where t* = critical dimensionless shear stress; ps = sediment density (kg/m®); pw = water
density (kg/m®); g = gravitational acceleration (m/s); and D = characteristic particle
diameter (m). Average boundary shear stress (7o) is the drag exerted by the flow on the
bed and is defined as:

To=Yw R S, (4)

where vy, = unit weight of water (N/m®): R = hydraulic radius (area/wetted perimeter)(m),
and S, = bed slope (m/m). Critical shear stress (t¢) in dimensional form can be obtained
by invoking the Shields criterion and, for hydrodynamically rough beds, utilizing a value
of 0.06 for t*.

7= 0.06 (ps — pw) g D (5)

Thus, the shear stress required to entrain a grain of diameter D can be estimated. Other
commonly used values of t* are 0.03 and 0.047 (Vanoni, 1975). CONCEPTS uses 13
particle-size classes to analyze entrainment and sorting of non-cohesive sediment by
invoking the Shields’ criteria (Equations 3 and 5).

2.6 Suspended-Sediment Data

2.6.1 Availability of Data for Transport Ratings

Analysis of the impacts of suspended sediment requires a database of suspended-
sediment concentrations with associated instantaneous water discharge. Data of this type
permit analysis of sediment-transport characteristics and the development of rating
relations (Porterfield, 1972; Glysson, 1987). Collection of suspended-sediment data is
time consuming and expensive in that it must take place over a broad range of flows to
accurately evaluate the sediment-transport regime at a site. However, the USGS has
identified more than 2,900 sites nationwide where at least 30 matching samples of
suspended sediment and instantaneous flow discharge have been collected (Turcios and
Gray, 2000). This historical database serves as the foundation for analyzing sediment-
transport characteristics over the range of physiographic conditions that exist in the
United States. For the Ridge and Valley, 74 sites in seven states have at least 30 matching
samples of suspended sediment and instantaneous flow discharge (Table 2-4).

Fortunately, suspended-sediment data were also available for Shades Creek near
Greenwood, AL (USGS station 02423630) from the USGS and from Stormwater
Management Authority (SWMA,; Birmingham, Alabama). When used in conjunction
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with the instantaneous discharge at the time of sample collection, sample data were used
to compute suspended-sediment transport rates. Integration with continuous flow records
allows annual suspended-sediment loads to be calculated.

Table 2-4. List of USGS gaging stations in the Ridge and Valley (Ecoregion 67)
having a minimum of 30 matching samples of flow and suspended-sediment

concentration data.

State USGS USGS name Drainage area
number (km?)
GA 02383500 giOSAWATTEE RIVER NEAR PINE CHAPEL, 2152
GA 02385800 | HOLLY CREEK NEAR CHATSWORTH, GA. 166
GA 02387000 | CONASAUGA RIVER AT TILTON, GA. 1779
GA 02387500 | OOSTANAULA RIVER AT RESACA, GA. 4149
GA 02388000 \C/;V:ST ARMUCHEE CREEK NEAR SUBLIGNA, 94
GA 02395000 | ETOWAH RIVER NEAR KINGSTON, GA. 4232
GA 03568933 | LOOKOUT CREEK NEAR NEW ENGLAND, GA. 386
MD | 01603000 | NB POTOMAC R NR CUMBERLAND, MD 2271
MD 01614500 | CONOCOCHEAGUE C AT FAIRVIEW, MD 1279
NJ 01440000 | FLAT BROOK NEAR FLATBROOKVILLE NJ 166
NJ 01443500 | PAULINS KILL AT BLAIRSTOWN NJ 326
NJ 01457000 MJUSCONETCONG RIVER NEAR BLOOMSBURY 365
PA 01470500 | SCHUYLKILL RIVER AT BERNE, PA 919
PA 01540500 | SUSQUEHANNA RIVER AT DANVILLE, PA 29060
WEST BRANCH SUSQUEHANNA RIVER AT
PA 01553500 LEWISBURG, PA 17734
PA 01554000 | SUSQUEHANNA RIVER AT SUNBURY, PA 47397
EAST MAHANTANGO CREEK AT
PA 01555400 KLINGERSTOWN, PA 116
PA 01559795 | BOBS CREEK NEAR PAVIA, PA 43
RAYSTOWN BRANCH JUNIATA RIVER AT
PA 01562000 SAXTON, PA 1958
PA 01567000 | JUNIATA RIVER AT NEWPORT, PA 8687
PA 01568000 | SHERMAN CREEK AT SHERMANS DALE, PA 536
STONY CREEK AT WATER TANK TRAIL NR
PA 01568750 DAUPHIN, PA 57
PA 01570000 SENODOGUINET CREEK NEAR HOGESTOWN, 1217
UNNAMED TRIB TO TRINDLE SP RUN, SITE 1,
PA 01570010 NR MECHBRG 2.7
UNNAMED TRIB TO TRINDLE SP RUN, SITE 2,
PA 01570030 NR MECHBRG 3.3
UNNAMED TRIB TO TRINDLE SP RUN, SITE 3,
PA 01570060 NR MECHBRG 4.0
PA 01570200 ESNODOGUINET CR. TRIB. NO. 2 NR. ENOLA, 20
PA 01570300 | CONODOGUINET CREEK TRIB NO. 3 NR 1.0
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ENOLA, PA
PA 01570500 | SUSQUEHANNA RIVER AT HARRISBURG, PA 62419
PA 01571000 | PAXTON CREEK NEAR PENBROOK, PA 29
PA 01571490 | CEDAR RUN AT EBERLYS MILL, PA 33
SWATARA CR AB HWY BRIDGE 895 AT PINE
PA 01571919 GROVE, PA 188
LOWER LITTLE SWATARA CREEK AT PINE
PA 01572000 GROVE, PA 89
PA 01573095 | BACHMAN RUN AT ANNVILLE, PA 19
PA 01573560 | SWATARA CREEK NEAR HERSHEY, PA 1251
™ 03465500 grl\ll\? NOLICHUCKY RIVER AT EMBREEVILLE, 2085
™ 03470500 _(rl\ll\? FRENCH BROAD RIVER NEAR KNOXVILLE, 13212
TN 03495500 | (N) HOLSTON RIVER NEAR KNOXVILLE, TN 9705
TN 03527220 | (N) CLINCH RIVER NEAR LOONEYS GAP, TN 2989
TN 03528000 | (N) CLINCH RIVER ABOVE TAZEWELL, TN 3818
TN 03531680 | (N) POWELL RIVER AT ALANTHUSHILL, TN 1321
(N) CLINCH RIVER AT MELTON HILL DAM
TN 03535912 (TAILWATER).TN 8658
(N) TENNESSEE RIVER AT WATTS BAR DAM
TN 03543005 (TAILWATER). 44833
VA 01621050 | MUDDY CREEK AT MOUNT CLINTON, VA 37
VA 01631000 \S/; SHENANDOAH RIVER AT FRONT ROYAL, 4253
VA 01634000 \N/: SHENANDOAH RIVER NEAR STRASBURG, 1989
VA 02054500 | ROANOKE RIVER AT LAFAYETTE, VA 666
VA 02055000 | ROANOKE RIVER AT ROANOKE, VA 1023
VA 03167000 | REED CREEK AT GRAHAMS FORGE, VA 640
VA 03474000 \I\;IAF HOLSTON RIVER AT SEVEN MILE FORD, 342
SOUTH BRANCH POTOMAC RIVER NEAR
WV 01608500 SPRINGFIELD, WV 3849
WV 01610200 \I7V(3/ST RIVER AT MCCAULEY NEAR BAKER, 401
WV 01611500 | CACAPON RIVER NEAR GREAT CACAPON, WV 1748
WV 01618000 | POTOMAC R AT SHEPHERDSTOWN, WV 15374
WV 01636500 | SHENANDOAH RIVER AT MILLVILLE, WV 7827
WV 03068800 | SHAVERS FORK BELOW BOWDEN, WV 391
2.6.2 Availability of Data for Annual-Load Calculations

Sufficient mean-daily flow data were available for 56 of the USGS gauging

stations in the Ridge and Valley to calculate annual suspended-sediment loads (Table 2-
5). Flow data were downloaded from a USGS web site and discharge units were
converted from ft*/s to m%s. Daily loads were calculated for each gage by applying the
appropriate rating equation to the mean discharge for each day, giving a suspended-
sediment load in T/d. Daily-load values were summed by calendar year and divided by




Sediment Loadings and Channel Erosion: Shades Creek Watershed 2-16

drainage area to obtain the annual suspended-sediment yield (in T/y/km?) for each year of
flow record. Mean annual suspended-sediment yields were calculated by dividing by the

number of years of complete flow record (Table 2-5). An annual concentration (in mg/l)
was calculated for each station-year of record by dividing the suspended-sediment load
by the total volume of water during the year. A mean-annual concentration was then
obtained by summing the annual concentrations and dividing by the number of years of

complete flow record.

Table 2-5. Summary of data from the Ridge and Valley with sufficient flow data to
calculate annual suspended-sediment loads, yields, and concentrations.

Station Maximum . . Number of complete
State flow Period of mean-daily flow data
number 3 calendar years
(m?/s)
NJ 01440000 179 10/1/1923 - 9/30/2001 77
NJ 01443500 168 10/1/1921 - 9/30/2001 77
NJ 01457000 165 10/1/1903 - 9/30/2001 82
PA 01470500 736 8/1/1947 - 9/30/2001 53
PA 01540500 9480 4/1/1905 - 9/30/2001 95
PA 01553500 8070 10/1/1939 - 9/30/2001 61
PA 01554000 17200 10/1/1937 - 9/30/2001 63
PA 01555400 64.8 10/1/1992 - 10/16/2000 4
PA 01559795 51.5 6/1/1993 - 9/30/2000 2
PA 01562000 1650 10/1/1911 - 9/30/2002 89
PA 01567000 4870 1899-04-01 - 9/30/2002 101
PA 01568000 518 10/1/1929 - 9/30/2002 71
PA 01568750 101 4/1/1974 - 9/30/1986 2
PA 01570000 694 10/1/1911 - 9/30/2002 66
PA 01570010 0.59 9/25/1992 - 9/30/1993 2
PA 01570030 0.45 9/10/1992 - 9/30/1993 2
PA 01570060 0.31 10/1/1992 - 9/30/1993 2
PA 01570200 5.27 4/1/1969 - 9/30/1976 8
PA 01570300 2.80 3/1/1969 - 9/30/1976 6
PA 01570500 27000 1890-10-01 - 9/30/2002 110
PA 01571000 25.9 3/1/1940 - 9/30/1995 15
PA 01571490 4.81 4/1/1993 - 9/30/1995 1
PA 01571919 73.1 10/23/1981- -9/30/1984 2
PA 01572000 52.4 10/1/1919 - 9/30/1984 14
PA 01573095 2.60 4/1/1993 - 9/30/1995 3
PA 01573560 674 10/1/1975 - 9/30/2002 25
MD 01603000 1340 5/24/1929 - 9/30/2002 71
wv 01608500 4110 1899-07-01 - 9/30/2000 75
WV 01610200 340 10/1/1971 - 1/31/1980 8
WV 01611500 1920 12/12/1922 - 9/30/2000 75
MD 01614500 756 6/1/1928 - 9/30/2002 72
wv 01618000 8130 8/1/1928 - 9/30/2002 65
VA 01621050 49.8 4/13/1993 - 9/30/2002 7
VA 01631000 3230 10/1/1930 - 9/30/2002 70
VA 01634000 1720 4/1/1925 - 9/30/2002 75
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wvVv 01636500 5440 1895-04-01 - 9/30/2000 84
VA 02054500 331 10/1/1943 - 9/30/2002 57
VA 02055000 515 1899-02-13 - 9/30/2002 100
GA 02383500 892 11/11/1938 - 9/30/2002 60
GA 02385800 280 6/1/1960 - 9/30/2002 39
GA 02387000 929 6/5/1937 - 9/30/2002 62
GA 02387500 1420 1892-11-01 - 9/30/2002 107
GA 02388000 97.1 4/1/1939 - 9/30/1981 20
GA 02395000 1160 7/18/1928 - 10/23/1995 60
WV 03068800 255 8/31/1973 - 9/30/2000 9
VA 03167000 300 10/1/1908 - 9/30/2002 80
TN 03465500 1440 8/31/1900 - 9/30/2002 80
TN 03470500 1380 10/1/1945 - 9/30/1982 41
VA 03474000 170 10/1/1942 - 9/30/2002 44
TN 03495500 1550 10/1/1930 - 9/30/1982 60
TN 03527220 722 10/1/1988 - 4/5/1992 3
TN 03528000 2360 4/1/1919 - 9/30/2002 81
TN 03531680 501 10/1/1988 - 3/31/1992 3
TN 03535912 943 1/1/1975 - 9/30/1982 7
TN 03543005 4560 10/1/1974 - 9/30/1982 7
GA 03568933 337 8/30/1979 - 9/30/2001 19
TN 03466208 107 3/1/1996 - 2002/09/30 7
TN 03532000 1420 10/1/1919 - 2002-09-30 67

2.7 General Description of AGNPS Modeling Technology

The Agricultural Non-Point Source Pollutant (AGNPS) watershed simulation
model (Bingner and Theurer, 2001a) has been developed as a tool for evaluating pollutant
loadings within a watershed and the impact farming and mixed-use activities have on
pollution control. Various modeling components have been integrated within AGNPS to
form a suite of modules. Each module provides information needed by other modules to
enhance the predictive capabilities of each. The modules in AGNPS critical to the Shades
Creek watershed include: (1) AnnAGNPS Version 3.32 (Cronshey and Theurer, 1998;
Bingner and Theurer, 2001c), a watershed-scale, continuous-simulation, pollutant loading
computer model designed to quantify and identify the source of pollutant loadings
anywhere in the watershed for optimization and risk analysis; and, (2) Conservational
Channel Evolution and Pollutant Transport System (CONCEPTS) (Langendoen, 2000), a
set of stream network, corridor, and water quality computer models designed to predict
and guantify the effects of bank erosion and failures, bank mass wasting, bed aggradation
and degradation, burial and re-entrainment of contaminants, and streamside riparian
vegetation on channel morphology and pollutant loadings.

The Annualized Agricultural Non-Point Source Pollutant loading model
(AnnAGNPS) is an advanced technological watershed evaluation tool, which has been
developed through a partnering project with the United States Department of Agriculture
— Agriculture Research Service (USDA-ARS) and Natural Resources Conservation
Service (NRCS) to aid in the evaluation of watershed response to agricultural
management practices. Through continuous simulation of surface runoff, sediment and
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chemical non-point source pollutant loading from watersheds, the impact of BMPs on
TMDLs can be evaluated for risk and cost/benefit analyses.

ANnAGNPS is a continuous simulation, daily time step, pollutant-loading model
and includes significantly more advanced features than the single-event AGNPS 5.0
(Young et al., 1989). Daily climate information is needed to account for the temporal
variation in the weather. The spatial variability of climate can also be included by
assigning appropriate climate files to any location in the watershed. The spatial
variability within a watershed of soils, landuse, and topography, is accounted for by
dividing the watershed into many homogeneous drainage areas. These simulated
drainage areas are then integrated together by simulated rivers and streams, which route
the runoff and pollutants from each individual homogeneous area to downstream. From
individual fields, runoff can be produced from precipitation events that include rainfall,
snowmelt and irrigation. A daily soil water balance is maintained, so runoff can be
determined when a precipitation event occurs. The erosion within each field is predicted
based on the technology incorporated from the Revised Universal Soil Loss Equation
(RUSLE) (Renard et al., 1997). The model can be used to examine the effects of
implementing various conservation alternatives within a watershed such as alternative
cropping and tillage systems including the effects of fertilizer, pesticide, irrigation
application rate as well as point source yields and feedlot management (Bosch et al.,
1998).

2.7.1 Input Data Requirements

As part of the input data preparation process there are a number of component
modules that support the user in developing the needed AnNnAGNPS databases. These
include: (1) the TOpographic PArameteriZation program (TOPAZ) (Garbrecht and
Martz, 1995), to generate cell and stream network information from a watershed digital
elevation model (DEM) and provide all of the topographic related information for
ANNAGNPS. A subset of TOPAZ, TOPAGNPS, is the set of TOPAZ modules used
within AGNPS. The use of the TOPAGNPS generated stream network is also
incorporated by CONCEPTS to provide the link of where upland sources are entering the
channel and then routed downstream; (2) The AGricultural watershed FLOWnet
generation program (AGFLOW) (Bingner et al., 1997; Bingner et al., 2001b) is used to
determine the topographic-related input parameters for AnnAGNPS and to format the
TOPAGNPS output for importation into the form needed by AnnAGNPS; (3) The
Generation of weather Elements for Multiple applications (GEM) program (Johnson et
al., 2000) is used to generate the climate information for AnnAGNPS if historical climate
is not used; (4) The program Complete Climate takes the information from GEM and
formats the data for use by AnnAGNPS, along with determining a few additional
parameters; (5) A graphical input editor that assists the user in developing the
ANnAGNPS database (Bingner et al., 1998); (6) A visual interface program to view the
TOPAGNPS related geographical information system (GIS) data (Bingner et al., 1996);
(7) A conversion program that transforms a single event AGNPS 5.0 dataset into what is
needed to perform a single event simulation with AnnAGNPS and, (8) An Arcview
program to facilitate the use of Items 1-7. There is an output processor that can be used
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to help analyze the results from AnnAGNPS by generating a summary of the results in
tabular or GIS format.

2.7.2 Contributions from Cells Adjacent to the Main Channel

Loading information to the main channel for use with CONCEPTS is obtained by
routing the AnnAGNPS water and sediment discharged by each AnnAGNPS cell through
the channel system. At the outlet of each tributary that flows into the main channel
ANnAGNPS provides: the flow; sediment by particle sizes of clay, silt, and sand; peak
discharge; and, the time of concentration as part of an output file that can be used as an
input file into CONCEPTS. This information is used in routing water and sediment by
CONCEPTS in the main channel. All tributary channels in each of the Shades Creek
watershed simulated by AnnAGNPS are assumed to be stable and therefore, not eroding;
although, sediment in transport can be deposited within the tributaries before reaching the
main channel simulated by CONCEPTS.

2.7.3 Contributions from Tributaries into the Main Channel

The discharges from the tributaries provide the link between AnnAGNPS cells
and CONCEPTS for the water and sediment that does not flow directly into the main
channel. There are also AnnAGNPS cells that are along the main channel and deposit
water and sediment directly into the main channel. These AnnAGNPS cells are also
simulated and provide discharge information to CONCEPTS through an AnNnAGNPS
output file.

2.8 General Description of CONCEPTS Modeling Technology

CONCEPTS simulates unsteady, one-dimensional flow, transport of cohesive and
cohesionless sediments in suspension and on the bed selectively by size class, and bank
erosion processes in stream corridors (Langendoen 2000). Hence, it can predict the
dynamic response of flow, sediment transport and channel form (‘channel evolution®) to
disturbances including channelization, altered hydrologic regime (e.g. by dam
construction or urbanization), or instream hydraulic structures.

2.8.1 Hydraulics

CONCEPTS assumes stream flow to be one-dimensional along the centerline of
the channel. 1t computes the flow as a function of time simultaneously at a series of cross
sections along the stream using the Saint Venant equations. The governing equations are
discretized using the generalized Preissmann scheme, and the resulting set of algebraic
equations are solved using Gaussian elimination with partial pivoting for banded
matrices. Four types of hydraulic structures are included in CONCEPTS: box and pipe
culverts, bridge crossings, grade control (drop) structures, and any structure for which a
rating curve is available.
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2.8.2 Sediment Transport and Bed Adjustment

CONCEPTS calculates total-load sediment transport rates by size fraction from a
mass conservation law, and taking into account the differing processes governing
entrainment and deposition of cohesive and cohesionless bed material (Langendoen,
2000). CONCEPTS handles particle sizes ranging from clay to cobbles. For graded bed
material, the sediment transport rates depend on the bed material composition, which
itself depends on historical erosion and deposition rates. CONCEPTS divides the bed
into a surface or active layer and a subsurface layer. These layers constitute the so-called
‘mixing layer’. Sediment particles are continuously exchanged between the flow and
surficial layer, whereas particles are only exchanged between the surface layer and
substrate when the bed scours and fills. For cohesive materials, the erosion rate is
calculated by an excess shear-stress approach while the deposition rate is based on
particle settling velocity.

2.8.3 Streambank Erosion

CONCEPTS simulates channel width adjustment by incorporating the
fundamental physical processes responsible for bank retreat: (1) fluvial erosion or
entrainment of bank toe material by flow, and (2) bank mass failure due to gravity
(Langendoen 2000). Natural streambank material may be cohesive or noncohesive and
may comprise numerous soil layers reflecting the depositional history of the bank
materials; each layer can have physical properties quite different from those of other
layers. CONCEPTS accounts for streambank stratigraphy by allowing variable critical
shear-stresses to be assigned to the bank materials. An average shear-stress on each soil
layer is computed, which increases with depth. Because of the resulting shear stress
distribution, CONCEPTS is able to more realistically simulate streambank erosion caused
by undercutting and cantilever failures.

Bank stability is analyzed via the limit equilibrium method, based on static
equilibrium of forces and/or moments. Streambank failure occurs when gravitational
forces that tend to move soil downslope exceed the forces that resist movement. The risk
of failure is usually expressed by a factor of safety, defined as the ratio of resisting to
driving forces or moments. CONCEPTS performs stability analyses of planar slip
failures and cantilever failures of overhanging banks by dividing the bank into slices, and
evaluating the balance of forces on each slice in vertical and horizontal directions. The
slope of the failure surface is defined as that slope for which the factor of safety is a
minimum. The bank’s geometry, soil shear-strength (effective cohesion, ¢', and angle of
internal friction, ¢'), pore-water pressure, confining pressure, and riparian vegetation
determine the stability of the bank.

2.8.4 Input Data Requirements

Typical CONCEPTS input data are: water and sediment inflow at the upstream
boundary of the model channel and any tributaries; the geometry (cross sections) of the
channel; Manning’s » roughness coefficients; and composition of bed and bank material.
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In addition, the user needs to supply bank-material properties for the streambank erosion
component of CONCEPTS, such as the critical shear stress required to entrain bank-
material particles, and the shear-strength parameters effective cohesion, ¢, and angle of
internal friction, ¢'.
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3 DEVELOPING A “REFERENCE” SEDIMENT-TRANSPORT CONDITION
FOR SHADES CREEK, ALABAMA

Sediment loads (transport rates) in streams vary by orders of magnitude over time
and by location. Controls such as geology and channel-boundary materials, landuse,
channel stability, and the type and timing of precipitation events make prediction of
sediment loads difficult and complex. Still, in order to determine the amount of sediment
that impairs a given waterbody (TMDL), one must first be able to determine the sediment
load that would be expected in an unimpaired stream of a given type and location.
However, baseline conditions of flow, sediment concentrations, and transport rates for
streams in the wide variety of physiographic provinces and under a wide variety of
landuses are poorly understood. Initiating a data collection program to obtain a
comprehensive data set from a sufficient number of streams from different physiographic
provinces for use in developing clean sediment TMDL’s is impractical from both time
and monetary standpoints. A logical alternative is to make use of high-quality, historical
data sets containing corresponding flow and sediment-transport information that have
been collected by government and private agencies at various locations.

3.1 Regionalization by Level 111 Ecoregion

To be useful for TMDL practitioners sediment-transport relations must be placed
within a conceptual and analytic framework such that they can be used to address
sediment-related problems at sites such as those along Shades Creek where no or only
limited data exists. To accomplish this, sediment-transport characteristics and relations
need to be regionalized according to attributes of channels and drainage basins that are
directly related to sediment production, transport, and potential impairment. In a general
way, these attributes include among others, physiography, geology, climate and ecology,
differentiated collectively as an ecoregion (Omernik, 1995). The region that includes
Shades Creek is the Ridge and Valley (Ecoregion 67).

3.1.1 “Reference” Conditions

To identify those sediment-transport conditions that represent impacted or
impaired conditions, it is essential to first be able to define a non-disturbed, stable, or
“reference” condition for the particular stream reach. In some schemes the “reference”
condition simply means “representative” of a given category of classified channel forms
or morphologies (Rosgen, 1985) and as such, may not be analogous with a “stable”,
“undisturbed”, or “background” rate of sediment production and transport. Although the
Rosgen (1985) stream classification system is widely used to describe channel form,
stream types D, F, and G are by definition, unstable (Rosgen, 1996, p. 4-5). These stream
reaches, therefore, would be expected to produce and transport enhanced amounts of
sediment and represent impacted, if not impaired conditions. Thus, although it may be
possible to define a “representative” reach of stream types D, F, and G, for the purpose of
TMDL development, a “reference” condition transporting “natural” or background rates
of sediment will be difficult to find.
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3.1.2 Stages of Channel Evolution

As an alternative scheme for TMDL practitioners, the channel evolution
framework set out by Simon and Hupp (1986) and Simon (1989b) is used (Figure 3-1)
and has proved successful in numerous ecoregions (Simon et al., 2003). In most alluvial
channels, disruption of the dynamic equilibrium generally results in a certain degree of
upstream channel degradation and downstream aggradation. If the predisturbed channel
is considered as the initial stage (I) of channel evolution and the disrupted channel as an
instantaneous condition (stage I1), rapid channel degradation can be considered stage IlI
(Figure 3-1). Degradation flattens channel gradients and consequently reduces the
available stream power for given discharges with time. Concurrently, bank heights are
increased and bank angles are often steepened by fluvial undercutting and by pore-
pressure induced bank failures near the base of the bank. Thus, the degradation stage
(111) is directly related to destabilization of the channel banks and to channel widening by
mass-wasting processes (stage 1V) once bank heights and angles exceed the critical
conditions of the bank material (as determined by shear-strength characteristics). If
streambeds are composed of highly resistant materials as is the case with some reaches of
Shades Creek, adjustment to heightened flow-energy conditions can occur by lateral
migration, bank erosion and channel widening (Simon and Darby, 1997).

As degradation migrates further upstream, aggradation (stage V) becomes the
dominant trend in previously degraded downstream sites because the flatter gradient and
lower hydraulic radius at the degraded site cannot transport the heightened sediment
loads originating from degrading reaches upstream. This secondary aggradation occurs at
rates roughly 60% less than the associated degradation rate (Simon 1992). These reduced
aggradation rates indicate that bed-level recovery will not be complete and that
attainment of a new dynamic equilibrium will take place through (1) further channel
widening, (2) the establishment of riparian vegetation that adds roughness elements and
reduces the stream power for given discharges, and (3) further gradient reduction by
meander extension and elongation.

The lack of complete bed-level recovery often results in a two-tiered channel
configuration with the original floodplain surface becoming a terrace. Flood flows are,
therefore, constrained within this enlarged channel below the terrace level. Without
proliferation of riparian vegetation within the channel, this results in a given flow having
greater erosive power than if an equivalent flow could dissipate energy by spreading
across the floodplain. Where vegetation does re-establish, the additional roughness limits
the erosive power of flood events within the incised channel and constrains shear-stress
values to near bankfull levels (Simon et al., 1999). Aggrading conditions (stage V) are
also common in reaches downstream from the area of maximum disturbance immediately
after the disturbance is imposed on the stream channel.

With stages of channel evolution tied to discrete channel processes and not strictly
to specific channel shapes, they have been successfully used to describe systematic
channel-stability processes over time and space in diverse environments subject to
various disturbances such as stream response to: channelization in the Southeast US
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Coastal Plain (Simon, 1994); volcanic eruptions in the Cascade Mountains (Simon,
1992); and dams in Tuscany, Italy (Rinaldi and Simon, 1998). Because the stages of
channel evolution represent shifts in dominant channel processes, they are systematically
related to suspended-sediment and bed-material discharge (Simon, 1989b; Kuhnle and
Simon, 2000), fish-community structure (Simon et al., 2002), rates of channel widening
(Simon and Hupp, 1992), and the density and distribution of woody-riparian vegetation
(Hupp, 1992).

An advantage of a process-based channel-evolution scheme for use in TMDL
development is that Stages | and VI represent two true “reference” conditions. In some
cases, such as in the Midwestern United States where land clearing activities near the turn
of the 20™ century caused massive changes in rainfall-runoff relations and landuse,
channels are unlikely to recover to Stage I, pre-modified conditions. Stage VI, re-
stabilized conditions are a more likely target under the present regional landuse and
altered hydrologic regimes (Simon and Rinaldi, 2000).

Stage IV. Degradation and
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