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Conversion Factors, 
Non-SI to SI Units of 
Measurement 

Non-SI units of measurement used in this report can be converted to SI units 
as follows: 

vii 

Multiply 

acres 

degrees (angle) 

cubic feet 

feet 

inches 

miles (U.S. statute) 

pounds (mass) 

pounds (mass) per cubic foot 

quare miles 

BY 

4,046.873 

0.01 745329 

0.02831685 

0.3048 

25.4 

1.609347 

0.4535924 

16.01846 

2.589998 

To Obtain 

square meters 

radians 

cubic meters 

meters 

millimeters 

kilometers 

kilograms 

kilograms per cubic meter 

square kilometers 



Summary 

The authorized plan for the Demonstration Erosion Control (DEC) Project 
in the Yazoo Basin, Mississippi, provides for the development of a system for 
control of sediment, erosion, and flooding in the foothills area of the basin. 
The area's 15 watersheds are Abiaca Creek, Batupan Bogue, Black Creek, 
Burney Branch, Cane-Mussacuna Creek, Coldwater River, Hickahala-Senatobia 
Creek, Hotophia Creek, Hurricane-Wolf Creek, Long Creek, Otoucalofa Creek, 
Pelucia Creek, Sherman Creek, Toby Tubby Creek, and Town Creek 
(Charleston). 

Public Law 98-8, the Emergency Jobs Appropriation Act of 1982, provided 
for the initial authorization of the DEC Project as a cooperative effort through 
the U.S. Department of Agriculture (USDA) Soil Conservation Service. Public 
Law 98-50, the Energy and Water Development Appropriation Act for Fiscal 
Year (FY) 1984, further directed joint effort by the U.S. Army Corps of Engi- 
neers and Soil Conservation Service for the foothills area of the Yazoo Basin. 
Public Law 99-662, the Water Resources Development Act of 1986, specified 
that the DEC Project was authorized by Public Law 98-8, and further directed 
that the DEC Project was exempt from the cost-sharing requirements of Public 
Law 99-662. 

To assist in the evaluation of the performance of erosion control features 
installed as part of the DEC Project, the Hydraulics Laboratory (HL) of the 
U.S. Army Engineer Waterways Experiment Station (WES) initiated a compre- 
hensive monitoring program in July 1991. The WES portion of the DEC 
monitoring program is designed as a multiyear program planned through 
FY 1997. The components of the monitoring program, including the design 
and implementation of an engineering database, development of evaluation 
procedures and design tools, and all field data collected through June 1992 are 
presented in detail in this report. 

The field data collected through June 1992 for hydraulic structures monitor- 
ing included stage measurements at 29 continuous recording gauges and 33 
crest gates, located in 9 DEC watersheds (Black River, Abiaca Creek, Cold- 
water River, Hickahala-Senatobia, Burney Branch, Hotophia Creek, Otoucalofa 
Creek, Batupan Bogue, and Long Creek). Also, detailed channel geometry 
data were collected at 20 sites in 9 DEC watersheds (Black Creek, Abiaca 
Creek, Coldwater River, Hickahala-Senatobia, Burney Branch, Hotophia Creek, 



Otoucalofa Creek, Batupan Bogue, and Long Creek), representing the initial 
survey in a series of semiannual surveys designed to evaluate long-term chan- 
nel response to changes in hydrologic and hydraulic regime. 

The engineering database/Geographic Information System (GIs) being used 
in the DEC monitoring program to manage the large amount of data being 
assembled is based on Intergraph hardware and software. As of June 1992, the 
database includes the locations of all existing Corps low-drop and high-drop 
structures, bank stabilization works, levees, floodwater-retarding structures, and 
riser pipe structures in all 15 DEC watersheds. The database contains digital 
elevation models (DEM) for all 15 DEC watersheds. The database also 
includes aerial photos (registered to state plane coordinates) for one watershed 
(Coldwater River) and Spot-view satellite photography for four other water- 
sheds (Black, Hickahala-Senatobia, Cane-Mussacuna, and Hurricane-Wolf). 
Land use data on I-acre grids are in the database for five watersheds (Cold- 
water, Hickahala-Senatobia, Long, Cane-Mussacuna, and Hurricane-Wolf). 
The database contains all major tributaries and highways for all 15 watersheds. 
Soil grid data for one watershed (Coldwater River) are in the database. 

Detailed geomorphic studies were conducted on three watersheds using 
survey data from 1985 and 1991. The surveys consisted of channel profiles 
and cross sections made at half-mile intervals. The surveys were used to 
assess channel changes from 1985 to 1991. Channel profiles were compared 
to determine zones of aggradation or degradation. Channel cross sections were 
compared to determine width and depth changes. Finally, the channel 
geometries were applied to the HEC-2 computer model to evaluate changes in 
hydraulic parameters resulting from the channel changes between 1985 and 
1991. In addition, a broad-based geomorphic assessment was conducted using 
aerial reconnaissance videos on all 15 watersheds. 

An Intergraph-based procedure (design tool) that takes advantage of the 
engineering databaselGIs was developed to support the U.S. Army Engineer 
District, Vicksburg, hydraulic design of riser pipes. The procedure automates 
a number of the steps previously done manually, resulting in significant reduc- 
tion in the time required to conduct the hydraulic design for riser pipes. As of 
June 1992, the procedure was available for application in the Coldwater River 
basin. 

A design procedure for stabilizing incised channels (design tool), based on 
the computer program "Hydraulic Design for Channels," SAM, was developed 
and tested on a DEC watershed (Long Creek). The test application consisted 
of evaluating the effectiveness of low-drop structures in stabilizing the stream 
channel against further degradation. The proposed procedure has merit in 
assisting the engineer in designing structural solutions that have the potential 
for long-term beneficial impact in reducing channel degradation and 
streambank erosion. 

To initiate the evaluation of the hydraulic performance of selected struc- 
tures, two high-drop structures (on Hotophia Creek and Burney Branch 



watersheds) and four low-drop structures (one on Long Creek and three on 
Batupan Bogue watersheds) were instrumented to collect stage data just 
upstream and downstream of the structure. Once sufficient data are collected, 
factors to be evaluated include discharge coefficients, energy dissipation, flow 
distribution, and effect of submergence on performance. 

The potential for bendway weirs as streambank protection in DEC water- 
sheds was tested using a physical model. The bendway weir concept was 
previously developed on a WES movable-bed model study of reaches on the 
Mississippi River. Since in those previous studies the weirs redistributed the 
movement of water and sediment through bendways, the idea that bendway 
weirs may prove beneficial in bank protection by reducing outside-bend veloci- 
ties was logical. Even though the model study was limited in scope, testing 
only a few options, enough was learned to design a reasonable application for 
a field demonstration of the bendway weir concept. 

Another model study was initiated to investigate the feasibility of a sheet- 
pile grade control structure with a 10-ft drop. Current design criteria for a 
sheet-pile grade control structure limit the drop height to 6 ft. The purpose of 
this study is to modify and/or develop guidance regarding both the hydraulic 
design and the stable riprap design to accommodate a 10-ft drop structure. 

The results and conclusions of each part of the monitoring program for 
FY 92 are described in this report. 



Introduction 

Background 

The Demonstration Erosion Control (DEC) Project provides for the devel- 
opment of a system for control of sediment, erosion, and flooding in the 
foothills area of the Yazoo Basin, Mississippi (Figure 1). Structural features 
used in developing rehabilitation plans for the DEC watersheds include high- 
drop grade control structures similar to the Soil Conservation Service (SCS) 
Type C structure; low-drop grade control structures similar to the Agricultural 
Research Service (ARS) low-drop structure; pipe drop structures; bank stabili- 
zation, which includes riprap, longitudinal and transverse dikes, and riprap 
bank protection; and a combination of retention and detention reservoirs. In 
addition, other features such as levees, pumping plants, land treatments, and 
developing technologies may also be utilized. 

Evaluation of the performance of these erosion control features can contrib- 
ute to the improvement and development of design guidance. Most of the 
previous Yazoo Basin evaluation has been limited to single-visit data collec- 
tion, with no comprehensive monitoring of the structure or the effect of the 
structure on channel stability. The portion of the DEC Monitoring Program 
being conducted by the Hydraulics Laboratory, U.S. Army Engineer Water- 
ways Experiment Station (WES), is a multiyear program initiated in late Fiscal 
Year (FY) 1991 and planned through FY 97. To fully document the impacts 
of the DEC project will require more than 6 years. A monitoring plan for the 
DEC project after FY 97 will be provided at the appropriate time. 

Objective 

The purpose of monitoring is to evaluate and document watershed response 
to the implemented DEC Project. Documentation of watershed response to 
DEC Project features will allow the participating agencies a unique opportunity 
to determine the effectiveness of existing design guidance for erosion and 
flood control in small watersheds. 

The objective of this report is to document the WES monitoring activities 
during the period from March 1991 through May 1992. 

Chapter 1 Introduction 
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Approach 

To provide the information necessary for the effective evaluation of the 
DEC Project, the DEC Monitoring Program includes eleven technical areas that 
address the major physical processes of erosion, sedimentation, and flooding: 

a. Stream gauging. 

b. Data collection and data management. 

c. Hydraulic performance of structures. 

d. Channel response. 

e. Hydrology. 

f. Upland watersheds. 

g. Reservoir sedimentation. 

h. Environmental aspects. 

i Streambank stability. 

j. Design tools. 

k Technology transfer. 

The WES portion of the monitoring program has primary responsibility for 
all technical areas except stream gauging and environmental aspects. The 
primary responsibility for these technical areas rests with the U.S. Geological 
Survey (USGS) and ARS, respectively. 

Technical Area Descriptions 

The following is a general description of the work being performed by 
WES in the nine technical areas. 

Data collection and data management 

The purpose of the data collection and data management technical area is to 
assemble, to the extent possible, all data that have been accumulated to date in 
the DEC Project, and develop an engineering database that will be periodically 
updated as new monitoring data are collected and analyzed. The database 
resides on an Intergraph workstation, and access to the database is made user- 
friendly with Intergraph software. The database is available to all participants 

Chapter 1 Introduction 



in the monitoring program to provide for analysis and evaluation of the various 
elements of the DEC Project. In addition to the extensive hydraulic and sedi- 
mentation data being collected in the monitoring program, the database con- 
tains survey data, aerial photography, conventional photography, USGS digital 
elevation grids, USGS quadrangle maps, watershed development master plans, 
project feature designs and specifications, trip reports and field observations, 
study reports by others, and all reports and professional papers published as a 
result of the monitoring program. 

Hydraulic performance of structures 

Six grade control structures were selected for detailed data collection to 
evaluate hydraulic performance. The structures were selected on the basis of 
special features, including high drop, low drop, significant upstream flow con- 
striction, limited upstream flow constriction, free flow, and submerged flow. 
The structures were instrumented to collect data to evaluate discharge coeffi- 
cients, energy dissipation, flow velocity distribution, and effects of sub- 
mergence on performance. All riprap bank stabilization measures in each 
watershed will be visually monitored and problem areas identified. A mini- 
mum of three riprap bank stabilization installations including riprap blanket 
revetment, riprap toe protection, and riprap dikes were selected to evaluate toe 
and end section scour. Data are being collected during runoff events to mea- 
sure magnitude and location of maximum scour and the corresponding hydrau- 
lic parameters. This technical area also includes the construction of a physical 
model of a low-drop structure. The model is being used to determine if cost 
reduction modifications can be made to the low-drop structure design that 
either maintain or enhance performance characteristics. 

Channel response 

The channel response monitoring is directed toward two major areas: chan- 
nel sedimentation and channel-forming discharge. Monitoring for channel 
sedimentation includes an annual geomorphic update of selected watersheds. 
In addition to the geomorphic update, 20 sites where structures exist or are 
anticipated were selected for intensive monitoring over the life of the program. 
Channels upstream and downstream of the selected structures are being moni- 
tored for cross-section changes, thalweg changes, berm formation, bank failure, 
and vegetation development. Five additional sites where no structures are 
planned are also being monitored. These five sites serve as a control group 
and assist in the evaluation of channel response to structures. Photo documen- 
tation of structures and channels is being conducted and included in the data- 
base. A subset of these structures and channels is being instrumented for 
stage, discharge, suspended sediment concentration, and bed-load material 
measurements. The numerical sediment transport model HEC-6 and the new 
computer program SAM (Thomas et al., in preparation) are being used to pre- 
dict the stability of channels monitored by this work effort. Also, the DEC 
watersheds are providing data that will be used to test design procedures and 
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techniques for the channel-forming discharge concept. Successful development 
of such channel-forming discharge methodology could result in significant 
design cost savings for the DEC project. 

Hydrology 

Rainfall provides the energy to sustain erosional processes. The ability to 
measure rainfall and compute runoff accurately is crucial in the design of 
stable flood control channels. Accurate flow rates are needed to design 
functional project features properly and maintain stability in the channel 
system. HEC-1 hydrologic models of a selected number of watersheds are 
being developed. Hydrologic modeling and hydraulic structures monitoring are 
being coordinated so that hydrologic parameters used in HEC-1 can be deter- 
mined at locations in the watersheds where USGS gauging stations do not 
exist. 

Upland watersheds 

ARS has been given the primary responsibility for this technical area. 
WES was not active in this area during FY 92. The two items related to the 
upland watersheds to be monitored by ARS are system sediment loading (sedi- 
ment yield) and sediment production from gully formation. Stabilization mea- 
sures being installed to reduce upland erosion will be monitored by ARS over 
the next 5 years to determine if a measurable change in the quantity of sedi- 
ment being transported from watersheds occurs. Data already collected by 
USGS and ARS over the past 5 years will be analyzed and interpreted by ARS 
to serve as the base for future comparisons. Future plans include the numeri- 
cal modeling of sediment runoff from watersheds by WES as part of the analy- 
sis and interpretation process. Also, sediment production from two or three 
active gullies will be analyzed by ARS by comparing surveys made prior to 
the design of drop pipes and the survey made just prior to construction of the 
drop pipes. 

Reservoir sedimentation 

The major sources of reservoir deposition are upland erosion, erosion of the 
channel banks, and erosion of the channel bed. The reduction of the inflowing 
sediment load is being addressed in the channel response, bank stability, and 
upland watershed technical areas. Starting in FY 94, WES will use the results 
of the analysis performed in these areas to determine the effects of the project 
on reservoir sedimentation. 

Streambank stability 

Streambank stability depends on hydraulic parameters related to flow 
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conditions and the characteristics of the materials in the banks. All channels 
will be visually monitored on a periodic basis to determine reaches that are 
experiencing severe bank stability problems. In addition to the overall visual 
monitoring, five sites where aggradation is occurring and five sites where bank 
caving is occurring were selected for detailed monitoring. At the selected 
sites, surveys of closely spaced sections will be made semiannually to docu- 
ment changes. After sufficient data have been collected, numerical models 
such as the USGS BRI-STARS will be applied to determine if existing numeri- 
cal techniques can be adapted to predict bank stability and/or bank failures 
accurately. 

Design tools 

The procedures and techniques used in the design of the different features 
of the DEC Project have the potential for national and international applica- 
tions. Effective application of these design procedures and techniques may 
require development of computer-based packages and the validation of numeri- 
cal models such as HEC-1, HEC-6, and SAM. In conjunction with ongoing 
research, WES is developing design tools specifically targeted for the planning 
and design of stable flood control projects. 

Technology transfer 

Technology transfer is an important part of the DEC Project and will be 
given high priority at WES during the life of the monitoring program. When 
appropriate, WES personnel will present results at national and international 
technical conferences and symposiums. When appropriate, WES personnel 
will host workshops and training classes for both Corps and non-Corps person- 
nel. WES will annually report on the DEC monitoring program using several 
different formats. For FY 92, these include the following: 

a. A video report on channel degradation processes. 

b. An updated engineering database on the Intergraph system including 
aerial photos, surveys (channel and structural), results of numerical 
studies, etc. 

c. A short executive summary report. 

d. A detailed WES technical report on monitoring, data collection, data 
analysis, and project evaluation. 
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Engineering Database 

Approach 

The purpose of the engineering database/Geographic Information System 
(GIs) is to serve as a repository for all design, analysis, and monitoring data 
collected on the DEC Project. The engineering database/GIS concept was 
chosen for the DEC Project because it allows for the storage, retrieval, analy- 
sis, and graphical display of all data. When completed, it is anticipated that 
the database will contain design data for all project features such as low- and 
high-drop structures, bank stabilization structures, flood water retarding struc- 
tures, channel improvements, levees, riser pipes, and box culverts. Every 
effort will be made to include data from all participating agencies in the DEC 
project. 

The database will contain an index of all studies, analyses, and published 
reports for the DEC Project. Important or significant reports from the index 
list will be incorporated as documents into the database. The database will be 
tied to the GIs system for graphical display of the data. The Informix rela- 
tional database will be used to store the data, which will allow analysis of 
project features when desired. In addition to the Informix relational database, 
the Hydrologic Engineering Center's (HEC's) data storage system, HECDSS, 
will be embedded in the engineering database1GIS. The HECDSS database 
will contain stage, discharge, and cross-section data and will serve as a base 
for running numerical models. It is anticipated that HEC-1, HEC-2, and, later 
in the project, three-dimensional hydraulic models will run from data stored in 
the database. The database will also contain soil type or soil group data, land 
use, and SCS curve numbers on a 1-acre1 grid for all of the DEC watersheds. 
This will make the database a valuable source for hydrologic data. The 
1:24,000 digital quadrangle maps, digital elevation models (DEM's), will be 
incorporated into the engineering database for all the DEC watersheds. 
Initially, streams and roads from the 1:100,000 USGS digital line graphs will 
be incorporated into the database. As the 1:24,000 Digital Line Graph (DLG) 
data become available, they will be added to the database. Satellite photog- 
raphy will be incorporated into the database and will be used as a visual 

A table of factors for converting non-SI units of measurement to SI units is found on 
page vii. 
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reference for all project features. In addition to the satellite photographs, 
photographs from the U.S. Army Engineer District, Vicksburg, will be incorpo- 
rated into the database on an as-needed basis. These photographs will serve to 
give more detailed data than the sateliite photographs. 

Computer Hardware and Software 

The engineering databaselGIs is being developed on the Intergraph 6040 
workstation. The engineering databaselGIs uses a number of MGE products. 
MGE is the umbrella under which Intergraph's GIs and database management 
software run. Software used in the system includes the Microstation software 
package. Microstation capabilities include computer-aided drafting and design 
(CADD), editing and placement of project features, editing and drawing on 
project features, and design and development of new design files. Also under 
MGE are IRAS-32 for imaging processing, IVEC for vectorization of scanned 
data, and Grid Analysis. Grid Analysis is used to develop grids for soil type, 
land use, slope, and elevation. Imager is used for image processing. Imager is 
also used with Grid Analysis for the hydrologic studies. MGE Terrain 
Modeler and a number of MGE translator programs translate DLG and DEM 
data into the Intergraph format. It is anticipated two additional Intergraph 
pieces of software will become important in the database. The DBX software 
will be used for document storage and retrieval, and the Inroads program will 
be used to store terrain model data and survey data, develop HEC decks for 
two- and three-dimensional models, and monitor surveys and changes in cross 
sections and survey areas. The HEC database will be used for storage of stage 
discharge and cross-section data. 

Status 

As of 1 June 1992, the engineering database consisted of the locations and 
design parameters for all construction existing in FY 92 by the U.S. Army 
Corps of Engineers for riser pipe, low-drop, and high-drop structures; bank 
stabilization; and box-culvert grade control structures. Locations of proposed 
and constructed levees, floodwater retarding structures, and channel improve- 
ment and box control structures are also in the database. These structures are 
listed in Tables 1-9.' The database contains DEM's by quadrangle maps for 
the 15 DEC watersheds. Most of the area is covered by 1:24,000 DEM's. In 
a few locations, the 1:250,000 DEM data are used because the 1:24,000 DEM 
data do not exist at this time. Aerial photos taken by the Vicksburg District 
are registered to state plane coordinates and are in the database for the 

Cbpies of maps of these watersheds are available from the U.S. Army Engineer Waterways 
Experiment Station, A m :  CEWES-HR-M, 3909 Halls Ferry Road, Vicksburg, MS 39180- 
6199. The maps are also available in the DEC database, which is accessible by both WES and 
the Vicksburg District. 
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Coldwater River basin. Spot-View satellite photography is in the database for 
the Black, Hickahala-Senatobia, Cane-Mussacuna, and Hurricane-Wolf basins. 
Land use data are provided by the Vicksburg District for the Coldwater basin, 
and ARS land use data for Hickahala-Senatobia, Long, Hurricane-Wolf, and 
Cane-Mussacuna basins are incorporated into the database on a 1-acre grid. 
The database contains all major tributaries and highways for the 15 DEC 
watersheds. The 1:100,000 digital DLG files are the source of the stream and 
highway data. Soil grid data for the Coldwater watershed are in the database. 
Soil group data for the Black, Hickahala-Senatobia, Long, Hurricane-Wolf, and 
Cane-Mussacuna watersheds are presently being collected for inclusion into the 
database. 
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Channel Response, Semi- 
annual Survey of 20 Long- 
Term Sites 

In December of 1991, field monitoring of 20 DEC stability sites was begun. 
The locations of the watersheds containing the 20 study sites are shown in 
Figure 2. This report gives a summary of the first 6 months of the monitoring 
effort. 

Objectives 

The objectives of the field monitoring program and related analyses are to 
continue to monitor, document, and interpret the response of DEC channels to 
changes in the hydrologic and hydraulic regime, to monitor structure condi- 
tions, and to analyze the changes in bank stability. The primary objective of 
the work is to assist in developing improved design guidance for the DEC 
Project. The database will include survey and other data for 20 sites. Several 
areas of interest are being addressed in the program: 

a. Development of the basic understanding of the physical principles 
involved in assessing channel bank stability as the stream channel 
aggrades. 

b. Defining the effective discharge and channel-forming or dominant dis- 
charge in channel stabilization. 

c. Determining the effect of grade control on channel planform. 

d. Determining the temporal and spacial effectiveness of grade control. 

e. Determining the effect of channel rehabilitation on flood wave 
attenuation. 
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Figure 2. DEC study sites 
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The sites include drop structures, bank stabilization, reaches affected by reser- 
voirs, channelization, sediment traps, and sites that vary in the degree of active 
erosion. 

The development of berms is being monitored by sampling of the material, 
measurement of the size and shape, quantification of vegetation development, 
examination of cross-section soil development, and photographs. Vane shear 
strength is measured to determine characteristics for each stratigraphic unit and 
for berms. Soil and sediment samples are being collected for sieve analysis. 
Bank stability is being analyzed using the methods recommended by Thorne, 
Biedenharn, and Combs (1988). A sketch of types of bank failure encountered 
will be made, the site will be photographed, and the type of failure will be 
noted. 

Data are being analyzed and tabulated for use by other investigators at 
WES. In addition, students working toward advanced engineering degrees at 
Colorado State University, Fort Collins, CO, will be funded under contract to 
do research on a topic related to DEC channel response. 

Monitoring Sites 

The selected sites include approximately 15 existing low-drop structures, 3 
existing high-drop structures, 20 anticipated low-drop sites, 2 anticipated high- 
drop sites, chevron dikes, bank stabilization, and 6 control reaches in approxi- 
mately 30 miles of study reach at 20 different locations. These sites have been 
selected to represent many of the different DEC watersheds, types of channel 
planform and sediment gradation, particular causes of instability, types of 
channel rehabilitation, and locations of special interest. Each site will be 
briefly discussed in the following sections. 

Harland Creek 

Site 1 is located on Harland Creek in the Black Creek watershed. The site 
is near Eulogy, MS, and can be found on the Lexington quadrangle map in 
T14N, RlE, Sections 22 and 27. Harland Creek is a mixed sand and gravel 
bed stream, exhibiting some of the original meandering tendency shown on the 
map (Figure 3). The study reach is approximately 4,000 ft in length, 2,000 ft 
upstream and downstream of the county road bridge. The stream is unstable, 
with bank erosion and significant channel widening. Several areas of massive 
bank failures were identified, and these failure sites, along with bed and bank 
erosion, provide a high sediment yield to the downstream. 

The site was chosen because it has a mixed bed load, stabilization measures 
have not been constructed in the reach for the initial survey, and a major 
reservoir is planned immediately upstream of the site. Presently, there is no 
stream gauging in the reach; however, this site will be gauged in the future. 
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Figure 3. Harland Creek (Site 1) 

The watershed area at the site is approximately 27 square miles. HEC-1 
hydrology and HEC-2 hydraulics were developed by Northwest Hydraulic 
Consultants, Inc. (NWHC) (1988). Portions of the study reach were surveyed 
during 1991 for planning of construction of bank stabilization. The 1992 field 
data will allow a comparison of the existing conditions with the previous 
contractor analyses, and provide a baseline of detail field information for 
comparison after the planned reservoir is constructed. 

Fannegusha Creek 

Site 2 is located on Fannegusha Creek, also in the Black Creek watershed, 
and can be found on the Coila quadrangle map in T16N, R3E, Sections 1 and 
2. As shown in Figure 4, the study reach is approximately 4,000 ft in length, 
2,000 ft upstream and downstream of a county road bridge. Two low-drop 
structures are planned for the site, immediately downstream of the bridge and 
approximately 2,000 ft downstream of the bridge. The stream is presently 
unstable, and it has been reported that the county bridge has been closed since 
January 1992 due to channel widening. Initial observations indicate that the 
channel will continue to widen without stabilization measures due to a down- 
stream oversteepened reach. 
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Figure 4. Fannegusha Creek (Site 2) 

Watershed area at the site is approximately 18 square miles. HEC-1 
hydrology and HEC-2 hydraulics were developed by NWHC (1988). This 
reach was chosen as representing a very unstable sand bed channel. The 1992 
field data collection will begin to establish baseline data from which evaluation 
of the effects of the two proposed low-drop structures can be made. 

Abiaca Creek 

Four sites have been selected in the Abiaca Creek watershed, and these 
sites can be found on the Seven Pines quadrangle map. Water Engineering 
and Technology, Inc. (WET) (1989a), prepared HEC-1 hydrology and HEC-2 
hydraulics based on surveys provided by the Vicksburg District. WES recently 
completed a HEC-6 analysis of Abiaca Creek (Freeman et al. 1992). The 
drainage area of the watershed is about 100 square miles, and SCS reservoirs 
control approximately 60 percent of the watershed. Coila Creek is the princi- 
pal tributary to Abiaca Creek, and this watershed is approximately 76 percent 
controlled. Upstream of the Coila Creek confluence, Abiaca Creek is about 
49 percent controlled. Along with the importance of this watershed supplying 
water to a downstream wildlife area, this watershed has been severely affected 
by sand and gravel mining. 

Site 3, shown in Figure 5, is located in T17N, R3E, Section 20, at the 
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Figure 5. Abiaca Creek at Highway 17 (Site 3) 

Highway 17 crossing of Abiaca Creek. The approximate watershed area at this 
site is 26.5 square miles. This site was selected because of the relative 
stability of the channel at this location, particularly in comparison to the 
downstream sites that have been severely impacted by gravel mining. The 
streambed at Site 3 is primarily a sand bed with minor amounts of gravel, and 
the banks are generally well-vegetated with mature vegetation down to the 
low-water surface; however, erosion of the outside bank of the bendway was 
noted. 

Site 4 is on Abiaca Creek and extends approximately 4,000 ft upstream 
from the confluence with Coila Creek as shown in Figure 6. This site is 
located in T17N, R2E, Section 4, and has a watershed area of approximately 
44 square miles. This site is also located approximately 1.8 miles downstream 
of a major sand and gravel processing operation that can be associated with 
increased supply of suspended and bed material load. Streambanks in this 
reach are relatively stable, and the bed gives the appearance of an aggraded 
reach. 

Site 5 is located on Coila Creek, a tributary to Abiaca Creek. The site 
extends upstream approximately 4,000 ft from the confluence with Abiaca 
Creek as shown in Figure 7 in T17N, R2E, Section 4. The site has a water- 
shed area of approximately 42 square miles, very similar to Site 4, which 
allows the comparison of two almost equal size drainage basins. A high 
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Figure 6. Abiaca Creek above Coila Creek confluence (Site 4) 
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Figure 7. Coila Creek (Site 5) 
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proportion of the Coila Creek basin is controlled by SCS reservoirs, and the 
gravel mines on Coila Creek are not as active as the Abiaca Creek sites. 

Site 6 is located on Abiaca Creek as the stream emerges from the hill line 
into the flatter Yazoo Delta in T17N, RlE, Sections 13 and 14, as shown in 
Figure 8. Drainage area at this location is approximately 99 square miles. 
This is the site of the Pine Bluff gauging station with records from 1963 to 
1980. This station has recently been reactivated and includes a pumped sedi- 
ment sampler. The study reach extends approximately 4,000 ft downstream of 
the Pine Bluff gauging station. 

t 
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Figure 8. Abiaca Creek (Site 6) 

Channelization of the lower basin during the early 1920's set in motion a 
complex cycle of channel incision, and continuing mining of the watershed 
complicates rehabilitation of the watershed. The Vicksburg District is 
presently designing sediment trapping immediately upstream of the wildlife 
area. The complexity and importance of the watershed emphasize the purpose 
of these four study sites. The Vicksburg District has suggested an additional 
study site at the downstream extent of the sediment trapping facility for future 
years. 

Chapter 3 Channel Response, Semiannual Survey of 20 Long-Term Sites 



Coldwater River Basin 

The hydrology (HEC-1) of the Coldwater River basin was developed by 
Lenzotti and Fullerton Consulting Engineers, Inc. (1990). Surveys of the chan- 
nels were completed in 1991 by the Vicksburg District, and HEC-2 hydraulics 
has subsequently been developed. 

Site 7 is located on Nolehoe Creek in the Coldwater River basin near the 
community of Olive Branch, MS. The site is located on the Hernando quad- 
rangle map, TlS,  R7W, Section 35, and has a drainage area of approximately 
3.7 square miles. The study reach is approximately 4,000 ft in length, extend- 
ing downstream from a box culvert, as shown in Figure 9. The channel is 
extremely unstable and is deeply incised. Bed material load ranges from sand 
to in excess of 30 mm. Two low-drop structures are planned for the reach, 
and stream stage recording stations have been recently installed by WES. 
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Figure 9. Nolehoe Creek (Site 7) 

This site was selected for two reasons: the incising reach is controlled 
upstream and downstream by stable box culverts and the reach is representa- 
tive of suburban development in the metropolitan Memphis area. An interview 
with a local landowner confirmed that a major cutoff of the channel had been 
made in the last 10 years. These conditions are typical of the result of ill- 
planned local development improvements, and the documentation of the result- 
ing problems may be of value in assisting future local drainage planning. 
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Site 8 is on Lick Creek in the Coldwater River basin, approximately 
2 miles south of Olive Branch, MS, at the site of an anticipated high-drop 
structure that is planned to protect the Highway 305 bridge. As shown in 
Figure 10, the study reach is approximately 4,000 ft in length, 2,000 ft 
upstream and downstream of the bridge, in ?ZS, R6W, Section 3. This site is 
also on the Hernando quadrangle map. Watershed area is approximately 
8.5 square miles. Stream gauging is planned for the future at this site; how- 
ever, no stream gauging is presently available. 

Olive Branch 
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Figure 10. Lick Creek (Site 8) 

This site was selected to monitor the effects of a planned high-drop 
structure. Lick Creek is actively degrading downstream of the bridge, and 
incision has begun upstream of the bridge. 

Site 9 is located on Red Banks Creek in the Coldwater River basin. As 
shown in Figure 11, the study reach extends approximately 2.5 miles upstream 
from the bridge on the county road between the communities of Warsaw and 
Watson, MS. This site can be located on the Byhalia quadrangle map, T3S, 
R5W, Section 24, and R4W, Sections 19 and 20, and has a watershed area of 
approximately 28 square miles. The bed sediment load is sand, and the stream 
flows in a deeply incised and widened, straight channel resulting from earlier 
channelization. 
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Figure 11. Red Banks Creek (Site 9) 

Site 9 is unique in that it is the only DEC site using chevron dikes and 
longitudinal dikes for channel stabilization. Early indications based on the 
January 1992 field effort indicate that this combination is effective in storing 
sediment and causing channel aggradation; however, the chevron dikes appear 
to be in need of repair. 

Site 10 is on Lee Creek in the Coldwater River basin, approximately 
6 miles north of Victoria, MS. The site can be located on the Byhalia 
quadrangle map in T2S, R4W, Sections 9 and 10. As shown in Figure 12, the 
study reach extends approximately 2,000 ft upstream and downstream of the 
highway bridge. The channel is relatively stable and is transporting minor 
amounts of gravel in a sand bed. Upstream of the bridge, the channel exhibits 
some meandering and apparently has not been channelized in this reach. 
Downstream of the bridge, the channel is stable with mature, 14-in.-diameter 
trees near the low-water surface. The remnants of spoil piles indicate that the 
lower channel has been channelized. This reach provides an excellent opportu- 
nity to document a stable, channelized, sand bed stream. 

Hickahala Creek 

Hickahala Creek is a major tributary to the Coldwater River with a drainage 
area of approximately 230 square miles at the confluence with the Coldwater. 
Simons, Li and Associates (SLA) (1987) conducted field reconnaissance, 
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Figure 12. Lee Creek (Site 10) 

developed HEC-1 hydrology and HEC-2 hydraulics, and conducted sediment 
transport analyses for the Vicksburg District in 1987. The hydraulic computa- 
tions were prepared based on channel geometry from 1968 and 1985 surveys. 
Additional surveys have been made in selected areas to assess the effects of 
stabilization measures on James Wolf Creek, and construction-related surveys 
have been conducted on James Wolf and upper Hickahala Creeks. USGS 
stream gauge records are available near the mouth of the watershed. 

Site 11 is located in the upper watershed of Hickahala Creek, with a water- 
shed area of approximately 9 square miles. The site is located on the Tyro 
quadrangle map in T5S, R5W, Sections 2 and 3. As shown in Figure 13 the 
site begins at a county road bridge and extends downstream to the confluence 
with the South Fork, and continues downstream on Hickahala Creek for ap- 
proximately 1.25 miles. The total study reach is approximately 2 miles in 
length and includes an existing and two proposed low-drop structures. The 
lower portion of the study reach is actively incising into a clay, cohesive bed. 
The upstream portion of the study reach is relatively stable with a sand bed. 
The reach was selected to monitor the response of the complex of structures. 

Burney Branch 

Site 12 is located on Burney Branch near Oxford, MS. The study reach 
begins at the Highway 7 crossing of Burney Branch and extends downstream 
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Figure 13. Hickahala Creek (Site 11) 

for a distance of approximately 1 mile through a reach containing two SCS 
high-drop structures as shown in Figure 14. Drainage area of Burney Branch 
at this location is approximately 10 square miles. The site can be located on 
the Oxford quadrangle map, T9S, R3W, Sections 4 and 9. 

The two high-drop structures have been very successful in rehabilitating 
this reach of Burney Branch. Both structures were constructed in 1982 by the 
SCS, and the effects of the structures on the channel were surveyed and 
analyzed in 1984 by Watson and Harvey (1988). These structures were 
designed to contain the 100-year discharge and include the provision for 
floodplain storage using valley dams in conjunction with each structure. The 
original design of the structures provided for a bed slope of 0.0008 between 
structures, based on Lane's (1955) tractive stress analysis. The 1984 surveyed 
bed slope was 0.0012, indicating that the upstream sediment yield was greater 
than planned. Since 1984, several major channel stabilization projects have 
been constructed upstream. The survey made in January 1992 will document 
the effects of changes since 1984 and will provide data with which to evaluate 
channel change as sediment supply is reduced. Channel stabilization under 
conditions of reducing sediment supply is a situation that will be faced as the 
success of the DEC programs is realized. Potentially, upstream stabilization 
can cause stability problems downstream. 
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Figure 14. Burney Branch (Site 12) 

Hotophia Creek 

Site 13 is located on Hotophia Creek, west of Oxford, MS. As shown in 
Figure 15, the site encompasses approximately 2 miles of Hotophia and 
Marcum Creeks and is located on the Sardis quadrangle map T9S, R6W, Sec- 
tions 1 and 2, and in T9S, R5W, Section 6. The watershed area at the site on 
Hotophia Creek is approximately 17 square miles. A USGS gauging station is 
located at the Highway 6 bridge crossing the creek. The study reach includes 
the confluences of Marcum Creek and Deer Creek with Hotophia Creek. A 
low- drop structure on Hotophia Creek is at the downstream extent, two iow- 
drop structures are on Deer Creek, a high-drop structure is located on Hotophia 
Creek immediately downstream of the Marcum Creek confluence, and a low 
drop is located on Marcum Creek. The high drop on Hotophia Creek is the 
first high-drop structure constructed by the Corps in the DEC Program. 

Hotophia Creek was channelized in 1961, and was surveyed by the 
Vicksburg District in 1985. WET (1987a) conducted field reconnaissance in 
1986 and prepared HEC-1 hydrology and HEC-2 hydraulics. Surveys related 
to the construction have been made by the Vicksburg District, and the study 
reach was surveyed in January 1992. This site is important because of the 
complexity of the various constructed elements, and the need to document 
channel response to the high-drop grade control. In addition, data from Burney 
Branch and Hotophia Creek provide the opportunity for a comparison of data 
from adjacent watersheds. 
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Figure 15. Hotophia Creek (Site 13) 

Otoucalofa Creek 

Site 14 is on Otoucalofa Creek, east of Water Valley, MS. The study reach 
is 4,000 ft in length, 2,000 ft upstream and downstream of the Mt. Liberty 
Church Road bridge, in Tl lS,  R3W, Sections 4 and 5, of the Water Valley 
quadrangle map as shown in Figure 16. Watershed area at the site is approxi- 
mately 41 square miles. No stream gauging is presently available; however, 
this site will be gauged at the bridge in the future. 

A low-drop structure is proposed for the future, and presently riprap dikes 
and longitudinal dikes are constructed throughout the reach. In January 1992 
the reach was observed to be actively incising at an elevation below the 
recently placed stone. This site provides a unique opportunity to observe the 
stone subjected to severe degradation. 

Site 15 is on Sarter Creek, which is a tributary of Otoucalofa Creek up- 
stream of Site 14. Sarter Creek is located on the Paris quadrangle map in 
TlOS, R3W, Sections 34 and 35, and has a watershed area of approximately 
6.4 square miles. The study reach is 4,000 ft in length and is almost com- 
pletely straight as a result of previous channelization, as shown in Figure 17. 
This site extends downstream of the Highway 315 bridge. The site is unusual 
in that it has remained relatively unchanged since channelization; however, it 
is apparent that the incision at Site 14 is moving upstream and, if unchecked, 
will move up Sarter Creek. 
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Figure 16. Otoucalofa Creek (Sle 14) 
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Figure 17. Sarter Creek (Site 15) 
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Batupan Bogue 

Batupan Bogue watershed contains three study sites, Perry Creek, Sykes 
Creek, and Worsham Creek. A USGS stream gauge is located at the mouth of 
Batupan Bogue, which has a drainage area of approximately 245 square miles. 
In 1987 and 1988 WET (198%) prepared HEC-1 hydrology to match then- 
existing Federal Emergency Management Agency hydrology, and HEC-2 hy- 
draulics based on 1987 surveyed cross sections. Numerous stabilization struc- 
tures have been constructed since 1988, and surveys have been conducted in 
association with planning for those structures. 

Site 16 is located on Perry Creek as shown in Figure 18. The study reach 
begins approximately at the T21N, R4E, Section 1 northern line and continues 

NOT TO SCALE 

Figure 18. Perry Creek (Site 16) 

upstream through Sections 2 and 11. The study reach is located on the 
McCarley quadrangle map. The entire study reach length is approximately 
2 miles. Four low-drop structures are planned for the severely incising chan- 
nel. This site will allow the investigation of the effects of four structures in 
series, and the site is unique because within the study reach the channel moves 
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from a deeply incised stream to a stream that might have existed prior to chan- 
nelization. Plans are to gauge the stream at the 1-55 box culvert downstream 
of the study reach. 

Site 17 is located on Sykes Creek as shown in Figure 19. The study reach 
extends 2,000 ft upstream and downstream of the county road bridge across 
Sykes Creek located in TZlN, R5E, Section 27. This site is found on the 
McCarley quadrangle map. No gauging is presently available for the approxi- 
mate 12.3-square-mile watershed area. Gauging is planned for installation at 
the bridge. 

Duck Hill 

NOT TO SCUE 

Figure 19. Sykes Creek (Site 17) 

Site 18 is a study reach encompassing portions of Worsham Creek, West 
Fork, and Middle Fork as shown in Figure 20. The site is located on the Duck 
Hill quadrangle map in T20N, R6E, Sections 14, 15, 16, 21, 22, and 23. Total 
stream length is approximately 3.5 miles, and the watershed area at the conflu- 
ence is approximately 19 square miles. The streams are deeply incised and 
active. Ten low-drop structures are planned in this study reach. 

Site 19 is located in the Hickahala Creek watershed on James Wolf Creek. 
At this location, James Wolf has a drainage area of approximately 11 square 
miles; however, it is extremely deep and wide. The site is located on the Tyro 
quadrangle map in T5S, RSW, Section 28. The study reach, shown in 
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Figure 20. Worsharn Creek (Site 18) 

Figure 21, extends downstream of the east-west county road for a distance of 
approximately 4,000 ft, encompassing a low-drop structure. This low-drop 
structure appears to be stabilizing the bed of the stream; however, the banks 
remain unstable due to the significant depth. The stream is sand bed, and at 
low-flow conditions, the channel may be dry. The drop structure on James 
Wolf Creek has required significant repair since construction. The structure is 
functioning, and channel aggradation is present upstream. The structure has 
been selected for monitoring, both because of the success and because of the 
amount of repair that has been required at the site. 

Long Creek 

Site 20 is located on Long Creek, TlOS, R6W, Sections 4, 5, and 8 on the 
Oakland quadrangle map, as shown in Figure 22. The site has a watershed 
area of approximately 11 square miles. Three low-drop structures exist and 
the fourth is planned for the downstream portion of the reach. The study reach 
is approximately 2 miles in length, extending downstream from the eastern 
boundary of Section 4. The site also includes a reach that has been monitored 
by the Vicksburg District and includes the bank stability sites reported by 
Biedenharn, Little, and Thorne (1990). 

Portions of this reach are very unstable and are presently incising. The 
reach downstream of the existing structures has a clay bed that is slowly 
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Figure 21. James Wolf Creek (Site 19) 

NOT TO SCALE 

Figure 22. Long Creek (Site 20) 
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incising. This clay bed has a very narrow, deeply incised channel along some 
reaches. Based on experience, this narrow channel will widen dramatically as 
the incision penetrates through the clay layer. Several cross sections were 
surveyed in the narrow channel, and future comparisons will be important. 

Summary 

The Colorado State University Monitoring and Analysis of Incised (MAIN) 
Streams Project is at the halfway point as of 1 June 1992. Field data 
collection will be complete for 1992 by 15 June 1992. Work completed by 
1 June includes reduction of survey data for the 20 sites, and analysis of 
approximately 300 sediment samples. 
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4 Channel Response, Broad- 
Based Geomorphic Studies 

Purpose and Scope 

The purpose of the broad-based geomorphic study is to identify from aerial 
reconnaissance the channels in the various watersheds that appear to be the 
most active with regard to bedhank stability and identify existing structures 
(grade control and riprap structures) that need repair or rehabilitation. The 
channels were flown in spring 1992, and aerial videos were made on the main 
channel and major tributaries in each watershed from a fixed-wing aircraft 
flying at an altitude of 2,400 ft above the ground surface. The study plan was 
to use the videos to identify areas of interest (problem and success) and then 
make a second flight at the same altitude but with the camera lens set to 
maximum magnification to get better resolution on the pictures. The first 
flights were completed and the videos reviewed; however, the second flights 
were not completed in time for inclusion in this report. The general descrip- 
tion of channel conditions as observed from the videos are the subject of this 
part of the report. 

Description of Work 

The ARS Sedimentation Laboratory in a cooperative agreement with WES 
assumed the responsibility for obtaining aerial videos of the watersheds. The 
ARS used Super VHS (SVHS) video equipment that records frames in digital 
format that can be readily read into the computer database. The camera was 
mounted vertically to a fixed-winged Cessna 181 aircraft to provide a view of 
the ground similar to traditional aerial photography. The flight lines were 
flown at an altitude of approximately 2,400 ft above the ground surface, and 
the zoom lens on the camera was set at minimum magnification. The horizon- 
tal distance on each frame is approximately 2,000 ft and the vertical distance 
approximately 1,400 ft. This altitude was selected because at lower altitudes, 
the more sinuous channels were impossible to track with the vertically 
mounted camera, since the aircraft must be maintained in a level position. 
Even at this altitude, taping would be possible only for short reaches; and the 
flight line would have to be broken, the aircraft would circle, and taping 
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resumed on a new line. A small television monitor was mounted on the cock- 
pit to help the pilot anticipate turns, which greatly aided in reducing the flight 
line breaks on some channels. Approximately 40 hours of flying time was 
required to complete the job. 

Eighty-two creeks were videotaped by ARS personnel during March and 
April 1992, and the results are on five tapes. ARS prepared a log for each 
tape describing significant landmarks such as tributaries, highways, railroad 
crossings, etc., referenced to the elapsed time from start of tape. The time is 
shown on the tape for easy reference. Table 10 lists creeks that were taped 
arranged from major watershed to subwatersheds. 

Observations 

The ARS log sheets for each tape were adapted into tabular format to note 
observations in viewing the tapes. These observations are summarized in 
Tables 11-15. The major features of streambed, streambank, riparian vegeta- 
tion, floodplain use, condition of structures, and general comments were listed 
and characterized to the extent possible from the tape viewing. The scale of 
each video frame was too small to ascertain anything more than general char- 
acteristics. Furthermore, an early spring in the region resulted in the trees 
budding out before the flights were completed; consequently, the tapes flown 
later have reduced visibility of the channel banks because of the vegetation. 
Also, the early spring precluded any second flights to get a closer look at 
specific areas because of the reduced visibility. 
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5 Channel Response, 
Detailed ~eomorphic 
Study 

Detailed geomorphic studies were conducted on the three watersheds that 
were resurveyed in 1991. These watersheds were Batupan Bogue, Hickahala- 
Senatobia Creek, and Long Creek. Both the 1985 and 1991 surveys consisted 
of channel profiles (thalwegs) and cross sections made at half-mile intervals. 
The surveys were used to determine channel changes from 1985 to 1991. The 
1985 surveys had been used by the Vicksburg District in various analyses of 
the channel systems. The 1991 surveys were used to determine channel 
changes since 1985. Three basic analyses were conducted on the survey. 
Channel profiles were compared to determine zones of aggradation or degrada- 
tion. Channel cross section plots were examined to determine width and depth 
changes. The complete sets of channel profile and cross-section plots of the 
Hickahala-Senatobia, Long, and Batupan Bogue watersheds are contained in 
Appendixes A, B, and C of this report, respectively. The channel cross sec- 
tions were input into HEC-2, and channel hydraulic parameters were calcu- 
lated. A general description of the analyses follows. 

Channel Profiles 

The channel profiles from 1985 and 1991 were digitized. Channel station- 
ing began at the mouth of each channel and increased in the upstream direction 
along the channel thalweg. No survey baseline was used on either survey, and 
channel stationing was dependent on the measured distance along the thalweg. 
Since the thalweg tends to shift over time, the measured distances were often 
inconsistent between the two surveys. Locations of bridges, culverts, grade 
control structures, tributary intersections, and other channel features noted on 
the surveys were used to fit the stationing from the 1991 survey to that from 
the 1985 survey. Both channel profiles were then plotted on 1985 stationing. 
These plots are included in Appendixes A, B, and C of this report. Areas of 
significant channel aggradation or degradation can be located using these plots. 
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Channel Cross Sections 

Channel cross sections from 1991 were plotted with the same cross section 
from 1985. Where possible, the 1991 cross sections had been surveyed at the 
same location as the 1985 cross sections. Direct comparisons of width, depth, 
and area were possible. The 1985 cross-section and overbank information was 
contained in digital form in the HEC-2 data files. The 1991 cross sections 
were digitized for input into HEC-2. The data were then manipulated into a 
paired data form that was input into DSS files. . A  DSS file was made for each 
watershed. Additional cross sections were surveyed in 1991 although several 
channels in the Batupan Bogue basin were surveyed at different locations from 
those of 1985. Cross sections from 1991 were then matched with the cor- 
responding sections from 1985 and plotted. The cross-section station was 
determined from the channel profile, and therefore the station number may 
have changed even though the location did not. 

Hydraulic Parameters 

Reach by reach, averages of the channel parameters of velocity, width, 
depth, slope, and discharge were determined. HEC-2 output was used to deter- 
mine width, slope, velocity, and mean depth. This HEC-2 approach is signifi- 
cantly different from using a true geomorphic approach where the depth, 
width, and area are measured directly from the cross sections. Using the HEC- 
2 approach, it would be possible to have the same width and mean depth for 
two different points in time, but the elevation of the water surface would be 
significantly different after the channel adjusted vertically. Initially the 
approach used the Zyear discharge as defined by Vicksburg District studies. 
This discharge was used as input to the HEC-2 backwater profile for both the 
1985 and 1991 cross-section data. If the 2-year event proved to exceed the 
bank-full discharge significantly, the discharge was decreased by a percentage 
until the flow stayed in the channel. Previous District studies had defined 
channel reaches by various methods. These reaches were used in this study 
where available, but additional reaches were defined as needed. The output 
from HEC-2 and the reach definitions were input into the SAM.M95 program, 
which calculated average width, mean depth, velocity, slope, and discharge for 
the sections in each reach. The actual averages for the reaches as well as the 
changes from 1985 to 1991 are shown for each watershed in Tables 16-24. 

Watersheds 

Hickahala-Senatobia Creek Watershed 

The Hickahala-Senatobia Creek watershed channel profiles and cross 
sections were examined for significant changes. 
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Hickahala Creek The 1991 Hickahala Creek channel survey started at 
1985 sta 450+00, which is near the Arkabutla Reservoir boundary. A small 
amount of aggradation occurred upstream of this point to near the confluence 
with Basket Creek. Between sta 800+00 and 1,258+00 a general trend toward 
degradation occurred. Upstream of grade control structure (GCS) 3 
(sta 1,258+48), aggradation may have occurred. The cross sections do not 
conflict with these findings. Based on the cross-section data, it would appear 
that very little aggradation or degradation has occurred. Also very few signifi- 
cant width changes have occurred. 

Thornton Creek The 1991 survey shows almost insignificant changes in 
the profile. Up to 2 ft of aggradation occurred in the lower 1,500 ft of the 
channel. The cross sections show only insignificant changes. 

Steammill Creek The thalweg profile on Stearnmill Creek shows about 
3 ft of aggradation upstream of the GCS at sta 23+28. 

Basket Creek The 1991 survey shows possible aggradation in the lower 
5,000 ft of the channel. Between sta 90+00 and 180+00 degradation occurred 
but averaged less than 1 ft with the maximum degradation about 2 ft. The 
cross sections showed no major changes. 

James Wolf Creek The lower 20,000 ft of James Wolf Creek experienced 
almost no changes since 1985. Up to 4 ft of degradation occurred between 
sta 200+00 and sta 370+00, however, where a revetted pipeline is located. 
The channel degraded in the 3,000 ft below GCS 1 but aggraded upstream of 
the structure. 

Martin Dale Creek The lower end (7,000 ft) of Martin Dale Creek has 
degraded. However, upstream of this point (sta 70+00 to 130+00), aggradation 
appears to have occurred in what was a steep reach in 1985. This survey was 
corrected for stationing but may still need more adjustment. The cross-section 
data generally confirm the trends, but no cross-sections are available in the 
aggrading reach. 

Whites Creek The lower 10,000 ft of channel appears to be relatively 
unchanged. A drop near sta 105+00 is still in the same location but appears to 
be lower. Between 2 and 3 ft of degradation occurred upstream of sta 150+00. 
Near sta 160+00 the channel is very steep. 

Beards Creek The lower 10,000 ft of Beards Creek appears to be verti- 
cally stable. However, between that point and sta 175+00 the channel seems 
to have flattened and degraded up to a maximum of 4 ft. The cross sections 
verify this trend. 

Catheys Creek The profiles from 1985 and 1991 are very similar. The 
1991 profile is slightly lower all along the channel. 
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South Fork Hickahala Creek Relative to 1985, the 1991 profile shows 
degradation in the lower 3,500 ft of channel. Upstream of this point aggrada- 
tion appears to have occurred. The cross sections seem to verify the 
aggradation. 

Senatobia Creek Downstream of Highway 4 (sta 75+40) aggradation 
occurred. Upstream of that point changes were noted only from sta 470+00 to 
530+00 and from 625+00 to 670+00 where about 2 ft of degradation was 
noted. 

Mattic Creek Very little change occurred on Mattic Creek. Slight degra- 
dation occurred between sta 115+00 and 180+00. 

Tolbert Jones Creek Slight degradation occurred upstream of sta 90+00. 
A drop shows on the profile near sta 131+00. 

Nelson Creek No change occurred except for the slight degradation from 
sta 260+00 to 340+00. 

Hydraulic parameters for the Hickahala-Senatobia Creek watershed were 
developed. The 1991 Hickahala Creek cross sections were used in HEC-2 data 
files. HEC-2 data files with the 1985 cross sections were provided by the 
Vicksburg District. SLA (1987) developed the hydrology for the Hickahala 
Creek watershed using HEC-1. SLA also set up HEC-2 files to calculate 
hydraulic parameters for the channel. The 1991 HEC-2 data files were set up 
with the same 2-year discharges and Manning's n values as the 1985 HEC-2 
files. Two channels, Billys Creek and West Ditch Creek, were not resurveyed 
in 1991. Hickahala Creek was not resurveyed downstream of about 
sta 450+00. No 1985 HEC-2 files existed for Nelson Creek and Steammill 
Creek. The 1985 HEC-2 data files were modified by removing bridge sections 
since bridge section data were not available for the 1991 survey. The primary 
focus of the study was to determine channel parameters. Since the 2-year 
discharge was out of bank on both Hickahala Creek and Senatobia Creek, 
discharges were reduced to a percentage of the 2-year flow to keep the flows 
in the channel. The channel discharge was increased by reaches until the 2- 
year discharge was reached. The 2-year discharge was contained by the chan- 
nel banks on the other channels in the watershed. SLA (1987) defined reaches 
for Hickahala Creek, Senatobia Creek, and James Wolf Creek. These reaches 
were numbered from upstream to downstream. The same reach lengths were 
used in this study except they were numbered from downstream to upstream. 
Reaches were also defined for the other channels in the watershed based on 
channel slope and changes in discharge. These reaches are shown in Fig- 
ure 23. Table 16 contains the reach parameters discharge, velocity, depth, 
width, and slope for the watershed. Table 17 shows the changes in reach 
values from 1985 to 1991. Table 18 shows the range of percentage increases 
or decreases for parameters in the reaches. Figures 24-26 are plots of the 
hydraulic geometry relationships (width, depth, and slope) from Engineer Cir- 
cular (EC) 1110-8-l(FR) (Headquarters, U.S. Army Corps of Engineers 
(HQUSACE), 1990) with data from the Hickahala Creek watershed. With a 
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few exceptions the channel is narrower than expected for a channel with stiff 
cohesive banks. SLA (1987) reports that most bed material is fine to medium 
sand. The channel depths generally plot in the range of medium sand or 
coarser. The vertical stability of a channel did not seem to have a major 
impact on where the data plotted. However, all of the degradational reaches 
are narrower than expected for a channel with resistant banks. The channel 
slopes are all steeper than expected for a sand bed channel. It should be noted 
that some of the channel reaches on Hickahala and Senatobia Creeks are not 
the Zyear event but are the bank-full discharge. 

Long Creek Watershed 

The profiles and cross sections in the watershed were examined for changes 
between the two surveys. 

Peters Creek The channel bed appeared to be stable over the lower end 
of Peters Creek. However, in short reaches aggradation and degradation did 
occur. Above sta 250+00 up to 3 it of degradation occurred. The cross sec- 
tions seem to verify these profile changes. Only small changes in width are 
shown on the cross sections. 

Long Creek The channel bed degraded in all of the reaches of Long 
Creek. Some degradation occurred downstream of sta 50+00 but may have 
been restricted by outcrops near the first bridge. The reach from sta 50+00 to 
120+00 that was extremely irregular on the 1985 survey showed much less 
variation on the 1991 survey even though the channel had degraded several 
feet. Between 3 and 4 ft of degradation occurred between sta 120+00 and 
301+00 where the first grade control structure was located. The bed elevation 
upstream of this structure is higher than the 1985 elevation, so aggradation has 
occurred. The impact of the second and third grade control structures is 
unknown since the bed elevation prior to structure construction is unknown. 
Cross sections of this channel show the degradational trends. Channel widths 
changed very little. 

Johnson Creek About 2 it of degradation occurred downstream of the 
confluence with Hurt Creek (sta 64+20). About 2 ft of degradation also 
occurred between sta 100+00 and 150+00. The channel was relatively stable 
between sta 150+00 and the first grade control structure (sta 301+00). This 
structure and the next two structures (sta 332+45 and sta 347+80) appear to 
have checked degradation and may have caused slight aggradation since 1985. 
Cross-section plots support this information. 

Caney Creek The lower end of Caney Creek experienced between 3 and 
4 ft of degradation. This degradation stopped downstream of the first grade 
control structure at sta 52+13. Very little degradation occurred between this 
structure and structure 2 at sta 85+81. The profiles show up to 4 it of degra- 
dation between structure 2 and structure 3 (sta 127-tlO). It is not known when 
the degradation occurred relative to the construction of the structure. Very few 
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vertical changes occurred upstream of structure 3. The cross sections basically 
confirm the cross-section information. 

Bobo Bayou. The channel profile shows very little change on Bobo 
Bayou. Between sta 100+00 and 143+00 less than 2 ft of degradation 
occurred. Very few changes are shown on the cross sections. 

Hurt Creek Only insignificant changes are shown on the profiles of Hurt 
Creek. A slight amount of aggradation may have occurred upstream of 
sta 100+00. The 1991 survey stopped at sta 125+00. 

Goodwin Creek Profiles of Goodwin Creek are included even though 
they were not resurveyed in 1991. 

Hydraulic parameters of the channels in the watershed were calculated. 
Discharges and channel reaches were defined by NWHC (1989). Two sets of 
discharges were published by NWHC. FTN Consultants of Little Rock, AR, 
had developed a HEC-1 computer model to determine watershed discharges 
and HEC-2 models to determine water surface profiles for the 1985 cross 
sections. SCS had developed a TR-20 hydrologic model. NWHC relied pri- 
marily on the TR-20 discharges in their study. HEC-2 models were developed 
for Bobo Bayou and Peters, Long, Caney, Johnson, and Hurt Creeks for the 
1991 survey data using the tributary method. The 1985 HEC-2 models were 
modified and bridge sections were removed. The 2-year TR-20 discharge was 
used in these studies. The channel roughness as defined by NWHC and used 
in the 1985 HEC-2 model was used in the 1991 model. Figure 27 shows the 
location of the reaches in the Long Creek watershed. Table 19 shows the 
reach parameters of discharge, velocity, depth, width, and slope for the water- 
shed. Table 20 shows the changes in reach values from 1985 to 1991. Table 
21 shows the range of percentage increases or decreases of parameters in the 
reaches. Figures 28-30 are plots of the hydraulic geometry relationships from 
EC 1110-8-l(FR) (HQUSACE 1990) with data from the Long Creek water- 
shed. The plots of hydraulic geometry relationships show little consistency in 
the Long Creek watershed. Channel widths range from the expected width for 
sandy alluvial banks to much narrower than expected for stiff cohesive banks. 
Channels in the Long Creek watershed generally have medium to coarse sand 
bed materials. Channel depths range from those expected for medium sand 
beds to depths shallower than expected for gravel streams. Channel slopes 
were all steeper than expected for sand bed streams. Degradation or aggrada- 
tion did not seem to affect where channel widths or depths plotted. 

Batupan Bogue Watershed 

Profile and cross-section data exist throughout the watershed. The cross 
sections from 1985 and 1991 were not taken at the same location on some of 
the streams, however. This makes direct comparison of cross sections difficult. 
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Batupan Bogue. No significant aggradational or degradational trends 
occurred between 1985 and 1991. There appears to be some deepening or 
movement of scour holes along the lower 25,000 ft of the channel. The sta- 
tioning of these scour holes indicates that they may be located in revetted 
bendways. These holes may become relatively permanent features and vary in 
depth depending on the preceding hydrographs. The cross sections were not 
surveyed at the same locations, and direct comparisons cannot be made. 

Perry Creek Grade control structures on Perry Creek have controlled 
channel degradation. From the mouth to structure 1 at sta 45+00 the profile 
was uniform and relatively stable from 1985 to 1991. From structure 1 to 
structure 2 at sta 111+00 the channel profile was irregular in both 1985 and 
1991. This may be a function of bank protection in bendways. However, 
some aggradation occurred in the upper end of the reach. Above structure 2, 
the profile was relatively unchanged between the surveys. The Interstate 55 
culvert (sta 297+00) also served as a grade control and stopped 10 ft of degra- 
dation. An active reach between sta 395+00 and 425+00 degraded 2 to 3 ft 
between the surveys. Upstream of sta 425+00 the channel was relatively 
stable. The cross sections on Perry Creek were not resurveyed at the same 
locations. 

Perry Creek Tributary. This channel was surveyed for the first time in 
1991. A drop may occur near the bridge (culvert) at sta 25+60. 

Jack Creek The profile had few changes from 1985 to 1991. Two drops 
were present between sta 120+00 and 150+00. The cross sections showed 
very few changes between surveys. 

Big Bogue, No major changes occurred on Big Bogue. Upstream of the 
mouth of Wilkins Creek the profiles show up to 2 ft of aggradation between 
1985 and 1991. The amount of aggradation decreased above the Highway 404 
bridge, but aggradation still occurred. Generally the 1985 and 1991 cross sec- 
tions were not surveyed at the same locations. 

Eskridge Creek The channel of Eskridge Creek aggraded up to 2 ft from 
the mouth to sta 50+00. Slight degradation occurred between sta 150+00 and 
the grade control structure at sta 213+12. The structure caused aggradation 
upstream for 2,500 ft. A second grade control structure is located near 
sta 260+00. The degradation shown in this reach may have occurred before 
the structure was constructed. The cross sections generally confirm the profile 
changes. 

Sykes Creek The profile shows only small vertical changes in Sykes 
Creek. Between 1 and 2 ft of degradation may have occurred between 
sta 100+00 and 200+00. The cross sections were not surveyed at the same 
locations but indicate a lack of vertical bed movement. 

Worsham Creek The profile was based on 1991 stationing. The channel 
on Worsham Creek shows very few changes from 1985 to 1991. Slight 
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degradation occurred downstream of the structure at sta 246+30. The channel 
elevation also dropped upstream of the structure slightly. The cross sections 
indicate very little vertical or lateral instability. 

West Fork Worsham Creek Slight aggradation occurred between the 
channel mouth and sta 20+00. Additional aggradation occurred upstream of 
the grade control structure at sta 28+90. The profile shows a degrading reach 
from about sta 65+00 to the structure at sta 82+50. The cross sections confirm 
the profile information. 

East Fork Worsham Creek The channel downstream of the structure at 
sta 15+80 is very steep. No significant changes occurred between 1985 and 
1991. The cross sections show little change. 

Middle Fork Worsham Creek Very few changes occurred in the vicinity 
of the lower structure at sta 11+30. The bed profile in the area of the structure 
at sta 65+70 is very irregular. Between sta 45+00 and 65+00 up to 7 ft of 
degradation occurred. The cross sections verify the profile information. 

Jackson Creek The profile, which was stable downstream of sta 50+00, 
shows aggradation from sta 40+00 to sta 160+00. From sta 115+00 to 
sta 135+00 the aggradation occurred in a reach much steeper than other sec- 
tions of the channel. Not enough information exists to detect any survey 
irregularities. The cross section information confirms the profile. 

Wilkins Creek The channel was not surveyed in 1991. The 1985 profile 
shows a very uniform slope. 

Eskridge Creek Tributary. About 2,000 ft of channel was surveyed. The 
lower end of the channel was very steep. 

Little Bogue. Local scour occurred in the reach from sta 8+00 to 
sta 25+00. This scour could have been in protected bendways. Between 1 and 
2 ft of aggradation occurred between sta 140+00 and 300+00. Degradation 
started at sta 500+00 and continued upstream to near sta 575+00 where a 
natural control exists. The channel degraded and scoured upstream to the 
grade control at sta 634+20. Scour also occurred upstream of the structure. 
Although the cross sections were not surveyed at identical locations on the 
surveys, the sections verify the profile. 

Powell Creek (Pruill). No major profile changes occurred on the channel. 
Slight aggradation occurred downstream of the bridge at sta 18+60. Some 
local scour was present at sta 70+00. The cross sections verify these findings. 

Mouse Creek The headcut on Mouse Creek did not move from 1985 to 
1991. Up to 3 ft of degradation occurred in the 3,500 ft of channel upstream 
of the drop. Degradation also occurred in the upper part of the watershed 
between sta 185+00 and 220+00. The surveyed cross sections show little 
change. 
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Caffe Branch. Between 2 and 6 ft of degradation occurred downstream of 
sta 20+00 between the surveys. Slight degradation continued upstream to 
sta 50+00. This degradation may have occurred before the structure at 
sta 24+40 was constructed. The cross sections confirm the trends of the 
profile. 

Campbell Creek The 1991 survey was used as the base stationing for the 
channel since the first 6,500 ft of the 1985 survey appeared to be in error. 
The profiles show 2 to 3 ft of degradation between sta 85+00 and 110+00. 
The cross sections verify the profiles. 

Epison Creek No changes occurred from the mouth to sta 85+00. About 
2 ft of degradation occurred between sta 85+00 and 130+00. Slight aggradat- 
ion is shown upstream of that location. The cross sections verify these 
changes. 

Crowder Creek Very little degradation occurred downstream of 
sta 120+00. The degradation increased upstream to above sta 200+00 with a 
maximum degradation of 4 to 6 ft occurring near sta 160+00. The cross 
sections were not surveyed at the same locations in 1991 as in 1985. 

Little Mouse Creek These channel profiles are plotted to 1991 stations 
since the 1985 stationing appeared to be incorrect. A maximum of 2 ft of 
degradation occurred along the profile. The cross sections show very little 
change. 

An analysis was conducted to determine channel changes. The cross sec- 
tions from 1991 were incorporated into HEC-2 data files. Cross sections from 
1985 were in files developed by WET'. WET prepared a series of reports on 
the Batupan Bogue Basin for the Vicksburg District. WET (1986) contains the 
documentation of the hydrology developed for the Batupan Bogue basin from 
the HEC-1 computer model. Six channels have been surveyed that have no 
existing hydrology: Campbell Creek, Little Mouse Creek, Middle Fork 
Worsham Creek, Epison Creek, West Fork Worsham Creek, and Caffe Branch. 
'DNO channels that were not resurveyed on which hydrology exists are East 
Fork Bogue and Wilkins Creek. The channels with hydrology were grouped 
as tributaries of Batupan Bogue, Little Bogue, or Big Bogue. Initial runs of 
the HEC-2 model showed that the Zyear discharge caused out-of-bank flows 
on Batupan Bogue, Big Bogue, and Little Bogue. Since the primary focus of 
the study was to determine channel parameters, flows on these three channels 
were reduced to a percentage of the 2-year discharge to keep the water surface 
elevation below top bank. The only discharges calculated by WET on the 
tributaries were at their mouth. The 2-year discharge was used to model these 
channels, but the discharge was not reduced as the watershed size decreased. 
The 1991 data files were set up using the same Manning's n values as the 
1985 data files. WET (1987b) divided Batupan Bogue, Big Bogue, and Little 
Bogue into reaches as part of the sediment studies based on channel slope 

Unpublished data. 
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from the profiles and the location of major inflows. Upstream of major 
tributaries, the discharge was not reduced, but those reaches were considered to 
have discharges in excess of the 2-year flow. Figure 31 shows the location of 
the reaches in the basin. Table 22 shows the reach parameters of discharge, 
velocity, depth, width, and slope for the watershed. Table 23 shows the 
changes in reach values from 1985 to 1991. Table 24 shows the range of 
percentage increases or decreases of parameters in the reaches. The changes in 
the channel parameters should be considered with caution since many channels 
in the basin were not resurveyed at the same location. Figures 32-34 are plots 
of the hydraulic geometry relationships from EC 1110-8-l(FR) (HQUSACE 
1990) with data for the Batupan Bogue watershed. Tributary reaches in which 
the discharge exceeded the 2-year event are not plotted, and the discharges 
plotted for Big Bogue, Little Bogue, and Batupan Bogue were 80 percent of 
the Zyear event. On some channel reaches, the width varied from that 
expected for a sandy alluvial bank to narrower than expected for stiff cohesive 
banks. Channel depths varied from those expected for gravel streams to those 
expected for sand bed streams. Channel slopes were steeper than expected. 
Also the plots show only the more stable lower end of tributary channels and 
include few degradational reaches. 

Conclusions 

Problems encountered in the geomorphic analysis ranged from survey data 
to analysis methods. The 1991 thalweg profile stationing had to be corrected 
to the 1985 stationing before the profiles could be compared. On a few pro- 
files there were not enough comparable points to completely correct the sta- 
tioning. Since cross sections were also identified by stationing, to properly 
compare cross sections, the difference in stationing between the surveys had to 
be considered. The cross sections that were the easiest to compare were those 
that listed the cross section by both the 1985 and 1991 stations. In the future, 
all cross sections should be listed by current and old station numbers. The 
stationing of all bridges, power lines, or other such features should be noted on 
the survey to make adjustments to profile length easier and to eliminate ques- 
tions about aggradation and degradation zones. 

Any two surveys represent only two points in time and not a total history 
of the channel. An example of this situation is Caney Creek, where significant 
degradation occurred between the two channel profiles. Several grade control 
structures were constructed on the channel between the surveys. From only 
the profile surveys it cannot be determined if the channel bed degraded before 
or after structure construction, or degraded before structure construction and 
aggraded after structure construction. In other locations, bed elevation changes 
might be indicative only of the most recent discharges and sediment loads in 
the channel and not long-term trends. 

In a true geomorphic analysis of channel parameters, the width and depth 
are measured directly from the cross sections. In this study the HEC-2 
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Figure 31. Channels and channel reach locations in the Batupan Bogue Watershed 
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backwater profile model was used to determine width, slope, velocity, and 
mean depth on a reach-by-reach basis for the 1985 and the 1991 survey data. 
The potential for significant problems exists with this method. 

The 2-year discharge or the bank-full discharge, whichever was smaller, 
was used in this study to calculate channel parameters. The assumption was 
made that the 2-year discharge was close to the channel-forming discharge. 
However, this assumption has not been verified in degraded channel systems. 
The 2-year discharge used in the HEC-2 model was based on HEC-1 or TR-20 
data developed on the watersheds for the Vicksburg District. There are practi- 
cally no hydrologic data to verify these discharges. These numbers must be 
improved as more data are collected on the DEC watersheds. 

The Manning's n value selected for each reach of channel is critical to 
calculating the proper water surface elevations and the resulting hydraulic 
parameters. The data collection efforts in the watersheds will increase the 
knowledge of n values by gathering data on water surfaces and discharges. 

The cross sections surveyed in the DEC watersheds are an average of one- 
half mile apart. If channel changes were to be analyzed only by direct com- 
parison of individual cross sections, this spacing might be adequate. However, 
this spacing may be inadequate for HEC-2 analysis. Many of the channels in 
DEC watersheds are steep, and the conveyance changes greatly between cross 
sections. During the analysis, the HEC-2 program frequently printed warnings 
that the conveyance changes were outside acceptable limits. The calculated 
hydraulic parameters would be more accurate if the cross sections were closer 
together. There are few cross sections at natural drops and at grade control 
structures. In many of these locations, critical depth of flow is assumed at the 
first section upstream of a drop; therefore channel averages tend to be biased. 
Also in consideration of the importance of evaluating the effects of grade 
control structures, a more intensive monitoring effort should be made in the 
vicinity of each structure. 

Cross sections must be typical for each reach; otherwise trends will not be 
accurately reflected. Also the cross sections should be monumented so that 
they can be resurveyed. The 1985 cross-section locations on portions of 
Batupan Bogue were not repeated in the 1991 survey, and the data were of 
questionable value for both direct comparisons and HEC-2 analysis. Other 
cross sections do not appear to be properly located on the watershed maps. 

Using HEC-2 to calculate hydraulic parameters might not discover all chan- 
nel changes between two surveys, however. It would be theoretically possible 
using the hydraulic approach to have the same width and mean depth for two 
different points in time but the elevation of the water surface would be signifi- 
cantly different after the channel adjusted vertically. Therefore direct compari- 
sons of channel profiles or cross sections are necessary in addition to the 
hydraulic analysis. 
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Additional information for data analysis would include information on the 
bank material and the bed material at each cross section. For this study, 
information was used from previous reports. However, this information should 
be updated and could be gathered at the time of each survey. 
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6 Hydrology 

In the DEC monitoring program, methods are being developed to reduce 
bank erosion along small streams. A vital part in developing these methods is 
an accurate estimation of the flow in the streams. Therefore, hydrology 
methods are being developed for all the watersheds in the DEC Project area. 

A method for calculating streamflow must calculate the streamflows not 
only under present land use patterns, but also under future land use patterns. 
This will be useful in developing new methods to reduce streambank erosion. 

Since this is the goal, the SCS curve number method seems to be an appro- 
priate choice for this study. Also, this method is easily adapted to a GIs  sys- 
tem such as the one being developed for the design of riser pipes. 

Past Work 

The Vicksburg District has set up hydrology models on Long Creek, 
Hickahala Creek, Coldwater River, Black and Fannegusha Creeks, Hotophia 
Creek, Batupan Bogue Creek, and Abiaca Creek. Also, hydraulic models have 
been set up on all these watersheds except for Coldwater River. 

SCS has set up some hydrology models on the watersheds in north 
Mississippi. However, none of the models that the Vicksburg District or the 
SCS has set up are in a GIs system. 

Present Work 

A GIs  system is being built for the design of riser pipes that can be used to 
set up the hydrology models. The data in the GIs system will consist of 
1:24,000-scale elevation data, detailed channel data in selected reaches, SCS 
generalized soil type grids, land use grids, aerial photography, slope grids, and 
SCS curve number grids. Once all the data have been put into the system, the 
hydrologic parameters needed to put into the HEC-1 program can be 
calculated. 
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The GIs system also allows the user to alter the land use grid to reflect 
some desired land use and calculate the effects on the hydrology. This will be 
useful in developing methods to reduce streambank erosion as mentioned 
before. 

Work was initiated on the evaluation of the applicability of the two- 
dimensional hydrology model, CASC2D, to DEC watersheds. The GIs data- 
base was used in constructing the CASC2D model for the Goodwin Creek 
watershed. These model results are being compared to results from a one- 
dimensional Snyder unit hydrograph model, a one-dimensional SCS curve 
number model, and observed data from Goodwin Creek. Preliminary results 
indicate potential for more accurate discharge calculations on DEC watersheds 
with the two-dimensional modeling approach. 

Future Work 

This work will consist of taking the data in the GIs system, calculating the 
parameters, and building the HEC-1 models. Presently an extensive gauging 
operation is being conducted within the DEC watersheds to evaluate the effec- 
tiveness of the control structures already in place. Also, discharge rating 
curves are being developed at key gauging locations. This work will help in 
adjusting the HEC-1 models, thus allowing for more detailed studies to be 
done on the causes and solutions to the sediment problems in north 
Mississippi. Also modeling of selected DEC watersheds using the two- 
dimensional approach will continue. 
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7 Stream Gauging 

The data collection effort is intended to be in direct support of the other 
DEC functions. Data being collected consist of water surface elevations and 
flow rates for the many streams and rivers in the DEC watersheds. The 
primary use will be as input to hydraulic and hydrologic models, but it will 
also be used in the analysis of the performance of hydraulic structures. 

Raw Data 

In its raw form the data are recorded in feet of water relative to some refer- 
ence point. Depending on the type of instrumentation used, the data must be 
added or subtracted to a known datum to represent the true water surface ele- 
vation. In the case of the flow rate measurements, the data are recorded as 
velocities associated with known cross-sectional areas. From these, a flow rate 
is calculated for a given cross section. 

Instrumentation Used for Obtaining Water 
Surface Elevations 

Four types of water level measuring instruments are being deployed, as well 
as nonrecording crest gauges and staff gauges: a Lundahl ultrasonic distance- 
measuring meter, a Leupold Stevens pressure transducer, a Micro-Tide tide 
gauge, and a Leupold Stevens float and encoder assembly. It is desirable to 
use recording instruments so that time-tagged data may be obtained. If small 
enough data collection intervals are used, it is possible to obtain hydrographs 
of runoff events that capture the peak flow rates. The nonrecording crest 
gauges and staff gauges are being employed as checks for the electronic 
recording instruments, and in some cases, over longer reaches to obtain water 
surface backwater profiles for single peak events. 

Ultrasonic sensor 

Ultrasonic instruments have been employed in water surface elevation 
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measurements at least since the Mount Saint Helens eruption with varying 
degrees of success. The advantage of these instruments is that there is no 
contact of the device with the water. Difficulties such as the loss of instru- 
ments due to floating debris, fouling due to suspended sediment or biomasses, 
and the need for expensive stilling wells are some of the traditional problems 
associated with water level measurements that are immediately circumvented 
by using an ultrasonic sensor. The inherent shortcoming of using an ultrasonic 
sensor is the instrument's sensitivity to temperature and wind 

The model DCU-10 transducer, manufactured by Lundahl Instruments, Inc., 
was chosen for this project because of its acceptable specifications. The 
accuracy is 20.25 percent of range with no gradient using temperature compen- 
sation, which for a distance of 25 ft is 0.0625 ft. The resolution is 0.01 ft over 
full range. The instrument is very versatile in that there are 29 programmable 
modes to adapt it to various measurement and deployment configurations. It is 
encased in a strong stainless steel housing, and the ceramic transducer version 
is extremely resistant to corrosion. The required power supply is 12-24 V at 
95 mA. Temperature is compensated for by an optional integrated thermistor. 
At calibration this thermistor is activated and allowed to sense the current 
temperature. That temperature is then used as a reference temperature in the 
equation 

where d is the measured distance and r is the temperature in degrees Celsius, 
to make adjustments to the measured distance. A test in a WES laboratory to 
check the effectiveness of this compensating method showed that the measure- 
ments made with compensation were within the manufacturer's specifications. 
Based on these results, DEC accuracy requirements, and the prior successful 
employment of these instruments on the U.S. Corps Army of Engineers dredge 
Wheeler (Scott 1992), it was decided to proceed with the deployment of the 
Lundahl DCU-10 on the DEC watersheds. A mount was designed and built 
using 114-in. steel pipe and off-the-shelf electrical connector boxes and fittings 
(Figure 35). The mount is intended to provide protection from weather and 
vandalism. It also provides a convenient means of fastening the sensor to 
posts, walls, and bridge railings, as well as allowing easy yet secure access to 
the instrument for field calibration and trouble-shooting if necessary. A Sutron 
8200 data logger was selected to power the instrument and record the data 
because of its competitive price and the many features suited to this applica- 
tion. Specifications for the data logger are in Appendix D. A 24-V solar 
panel was also installed with a blocking diode to keep the logger internal 
battery fully charged at all times. The instrument, mount, and logger are 
shown in Figure 36. 
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Figure 35. Ultrasonic sensor mount 

Pressure transducers 

Early in the program it was determined that the installation of ultrasonic 
meters would not be possible at all locations, since these instruments require a 
stable, stationary base on which they can be mounted. Thus when bridges, 
wing walls, or other already existing structures for mounting an ultrasonic 
instrument were not available, it was decided that a pressure transducer of 
some sort might provide an acceptable solution. These instruments can be 
located at the bottom of a stream, and thus are in general less likely to be 
affected by debris. Also, no stilling well is required. If fouling of the sensor 
can be avoided, these instruments can provide satisfactory data within the 
given accuracy constraint. A Leupold and Stevens model 420 level logger in 
conjunction with the Stevens Submersible Depth Transmitter I1 (SDT 11) was 
chosen. The manufacturers' stated accuracy and other specifications are shown 
in Appendix D. In general, errors of 0.06 ft in 25 ft would be the upper limit. 
The range of the instruments purchased for this project is 25 ft. The 
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Figure 36. Ultrasonic sensor, mount, logger, and personal computer 

transducer is vented to the atmosphere, so there is no need to compensate for 
changes in atmospheric pressure. To provide protection for the transducer as 
well as a method for securing it to the channel bottom, 114-in.-thick, 2-112-in.- 
diam steel pipe is used. Fittings were designed to allow the instrument to be 
threaded into or out of the pipe mount to allow for servicing when necessary. 
The pipe mount is secured to a 5-ft length of angle iron and driven into the 
creek bed. The signal cable is secured in buried 112-in. steel conduit from the 
instrument in the creek bed, up the bank, and to the logger box assembly. A 
typical logger box installation is shown in Figure 37. The logger is a dedi- 
cated single-channel unit accepting a 4- to 20-mA signal from the transducer, 
and powered by a 12- to 24-V source (presently a 12-V 6-Ampere hour bat- 
tery). Using a 64,000-byte data card, and when logging at intervals of 10 min, 
the 420 logger can log data for approximately 180 days. The logger is housed 
in a weatherproof enclosure box and mounted to a post. More detailed 
specifications for the logger can be found in Appendix D. 

A second type of submersible pressure transducer was also purchased and 
tried. It is a fully submersible micro gate used primarily in tidal zones. The 
unit consists of a data logger, pressure sensor, and battery pack, all enclosed in 
a waterproof stainless steel cylindrical container. It also can be connected to a 
personal computer (PC) for instrument configuring and data retrieval. The 
transducer is not vented to the atmosphere; therefore, the data must be cor- 
rected for changes in atmospheric pressure. The accuracy of the sensor is 
reported to be 0.1 percent, and the memory capability is 22 kilobytes. 
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Figure 37. Logger box assembly for pressure transducer 

Individual sensor calibration showed maximum errors of 0.016 ft and 0.011 ft 
for the two units. The cylindrical unit is mounted in a flanged polyvinyl 
chloride (PVC) pipe and secured to the channel bottom with 4-ft-long 314-in. 
steel rebar. This installation is shown in Figure 38. The submersible unit was 
purchased from Coastal Leasing, Inc., Cambridge, MA. 

Float and Pulley Systems 

Two shaft encoders for use with a float and pulley assembly were also 
purchased with the intent to use them at existing but abandoned stilling wells. 
The Leupold and Stevens Type A/F logger with compatible encoder was 
selected. The specifications for this instrument can be found in Appendix D. 

Chapter 7 Stream Gauging 



Figure 38. Submersible pressure transducer installation 
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Crest gauges 

The crest gauges consist of 2-in. PVC pipes with screw-on caps for the top 
and bottom. Holes are drilled in the bottom and along the sides to allow 
waterto move up and down in the pipe as the water level in the creek rises and 
falls. A cork reservoir is attached to a wooden rod graduated in tenths of a 
foot and inserted into the PVC pipe. The cork floats up and down with the 
water inside the pipe and adheres to the wooden rod at the highest level to 
which the water rose. The crest gauge is usually attached to 314-in. iron rebar 
driven into the creek bed and banks. As mentioned earlier, this type of mea- 
surement is not time tagged, and applies to only a single maximum event. 

Discharge Measurements 

Standard methods of stream gauging will be used on the various DEC 
streams to obtain flow rate measurements. Both Price AA current meters and 
Marsh-McBirney electromagnetic current meters are being employed. Mea- 
surements are made by wading at low flows, and from bridges and bank- 
operated cableways at high flows. A design for bank-operated cableways 
(Figure 39) described in USGS (1991) was built and installed at Long Creek 
and Hotophia Creek. 

Site Locations 

At present all 15 of the sites scheduled for instrumentation in F Y  92 have 
been completed. Each site consists of at least one of the previously mentioned 
types of instrumentation. Table 25 lists the completed sites and the types of 
instruments used at each. The locations of each site and the instruments 
deployed are shown in Appendix D. 

Progress Through May 1992 

This report presents the progress through May 1992 that has been made in 
the number and location of sites that have been instrumented. For the water 
level monitoring needs, in addition to the identification of suitable instrument 
components, the purchasing, assembly, and calibration of the systems also 
required a considerable initial effort. Once these phases were completed, then 
the instruments were installed in the field. The first site completed was Long 
Creek in October 1991, the most recent, Lick Creek in May 1992. A total of 
33 crest gauges, 12 ultrasonic sensors, and 17 pressure transducers have been 
deployed. 
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Preliminary Results 

Several aspects of the instrumentation performance should be addressed. 
First are the performance and reliability of the physical units in the field. To 
date there have been no malfunctions of any sensor. One Sutron data logger 
has presented difficulties in retrieving the data via a PC, but otherwise has 
recorded all data correctly. Several instances of battery failures have been 
noted with the Leupold Stevens units, but no critical data have been lost. 
Several crest gauges have been washed out, but were replaced. Overall relia- 
bility of the instrument operation has been very good, with very minimal 
downtime. 

The second performance factor being considered is the quality of the col- 
lected data. This is more difficult to assess. The ultrasonic instruments do 
seem to display a diurnal pattern in the collected data, even though tempera- 
ture compensation is activated. However, the error introduced by this fluctua- 
tion appears to be less than 0.05 ft in general. Additionally, it is felt that if an 
average value of the fluctuations is computed, this value will be very near the 
true water surface elevation. It is intended that some time during the project 
actual water surface measurements during a 24-hour period can be made to 
verify these assumptions. 

The data from the Leupold Stevens pressure recorders do not show the 
same diurnal effects. There are, however, occasional abnormal spikes in some 
of the data. The cause of these outliers has yet to be determined, but in any 
case they do not interfere with the normal data trends. 

Data from the micro tide submersible instruments were downloaded, but not 
yet graphed and viewed. 

Crest gauge readings have been taken, but since none of the gauges have 
been surveyed in, the data cannot yet be used in any other than a local sense. 

With regard to stream gauging, all sites have been gauged for low flows as 
of this writing. In addition, bridges have been marked and instruments and 
crews prepared for gauging activities in the event of a storm with potentially 
favorable conditions. Also, the two bank-operated cableways have been 
prepared for similar instances. 

The data from which the preliminary data quality assessments were made 
are of tremendous volume, since readings are being taken at 10-min intervals. 
Most of the data from all sites through late April have been downloaded, and a 
good portion of them read into DSS format. However, at this time only a few 
have been graphed. It is from these few that the preliminary quality assess- 
ment was made in the preceding paragraphs. A more complete analysis of the 
data in terms of quantity and quality, along with any calibration corrections, is 
planned for the upcoming months. 
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8 Hydraulic Structures 
Monitoring 

Purpose and Scope 

The purpose of this work area is to collect field data on selected structures 
including riprap bank stabilization structures to evaluate hydraulic perfor- 
mance. The 5-year scope of work set forth that a minimum of six grade con- 
trol structures would be selected for detailed data collection to evaluate 
hydraulic performance of the structures. The structures would be selected on 
the basis of special features to include high drop, low drop, significant 
upstream flow constriction, limited upstream flow constriction, free flow, and 
submerged flow. The structures would be instrumented to collect data to 
evaluate discharge coefficients, energy dissipation, flow velocity distribution, 
and effects of submergence on performance. All riprap bank stabilization 
measures in each watershed would be visually monitored and problem areas 
identified. A minimum of three riprap bank stabilization installations to 
include riprap blanket revetment, riprap toe protection, and riprap dikes would 
be selected to evaluate toe and end section scour. Data would be collected 
during runoff events to measure magnitude and location of maximum scour 
and the corresponding hydraulic parameters. This work area would also 
include the construction of a physical model of the low-drop structure in 
FY 92. The model would be used for research and development to determine 
if cost-reduction modifications can be made to the structure that either main- 
tain or enhance performance characteristics of the existing structure. 

Description of Work for FY 92 

During the first three quarters of FY 92 (the period covered by this report), 
two drop structures were instrumented to include water surface elevation 
recorders upstream and downstream of the weir and a cableway for measuring 
flow velocities in the upstream approach. A low-drop structures on Long 
Creek and a high-drop structure on Hotophia Creek were selected to instrument 
in FY 92. The types of instruments are described in Chapter 7. Also during 
this period, three low-drop structures on Worsham Creek and one high-drop 
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structure on Burney Branch Creek were instrumented with recording water 
surface gauges placed upstream and downstream of the weir. Instrumentation 
of riprap bank stabilization installations was not planned for FY 92 but will 
begin in FY 93. A physical model of a 10-ft-drop low-drop structure was con- 
structed in FY 92, and a detailed discussion of that effort is given in 
Chapter 11 of this report. Aerial videos of the main channel and major tribu- 
taries were made, and the general observations from these videos on the exist- 
ing condition of grade control and bank stabilization structures are reported in 
Chapter 4 of this report. 

Background 

Existing Design Guidance 

The design criteria presently being used by the Vicksburg District for the 
design of low-drop grade control structures have evolved from field and 
laboratory studies. The criteria relative to basic dimensions of the low-drop 
structures being constructed in the DEC Project were developed from model 
tests at the ARS Sedimentation Laboratory, Oxford, MS (Little and Murphey 
1982), and thus this type of structure is referred to as the ARS type low-drop 
structure. A low drop is defined as a hydraulic drop with a difference in ele- 
vation between the upstream and downstream channel beds, H; a discharge, Q; 
and a corresponding critical depth, Yc, such that the relative drop height, HIY,, 
is equal to or less than 1.0. Conversely, a high drop is defined as one with a 
relative drop height, HIY,, greater than 1.0. Design guidance for high-drop 
structures in the DEC Project is given in the SCS National Engineering Hand- 
book (SCS, no date), and is referred to as a Type C high-drop structure. 

Low-Drop Structures 

A physical model study of an ARS-type low-drop structure was conducted 
at Colorado State University (CSU), Fort Collins, CO, by WET (1990) to 
evaluate the performance of the structure under flow conditions not investi- 
gated by Little and Murphey (1982), and to determine if cost-reduction modifi- 
cations to the structure were feasible. WET (1990) concluded that the original 
design by Little and Murphey (1982) produced an effective structure at low 
tailwater conditions but was not as effective for high tailwater conditions. 
WET (1990) reported an improvement in the performance by replacing the 
baffle plate with seven H-pile baffling devices arranged in two rows. They 
also observed significant riprap instability in the model study. 

During the period when WET (1990) was conducting the model study, a 
field study was conducted of 32 low-drop structures located throughout the 
DEC watersheds by Lenzotti and Fullerton Consulting Engineers, Inc., and 
SLA (1990). The field study revealed that 28 out of 32 structures had satisfac- 
tory performance, but riprap instability was noted in many structures. The 
location of the instability was the same as where the model study had indicated 
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a problem due to hydraulic conditions-immediately below the weir along the 
bed and side slopes. The field study also indicated riprap instability along the 
downstream apron and along the downstream side slopes. This problem was 
attributed to channel degradation downstream of the structure and thus was not 
a problem in the model because the downstream channel was fixed in concrete. 
In addition, the field study found that much of the riprap in the structures did 
not meet design gradation. 

As a result of these two studies, another study was conducted at CSU (Abt 
et al. 1991) to develop riprap sizing criteria for the ARS-type low-drop struc- 
tures. This study consisted of a field inspection of existing structures and a 
physical model study. 

A field inspection was made of 20 structures in the Yazoo basin to assess 
the range of conditions under which the structures are designed and operate, to 
revise data on actual rock size for structures now in place, and to provide a 
basis of comparison for model and prototype response. Of the total of 20 sites 
visited, 14 were low drops (2 new with less than a year of service), 3 were 
Type C high-drop structures, 2 were designed as minimum structure with no 
drop, and 1 was a highway culvert drop structure. The main conclusions from 
the field study of low-drop structures were as follows: (a) in the absence of 
field-measured submergence data, a design value for the unit dischargeld 

5Q 
parameter should not exceed values in the range of 100-120; and @) existing 
low-drop structures with a unit d i~cha rge ld~~  in excess of 100 should be 
monitored closely for potential repair. 

Results from the physical model tests indicated that the relationship of the 
ratio of the unit discharge over the median rock sizes (unit d i s~ha rge /d~~)  
versus submergence may be used to predict the stability of riprap located at the 
critical zones of the drop structure. Submergence is defined as the ratio of the 
difference between the tailwater elevation and weir crest elevation t'and critical 
depth Yc, i.e., t ' lY,. The critical zones occurred at the toe of the stilling basin 
side slopes immediately downstream of the weir and upstream of the baffle 
devices. The riprap instability was caused by the plunging jet at the weir that 
impinges on the riprap. The original ARS low-drop structure was modified to 
consist of a vertical drop from the weir to stilling basin floor (in the original 
structure, riprap was placed against the downstream side of the weir on a 
1V:SH slope to the basin floor), and model tests indicated a smaller rock size 
was required for stability just downstream of the weir. Therefore, Abt et al. 
(1991) recommended application of the modified structure over the original 
basin. 

The purpose of the model constructed at WES in FY 92 was to modify 
and/or develop guidance regarding both hydraulic design and riprap stability to 
accommodate a 10-ft drop structure with an HI? greater than 1. Presently, the 
drop height for the ARS-type sheet-pile structure is limited to 6 ft based on 
hydraulic and structural considerations. However, due to the potential savings 
of a sheet-pile structure over a Type C concrete structure, the Vicksburg 
District has reevaluated and modified the structural design component of the 
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sheet-pile structure to allow higher drops. Consequently, hydraulic 
performance and riprap sizing criteria are needed for the structure. The details 
of the physical modeling effort are given in Chapter 11. 

Status and Conclusion 

FY 92 Progress 

The work effort during this reporting period for this task has been directed 
at field site selection, instrumentation selection, procurement and installation in 
field sites, and developing data collection procedures. Attention has also been 
given to analyzing model studies data (WET 1990; Abt et al. 1991), which will 
serve as the basis for comparison between model and prototype hydraulic 
performance. However, as of the end of this reporting period, the instrumenta- 
tion has not been in operation long enough to provide any meaningful data to 
include in the report. 

Field Site Selection and Instrumentation 

Two sites have been selected and instrumentation installed to monitor 
hydraulic parameters necessary to evaluate performance. An ARS-type low- 
drop structure site was selected on Long Creek (Figure 40) and a Type C high- 
drop site was chosen on Hotophia Creek (Figure 41). Additional sites will be 
added to the list over the next 2 years to include all features. 

Long Creek Low Drop 

The Long Creek ARS-type low-drop structure was constructed in 1987 with 
a drop of 4.5 ft (Figure 40). The structure includes the feature of a significant 
upstream flow restriction. The approach channel to the structure was stabilized 
using a longitudinal stone toe along both channel banks. As reported in the 
CSU field study (Abt et al. 1991), the weir width is 63 percent of the upstream 
channel where many other structures in the DEC Project have a weir width of 
90 percent to 115 percent of the upstream channel. The structure has been 
effective in inducing upstream aggradation and related increases in bank stabil- 
ity. The structure is in need of repair because the filter material is exposed in 
the basin immediately downstream of the weir and the channel immediately 
downstream of the structure is unstable. 

The Long Creek structure was instrumented with recording water surface 
gauges upstream, downstream, and at the weir crest. Crest stage gauges were 
also installed near the recording gauges to serve as backup instruments and as 
calibration checks on the recording gauges. The purpose of the gauges is to 
record the water surface elevation at 15-min intervals during major storm 
events so that the effect of submergence on discharge coefficient and energy 
dissipation may be evaluated. A cableway was installed in the upstream 
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Figure 40. Long Creek low-drop site 

Figure 41. Hotophia high-drop site 
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approach channel to support and traverse the channel with flow velocity meters 
for stream gauging purposes. During storm events, flow velocity measure- 
ments will be made for computing discharge and evaluating discharge 
coefficients. 

The placement of a recording gauge on the weir crest was the result of 
analyzing model data. Analysis of model data (WET 1990; Abt et al. 1991) 
indicated a reasonable correlation existed between the ratio of flow depth at 
the weir crest to critical depth (depth at crest/critical depth) and submergence 
(Figure 42). Provided a similar correlation is verified in the prototype, the 
low-drop structures instrumented with recording water surface gauges at the 
crest and downstream would provide an easy means of using the drop 
structures as gauging stations with minimum time and cost as compared to 
standard gauging techniques. 

Figure 42. Depth at cresvcritical depth versus submergence from model data 
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The structure is reinforced concrete that consists of a rectangular 60-ft-wide 
weir that has a 14-ft drop into a 60-ft-long baffled stilling basin. The weir is 
designed to pass the 100-year discharge of 7,500 cfs. The structure was placed 
into operation in the fall of 1991. 

The structure was instrumented with recording water surface gauges up- 
stream, downstream, and at the downstream end of the stilling basin wall. 
Similar to the Long Creek low-drop structure, crest stage gauges were also 
installed near the recording gauges to serve as backup/calibration check in- 
struments and a cableway was installed in the upstream approach channel for 
stream gauging purposes. 

Conclusions 

During the first three quarters of FY 92 (period covered in this report) the 
effort was concentrated in site selection, in selecting and procuring instru- 
ments, and in installing the instruments. At this writing, sufficient data have 
not been collected to analyze and report. The recording water surface eleva- 
tion gauges have recorded several storm events, but the vertical control and 
channel cross-sectional geometery survey will not be completed at the instru- 
ment locations until the end of June 1992. However, it is anticipated that 
sufficient data will be obtained, analyzed, and reported in the FY 93 report. 
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Design Tools, Riser Pipe 
Hydraulic Design 

Background 

Riser or drop pipes have been used in the DEC watersheds to reduce gully 
erosion. The original riser pipe design procedures were developed by SCS and 
require data from several sources: drainage area, flow length, SCS curve num- 
ber, and rainfall. Soil type and slope are usually taken from county soil sur- 
veys maps published by SCS. The SCS curve number can be found in the 
SCS National Engineering Handbook (SCS, no date) and is a function of soil 
type and land use. The rainfall for the 2- to 100-year storms is published by 
the National Oceanic and Atmospheric Administration. Drainage area and 
flow length can be determined from quadrangle maps or aerial photography. 
A detailed discussion of drop-pipe design is given in Appendix E. 

Purpose and Approach 

The purpose of developing the riser pipe design system was to reduce the 
time required to perform hydrologic computations used in the design of riser 
pipes. The riser pipe design procedures use data stored in the engineering 
databaselGIs to determine the required parameters. 

The soil group data in the database were developed from the generalized 
soil survey maps that are available for each county. In future work the SCS 
digital line drawing will be used as the source data for soil type or soil group. 
A soil grid map is shown in Figure 43. 

The land use information for the Coldwater River basin in the engineering 
databaselGIs was developed by the Vicksburg District. For the remaining 
watersheds, the land use data will be developed by ARS. Landsat digital 
photography will be the source of the land use data. Currently, the database 
contains land use data for Coldwater, Long Creek, Hickahala-Senatobia, 
Hurricane-Wolf, and Cane-Mussacuna. 
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The slope grid was developed from USGS DEM's. A majority of the DEC 
watersheds will use 1:24,000 DEM data. In locations where the 1:24,000 
DEM data are not available, the Defense Mapping Agency 1-degree digital 
elevation data will be used. The DEM data for all of the DEC watersheds 
have been placed in the engineering database1GIS. 

The database contains an SCS curve number grid developed from the soil 
grid and the land use grid. Curve number grids are available for Coldwater, 
Long Creek, Hickahala-Senatobia, Hurricane-Wolf, and Cane-Mussacuna. 

Drainage area and flow length are calculated using basic Microstations 
commands. 

Work Flow 

A typical work flow to use the engineering databaselGIs for performing the 
hydrologic calculations is as follows: 

a. Conduct a site visit and determine drainage patterns, vertical drop from 
overbank to the channel bottom, and land use. (Recent land use changes 
may not be in the engineering database.) 

b. Use the MGE package on the Intergraph workstation to delineate the 
drainage area, flow length, and the calculated average curve number. 

c. Use the SCS program EFM on a PC to calculate the design flow for the 
riser pipe. The SCS program for hydrologic calculations and a PC 
program for the hydraulic design of riser pipes will be ported to the 
Intergraph workstation in FY 93. 

Future Work 

Future work on the riser pipe system will be directed toward improving and 
simplifying the riser pipe design procedure and collecting land use and soil 
data for the remaining DEC watersheds. WES plans to have the land use, SCS 
curve number, slope grid, and soil groups for all 15 watersheds in the engi- 
neering database by the end of FY 93. During FY 93, a large effort will be 
placed on hydrologic procedures used in the DEC watersheds. A possible 
result of this effort may be a less complicated procedure for riser pipe 
hydrology. The present method appears to more complex than the riser pipe 
hydraulic design can support. In practice a designer is limited to pipe 
selection in 0.5-ft increments; also as shown on a typical example in Fig- 
ure 44, the SCS method is sensitive to slope. Accurately determining the slope 
for the typical riser pipe design is cost prohibitive. 
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Figure 44. Typical example of discharge versus slope in DEC drainage areas, 25-acre 
drainage area, 1,600-ft length of flow, curves 67, 77, and 87 
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10 Design Tools, Proposed 
Design Procedure For 
Stabilizing Incised 
Channels 

Background 

The six parameters that the hydraulic design engineer deals with are 
(a) width, (b) depth, (c) slope, (d) hydraulic roughness, (e) bank line migration, 
and (f) planform. The first four are the focus of this document. They are 
referred to as channel dimensions. The example presented here demonstrates 
the application of a design procedure that is presently being developed in the 
Flood Control Channels Research Program. It is proposed here for testing and 
evaluation on channels in the DEC. The calculations that are required have 
been packaged in the computer program "Hydraulic Design of Channels," 
SAM (Thomas et al., in preparation). 

The first step is to select the watershed and the project reach within that 
watershed. The Long Creek watershed was selected because previous studies 
have been conducted and rather extensive field data are available. The 
upstream end of the mainstem was selected as the Project Reach because two 
low-drop grade control structures were built in that channel during the time 
period between the two field surveys. 

In this test, the objective is to determine if the low-drop structures will be 
successful in stabilizing the channel invert against further degradation. 

Proposed Design Procedure 

The proposed design procedure is summarized in the following ten steps: 

a. Locate the watershed on a drainage basin map. 

b. Plot bed profile(s) of the stream system. 
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c. Locate cross sections on the profile plot. 

d. Partition the stream profile into reaches. 

e. Develop hydrologic data for each reach. 

f: Collect and display bed sediment gradations. 

g. Choose a Reference Reach and calculate stable channel dimensions to 
verify the procedure. 

h. Change the water discharge to that for the project reach, retain the cal- 
culated sediment concentrations from the reference reach, and calculate 
the channel dimensions for the project reach. 

i. Reduce the inflowing sediment concentrations for the bed material load 
as predicted for the future project conditions and calculate a new set of 
channel dimensions. 

j. Test the selected design dimensions using the sediment yield package in 
SAM to calculate annual yield and single-event yields for single-event 
flood hydrographs. 

The Design Channel Cross Section 

The first step in the design process is to ionnulate the target cross-section 
type. The possible types have been reduced to the three shown in Figure 45. 

Design Parameters 

In fixed-bed hydraulics, the channel dimensions themselves are the design 
parameters. They can be prescribed or optimized using a least-cost criterion. 
In movable-bed hydraulics, the channel dimensions are not the design parame- 
ters, but rather are dependent variables. The design parameters are the 
independent variables-those the engineer can prescribe. There are three 
design parameters: 

a. Inflowing water discharge. 

b. Inflowing sediment concentration. 

c. Particle sizes of the inflowing sediment concentration. 

These design parameters prescribe the loads on the stream system. Design 
dimensions are the combinations of width, depth, slope, and hydraulic rough- 
ness that will convey those loads through the project reach. 
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a. Type A: Channel- b. Deeply Incised c. Type C: Channel in 
Forming Discharge Channel but Degradation Depositional Zone 
is Bank-Full is Arrested 

Figure 45. Design channel types 

Drainage Basin 

The drainage basin is shown in Figure 46. The portion of the creek used in 
this example, labeled as design example, was partitioned into five reaches 
(NWHC 1989). Drainage area is the primary parameter of interest because it 
is a key parameter in distributing the water runoff from the subdrainages in the 
basin. 

Figure 47 shows the thalweg profiles from the 1985 and 1991 surveys. 
These profiles were from the surveys analyzed in the detailed geomorphic 
studies in Chapter 5, "Channel Response, Detailed Geomorphic Study." 

The positions of the 1985 and 1991 cross sections are shown along the 
abscissa of Figure 47. 

To this basic diagram the five reaches defined by NWHC were added, 
along with the drainage areas for each-also supplied in the NWHC report. 

Hydrologic Data 

The calculated annual peak discharges for floods having a probability of 
being equaled or exceeded of 2, 10, and 50 percent, commonly referred to as 
the 2-, 10- and 50-year floods, respectively, are shown on the scale across the 
top of Figure 47. These values, which were obtained from the NWHC report, 
are referred to as the TR-20 results, indicating they were obtained with the 
SCS rainfall/runoff package, TR-20. The geomorphic study showed the 
2-year discharge plotted closest to the classical regime curves for width. 
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Consequently, it was regarded as a reasonable estimate of the channel-forming 
discharge for the design calculations. 

Bed Material Properties 

Bed material data were obtained from the Vicksburg District for all the 
DEC watersheds. The collection was actually done by ARS. The bed material 
was sampled to a depth of 4 in. Samples were taken along the center line of 
the channel with supplemental samples taken over a section and composited. 
The sample locations were marked on a map and later transferred to the chan- 
nel station scale on the thalweg profile plot. 

The bed material data for Long Creek were worked up to produce profile 
plots of the sediment size (Figure 48). There appears to be no coarsening 
trend up the watershed as may have been expected, but the incoming tributar- 
ies may have an effect. 

The D15, DS0, and DM values were calculated and plotted in Figure 49. 
The average DI5 value is 0.19 mm (range 0.31-0.14 mm), DS0 average 0.66 
(range 5.22-0.20 mm), and DM average 4.98 (range 22.07-0.35 mm). Values 
for D15 and D are fairly similar the entire length, but DM values vary so 
greatly. That is, there appears to be a coarsening effect from the tributaries 
entering in reaches 1 and 2. From Caney Creek there is an introduction of the 
coarser sands and gravels. The confluence of lateral six and Goodwin Creek 
shows a similar effect. That shows in the D50 values, also. The most 
upstream couple of samples in reach 5 may be the start of the coarsening trend 
one expects as one moves in the upstream direction. 

The SAM Package 

The hydraulic design package SAM presently consists of 13 computer pro- 
grams written for the PC (Figure 50). The analytical method for calculating 
channel width, depth, slope, and n value, given the three design parameters of 
water inflow, sediment inflow, and sediment particle size, is in SAM.hyd. 
Before running that solution, it is important to know the sediment size and 
concentration. Even when measured field data are available, it is important to 
calculate the sediment inflow with Brownlie's transport function to determine 
the concentration for use in the channel dimension calculations. That is 
because the channel dimension calculations are based on the Brownlie trans- 
port function and bed roughness predictor. 

The SAM.hyd program solves for the bed roughness when the bed sediment 
gradation is known. It then composites that value with the hydraulic rough- 
ness of the bank and of the floodplain. The total hydraulic loss is calculated, 
and the results are expressed as an "effective width," "depth," "velocity," and 
"slope" for sediment transport calculations. Sediment transport computations 
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XYDRAULIC DESIGN PACKAGE FOR m O D  CONTROL CXANNELS MENU 

M E H U l O F 2  
-* 1 - SAX-hyd Hydraulic calculations 

2 - SAn.srd sediment Transport Calculations 

3 - sAn.yld sa-t kieM Calculations 

4 - Plot Hydraulic and Sedimenz Calculations from SAM 

5 - PSAM Prepare SAH.hyd Input Piles 

6 - SAX.ms5 Us. TAPE95 to Prepare SAM.sed Input File 

7 - LLST 

8 - MfT TO DOS 

Calculate Hydraulic Parameters 

May 2 8 ,  1992 9:41:27 am Mmory: 488 K 

Press H for Help 

*rrr*+r PAGE 2 t+r*r*rr****ere 

M E N V Z O F 2  
-* 1 - COED 

2 - SAn.aid Guidance in Transport Function ~ialect~on 

3 - Particle Fall Velocity 
4 - curvefit 
5 - HECZ 

6 - DIRECTORY 
7 - fXfT TO DOS 

Edit a File using COED 

May 2 8 ,  1992 9:42:12 am MmOry: 488 K 

Press H for Help 

Figure 50. SAM menus 

are made in SAM.sed. This provides the sediment concentration for use in the 
stable channel dimension calculations. Figure 51 shows the complexity of 
cross section the SAM package is developed to provide. 
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Figure 51. Example of complexity of cross section SAM can provide 

Reference Reach 

It appears that reaches 1 and 2 are stable in as much as they do not show 
much aggradation or degradation, but they do have variation within the reach. 
Reach 3 appears to be the most stable on the whole with little degradation. 
Reaches 4 and 5 have the most degradation with the structures being in 
reach 5. 

Reach 3 was selected as the reference stable reach. The profiles showed 
that it did not degrade very much. The upper and lower sections deepened 
slightly, also seen by profiles, but the center section of the reach did not 
change much. The probe data collected by NWHC showed that this reach had 
4 ft of sediment in the bottom of the channel, another sign of a more stable 
reach. 

The HEC-2 TAPE95 data were processed using the SAM utility, SAM.m95, 
to calculate the average width, depth, velocity, and slope for the reference 
reach. These averaged values were then compared to the HEC-2 output to 
select the cross section that was closest to the average for that reach. In this 
case section 22600 was selected (Figure 52). 

The X1 and GR-data for section 22600 were read into SAM.hyd. Added to 
this were the TR-20 discharges, the calculated slope from SAM.m95, the 
estimated roughness elements for the banks, and the bed sediment gradation 
data. A roughness value was assigned to each "panel," the space between each 
pair of coordinate points, across the cross section. 

Four water discharges were selected for the calculation. A base flow of 
100 cfs was the lowest value. A discharge exceeded about 10 percent of the 
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Figure 52. Cross-section comparison, 1985-1991 
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time, 1,000 cfs, was selected as an intermediate value. The 2-yr and the 10-yr 
floods were the highest values used. 
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Given these data, SAM.hyd calculated the water surface elevation and the 
effective width, depth, velocity, and slope for each prescribed water discharge. 
Using these effective values, the sediment concentration was calculated with 
SAM.sed using the Brownlie sediment transport function. 
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The sediment concentration together with the discharges and the bed sedi- 
ment gradation (Dg4, DS0, DI6) were input to SAM.hyd to calculate stable 
channel dimensions using the Copeland method (Copeland 1990). The results 
are the graphs of slope versus width shown in Figure 53. 

The validity of the procedure was checked by plotting the effective width 
and slope, calculated by SAM.hyd using the cross-section 22600 geometry, in 
Figure 53. The values match the analytical channel dimensions very nicely. 
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Project Reach 

Reach 5 was selected as the project reach. There is presently a grade con- 
trol structure at the downstream end of that reach. The question of interest is, 
"Will that reach be stable as the result of that grade control structure?" 

Using the water discharges for reach 5 and the sediment concentrations 
calculated for reach 3, Figure 54 was produced. Effective values of width and 
slope were calculated for reach 5 geometry using the 1985 and the 1991 cross 
sections. The 1985 values plot well into the unstable region of Figure 54. 

In 1985 the channel was very unstable with the slope being too great. In 
1991 degradation had reduced the slope as shown in Figure 47. This confirms 
the design technique for conditions to date. It does not guarantee the values 
on the design curve are stable values because only the passage of time will 
verify those values. However, it would have predicted degradation given the 
slope and width in 1985. 

Moreover, the design procedure predicts only a small amount more degra- 
dation before this reach attains a stable condition. 

The final step in the design procedure is to estimate the percentage of bed 
material load coming from the reach affected by the proposed project design. 
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Figure 54. Stable channel, project reach 

The inflowing sediment concentration would then be reduced by that percent- 
age because if the project is successful it will eliminate that source of 
sediment. 

In this case, the bed profiles indicate that a significant amount of degrada- 
tion has occurred in the reach affected by the project. The estimate is that a 
reduction of 50 percent of the bed material concentration can be expected as a 
result of the proposed project. That will change the calculated channel 
dimensions as shown in Figure 55. 
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Figure 55. Project-caused change in channel dimensions 
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11 Physical Model Testing 

Riprap Drop Structure Model 

Background 

Low-drop grade control structures have been used to arrest erosion in incis- 
ing channels. The concept of the drop structure was originally developed 
based on an equivalent energy approach. Numerous variations and types of 
these structures have been constructed both in model studies and in prototype 
locations. 

Sheet-pile grade control structures have been used in the DEC Program to 
arrest erosion due to headcutting. These structures consist of an upstream 
approach transition section from the natural channel to the sheet-pile weir, a 
vertical drop into a riprap stilling basin to dissipate the energy, and a down- 
stream transition. The use of sheet-pile and riprap in low-drop design is an 
economical alternative to a concrete structure and apron. 

Purpose and approach 

Current design criteria for a sheet-pile grade control structure limits the 
drop height to 6 ft. The limits are partially based on hydraulic limitations and 
partially on structural design limitations of the vertical placement of the sheet- 
pile cutoff. Due to the potential for savings of a sheet-pile structure as 
opposed to a concrete drop structure, a reevaluation of structural design com- 
ponents by the Vicksburg District verified the constructability of the higher 
drop. However, the hydraulic performance and riprap design criteria were not 
heretofore tested for the ARS-type drop structure nor design criteria developed 
for sheet-pile riprap drops greater than 6 ft. 

Drop structures have typically been classified as either low or high drops 
according to a ratio of drop height H to critical depth Y,. Low drops are those 
with a value of H/Y, less than or equal to 1. The proposed drop height of 
10 ft would change the classification of drop structure for the same design dis- 
charge and critical depth of 6 ft by exceeding a ratio of 1. Therefore, based 
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on the disagreement between the actual drop classification and the proposed 
design criteria, it is necessary to study the performance of this structure. 

The purpose of this study is to modify and/or develop guidance regarding 
both the hydraulic design and the stable riprap design to accommodate a 10-ft 
drop structure with an HIY, ratio greater than 1. The objective of the study is 
to determine the feasibility of using a higher drop and, if feasible, develop 
design guidance pertaining to the higher drop. A 1:lZscale physical model 
will be used to investigate the proposed sheet-pile grade control structure with 
a 10-ft drop. 

Design assumptions 

The drop structure design was based on the modified ARS-type structure 
previously recommended in a study conducted by CSU (Abt et al. 1991). The 
dimensions were determined from the ARS criteria, the CSU study, and recom- 
mendations by the Vicksburg District. The original basin design dimensions 
and criteria were selected to make results from the CSU model and the WES 
model comparable (Abt et al. 1991). 

Many of the design dimensions are contingent upon the critical depth; 
therefore, a design discharge of 4,000 cfs was selected. This same design 
discharge had been used in the previous model by CSU. A channel bottom 
width and weir length of 40 ft were selected. The weir shape was trapezoidal 
with 2.5V:lH side slopes. The critical depth based on the weir cross-sectional 
shape and the discharge was 6.0 ft. All design dimensions that are a function 
of critical depth were based on 6.0 ft. The channel drop H for design was 
10 ft. 

The basin design criteria deviated slightly from that developed by Little and 
Murphey (1982) according to actual prototype structures used in the DEC 
Program. Specifically, a trapezoidal stilling basin replaced the wider and more 
rounded planform; the drop was vertical instead of sloping; the baffle plate 
was not used; and the location of the larger riprap was based on the critical 
areas identified in the CSU study (Abt et al. 1991). 

Drop structure dimensions. The dimensions were determined from the 
following equations (notation adapted from CSU report). The drop plan and 
profile dimensions are shown in Figures 56 and 57, respectively: 

Given: 

a. The design discharge Q of 4,000 cfs. 

b. The channel width and weir length B of 40 ft. 

c. The stilling basin side slopes SB of 2.5H:lV. 
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d. The end sill slope SE of 5H:lV. 

Calculate: 

a. The variable XB 

b. The stilling basin length LSB 

c. The stilling basin depth YSB 

Riprap. The previous study by CSU (Abt et al. 1991) recommended that 
two gradations of riprap be used in the drop structure design. The larger gra- 
dation is placed immediately downstream of the weir and along the basin floor, 
while the smaller is placed in the remaining side slopes and in the approach. 
The specific dimensions and placement can be seen in Figures 56 and 57. 

Based on guidance from the Vicksburg District, the gradations were 
selected. The two gradations came from a Lower Mississippi Valley Division 
document.' These gradations are common to the Vicksburg District area. 
The larger stone is based on a top side weight of 1,500 lb (R1500) and the 
smaller has a top side weight of 200 lb (R200). The gradations are as follows 
for specific weight of 155 1b/ft3: 

Personal Communication, 22 January 1982, U.S. Army Engineer Division, Lower 
Mississippi Valley, Vicksburg, MS, subject: "Report on Standardization of Riprap Gradation." 

Percent Lighter by Weight 

100 

50 

15 

Chapter 1 1  Physical Model Testing 

Larger Stone Size, Ib 

Upper 

1,500 

650 

330 

Small Stone Size, Ib 

Lower 

600 

300 

100 

Upper 

200 

80 

40 

Lower 

80 

40 

10 



The thicknesses, based on highly turbulent flow, for the R1500 and R200 stone 
were 48 in. and 24 in., respectively. 

Model description 

The 1:12 scale model, shown in Figure 58, is constructed in a flume ap- 
proximately 84 ft by 26 ft. It reproduces approximately 400 ft of the proto- 
type approach channel, the weir, 128 ft of stilling basin and end sill, and 
approximately 320 ft of downstream channel. The upstream and downstream 
channels were constructed by molding sand and cement mortar to sheet metal 
templates. The weir was constructed from plywood. The stilling basin was 
constructed with sand, and graded rock was placed over filter cloth. 

The water was supplied by a circulating system and discharges were mea- 
sured with a venturi meter. Velocities were measured with a propeller type 
electronic velocity meter. Water surfaces were recorded with piezometers. 
Tailwater conditions were regulated by adjusting a tailgate until the most 
downstream piezometer was reading the desired tailwater elevation. Flow con- 
ditions were recorded with a video camera. Photos were obtained when riprap 
displacement occurred in the stilling basin exposing the filter cloth. Failure of 
riprap was defined as the condition where sufficient displacement occurred to 
expose filter cloth. Tests were run for 120 min (model). 

Model testing 

In the previous model study by CSU (Abt et al. 1991), discharges and 
submergences were varied while data regarding the flow conditions and the 
stability of the stone were recorded. The testing in this study was designed to 
evaluate the same conditions: the hydraulic performance of the 10-ft drop and 
the stability of the riprap in the stilling basin. Submergence T as defined by 
this study is the height of the tailwater over the weir divided by the critical 
depth. High submergences can cause undulating flow conditions in the down- 
stream channel while unsubmerged flow or low submergence can cause more 
turbulence in the stilling basin, generating more scour. Since the main objec- 
tive of the study was to address the stone size required for a 10-ft drop, the 
original drop design (based on the dimension criteria in the subparagraph "Rip- 
rap") was tested by lowering the submergence at design discharge until a 
failure was observed. 

Riprap failure during this testing occurred in a similar location to that 
observed in the CSU model (Figure 59). Based on the observed scour pattern 
and its inclusion of material on the side slopes, the next effort addressed a 
modification to the weir shape to determine if the scour could be maintained 
on the basin floor. A rectangular weir was installed and tested to failure (Fig- 
ure 60). While the rectangular weir did indeed restrict scour to the basin floor, 
it required a higher submergence to prohibit stone failure. 
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Figure 60. Rectangular and trapezoidal weir dimensions 

RECTANGULAR WEIR *O' 7 
TRAPEZOIDAL WEIR 

Since the R1500 stone gradation was the maximum the Vicksburg District 
felt could be placed in the field, the next testing effort evaluated the use of 
grout. Testing was continued with discharges of 4,000 cfs and 5,300 cfs. The 
tailwater was lowered until failure of the nongrouted riprap occurred or a 
strong hydraulic jump formed over the grouted section. When a hydraulic 
jump formed over the grouted section, some smaller stones were displaced 
from the side slopes immediately downstream of the grout, but no filter cloth 
was exposed. 

\ 
\ 
\ 
\ 
\ 
\ '. 

\ 

Conclusions 

I 
I .-' 

/ .-' 

Results. Initial tests were conducted with the type 1 design basin (Fig- 
ures 56 and 57) and a discharge of 4,000 cfs. With the trapezoidal weir in 

1 place, riprap failure occurred at tailwater elevation 102.0, as shown in Fig- 
ure 59. The trapezoidal weir was replaced with a rectangular weir (Fig- 
ure 60), and failure occurred at tailwater elevation 103, as shown in Figure 61. 

12' 

PLAN 

Elevations (el) cited herein are in feet referred to the National Geodetic Vertical Datum 
(NGVD). 
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Testing was continued with a section of grouted riprap downstream of the weir 
Figure 62). With a discharge of 4,000 cfs, no failure of riprap occurred. The 
lowest tailwater elevation tested was 99.0. At this elevation, a strong hydraulic 
jump was present with good energy dissipation over the grouted area. These 
tests were conducted with the trapezoidal weir only. 

The next tests were conducted with the trapezoidal weir, grouted riprap 
section, and a discharge of 5,300 cfs. This was the maximum discharge allow- 
able without construction modifications to the model headbay. With a tail- 
water elevation of 105.0, the plunging flow from the weir caused riprap failure 
on both side slopes immediately downstream of the grouted riprap, as shown 
in Figure 63. 

In the original basin design (Figure 56), a small section of riprap (20 ft 
long) was placed immediately upstream of the weir. The area was grouted due 
to stone failure as the tailwater was lowered. Velocities in this area can 
exceed 16 fps with a discharge of 4,000 cfs and 18 fps with a discharge of 
5,300 cfs. 

In general, stable riprap conditions in the ungrouted basin required higher 
tailwater elevations (submergence) than in the grouted basin. While prototype 
conditions of depth of flow for that channel size and the 4,000-cfs discharge 
are on the order of 11 to 12 ft, tailwaters could actually be lower. The results 
to date indicate that the grouted basin could be a viable option for areas where 
a 10-ft drop is needed and where low tailwater conditions could occur. 

The rectangular weir moved the failure zone off the side slopes and lowered 
velocities in the approach channel upstream of the weir. Velocities over the 
rectangular weir were comparable to and, at some tailwater elevations, higher 
than those measured with the trapezoidal weir. The water surface elevation in 
the approach channel was higher with the rectangular weir in place. The 
energy was increased into the stilling basin due to the restricted cross-sectional 
area of the weir causing riprap failure on the basin floor at a higher 
submergence than the trapezoidal weir. 

Status. A data report will be provided containing all data collected for the 
conditions tested. It will also provide design recommendations regarding 
hydraulic performance and riprap stability. 

If the 10-ft drop is unsuitable due either to insufficient availability of 
needed stable stone sizes or to unfavorable hydrodynamic conditions in the 
approach or downstream channel, more testing should be considered. Further- 
more, the testing should evaluate flow conditions above (in addition to the 
5,300-cfs flow) and below the design discharge. These efforts are beyond the 
scope of this study. 
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Model Study of Bendway Weirs as Bank 
Protection 

The bendway weir concept was previously developed on a WES movable- 
bed model study of the Mississippi River conducted for the U.S. Army Engi- 
neer District, St. Louis (Derrick and Pokrefke, in preparation). In that case, 
bendway weirs were developed to eliminate sedimentation problems in the 
bends of navigable streams where the natural point bar deposition on the inside 
of the bend encroached into the navigation channel and restricted the channel. 

Results of those original tests indicated that bendway weirs would not only 
widen the channel in a bend, but would also change the way water and sedi- 
ment moved through the bend by increasing velocities on the inside (convex 
side) of the bend and lowering velocities on the outside (concave side) of the 
bend. Thus the resulting currents were more evenly distributed across the 
channel. The redistribution of currents also allowed bed material to accumu- 
late on the outside of the bend in the deep portion of the channel, which added 
stability to the revetted bank there. Tests also indicated that there may be an 
improvement in the channel immediately downstream of the reach with bend- 
way weirs. This change appeared to be a result of the redistribution of water 
and sediment in the bendway and how, with the weirs in place, water 
approached the downstream reach. 

Since in those previous studies the weirs redistributed the movement of 
water and sediment through the bendways, it was decided to investigate the 
use of such weirs for the DEC Project to reduce the concentration of higher 
velocities on the outside of an unprotected bank and possibly cause the deposi- 
tion of material on the outside portion of the bend. If this could be accom- 
plished, then the potential for bank failure would be reduced. Such a study 
would have to address movement of both the bed and bank material. Typi- 
cally, the composition of streambanks is highly variable from one stream to 
another and even from one location to another on the same stream. Therefore, 
the study conducted was not a model study of any particular DEC stream, but 
rather an investigation in which both the bed and banks were composed of 
sand and were erodible when subjected to flow. A synopsis of the model 
study is given in the following sections. A detailed discussion of the model 
study including test results is presented in Appendix F of this report. 

Development of study parameters 

Prior to conducting any testing, various parameters had to be developed to 
allow eventual extrapolation of the results to the DEC Project. Since this was 
not a study of any particular DEC stream, it was felt that the study had to be 
similar to the DEC streams; therefore, WES and the Vicksburg District con- 
ducted a limited review of pertinent data from some of the BEC streams and 
set some parameters for this investigation. The DEC data indicated that 
several streams have a width-to-depth ratio of about 10; therefore, that value 
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was used for the study. The planforms of Fannegusha, Harland, and Black 
Creeks were analyzed for radius of curvature and degree of bend. The analysis 
indicated that as in most natural streams there is significant variability in the 
radii and degree of bend curvature. However, radius of curvatures equal to 2.5 
times the top bank width and degree of curvature of 110 deg occurred often 
enough to be representative for this study. The initial channel planform re- 
flecting the selected radius of curvature and degree of bend and uniform chan- 
nel cross section used in the model are shown in Figure 64. 

The bed and bank material used were fine sand with a uniform size distri- 
bution. The sand had a specific gravity of 2.65 and a size distribution with a 
DI5 of 0.17 mm, a D5* of 0.23 mm, and a Ds5 of 0.30 mm. 

Prior to testing, a symmetrical stage hydrograph was developed and the 
discharge was adjusted in the study reach until reasonable sand movement was 
obtained for all stages tested. The step hydrograph developed is shown in 
Figure 65. 

Model tests 

Since the study was general in nature, no traditional verification to a 
prototype was possible. Testing included base, Plan 1, Plan 2, and Plan 3 
tests. The Plan 1 and Plan 2 weir layouts are shown in Figures 66 and 67, 
respectively. Plan 3 consisted of hard point design presently in use by the 
Vicksburg District on the DEC Project. The hard point field consisted of six 
structures in the same locations in the bendway as the weirs in Plans 1 and 2. 

Discussion of results 

The study conducted was not of a specific stream within the DEC Project, 
although it is anticipated that the results obtained will be applied to appropriate 
DEC streams as a test of the bendway weir concept for bank protection. That 
application should be closely monitored and evaluated as the channel or chan- 
nels adjust to the bendway weirs. Modeling of bank recession phenomena is 
qualitative, since the performance of any improvement plan in the real world 
will be dependent on the material composition of the streambanks. This study 
was conducted with fine sand with little or no cohesiveness. All testing was 
conducted with one repetition of the discharge and stage hydrograph; therefore, 
the channel configuration and bank recession may have been somewhat differ- 
ent if several repetitions of the hydrograph had been conducted. Since no 
sediment was introduced above the study reach during the test, stable long- 
term conditions could not be evaluated. 

This study represents a limited effort conducted for the DEC Project to 
evaluate the potential use of bendway weirs for bank protection. Due to fund- 
ing and time constraints, only a few options were studied. However, enough 
was learned from this study to make a reasonable application for a "field 
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I MODEL 

Figure 64. Layout of model bendway weirs 



HOURS 

MINUTES 

Figure 65. Testing hydrograph for bendway weir testing 

demonstration" of the bendway weir concept provided that all involved realize 
the limited nature of the study. 

The following results and conclusions were developed during the study: 

a. Within the bendway, Plans 1, 2, and 3 provided essentially equal protec- 
tion of the bank from recession. 

b. Downstream of the bendway, Plan 1 provided more bank protection than 
Plan 2, which provided more bank protection than Plan 3 (hard points). 

c. The bendway weirs in Plan 1 were too long, causing scour on the inside 
of the bendway. 

d. The bendway weirs in Plans 1 and 2 were effective in realigning the 
flow and moving the higher velocity currents from the bankline toward 
the center of the channel. 
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Figure 67. Plan 2 weir layout and design 
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e. The longest bendway weir length (Plan 1) produced the maximum 
amount of stream end scour. This additional scour could be attractive 
environmentally relative to habitat diversity. 
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12 FY 93 Work Plan 

This chapter presents the work areas, funding requirements, and reporting 
activities for the proposed DEC Program to be conducted by the Hydraulics 
Laboratory at WES during FY 93. 

The purpose of monitoring the DEC Project is to evaluate and document 
watershed response to the implemented DEC Project. Documentation of water- 
shed responses to DEC Project features will allow the participating agencies a 
unique opportunity to determine the effectiveness of existing design guidance 
for erosion and flood control in small watersheds. 

This work plan proposes 11 technical areas, described in Chapter 1, for the 
DEC monitoring program that would effectively monitor the major physical 
processes of erosion. The following areas are to be monitored and/or 
addressed: 

a. Stream gauging. 

b. Data collection and data management. 

c. Hydraulic performance of structures. 

d. Channel response. 

e. Hydrology. 

f: Upland watersheds. 

g. Reservoir sedimentation. 

h. Environmental aspects. 

i. Bank stability. 

j. Design tools. 

k Technology transfer. 
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WES is proposing significant activities in nine of the technical areas: 

a. Data collection and data management. 

b. Hydraulic performance of structures. 

c. Channel response. 

d. Hydrology. 

e. Upland watersheds. 

f: Reservoir sedimentation. 

g. Bank stability. 

h. Design tools. 

i. Technology transfer. 

The following is a general description of the work to be performed in the 
nine technical areas and monitoring surveys during FY 93. The specific work 
tasks discussed in each work area should be viewed as a starting point for 
planning the FY 93 monitoring program. It is anticipated that the monitoring 
program will need to be adjusted and changed as data are collected and 
analyzed and new and different areas of concern develop. To accomplish this, 
the Hydraulics Laboratory will work closely with Vicksburg District personnel 
and will schedule quarterly review sessions with the Vicksburg District. 
Monthly progress reports will also be provided to the District. This will allow 
the monitoring program to be adjusted as necessary to meet the needs of the 
DEC Program. 

Data Collection and Data Management 

The purpose of the data collection and data management work area was 
described in Chapter 1. For FY 93, the work in this area will focus on placing 
data collected during FY 92 and FY 93 into the engineering database. All 
available data from Vicksburg District, ARS, and SCS will be included in the 
engineering database. Historical data, i.e., pre-FY 92 data, will be added when 
the data are required for analysis in other technical areas. Historical data will 
also be placed in the database as time permits. The second area of focus for 
FY 93 will be the collection of stage and discharge data at the 20 long-term 
monitoring sites. 
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Hydraulic Performance of Structures 

A minimum of two grade-control structures will be selected for detailed 
data collection to evaluate hydraulic performance of the structures. The struc- 
tures will be selected and monitored as described in Chapter 1. The FY 93 
focus in this technical area will be to determine the discharge coefficients for 
the Long and Hotophia Creeks grade control structures. Measurements will be 
taken of toe and end section scour at a selected dike field. The third task in 
this technical area will be the development of structure rating curves for all 
structures included in the long-term monitoring sites. 

Channel Response 

The channel response monitoring will be continued in N 93. In addition 
to the 20 sites undergoing intensive monitoring, two selected sites where no 
structures are planned are also being monitored. These two sites serve as a 
control group and will assist in the evaluation of the channel response to the 
structures. Photo documentation of the structures and channels is being 
included in the engineering database. Structures and channels in the perma- 
nent monitoring set have been instrumented for stage and discharge to facilitate 
in evaluating channel response, hydrographic analysis, and structural perfor- 
mance. HEC-6 and the computer program SAM being developed in the Flood 
Control Channels Research Program will be used to predict the stability of 
channels monitored by this work effort. Some of the funding necessary for the 
application of SAM to DEC watersheds is being provided by WES research 
funds. 

For FY 93, the channel response technical area accomplishments will be the 
continued data collection and analysis at the 20 long-term monitoring sites and 
the addition of two more long-term monitoring sites, bringing the total number 
of long-term monitoring sites to 22. The sites to be added are located on the 
lower ends of Abiaca Creek and Hickahala Creek. Detailed geomorphic stud- 
ies for the watersheds resurveyed in FY 92 will be performed. The computer 
programs HEC-6 and SAM will be used to model and analyze selected 
channels. 

The channel-forming discharge studies will be performed in parallel with a 
related Flood Controls Channels Research Program work unit. Presently, the 
DEC watersheds will provide prototype data that will be used to test design 
procedures and techniques for the channel-forming discharge concept. Devel- 
opment and documentation of a channel-forming discharge methodology could 
result in significant design cost savings for local flood control projects, not 
only for the DEC project but nationwide. 

For FY 93, approximately $50,000 will be used to assist in the funding of a 
physical model study to help determine the existence of a channel-forming 

Chapter 12 PI 93 Work Plan 



discharge. The majority of funding for this model study will be from the 
Flood Control Channels Research Program. 

Hydrology 

Hydrological models (HEC-1) of a selected number of watersheds are being 
developed in FY 92 and similar models of the remaining watersheds will be 
developed in FY 93. The hydrologic modeling and the hydraulic structures 
monitoring are being coordinated so that the hydrologic parameters used in 
HEC-1 can be verified at locations in the watersheds where USGS gauging 
stations do not exist. Following hydrologic model development of the water- 
sheds, work will concentrate on investigating the utility of using weather radar 
as a tool in measuring precipitation rates and distribution over a watershed. 

For N 93, the hydrology work unit will concentrate on the development 
and the updating of HEC-1 models for all the DEC watersheds. The HEC-1 
model will then be used to develop flows for selected time periods. Accurate 
flow data will increase the usefulness of studies being performed in the chan- 
nel response technical area. 

Upland Watersheds 

The two areas related to the upland watershed area that require monitoring 
are (a) system sediment loading (sediment yield) and (b) sediment production 
from gully formation. Stabilization measures are being installed to reduce 
erosion, and the purpose of upland watershed monitoring will be to determine 
if there is a measurable change in the quantity of sediment being transported 
from each watershed for the next 5 years. Data that have already been col- 
lected by USGS and ARS for the past 5 years will be analyzed and interpreted 
and serve as the baseline for future comparisons. Numerical modeling of the 
sediment runoff from the watersheds will be incorporated into the data analysis 
and interpretation process. Sediment production from two or three active 
gullies will be analyzed by comparing surveys made prior to the design of 
drop pipes and the survey made just prior to construction of the drop pipes. 

For FY 93, the monitoring in the upland watershed technical area will be 
performed by ARS. 

Reservoir Sedimentation 

Reservoir sedimentation studies are scheduled to begin in FY 94. Data 
being collected in the other technical areas will be crucial input into this effort 
once studies and analysis commence. 
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Bank Stability 

The FY 93 efforts in bank stability include the visual monitoring of all 15 
DEC watersheds and reporting the results of this visual monitoring in the FY 
93 technical report. It is anticipated that the data for visual monitoring will 
come from low-level aerial videotaping of the channels. Analysis of data and 
the initial development of a streambank stability computational method will be 
performed as blended effort with the Flood Control Channels Research Pro- 
gram. WES will do the hydraulic design, surveys, and layout of a bendway 
weir design for prototype testing in a selected DEC stream. 

Design Tools 

In conjunction with ongoing research, WES will continue to develop design 
tools for the planning and design of stable flood control projects. 

Technology Transfer 

WES will annually report on the DEC monitoring program using several 
different formats. For FY 93, the following activities will be included in the 
technology transfer: 

a. A detailed WES technical report on monitoring, data collection, data 
analysis, and project evaluation. 

b. An updated engineering database on the Intergraph system including 
aerial photos, surveys (channel and structural), and results of numerical 
studies to be provided to the Vicksburg District. 

c. A short executive summary report (5 pages or less). 

d. Workshop on Grade Control for Channel Stability with some contribu- 
tion from Flood Control Structures Research Program. 

e. Workshop on the development of an engineering database for hydrologic 
studies. 

Monitoring Surveys 

WES will be responsible for the scheduled monitoring surveying for FY 93. 
Burney Branch and Abiaca Creek are the watersheds scheduled to be surveyed 
as part of the FY 93 monitoring program. As a result of numerous problems 
encountered during the detailed geomorphic studies performed in FY 92, alter- 
natives to present surveying techniques will be explored. WES will coordinate 
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with other Corps laboratories to determine if recent advances in surveying or 
topographic data collections could result in a more complete data set without a 
substantial increase in cost. Alternatives such as using aerial surveying tech- 
niques and development of terrain models that would allow analysis of numer- 
ous cross sections will also be investigated. 
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13 General Assessment After 
1 Year 

As the result of FY 92 activities, the following assessments are given: 

a. Field observations and preliminary analysis of channel surveys have 
shown the following: 

(1) High-drop structures work well for channel rehabilitation. 

(2) Low-drop structures are effective for stopping channel headcuts. 

(3) Low-drop structures have limited impact on sediment yield and 
bank caving. 

(4) Surveying channel cross sections at half-mile intervals is not 
adequate for channel response analysis. 

(5) Bank stabilization should be used with grade control. 

b. Aerial video taping is a promising technique for monitoring channels. 

c. The engineering databaselGIs appears to be workable and cost effective. 

d. The applicability of the engineering databaselGIs is interdisciplinary. 

e. Computed discharges from the HEC-1 hydrology model appear to be 
consistently high. 

f: Preliminary results from the application of the two-dimensional 
hydrology model, CASC2D, to the Goodwin Creek watershed indicate 
potential for more accurate discharge calculations on DEC watersheds 
than provided by HEC-1. 

g. Knowledge gained in the DEC Project Monitoring Program is applicable 
to flood control and navigation engineering. 

Chapter 13 General Assessments After 1 Year 



h. Both the acoustic water level sensors and the submerged pressure 
transducers used in field data collection have performed satisfactorily 
and, with proper maintenance, should continue to do so. 

i Storm-event discharge measurements to be used in developing discharge 
rating curves have proven extremely difficult to collect. 

Chapter 13 General Assessments After 1 Year 
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Riprap Sill Grade Control Structures 
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Table 2 
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Table 10 (Concluded) 

Main Stem 
(Fourth-Order 
Tributary) 

Black Creek 
(Tributary to 
Yazoo River) 

Pelucia Creek 
(Tributary to 
Yazoo River) 

Third-Order 
Tributary 

Jack Creek 
Perry Creek 
Little Bogue Creek 

Harland Creek 

Fannegusha Creek 

Abiaca Creek 

Ashley Creek 

Second-Order 
Tributary 

Caffe Branch 
Crowder Creek 
Epison Creek 
Campbell Creek 
Powell Creek 
Mouse Creek 

Moccasin Creek 
Williams Creek 

Bophumpa Creek 
Tchula Lake 

Coila Creek 

First-Order 
Tributary 

Butterworth Creek 

Millstone Bayou 
Spring Branch 
Chiwpa Creek 



Table 11 
Log of Aerial Videotape 1 

Cmdl t lm of 
E laped  1- T l r  ARS R w a  Flood Pla in Structural 

Stream Uam StCTtlJtor, Descr l~ t lm lLoca t Ion  f fcet)  Bed tank Vegetatiar l ~ n d  Use flnmtr NoterlCarmcnts 

4-2 Hotophla Creek 0:W:OO Sloplno mostly 
0:00:29 k u t h  Hotophla Cr. 0 Smd brd wlth stabla except on Mostly woody Cultivated wlth a Can't Tel l  Large point b r a  and r o m  

on l a l l ha tch l r  Rlver h a  rud . r lng  w t a r  h n k  of v l t h  acme l i t t l e  woodland a d l a  h r  prcuth 
0:00:58 8r14e  - W y  35 7,100 rndcrr ti- graas L 

Y.rrou 
buf fer zone 

0:01:13 
0:Ol:lb 

0:01:25 Mwth Hotophla Cr. 0 
on la l lhatchla Rlver A1 Above 

0:01:54 Bridge - Huy 35 7,100 
0:02:07 
0:02:01) 

0:02:1b Bridge - Huy 35 7.100 
0:02:35 
0:02:36 

0:02:53 Back on Hotophla Cr. 10,500 S u d  bad u l h a  S i n x u s  Uoody re la-  Cultivated MIA Chmnel narrow here - 
0:03:27 mmclo r lw  bnk I lw  t l v a l y  ulde stage 
0:03:28 chamel tu f fe r  law 

0:03:53 Back m Hotophla Cr. 12.000 tud u l t h  1 Steep h n k r  aena Uoody "ids Uoodland L r o m  M I A  Evldence of bar grouch 
O:OC:37 durr w t m b l a  r r c t l m a  buffer zme c u l t l v a t i m  t a d l n g  t o  tmrtabte 
0:0(:38 

0:OS:OC Back m Hotophla Cr. 19,500 Sand bed low UMtable steep Grasaylshrubs Cultivated MIA Unrtable 
0:M:46 a l ruor i t y  s m  bank8 u l t h  rurrw buffer 
0:05:47 h i c k  points? bank l i n e  z m  

0:05:51 Mouth Warrls Cr. 27.000 Smd m b r l n p  xy stable Wody (ulde Pasture u i t h  amr  Can't Te l l  No appsrmt problm 
on Hotophla Cr. b u k a  aloplng buff. zone) cultivation 

0:06:W 8r ldpr  - Huy 6 30,300 v p r o t r c t d  Grassy 
0:06:17 Irldpa-6rvl.Rd. Sac.9 31,900 (narrow buff. 
0:06:24 Structure 32,300 t a u )  

O:W:50 
0:06:51 

0:06:57 Mwth MI11 Cr. 35,000 Smd bed al- Mostly atabla Wody n r r o u  Uoodland L Cm't  Tal l  Chuncl wrrowa - 
on Hotophla Cr. at- bnt1 buffer ton C u l t l v a t i m  w g e t a t l m  mcroachmt  

O:O7:34 Drldge-crvl.ld.S.clOC11 42,(100 vprotccted 
0:07:56 Structure 47,300 S u d  - r t ra lah t  Strbla Wody, wlde Yoodland 0. K. Yarrow, atable chamel 
0:M:OO Bridge-Ry, 315 48,000 buffer zone 
0:M:Ol Mouth Orar Cr. U , l W  Su& (tmlt Vartlcal v p r o -  Wo&y, turrat Pasture 0. K. I ~ d l n g  t o  w t r b l a  

on Hotophlm Cr. rea l l v  t e l l )  tactrd t e r d l m  t o  t u f f t r  tone 
O:M:2S Structure S3,mO I low 11-It" w t . b l a  
0:M:ZE k u t h  W a r m  Cr. 53.900 

m Hotophla Cr. 
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Table 11 (Continued) 

Condl t lm o f  
Elapsed 1.p. T l r  AIS Rmge Flood P le ln  Structura l  

S t r e a l a m  Itrrl/StaD &!!& D e ~ c r I ~ t l o n / l o c e t I t m  (TCdt) Bed Bank veat tat la ,  land Use t Wotes/Comrrntr 

4-2 Ho tqh le  C m k  0:W:lO 
(Conti&) 0:09:11 

O:W:12 Beck m Hotophle Cr. 57,500 S u d a s r d t r l m ~  Steepslope Pasture Cen't Tel l  
0:W:SS Brldge-Grvl.Rd.Sec.32US 62,400 stable u p r o -  : h x n s r r w  

tutrd e tne tu re  buf fer  zons 
0:09:50 Memdarlng Slaplng stmbte Uoody u l t h  Pasture 
O:W:51 Vrprotected verlsble 

0:09:53 Back on Hotophle Cr. 64,000 Cm' t  I e l l  M f e r  zone 
0:10:26 bad ut. 
0:10:27 

0:lO:bS Ieck m Hotqh le  Cr. 68.500 Can't Tel l  - Charnel obscured by vegetation grouth. (*oody vrg.) 
0:10:36 71,000 

0:11:08 -..me-- End Hotophle Cr. 
4-2 Harris Cr .  0:ll:W 

O:12:3b *ouch Herrls Cr. 0 S d b a d  S f n v r n  bankllna Uoody veg, Uoody I Can't Te l l  Yo apparent problem 
on ~ o t q h l e  cr. (27,0001 ~ r l ~  stoplng stab\* s o r  gressesf Cult lveted 

O:12:39 Structure 1.000 c h m l  banks s h W  r v r r w  
O:12:49 Bridge-Wy 6 2.800 
0:lS:M) Irldge-Pvd.Rd.Su.718 6,700 

0:14:00 
0:lb:Ol 

0:1b:02 Structure 1,000 As Above 
0 : l b : l  I r l doe-Wy 6 
0:lbxl8 Brldge-Pvd.Rd.Su.M 

2.800 

0:15:06 
4.70'3 

0:15:07 
0:ff :33 -..--.- End Harris Cr. 

4-2 M l l l  Cr. 0:15:3b 
0:15:49 W t h  MI11 Cr. 0 S d  b d  h lgh ly  Liruorn &J: l l n a  Umdy I s h r b  Uoodlsnd I Can't re11 U a t s b l e  

on notophle cr. (35,000) llnnr Urtabl. M s  m V.O narrow pasture 
0:15:54 Structure 1.500 outer bnk buffer x o n  
0:16:07 Structure 
0:16:08 Bridge-Grvl.nd.Sec.9116 3.900 

0:16:30 
0:16:Sl 

0:16:46 Structure 3,800 Smdy (ravel Stable banks - no Wcdy veg Pasture Canat Te l l  Yo apparent problem 
0:16:b7 Brldoe-Grvl.Rd.Src.9116 S.#10 Sf- other & t a l l *  rurrou hrf ter  
0:17:02 Brlae-Grvl.Rd.Su.15 1. OOo (ob.currd by xons 
0:17:26 Crevel Rd.Sec.22 11.2W 

0:17:29 --.-..- trees) 
End M l l l  Cr. 

4-2 Deer Cr. 0:17:30 
0:17:41 Mwth Deer Cr. 0 Smdy u l t h  d r w a  Urprotected banks Umdy veg Cult ivated Cur't 1.11 Lerge pt. bars m mard t re  

m Wotophle (48.1W) L hrr r rd . r l ng  m t l y  stable, with t h i n  
0:17:47 Structure 1,500 t u t e r o r l m m  b u f f e r z m s  
0:17:50 Structure 2.OOo r.ndcr bends 
0:17:57 Bridge-Grvl.Rd.Su.12 3 . m  

(Sheet 2 of 7)  
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Table 11 (Continued) 

C d i  t lm o f  
E l o p c d I a p  Ila ARS large l lwd PIaln Structural 

Date Stream Yam ftCT\IStOD Dcscr lp t lm / loca t lm  ( F w t l  Id Bank Vegetation Lud Use E 1 m t m  Motrs/Camntr 

4-2 OeerCr. 0:07:58) 
( C m P l n m l )  0:0?:59 

0:18:11 Structure 2.000 An Above 
0:l8:20 Brldge-Grvl.Id.Sec.l2 3.900 

0:18:27 
0:18:28 

0:18:33 Brldga-Crvl.Id.Sec.12 3,900 Charnel L structure obscured by vep - can't t e l l  
0:19:06 
0:19:07 

0:19:33 Bridge-Crvl.ld.Sec.12 3.900 
0:20:27 
0:20:28 

0:20:31 Deer Cr. lea. 10,000 
~ : 2 1 : ~  -----.- End Deer Cr. 

4 - 2  UarccnCr. 0:21:09 
0:21:26 Mouth Marcm Cr. 0 B d  obscured by Steep, matable Craary - no Pasture L Can't Tel l  Unatsble reach 

on lotaphlm (53 .WI  veg. bnt. buf fer  zone cu l t l va t lon  
0:21:37 Structure 3 . m  ( w o t e c t e d )  
0:21:52 Brldge-Grvl.Rd.Sec.K7 4 . a  

0:21:57 
0:21:58 

0:22:W Srldge-Crvl.Rd.Sec.6L7 4,600 Smdy bd .I- Stabla protected Grassy - M Pasture Can't Te l l  Not sure 
O:P:32 Rea. buf fer  zone 

0:ZZ:ll ------- End Marcla Cr. 
6 - 3  L m g  Cr. 0:22:49 

O:23:23 l a r t h  Long Cr. 0 Sndy b r a l k d  bar Sloping banks Grassy L Cul t ivat ion Can't Tel l  Heavy I n  charnel 
m V o c w  l l v e r  L d.w f o r r  - w t l y  arable woody - t h i n  b ~ i t l m  L bar forrnatlm 

026:&0 Srldga-Pvd.ld.Sec.18 16.000 buf fer  I O M  
0:24:53 Sobo Bayou-llpht 11,000 Sandy bd rat S a  bank pro- I h l n  buf fer  Cul t lvat lon Can't l e l l  Co tmt la l  problem of In-  
0:n:42 ~r ldge-R.R.  28.200 u l t h  br depoal- t e c t i m  litti* - of woody ehunc l  depoai t lm 
0:n:SO Brldpa-Nuy 51-sec.9 30,lW t l o n  leu l l r u o r -  M aroalon L ahrub vcg. 
0:26:11 I r l d g e - l  SS 34.500 I t y  - bralded) (ba* l l n e  -) 
0:26:14 Jd~naon Cr.-Left 35. OM) 

0:26:18 
O:Zb:19 
0:26:24 Sukly bd u l t h  Id p r o t e c t l m  Uoody vep C u l t l v a t i m  O.K. I n - c h a m l  depoal t lm 
0:26:25 bilr d a p a l t l o n  ( g r g m a l  8table t h l n  buffer 

0:29:50 Sack m L a w  Cr. 6,500 bulk*. 
0:SO:JS Irldgr-Pvd.Rd.Sec.18 16.000 
0:30:47 Dobo Bayou-Right 18,000 
0:3lr32 Srldge-R.R. 28.200 As Ibove 
O:31:41 Wrldpa-My 51-Su.9 30,100 
0:32:OI Bridge-l 55 3b.500 Aa Abow 
0:SZ:Y Johnaon Cr.-Left 35.000 

0:32:10 
0:12:11 A8 Above 

0:32:57 Brldpe-l 55 34,500 
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Table 11 (Continued) 

Condl t lm of 
E l a p e d  l a p  T I -  115 Rang. Flood Pla in Structural 

Data Stream Yam S t a r t / S t o ~  D e a c r l ~ t l o n / L w a t f ~ n  (Fwt) Bed Bank Vesetatlon Land Use Yotos/Conmnt$ 

4-3 Bota Bayw 0:41:40 Mouth lobo layou Cr. 0 Can't Tel l  - . 
( C o n t i d l  m Larp cr. (18,000) 

O:42:03 Ir ldge-Grvl .Rd.Sec.7 5,100 b u d  bed amno Unstable bank Woody veg Woodland L Can't Tel l  
0:42:46 e roa lm a w  MI& buffer cu l t i va t ion  
0:42:47 b r  dcpoa l t im  

O:43:OO Brldge-Grvl.ld.Sec.7 5,100 
0:43:43 Irldgr-Grvl.ld.Sac.M31 1b.000 
0:44:08 
0:44:09 Can't Tel l  - Chamel obscured by veg. 

0:44:35 Bri+e-Crvl.Rd.Sec.3lL32 19.400 
0 : :  .-.-.-- E n d  I o t a  I a y w  

4.3 Johnsm Cr. 0:44:49 
0:bS:lO Wwth Johnam tr .  0 Land bed u l t h  Sloping banks Uoody veg Cult ivated L 

m Lonp cr. (3S.MK)) b r  dw l o r n  ame r m t b l o  vide buffer land use 
0:45:28 Irldge-Grvl.Rd.Sec.3 1.100 mmder lng  v p r o t w t e d  
0:45:37 Hurt Cr.- l ight 6,100 

0:46:03 
O:C6:04 

O:46:07 Orldge-Grvl.Rd.Sec.3 4,100 
0:46:12 Yurt Cr.-llght 6,100 
0:46:39 Irldpe-Pvd.Rd.Sec.35 13,200 Sudy/gravel pt .  Can't t e l l  - veg Woody veg Uoodlard C Can't l e l l  
O:47:33 Irldge-brvl.Rd.Sec.25L30 25,000 bar dcpo l l t l on  obscured r i d e  buf fer  pasture 
0:47:55 Structure-Src.19 m u r b r l n g  
0:48:01 Irldge-Pvd.Rd.Sec.19LZO 32,400 

0:48:03 
0:48:04 

0:18:36 Structure-Sec.19 
0:48:44 lrldpe-Pvd.Rd.Sec.19LZO 32,400 Svdy  meandering Sone ms tab le  Shrubo - Cul t ivat ion Can't Tel l  Potentlal problem u i t h  
0:48:49 Structure-tec.20 d a p m l t l m  m banks - aapplng m r r w  butter bank blou outs 
0:48:55 Structure-Sec.20 36,100 i m a r  banks or  gul ly lng 

0:49:06 
0:49:07 

0:49:08 Bridge-Pvd.Rd.Sec.19LZO 32,400 Sandy bed Stable Shrubs - Cul t ivat ion Can't Tel l  
O:49:12 Structura-Sec.20 up ro tec ted  ~ r r w  buf fer  
O:49:18 Structure-Sec.20 36.100 
0:49:45 Irldgr-Grvl.Rd.Sec.ZlL28 43,000 Can't Tel l  - Obrcured by vcp. 

0:50:25 
0:50:26 

0:50:49 Brldge-Grvl.Rd.Sec.ZlL28 43.000 
0:51:30 
0:51:31 
0:51:55 
0:51:56 

0:52:20 lrl+r-Grvl.ld.Su.23 54.300 
0:52:39 Ywy 315 

0:53:03 -..---- End Johnson Cr. 
4-3 Hurt Cr. 0:53:37 
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Table 11 (Continued) 

Condt t lm of  
Elap8.d 1.p r l r  Al)S l n g a  Flood Pta ln S t ruc twa l  

~ste St rem ~ a r  StmrtlSta, Oescr l~t tm/Locat lon W e t )  led lrnk L d  Use Y o t e s / C a n t s  

4-3 Wt Cr. 0:Sb:SS Mwth  Hurt Cr. 0 F u t t y  c m r a  f f l t * r  
(Contlrued) m Johram Cr. (6,100) 

0:55:33 Brldga-Pvd.Rd.Sec.27CSb 7,900 
0:55:53 Irtdga-Pvd.Rd.Su.27 12,SW 

tEurrka Ild. ) 
0:56:14 Irldpa-Crvl.ld.Sec.22 17.200 

0:56:27 - - - - -  .- End Hurt Cr. 
6-25 Cooduin Creek 0:56:28 

0:56:56 Mwth  Gooduin Cr. 0 
m long cr. (37,500) 

0:57:02 ltmtlm 1 
0:57:11 Irldsr-Crvt.Rd.5tc.2l(l 3.860 
0:57:41 St8.2LEweka ld.Sec.ZU5 11,700 

0:57:58 
0:57:59 

0:SB:W Sta.26Eureka Rd.Sec.2135 11,700 
1:00:06 
1:00:07 

1:00:31 Stat ion 3C4 Sec.31 21,000 
Ir ldge-Grvt .ld. 

l:OO:b8 l e f t  Coodvln t o  Sta.6 24,800 
1:00:58 St8.6 - Sec.30 

1:Ol:OS 
1:01:06 

1:01:29 St*. 4 - Sec.31 2O.hOO 
1:01:51 Irldpe-Pvd.Rd.Scc.3lL32 

Sta.7 
1:01:57 
1:01:58 Sta.6 

1:02:23 24,800 
1:02:34 lrldpe-Pvd.Rd.Sec.31C32 27,100 
1:02:34 Sta.5 28.500 

1:03:01 
1:03:02 

l:03:20 lack on Cwduln Cr. 29,300 
1:OJ:SZ st*. a 9  - su.29 

l:W:02 
1:05:03 

l:O4:24 Sta. M9 - Sec.29 
l:M:45 Sta. 12 39,500 

(:05:14 -.--.-. End Cwduln Cr. 
4-23 Caney Cr. 1:05:15 

1:05:4O Mouth Coney Cr. 0 
on Long cr. (49,000) 

1:W:OO Grvl.Rd.Src.13-lrldga cut 4,500 
1:W:OS Structure-Su.18 
lr06:24 Structwm-Su.18 
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Table 11 (Concluded) 

Cond l t lm  of 
Elapsed Tape 1 I r  ARE Range Flood P la in  Structurmt 

Stream Y a m  S t S r t l S t w  D e s c r i ~ t i o n / t o c a t i m  (Fee tL  l e d  Bank Vesetat im lud Use U o t t s l C m n t s  
4-23 Caney Cr. 1:06:29 Faulty c m r a  f l l t e r  

(Continued) 1:06:30 
1:06:38 Grvl.Id.Sec.13-Bridge out 4.500 
1:06:12 Strwtura-Sec.18 
1:06:57 Structurr-Sec.18 
1:07:15 Structurr-Sec.17 12.500 

Irldge-Pvd.Rd. 
1:08:15 Irldge-Grvl.Rd.Su.21LZZ 21.500 

1:m:za -.--.-- End Caney Cr. 
4-23 Toby Cr. 1:M:ZP 

1:10:15 
1:10:16 

1:10:57 Wwth Toby T & b y  Cr. 
m Srrd ls  Lake 

1:11:49 
1:11:50 
1:11:56 
1:11:57 

1:13:05 Bridge-Old Sardls Rd.Sec.33L34 
1:13:32 
1:13:33 

1:13:41 8rldge-Old Smrdls Rd.Sec.33LU 
1:14:10 Irldge-Grvl.Rd.Sec.3 

E n d  r a p  I 1  

- 
(Sheet 7 of 7) - 



Table 12 
Log of Aerial Videotape 2 

C a d i t  ion of 
E l a p e d  T a p  T i m  ARS Range Flood P l s l n  Structura l  

Strean Usme Descr~ecion/Locatlon a l e d  Bank Veqetatlon l a n d  Use - k h ! m L  Yotes/Carments 

4-24 Hlckahala Creek 0:OO:W Urprotected feu 
0:00:35 Mouth Hickahala 0 S a d  (obscured by signs o f  e r o s l m  Uoody In wide Uoodlsnd Appars s table 

on Arkabutla Res. h i *  uater) buf fer  z m  
O:Ol:00 1rib.-Right 
0:01:32 Iridgr-Pvd.Rd.Sec.36 10.200 Low sInuoslty 
0:01:35 Ol tch-Lef t  
0:02:27 Sand P I w  
0:02:50 Ir idge-Huy 51 L R.R. 

0:02:55 
0:OZ:Sb Bridge-Huy 51 R.R. Obacuredbyhlgh Unprotected Uoody inu ide  Uoodled Yo apparent problem 

0:03:32 I r l d g e - l  55 34,000 w t r r  m s t l y  stable buf fer  zon 
0:03:44 Senatobla Cr.-Left 36.000 Lar s lnuosl ty  
0:04:22 Iridgr-Pvd.ld.Sec.22 43.WO 
0:04:28 1rib.-Left 
0:04:42 P l p l l n  (2) 47.400 
0:0(:44 Thorntm Cr.-Right 48.000 
0:0(:48 lasket  Cr.-Left 48.600 

0:05:35 (Breakof f ) 54.400 
0:05:36 

0:05:56 Back on Hickahala Cr. 
I 

54.400 Sard/gravel bed Sloping banks Moody M r r o u  Cul t ivated L Yo app.rmt Sane bar deposit ion - 
O:W:69 L i ck  Cr.-Right 64.000 u t e r l a l  up ro tec ted  buffer z w  pasture problem l e d i n g  t o  s i n x u s  thalueg 
0:07:02 L ick Ir..Left 66,000 L w  s inuosi ty  m s t l y  stable 
0:07:21 Structure-Sec.17 71,000 
O:O?:SZ ~ a c s  w o \ f - ~ e f  t n.ooo 

0:07:58 
0:07:59 Rerune Hickahala 70.000 Sandy bed low Dlscont~nuour Uoody narrou Cultivation Can't Te l l  Same bar deponlt ion 

0:08:14 Jmer Wolf-Left 72,000 s inuosi ty  hnk protect ion buf fer  z w  scaLlopd bu~: l lm 
0:08:53 Ruy M 5  M.200 s o r  erosion Indicated s m  erosion 
0:W:W Dl tch-Lef t  @.m 
0:W:ZZ Ol tch-Lef t  84.000 
0:10:26 I r l d g e - l y  SO6 96.000 S- bed l~ Discontinuous Nar rw  uoody Cul t ivated sane Can't Tel l  Yo apparent p r o b l m  
0:10:% I e r r d ,  Cr.-Right 97,500 s l r u ~ r l t y  bank p r o t e c t l m  v.g buf fer  p s t u r e  
0:10:52 Lw Drop Structure 101,OM) l l t t l e  aroalon zme 
0:lO:SS Irldge-Pvd.Rd. 101,200 
0:10:57 Cethey Cr.-Left 
0 : l l : l l  Oltch-Right 104.600 Surdy bed l w  Unprotrcted Woody L s h r h  Pasture Good YO a p r m t  p r o b l m  
O:ll:33 Lou Drop Structure l08,MO s lNO8 l t y  a lop lw ,  stable veg. ~ r r w  
0:11:40 Irldge-Grvl.lld. 110,000 buf fer  r w  
O:l2:23 lrldgr-Grvl.Rd. 119.300 
0:lZ:M Lou Drop Structure 121.100 1 Can't Tel l  - Chamel obacured by vegetetlon 

4-26 Hlckahala Creek 0:12:45 1rlb.-Left 
Y. fork 0:12:49 Low Drop Structure 123,800 Yo other de ta l l s  - Ch.rrwl obscured by vep. O.K. 

(Sheet 1 of 7) 
- -  - - - -  



Table 12 (Continued) 

Conditfon of 
E laped  Tape l f a  ARS l n p e  Flood P la in  Structural 

&,& StremYame S t C T t / S t O P W  D c s c r ~ ~ t i m / L o c ~ t f o n  (ICCt) Bed Bank Vegetation land Use EieWntr YoterlCannnts 

4-24 Yickahola Creek 0:12:53 Irl+e-Grvl.ld. 124,400 O.K. 
Y. Fork 0:13:04 
(Cmt inued) 0: 13:OS 

0:13:23 Lou Drop Structure 123,800 As Above 
0:13:26 I r l dge- t r v l . l d .  124,400 
0:1S:% Drop P l p - ~ e f t l l l g h t  126.000 Yo De t r l l s  - Channel obscured by vepetation 
0:13:59 L w  Drop Structure 129.700 

0:14:01 
0:14:02 

0:14:16 Lou Drop Structure 129,700 Yo Detatl6 - Channel obscured by vegetotian 
0:14:ZS farm Rd.-Plank Brldoe 131,200 (Drop structure looked O.K.) 
Otl4:SS O f f  m d i t ch  t o  It.(aasr) 117,400 
0:15:12 Prd.ld.-Hwy 309 

0:15:17 -.----- End Wlckahala Y. Fork 
6-24 Hlckahala S.Fk 0:15:18 

0:15:29 Structure belou fork 121,700 
0:15:34 1rIb.-Left 1U.000 
0:15137 L w  Drop Structure t400 ' f rm 

( d i r t  w r t  m l y )  fork 
0:16:08 lrldge-Grvl.ld. Yo Deta i ls  - Channel obscured by vegetation 

0:16:14 
0:16:15 

0: 1624 Bridge-Grvl .ad. 
0:16:29 Lar Drop a l t e  above Rd. +1,200 

0:16:56 
0: 16:57 

0:17:12 Lou Drop Structure-Sec.13 Sandy os rdar lng  Stable Uoody n a r r w  Cult ivated O.K. Yo apparent problem 
(lhrkr construct lm) c h m l  t u f f t r  zone 

0:17:27 C u l w r t a - H y  4 1000'U. 
to. Mar8hal l 

0:17:33 E n d  Hickahala S. Fork 
4-24 Cathey Cr. (NOT) 0:17:34 

0:17:47 Hlckahala L 5. f t .  cross 115.000 
sec. 1oL15-Hwy 4 

0:19:01 ..----. End 
4-24 James Uolf Canul 0:19:02 

0:19:23 Structure m Hlckahala 71.000 Sand bed Lou Sloping stable Uoody l shrub Pasture Can't l e t  I Yo apparent p rab lm 
O:19:Z6 J m  Yolf l r l b .  r l n ~ o 8 l t ~  q u o t r c t d  u i t h  grass 
O:20:U Br ldpe- l ry  4 11.100 ( ~ r r o u  

tone) 
0:21:2S lrldge-Sec.35 22,500 Sudy /g raw l  (7 )  Protected I n  Uoody i n  Cult ivated Stable 
0:21:47 Jams U o l f - l a r t l n  Dale Fk 26,900 lac s l m m l t y  pa r t s  stable rurrou buf fer  

( fo rd  m d i t ch  t o  L O . )  ION 
0:21:57 
0:21:58 

0:22:28 Jsms Uol f -Mert ln  Dale Fk 26,500 Sandylgrawl b d  Protected I n  woody i n  Cult ivated Can't Tel l  lending t o  Lnstabl l i ty  - 
(J.U. turns t o  l e f t )  Lou a h l W l t y  pert*. Eroalm rurrou buf fer  s l n u u  thaluep drvrlop- 
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Table 12 (Continued) 

C d i t  i on  o f  
E laped  T a p  r l r  ARS R q a  F loa j  P la in  Structura l  

Stream Mame D e $ c r / ~ t l q n / l ~ ~ a t l w  Bed Bank Land Use €1- Vegetation NotcalCamrnts 
4-24 James Uolf Canal O:U:24 l ock  S t a b l l l r a r  36.500 polnt  br on lnplnglng l o u  I-. S o n  mt u l t h  bssocleted bark 

(Cmt i d )  0:23:38 f a r r  Ford 38.500 depwltlm sitem grass aror im 
0:23:51 Ir idges(2)-nuy 306 40.700 

0:24:03 
0:24:0( 

0:24:09 Ihya t i ra  S a n d y b a d m n -  H o s t l y s t a b l e &  UoodyL Cul t lvated Can't l e l l  Potential problem with 
0:24:21 I r l dg rs (2 )~Huy  306 40,700 d.rlng point  br anprotectad grmasy veg bank a r o r i m  as a i n w s i t y  
O:24:49 Irldpea-Pvd.Rd.S.c.2129 46.300 deporfta I n  ru r rou  
0:25:10 Drop Structura 49,700 buf fer  z m e  

0:25:16 
0:2S:l7 

0:25:28 Drop Structure 49,700 Sandy bed man- Erosion m outer Uoody veg Cul t ivated Can't T c l i  Unstable 
0:25:41 lridpa(cmcreta)-Drt.Rd. 52,700 &riw banks. Protec- narrow buf fer  
0:2S:52 took l. fk. J.M. S5.200 t lm I n  a o n  
0:26:11 (.bout 3500' rbow 1.fk.) +3,500* areas 
0:26:20 I r o n  lrldpe-Drt.Rd. +5.200 

(Y.Fk.J.U.ltn Su.SU35) abova J.U. 
0:27:08 lrldpe-Drt.ld.Src.25 e1.5.1. 
0:27:19 2nd Irldge-Drt.Rd.S*cZS 

0:27:25 ---..-- Erd J-1 ~ 0 l f  Ca rd  
0:ZT:Zb (Bar coda Check) 
0:27:45 (FaIra atart-misaligned 
0:27:58 (Oar code check) 

4-24 senatobia Creek 0:2&20 
0:28:32 llickahala passlng udcr 1 55 34.000 Sandy lmd l c u  Sloping. Erosion Irees, - c u l t ~ v a t e d  Potent ia l ly  unstable7 
0:21:39 Mouth Senstabla Cr. 0 r l r u o s l t y  ror l s c w r  m some L grass i n  )ledla bar develgment 

m Rickahrla Cr. (34,000) c l a y  ou tc rop  loeat ion.  narrow t u f f e r  
0:29:18 Orldge-Huy b 7,500 (knickwlnca?) up ro tec ted  
0:31:08 Structure 28,400 
0:31:14 Senatobia-nelson fork  29,300 sardy bed u l t h  Unprotected sonbe lrees & Cui t lvated Unstable7 Bar dcposttton 

(Old bridge) 29,600 b r  - alaost a e r o s i m  shrubs ~n i n  charnel 
0:31:16 Srldges(2)-Crvl.Rd. 30.200 braided pat tern wrrw 

(new concrete) corr ldor  
0:32:03 Orldge-Pvd.Rd.Sec.lPL24 39,600 

0:32:44 
0:32:45 

0:33:37 B r idge - t r v l  .Rd. 51,200 Sand/gravcl Protected stable Uoody L grass Cultivated Can't Te l l  
0:33:68 r u d m r l q  I n  ~ r r w  
0:33:49 t u f f a r  

0:33:57 #ridge-Crvt.Rd. 51.200 
O:34:20 f o r d  56.000 Sandy bed m- Protection i n  uoody L grass Cul t ivated Can't l o l l  
O:34:38 f o r d  d r r l ng  bmduayr aror lon veg I n  rmrrou 
O:34:54 Irldge-Grvl.Rd. Bar d.vrIqmt m lor b m b a y s  tu f fa r  
O:34:53 I r ldpr-Crv l . ld .  74,900 m Imr br*r of ve r t l ca l  banks 

0:36:34 hnS 
0:36:35 

0:36:52 Oridge-Grvl.Rd. 74.900 
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As Above 

Can't See 

Table 12 (Continued) 

Condit ion o f  
Elapsed Taps Iirr AUS I w e  Flood P la in  Structura l  

Strean P w  SIITtlZlOr, Des : r l~ t i an l l oc@t lw  a Id Bank Veqetat ion land Use E l m a  Notes/Cmnents 

4-21 Sacrat C r n k  0:59:W Yo de ta i l  c n  be seen 
(Cont lnrd)  0:59:10 

0:59:27 Bridge-Grvl.Rd.Sec.11 
0:59:33 Iri4a-Pvd.Rd.Sec.11 
O:59:51 ?vd.Rd. 

0:59:56 -.----- End S u r a t  
4-25 Uol f  Creek 0:59:57 

1:01:36 Mwth  Uol f  Cr.-on H u r r l c a n  Cr. 
1:02:21 Br idge-Hy 301 Uo d e t a i l  

1:02:35 -----.- End W i f  tr. 
4-25 Panther Creek 1:02:36 

1:03:01 Mouth Panther Cr.-on Hurricane 
1:04:01 
1:w:oz Uo de ta i l  

1:04:06 Back on Panther Cr. 
1:0(:32 I r i d g a - l l y  304 

1:05:47 
1:05:48 

1:06:08 Back a, Panther tr. C h s m l  obscured by vegetation 
1:OT:ZO Iridge-Pvd.Rd.Sec.2L3 

1:07:38 -.--.-- End Panther Cr. 
6-25 Coldwater River 1:07:39 

d.tmils 1 Banks obscured Uoody i n  uide Uocdland 1:08:32 Mouth Colduater River-on ta l lahatchie Mauderlng 
l i v e r  h u f f t r  

1:W:33 I r ldge- l luy 51 &cured by h igh 
1:lO:lS *ridge-R.R. f l w  

1:lO:ZJ 
1:lO:ZI 

1:10:41 Bridge-R.R. As Above 
1:10:4S I r l d g e - I  55 

1:11:33 
1:11:34 

1:lI:CL Back on Colduater River As Above 
1:12:20 
1:12:21 

1:12:45 Back on Colduater River As Above 
1:13:15 
1:13:1b 

1:14:05 Chamsl Jurped wt 
1:14:24 
1:14:25 

1:ll:30 Chamsl Jurped out (ram as 1:14:05) 
1:14:51 Short Cr.- l ioht 
l r lb : l4  Irldpo-Prd.ld.Src.30 
1:17:49 Coldu*tar-Right 

1:17:50 
I 

1:20:27 Colduater-Ripht 
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Table 12 (Continued) 

C m d i t l m  of  
E l q a c d  Tape T i m  ARS Range Flood P la in  Structura l  

Stream Yeme R c ~ ~ r ~ ~ t l m l l ~ ~ ~ t l m  Id Bank Vegetation L m l  USQ tlncnrl t lote(/carrnt) 
6-25 Co lba ta r  Rlver 1:21:06 

(Cmt lrucd) 1:21:07 
1:Zl:ZO Back m Colduater As Above Tortwus meander bends 
1:21:31 mridua-~uy U)S 

1:Zl:LS 
1:21:46 

1:22:43 Bridge-Huy 304 Charnel obocurrd by vegetation 
1:23:07 
1:23:08 

1:23:21 Back on Coldwater C h a m l  obscured by veg. 
1:23:4O Iri4e-Pvd.Rd.Sec.25116 

1:25:11 
1:25:12 

1:26:15 Br idge-Hy 78 No de ta i l s  h e  t o  a l t i t ude  and obscuration 
1:26:20 l r idoa-Old Wuy 78 L R.P. 

1:27: 18 
1:27:19 

1:27:39 Trib.-Right C h a m l  obscured 
1:ZI:Ol House on Grvl .ld.Sec.lO 

1:28:06 
1 :21:07 

1:28:12 Tr ib. - l ight  Deta i l  obscured 
1:28:58 Pips l ine 

1:29:13 
1:29:14 

1:29:25 Pipeline As Above 
1:29:46 Dyhalim Rd. 

1:29:49 
1:29:50 

1:30:23 Brl&e-Byhalia ld .  
1:30:46 P i p e l l w  As Above 
1:31:14 Irldua-Crvl.Rd.-Yoncornah Cr.Rd. 
1:31:18 P i p s l l ~  

1:31:27 
l:31:1 

1:31:36 Bridge-Grvl.ld.-Yoncwnnh Cr.ld. 
lr32:M Ler Cr./Col&atar Fork As Above 
1:U:SI I r l d o e - U l c t w h  Rd.hc.lUl6 

1:33:13 
1:13:14 

1:33:24 Bridge-Victoria Rd.Src.lSt16 
lrW147 Iridee-Pvd.Rd.soc.19U4 
1:n:tz ~ ~ t h - ~ a t t  
lr%:00 Pur LIM (not p i p c l l m )  
1:36:41 Ir idge-tluy 311 

1:3T:oz 
1:37:03 
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Table 12 (Concluded) 

Condltlrn of 
Elaped l a p  llm ARS I n p e  Flood Plain Structural 

Strem Y a m  Descrl~t lmlLocst ior  (mt) @ C d  Bank Vesetation Lrnd Urr E l n m f r  Wotes/Cannts 

4-21 Colbater  l i v e r  1:37:1 #ria*-lluy 311 
(Cmtirucd) 1:39:3O Bridge-Wvy 7 As Above 

1:39:46 .--.--. Erd Colduatrr River 
4-25 Hotly Springs 1:39:b7 

Expr  iarnt 1:b0:27 As Above 
Station 1:40:28 

1:41:21 End  r a p  I 2  
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A8 above but bank8 appcar stable as far as I can t e l l  

Lou 8 f i r u n l t y  Son* bank pro- Uoody/grass Pasture L 
a n d  W Creek tutlm, tanka Mrrw buffer uoodland 
u l t h  &us m r t l y  w a r  zmr 

stable 8- 
evl&nce of  
a l te r ru te  b r  
deposl t lm 

. 
Table 13 
Log of Aerial Videotape 3 

C m d l t l m  o f  
E laped  l a p  T i m  ARS Range Flood PIe ln S t r u c t u a l  

Stream N a m e  Sta r t /S tpe  OescrlpttonlLocatIon (rret) Dcd B a d  Vegetation Land Use Elements Wote8/Cannmta 

4-25 B e a r t ~ l l  Creek 0:00:00 
0:Oo:IO Wuy 55 
0:01:03 Mouth l e a r t a l l  Cr. 

on coldYet*r elver 
0:OI:44 Bridge-Pvd.Rd.Su.l5 
0:02:53 Brldga-Pvd.Rd.Su.l9L24 O*ta l l  c n ' t  b. 8 n n  - l o o  high I veg obscures 
0$03:16 But terml l t  Cr.-Laft 
0:03:30 L l t t l e  Bearta l l -Lef t  IhouOh roar a l p n  of w t a b l e  banks on mc or two navdc r  bsnd. 
0:lU:Ol Bridge-Pvd.Rd.Sec.16 
0:M:SO Bridge-Grvl.Rd.Sec.lOL1S 
0:04:45 Bridge-Wy 305 
0:M:57 P l p l l w  
0:05:l4 Brldpe-Grvl.Rd.Sec.l(HZ 

0:05 :31 - ---  - - -  End l e ~ r t a l l  Cr. 
4-25 Grays Creek 0:OS:SZ 

0:W:07 Mwth  Grays Cr. 
on Colba te r  Rlver 

0:07:01 Bridge-Pvd.Rd.Su.34L35 
o:w:25 - --. .-- End Gray8 Cr. 

4-25 Crnp Creek 0:09:26 
0:10:12 Mwth C n p  Cr. 

on Coldwater River loo h l sh  fo r  & t a l l  
0:10:36 Bridge-Pvd.Rd.Sec.25 
0:12:45 Bridge-tluy 304 
0:12:S2 Bern Patch Cr.-Right Close u p  Sud b d  Steep w t a b l *  U o d y  I n  Cult ivated Can't re11 In c h e m l  dtpoal t r  L 
0:13:12 C e  Clr.Cr. r t re lpht ,  l w  p. b n k s  protected r u r r w  buf fer  m s t h l o  M a  => w t a b l e  
0:lS:OI Brldge-Pvd.Rd.Sec.7t6 bar d.porltlon e t  structure8 
0:l5:40 Yole HM Cr.-Rlght 

c h a m 1  

0:15:59 Brldge-Crvl.ld.Scc.6 
0:16:25 ford-Sec.32 loo high t o  8ee n x h  de te l l  
0:16:47 Culvert-Huy 78 
0:17:22 Brldge-Huy M L R.R. 
0:17:24 Bridge-Hyr 305 

0 : :  --.---- End Csap Cr. 
4-25 Plgem Roost Cr. O:l0:19 

0:18:4b Mouth Pipem Roost Cr. Can't l e t 1  l o  -rent problem e t  
on Colduater Rlver 

0:19:15 Bridge-Huy 305 prenmt. P o t m t l e l  
0:19:46 #yhalle Cr.-lllght 

problem u l t h  a l t r rna te  br 

0:ZO:OS Irldpe-Pvd.ld.Sec.13 
dcpollt lon? 

0:20:09 Red Bank8 Cr.-Rlpht 
0:21:20 Brldpe-Grvl.Rd.su.5132 
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Table 13 (Continued) 

C w d l t l m  o f  
Elapsed lyx lla ARS Rmnge Flood Pla ln Structural 

D- Stream Yam S t a r t l S t w  o e s c r i ~ t i m l l o c a t l o n  C f w t L  Bcd Bank Veaetation Land Ute - Yoteslc-ts 
4-25 Plgeon Rwst  Cr. 0:ZJ:lO Irldgr-Grvl.Rd.Su.2 S d .  Lw P r o t u t d  appar  Grassy. Pastura. Uood Cm't Tel l  Apaln potential problem 

(Contlrucd) 0:23:50 Irldpe-Huy 309 # I ruo r l t y  cLrw m s t l y  stable nodrratr cu l t i va ted  111th I n  c h m l  a l ternate 
0:ZS:OS Cuffawa Cr.-Left bed I n  c h m l  buf fer  zone br & p a l t i o n  
0:26:10 Irldgr-Pvd.Rd.Sec.llLl2 bar deposltr 

(P.R.Sta.ll7 l e d  IankslHariams Id.) l w  hlgh t o  see nuch & t a l l  
0:26:37 Bridge-Grvl.Rd.Sec.TL1Z 

(Mt. Morlah Church Rd.) 
0:27:06 
0:27:07 

0:27:28 lack on Pigeon Roost Cr. loo high too see n r h  de ta l l  
0:27:53 Irldge-Pvd.ld.Sec.17 

0:28:34 
0:28:35 

0:28:57 Bridge-Mariarrul l lol l  y Sprlngs Rd.Src. I 7  
(Not Old H w  4 as stated on volce track) loo high t o  see deta i ls  
(Twk Y. Fork m t o  N u n a l l y  Cr. t o  H.S.) 

0:29:45 
0:29:46 

0:29:59 Cheu Cr.-Rlpht Can hardly see creek1 
0:30:46 
0:30:47 

0:32:13 Huy 78 Creek obscured 
0:32:16 -.-.-.. End C n p  Cr. 

4-25 Cuffaua Creek 0:32:17 
O:32:4O Mouth Cuffaua Cr. S n d  b d  pt. b r  Can't t e t l  i f  Uoody narrow Cultivated Can't Tel l  Poraible k n i c k p i n t s l r c w r  

on Pigeon l w s t  Cr. deposlta I n  protected buf fer  hole O - 54.127 
0:33:28 Iridga-brvl.Rd.Sec.9Ll6 c h m l  -l ta P o t t n t l a l l y  ms tsb le  -> 

ms tab le  
O:34:19 Irldpe-Grvl.Rd.Sec.ZlL28 lP.R.Sta.I32) Major bank f m t a b i l l t y  just upstrew of  bridge -r Potential p r o b l n  
O:%:4l Ford-Sec.28 
0 3 6 9 2  Irldga-llwy 4 athulaham (P.R.Stm.nS) 700 high - Can't see any & ta l l .  (On close 4, slgns of vertical, v n t a b i e  banks) 
0:36:37 Irldge-Grvl.Rd. t o  Lam H i l l  

0:36:41 
0:36:42 

0:36:53 Fork loo hlgh - Yo de ta i l  
0:36:56 Irldgc-Grvl.Rd. to Laws H ~ l l  

0:37: 11 
0:37:19 
0:37:43 S d  bed r m -  Can't t e l l  I t  uoody. Cuttlvated 
0:37:44 &r ing W 8  prot. $ 1 ~  ~ r r w  buf fer  Can't Tel l  Unstable bmduays 

0:38:07 Back on Cuffaua Cr. o f  wldmlng In 
0:38:32 8- bmhny l .  
0:38:33 Steep ve r t l ca l  

O:38:5O Iack m Cuffaua Cr. banks 
0:39:59 Bridge-trvl.ld.Sec.13L14 

0:40:07 - - - - - - -  End Cuffaua Cr. 
4-25 Byhalla Creek 0:40:08 

(S heel 2 of 7) 
-- - - - - - -- 



Table 13 (Continued) 

Cond i t lm  o f  
E l a p e d  T a p  l ime ARS Rang* f l w d  P la in  Structure l  

Dscc slrcam Yam S t a r t I S t w  Desc r l~ t im /Loca t ia r  (feet) R e d  Rank Vegetal ion l and  Use El-t@ YoteslC~mnents 

4-25 l y h a l l a  Creek 0:40:28 Wwth # f i e I Ia  Cr. O n d  bed Banks protected7 Sparse- Cui t ivated Can't Te l l  
(Cmt I d )  m Plpson Roost Cr. lou s i ruos i t y  sloping banks &rate 

0:40:10 Structure Cen't t e l l  . d y  veg i n  
0:41:26 Bridge-Pvd.Rd.Sec.7 s tab i l i t y .  though ru r rou  buf fer  
0:42:30 #ridge-firvl.ld.Sec.9 no signs of mch 
0:43:45 Ir ldga-Hvy J W  scal loping 
0:44:12 lluy 78 

0:4(:(5 -...... End B f i a l i 8  Cr. 
4-25 Red Banks Creek 0:44:16 

(Cmt i d )  0:44:34 Wwth Red Banks Cr. 
m Ptgem Roast Cr. Tw high t o  t e l l  n x h  de ta i l .  Major destabi l ized bend a t  46.12 - Sediment nwrcc  

0:45:26 #ridge-Prd.Rd.Sec.ZPC30 from pond on f loodpla in (through c o m c t i n g  -1 
0:47:42 Bridge-Hvy 3W S a d  SIoplng atabi -  Sparse grass Cult ivated Groyns 

I i red  by groynes R.B. woody f i l l i n g  ~p 
1.0. m r r w  wl t h  rand 
buf fer  

0:48:10 Structure-Sec. 19 Sand deposi t i o n  upstream of s t ructure 
O:48:21 Structure-Sec. 19 Dmnk protect ion a l l  alonp these . together u i t h  i n  channel deposition 
0:49:35 Irldpe-Grvl.ld.Sec.21L22 

0:49:47 
0:49:48 

0:49:54 fork-Red Banks Cr:Right 
0:51:10 Pvd.Rd.-Sec.24 Too high - Yo de ta i l  

0:51:14 
0:51:15 

0:51:35 fork-Red Banks Cr . - l ight  
I 

Sand bed mew- Too nuch t o  t e l l  Uoody veg i n  Cultivated l e f t  Can't Te l l  
0:53:22 Iridge-Pvd.Rd.Sec.lSL18 derlng pt. br & t a i l s  o f  banks ru r rou  bank. Uoodl 

( in tersects  Huy 781 &posits 
0:54:4& -----.- corr idor  c u l t  lvated r i g h t  

End Re&&$ bank 
(0:54:44 t o  0:56:20 tes t i ng  cqu ipnn t )  

4-30 Otoucslofa Creek 0:56:20 Bar code check Sand bed Sloping stable Uoody i n  Pasture 
0:56:27 Mouth Otwcalofa Cr. 0 l ou  s inuosi ty  wprotected var iab le uoodland 

m rocma River-Src.34 buf t e r  zone 
0:57:45 Susie Perry Cr.-Left 18.000 
0:58:02 Pur. Line-Sec.7 21.5W Sand brd Sloping stable Uarrou buf fer  Urban L Seem O.K. 
0:58:13 Bridge-Hvy 7-Sec.7 23.600 lou  s inuosi ty  (moat) protected s a r  u& cul t ivated 
0:58: 16 Johnson Cr.-Left 24,000 I n  p r t r  mostly grass/ 
0:58:26 loun Cr.-Ripht 26,500 shrub 
0:51:37 #ridge-Old M y  7-Sec.8 28,600 
0:58:40 #ridge-Old I.#.-Sec.8 29.500 
0:59:05 Bridge-Pd.S t.Src.1649 33,800 

0:59: 13 
0:59:14 

0:59:20 Bridges-Old Hvy 7-Sec.8 28.600 S u d  brd lw Sloping banks Harrou buf fer  Cult ivated r i g h t  Can't Te l l  
0:59:25 #ridge-Old l.l.-Sec.8 29.500 Inuosl tv  c n ' t  t e l l  I f  spmrse voody bank pasture l e f t  
0:59:43 B r idpe -Pvd .s t . sec . l~  3 3 . m  00 p ro tec te l  acme m s t l v  sh r th l  w. 

erosion grass 
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Table 13 (Continued) 

C m d l t l m  of 
Elapsed T a p  llr ARS Range Flwd PIe in  Structura l  

 ate Strewn U w  Z t a r t l s t w  O e ~ c r l ~ t i m l l o c a t i o n  _~ rc~ t )  l e d  Bank Vegetat lm Land Use tlmrtr ~o te~ /Comnn ts  
4-30 Otcucalofa Creek 1:OO:Zd tridpe-Pvd.ld.Sec.14 43,200 S u d  bed t w  P r o t e c t l m  m U a r r w  buf fer  Cultivated r l o h t  C n ' t  l e l l  Lhstabl* b n k s  

(Cmt Inrd) 1:00:52 trrasytr.-llpht-Sec.llllZ 47,800 s l n a u  s o w  b n k s  wr- of uwdy veg bank uoodland 
1:01:41 Hwre  Cr.-Rlght-Scc.617 57,500 t i c a l  banks t e f t  

1:01:50 (uu tab le )  m 
1:01:51 up ro tcc ted  - 

1:01:52 Moore Cr.-Right-Sec.6L7 57.500 Sandy bed r a n -  Vertical, Uar rw  buf fer  Cul t ivated Can't Tel l  Cham1 n lg ra t i on  
1:01:56 Gordon Branch 59.500 drrlng. PC. b r  matab le  banks m of uwdy vcp problem? 

1:02:04 dcpaa l t lm  bmds 
1:02:05 

1:02:07 Cordon Branch 59.500 
1:02:19 Otawalofa S w t h l l - L e f t  63.600 
1:02:45 Bridge-Pvd.ld.Su.5 72.000 
I:OZ:SV 1111tn cr.-sec.33~34 7x700 
1:03:20 Smlth Swth-Left-Sec.33L34 79.800 
1:03:25 Harru Cr.-Rlght 80,000 
1:03:53 i o r d  
1:Ob:OO Sarter Cr.-Right-Sec.31 M.400 

1:04:20 
1:04:21 Bar code check 

l:OL:L3 tack m O t ( ~ ~ a I o f a  Cr. 88.500 
1:05:12 
1:05:13 

1:05:14 l ack  m otoucalofa Cr. 
1:05:45 lrldge-Grvl.Rd.Sec.31L36 106.800 

1:06:02 
1:06:03 

1:06:13 Back m Otowalofa 
1:06:19 Olckey Cr.-Right 109.500 
1:06:4S S h i m  Cr.-Rlght 115.000 
1:06:58 t r ldpe-Or lvers f lat-sec.6 117.300 

1:07:28 
1:07:2V 

1:07:30 Brtdge-Drlvert f lat-sec.6 117,300 
1:07:46 f a n  Rd.-Sec.8 1Zl.WO 
1:M:Ol Iridge-Drlveray-Sec.8 125.500 
1:0(1:18 #ridge-Grvt.Rd.Su.9 129.200 
l:W:40 P l p l f m  134,000 
1:M:46 Drlvtuay(old Huy 9 )  

1:W:59 
1:OP:oo 

1:OP:OS P i p l i n e  134.000 
1:W:ll Drlveuay(otd Huy 9) 
1:W:lS Bridge-Wvy W-Sec.15 135,WO 

(:09:36 -----.- End Otwcatofa Cr. 
1-30 Suole Perry Creek 1:W:37 

1:W:49 H w t h  Susl* Perry Cr. 0 
m O t a r 8 l o f a  Cr. (18.000) 
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Table 13 (Continued) 

Coodlt lon o f  
ARS Range f lood P la in  Structurml 
(fnt) Bed Bank l a n d  Use Elcrrnts Vecretation MoteslComrrnts 

6,500 

Dste Stream Y a m  

4-30 Swlt Perry Cr. 
(Cmt lnrrd)  

As Above 
1:10:34 Ir ldge-Huy 32-Sec.12 
1:10159 Irldga-Pvd.ld.5.c. 13 
1:ll:Jl Irldge-Pvd.ld.Sse.24 ..---.. End Surie Perry Cr. 

4-30 Johnson Creek 
1:11:48 Mouth Johnson Cr. 

on Otoue lo fe  Cr. 
1:12:10 Bridge-Wy 32-Sec.17L8 
l r l2 :29 I r l dge -O ld  nuy 7-Src.17 
%:12:37 Old R.R. 

As Above 

l o o  high - Chamel obscured 1:13:50 Bridge-Pvd.Rd.Sec.29 -----.- End Johnson Cr. 

1:14:27 Mouth lwn Cr. 
on Otwcalofa Cr. 

1:14:47 Drldge-Old W y  7-Sec.8 
1:14:53 Bridge-Hvy 315.Sec.4 

Aa Above 

1:15:31 Bridge-Pvd.St.Sec.1 ------. End l o w  Cr. 
1-30 Greasy Creek 

1:16:16 Mouth Greasy Cr. 
on Otouc8lolr Cr. 

1:17:03 Irfdge-Grvl.Rd.Sec.1 
As Above 

1:17:35 Bridge-Grvl.Rd.Sec.1 
1:18:20 Drldge-Pvd.Rd.Sec.25 -.---.- End Greasy Cr. 

4-30 Moore Creek 
1:18:38 Mwth Moore Cr. 

m Otoucelola Cr. 
1:18:59 nrldge-Huy 315-Sec.6 

As Above 

l:19:27 Bridge-Huy 315-Sec.6 
l:19:42 S n d  Cr.-lllght .------ End b r a  Cr. 

4-30 Gordon Branch 
1:20:15 Mwth  Gordon Branch 

on Otoucmlofa Cr. Aa Above 
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As Above 

Can't see de ta i l  

Table 13 (Continued) 

Condition Of 
Elapsed l a p  Time ARS ~ . r y l e  Flood P I r i n  Structurml 

~ a t c  Stream Warn S t a r t l s t w  D e ~ c r i ~ t l o n l L o c a t i o n  (Feet) l e d  Bank Vesetatlon Land Use elrrntr UoteslCamrnts 

4-30 Gordon Branch 1:20:30 Irldgr-Grvl.ld.Sec.7 3.000 
(Cmtlnucd) 1:20:52 --.---- Erd Gordon Ilrrnch 

4-30 Otoucalof. S.Y1 1:20:53 
1:Zl:OS Rwth  Otoucrlofa south I 1  0 

on Otoucalof~ Cr. (63,600) 
1:21:27 Bridge-Pvd.ld.Sec.5 4,500 
1:21:33 Drlvcuoy-Sec.485 S.400 

4-30 Otoucalofa S.ll 1:21:3b Spring Cr.-Left 5.500 
(Contiwed) 1:22:03 .----.- End Otwcalofa Swth  11 

1:zz:OL 
6-30 sprinq Creek 1:22:15 Wwth Sprlng Crrek 

on Otoucalofa Swth  11 (5,500) 
1:22:55 
1:22:56 
1:23:30 --....- End Spring Cr. 

4-30 n i l l a  Creek 1:23:31 
1:23:41 Wwth R l l l r  Cr. 0 

on Otoucrlofr Cr. (75.700) 
1:23:52 Bridge-Hn, 315-Sec.33 2.500 

1:24:47 .------ End WI11s Cr. 
4-30 smith South 1:24:48 

1:24:51 Rwth  Smith Swth 0 
on Otoucrlofa Cr. (79.100) 

1:25:11 Bridge-Pvd.Rd.Sec.3 4.200 
1:25:40 
1:25:41 

1:25:47 Bridge-Pvd.ld.Sec.3 6,200 
1:26:21 Pipl lne.Sec.l l  12.10 
1:26:44 Grvl.Rd.Sec.llL1Z l8,OW 

1:26:46 
4-30 Sorter Creek 1:26:47 

1:26:54 N w t h  Sarter Cr. 0 
on Otoucalofa Cr. (M.400) 

1:27:08 
1:27:w 

1:27:19 Wwth Ssrter Cr. 0 
1:27:42 
1 :21:43 

1:27:44 Back on Sarter Cr. 3.300 
1:27:57 Irldpe-Wuy 315-Sec.33 5,200 
1:Zl:W Brldga-Grvl.ld. 6.10 
1:28:ll l e f t  S ~ r t e r - g o t  m t r t b .  

1:28:34 
1:21:35 

1:21:47 Iridge-Grvl.ld.Sec.26 9,400 
1:29:1l I r i d g r - l u y  W-Src.23 15.400 
1:29:23 Brldga-Driveway 16,200 

(S hest 6 of 7) 
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As Above 

As Above 

Table 13 (Concluded) 

Corrl l t ion of 
El8psed T a p  l i n e  ARS 8-e Flood P la in  Structura l  

Date Stream Name S ta r t /S tw  O e s c r i ~ t i m l l o c a t l o n  (Feet) Wed Bank Vcqetation land Use Element8 Ilotes/Cfnnnents 

4-30 S8rter Crctk 1:29:43 GrvI.Rd.Sec.13 20,000 C h 8 m l  obscured 
(Cont irued) 1:29:45 -.----- End Sarter Cr. 

4 30 Mama Creek 1:ZP:Lb 
1:29:57 Mouth Hama Cr. 0 

on Otwcs lo t8  (80,000) As Above 
1:30:15 I r idss- t luy 315-Sec.33 4,900 

1:30:25 - - - - - -  End H a m  Cr. 
4-30 Smith Creek 1:30:26 (Missed Mwth on (109.5001 

OtOWal0f8) 
4-30 Smlth Creek 1:30:28 Bridge-luy W-Sec.31 2.000 

(Continued) 1:30:34 Oickey Cr. 2,900 
1:30:37 Irldpe-6rvl.Rd.Sec.31 3.500 

1:31:10 - -  .---- End Smith Cr. 
L-30 Shiwy Cr. 1:31:11 

1:31:22 Mouth S h i m  Cr. 0 
on Otouc8lof8 (114,0001 

1:31:35 Bridge-Grvl.Rd.Sec.5 4,000 
1:31:52 Brldge.Hvy W-Sec.5 7,100 

1:32:37 -..--.- End Shippy Cr. 
1:32:30 

End Tape I 3  
(Remelning tapc - f l y l ng  dounstreun m Otouca(ofa.) 
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Table 14 
Log of Aerial Videotape 4 

Condl t lm o f  
E laped  1.p l l W  'k; RnoC Flood P la ln  Structural 

D& Streom Yam J t r r t l S l p e  Oeclcriotion/Locatlon IFw& Led Bank Veqetation Lard Use -u%!SL ~ o t e s / ~ a m m t s  
L-30 Batlpan l w w  0:OO:OO 

0:02:17 Mouth Bat- lopus 0 I d  b8d U/d.*r Sloplw, l r p r o -  Uoody veg. I n  Urban Not rurr .  Heavy i n  
0:02:43 L b r a  m Imr tected d r a t *  mrrw buf fer  
0:02:44 

c h a m 1  bar depori t l o n  
banks m b r l w  r r o s l m  

0:02:49 Back on Batupm Bogw 
O:O3:02 Brldga-lluy 8-Sec.17 8,000 

0:03:35 
0:03:36 

0:OS:ST Bwk  on Batwan Bopw Sand b d  u l t h  Slopln(l. stable, Uo&y dye9 Pasfur. 
0:04:18 b r a  M b r l W  v p r o t e c t w l 0 )  u lds buf fer  Heavy I n  ch.ml b r  dcpoa l t lm  
0:01:19 b u * ~  &rate 

0:04:21 Back on Bat- Bopw c roa lm 
O:OC:40 Sand bed Ul th  S m  bank e r o s l m  Uwdy veg. Urban 
O:OC:41 brr m h r  -* iu r rou  buffer Potential t ransl t lon? braiding 

0:04:LC Back on Batqmn l o s w  braided 
0:05:25 
0:05:26 

0:05:30 Bridge-Pvd.Rd.Src.28 26,700 S a d  bed wl th Moderate bank Yo* veg Uoodland Modcrate i n  cham!  
0:05:52 Jack Cr.-Left-Su.33 30,500 bars r n d r r l n g  e ros lm ulda buffer 

0:06:15 
QpDsl t lon 

0:06:16 
0:06:17 Back on Batupan Bopw Sand bed S lop lw  v p r o -  Uwdy uide Cult lvated I n  channel bar deposition 
0:07:55 Irldge-Pvd.Rd.Sec.14 52,500 m b r l n g  tected s t b l e ,  buffer 
0:08:14 L l t t l e  Eogw-RIpht 56.500 (braldcdl) 

0:08:37 - - - - - - -  except on bmda 
End Batupan l o p w  

4-30 Big Bogue Creek 0:Od:SI 
0:08:53 Mouth Blp Bogue Creek 0 
0:W:Zl Syker Cr.-Left 8,100 
O:W:28 Irtdge-Grvl.Rd.Sec.24 9.500 l w  high - Oetall  I s  obscured 
O:O9:31 U l l k m r  Cr.-Left 10,OW 
0:10:00 Old M l l l t a r y  Brldge s l t e  15.100 

Sec.25 
0:10:36 Jackam Cr.-Left-Sec.36 20,600 

0:10:57 
0:10:58 

0:11:02 Back on B lg  Bogw Cr. Oetait obscured 
0:11:33 I r i d g r - l u y  L04-~rc.31 28.500 

0:11:39 
0:11:40 

0:11:42 Back on B ig  l o p w  Cr. Octal l obscured 
0:11:52 Brldgr-limy 404-Sac.31 28,500 

0:12:19 
0:12:20 

(S hest 1 of 6) 



Table 14 (Continued) 

C w d l t l m  of  
E laped  l a p .  l ime ARS Rrrg. Flocd P la ln  S t r u c t u a l  

stream ~ame Stmrt/Ston D e $ c r i ~ t l m / l ~ c ~ t l m  0Cd Bank vegetation land use -khE!a- ~ ~ t e s / c a m m t s  

4-30 a l p  Dcgw Creek 0:lZ:Sl #act on )I# lww cr. 
(Cont lnued) 0:12:42 llouth Uorahm Er. 0 De te l l  ohcurad 

0:(3:03 ...--.- End Dl0 l o w e  Cr. (35,000) 
4-30 Uorsha  Creek 0: 13:M 

0:13:52 
0:13:53 

0:13:58 Back on Uorshm Cr. 
0:14:26 Drldge-Grvl.ld.Su.9 15.400 
0:lS:Ol Structura 21,000 
0:15:02 Irldge-Pvd.Rd.Sec.ltU2l 21.100 

0:15:07 
0:15:08 

0:15:28 Structure 21,WO 
0:15:30 Drldpe-Pvd.Rd.Sec.16LZl 21.500 
0:16:03 Structure-Sac.21 26.500 

0:16:10 
4-30 Mlddle Fk.Uorshom 0:16:11 

0:16:17 Mlddle Fk. Uorshm-Sec.15 
0:16:22 structure 11-src.22 
0%16:23 Drldge-Pvd.ld.Src.22 
0:16:38 Structure 12-Su.22 (Under cmstruct lon)  
0:16:47 S t n r t w r  13-Sec.22 

0:17:02 ..-.--- €1'4 Middle fk. Y o r s h r  
4-30 East Fk.Uoraha 0:17:03 

0:17:11 East ik. Uorshm C r .  
0:17:37 Structure I l - o n  East Fk. 
0:17:38 Irldge-Pvd.Rd.Sec.22 
O:l7:49 Structure 12-013 Last Fk. 
0:18:17 Drldge-Grvl.Rd.Scc.ZC 
0:18:29 Iridor-Drlveuay-Sec.13 

0:18:)9 -.----- End Uorshm Cr. 
4-30 Eskridoe Creek 0:18:40 

0:18:52 Mwth Eskridge Cr. 0 
on a lp  Dogw (35,000) As Above 

0:19:14 Drldsr-Pvd.ld.Sec.8 5,400 
O:20:49 Structwa-Src.20 20,000 Send bed S t n p  -* ver t lca i  Uwdy In cul t ivated Can't Tel l  Stems re la t i ve l y  stable 
0:20:52 Iridpe-Pvd.ld.Sac.20L29 20.900 wnbrlw M a  no rurrou buffer 
0 : Z l r l l  Structure-Src.ZOI29 24,000 p r o t e c t l m  
0:2lr14 Drldge-Drlvway 24,100 
0:21:35 I r ldpe-Dr lvewy 24,300 

0:22:12 -.----- End ~ s k r l d g e  cr. 
4-30 Jackson Creek 0:22:13 

0:22:27 Mouth Jackson Cr. 0 
m Din Dopw (20,600; , 

0:22:31 Ir ldse-Nuy 51-Su.36 1 . m  C h m l  obscured by vep L hlph a l t i t ude  
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As Above 

Table 14 (Continued) 

C a d l t l m  of 
~ l e p s e d  Tape IIme ARS Range F l d  P l a i n  Structura l  

0 Stream Y w n  S t a r t / S t w  De$crlptlon/locatlon (mt) Bed Bank l w d  Use Vegetation Als!!mL Y o t e $ / C m t r  

4-30 Perry Creek 0:%:% Bridge-Pvd.St. 5.oOo 
(Cart i d )  0:36:48 Brldge-Pvd.St. 8,000 

0:37:06 
0:37:07 

0:37:19 Drldge-Pvd.St. 5.000 
0:37:32 B r lae -Pd .S t .  8.000 
0:37:45 Structure 12,000 
0:3I:OC Bridge-Huy 51-Scc.ZV 15.000 

0:30:06 
0:38:07 

0:38:24 Deck on Perry Cr. 
0:Jd:U Bridge-Hy. Sl-Sec.29 15 ,000 
O:38:4l Drldpe-Pvd.St. 16,800 
0:39:W Drldge-Pvd.ld. 21.400 

0:39:14 
0:39:15 

0:39:38 Drldge-Pvd.Rd. 21,400 
0:IO:Zl Br idge- l  55-Sec.36 29,500 

0:42:03 -....-- End Perry Cr. 
6-30 L l t t l c  Bopue Cr. O:4Z:OL 

0:42:47 Mouth L l t t l e  Dogue Cr. 
on 8atup.n Sogu  Cr. 56.400 

0:43:01 
0:43:09 

0:43:20 Back on L l t t l e  l o g w  Cr. 
O:43:38 Brldge-Pvd.ld.Sec.18 63,100 

0:43:39 
0:43:40 

0:45:45 Back on L l r t l e  Dogw Cr. 
0:43:54 Bridge-Pvd.ld.Sec.18 63.100 

0:14:30 
0:44:31 

0:44:42 Back m L l t t l e  Dogua Cr. 
0:45:10 Bridge-Pvd.ld.Sec.20L21 7S.WO 

0:45:52 
0:45:53 

0:45:56 neck on L i t t l e  Dogw Cr. 
0:46:14 C e l l  Cr . - l ight  83,000 

0:46:43 
0:46:44 

0:46:47 Back on L l t t l e  Dogut Cr. 
0:47:40 t o u r l l  Cr.-Rtght 98,pOO 
0:48:17 Hame Cr.-Left 100.500 
0:48:39 Brldpe-Crvl.ld.Sac.ZV 110,400 

0:49:22 
0:49:23 

O:49:U Brldge-Crvl.Rd.Su.28 117.00 
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YO d e t a i l  - l oo  hlgh 

Table 14 (Continued) 

c w d i t r m  of 
El8p8Rd 1.p ARS Range Flood P la in  Structural 

Streem Nem StartlStor, O e ~ c r i ~ t l m l L 0 ~ 1 1 t l m  Bed Bank Vegetation Land Use E t e m m t ~  Yotesl~anmnts 

4-30 L l t t l e  l o g w  Cr. 0:49:47 Cmffa Cr.-Left 122,000 As Abve 
(Cmt ~nued) 0:49:51 Structure 123,500 

0:50:09 
0:50:10 

0:50:18 Structure 123,500 Sand bed Protected v e r t i -  Woody L shrub Cultivated Seem, 0.1. Not sure 
0:50:53 m r d r r l n g  cal  w t 8 r  aloplng veg I n  ~ r r w  

0:50:45 ------ End L i t t l e  Dwuc Cr. l m r o u t e r  buf fer  
unstable 

6-30 Csffe Branch 0:50:46 
0:50:53 Mwth Cat f r  Branch 0 

m l l t t l a  lcgw Cr. (122,000) 
0:Sl:W Structure 2 . m  Detai l  w v a l l a b l e  
0:51:W lrldge-Grvl.Rd.Sec.21 2.900 
0:52:06 21.000 

0:52:27 - . - - - -- End Caffe Branch 21.000 
4-30 Crouder Creek 0:52:28 

0:52:54 Mwth Crouder Cr. 0 
m ~ l t t l e  l o g w  Cr. 

0:52:59 l r l dae-Ml l  l tmry Rd.Su.18 2.200 
0:53:10 lr ldae-MI l l t a r y  Id.Su.7 5,LW 
0:53:23 l r l d g r - M l l l t a r y  Rd.Su.7 8.000 
0:53:59 Structwr-Su.5 15,000 
0:SC:SZ lridpe-Pvd.Rd. 23,900 

O : S ~ : S ~  ------- End Crarder Cr. 
4-30 E p l ~ o n  Creek 0:54:55 

0:SS:U llouth Eplsm Cr. 0 
. m L l t t l r  Bwur Cr. (66.100) 

0:55:56 #ridge-Pvd.Rd.Scc.17 S.100 
0:56:06 
0:56:07 

0:56:08 Bridge-Pvd.Rd.Sec.17 5.100 
0:56:28 
0:56:29 

0:S6:45 lack on Episar Cr. 
0:57:01 Su.9 13,700 

0:57:06 -.--.-- End E p i r m  Cr. 
4-30 Cnpbel l  Creek 0:57:07 

0:57:06 llouth Cnpb.11 Cr. 0 
m L l t t l e  logum Cr. ~83,000) 

0:57:45 lrldgr-Pvd.Rd.Su.23 
0:57:51 

8 , m  

0:57:52 
0:57:53 Back on C n p k l l  Cr. 
0:58:03 Brldge-Pvd.Rd.Su.23 8. 
0:58:50 l r i dga-Ml l  l tmry Id. 
0:59:23 Pvd.Rd.Su.2 23,500 

0:59:26 -.-.-.- End C@lI Cr. 

(Shed 5 of 6) 
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Table 15 
Log of Aerial Vldeotape 5 

C m d l t l m  of 
E l a p e d  1.p IIr ARS Rnrpr Flood P I r l n  S t r u c t w r l  

O.tc StremYsme S t w r t l S t w  Deac r lo t l on l l oca t lm  Bed Bank Veqctat lm Land Use E l m t 8  Yotes lC~nrrnt8 

5-1 Black Creek 0:00:00 
0:01:22 B I u k  Cr.-Sec.30-R.l.lrldge l l l - R l U  s d  bed r m -  S o r  prot rc-  woody u lde Uoodlard Can't Te l l  

( P ~ r k r r  l a y w )  d.rlng l w  tlm d l f f l c u l t  t o  buf fer  
0:01:31 Ir ldgr-Hwy 4OE.-Su.29 o b c w d  b.d t a l l  d e t a l l r  of 

0:02:20 (Mwth l l p t m  Bayw) morphologl mrplo lo#y L 
0:02:21 a t 8 b l l l t v  

0:02:24 B u t  m l l u k  Cr. 
0:01144 Bear Lake ontrwr-Rloht-Sac.23Y 
0:01:13 B r@lmlng  m d r M  c h a m 1  Can't Te l l  - l oo  Wlgh 
0:OS:OS l r l d p . - l o l a r v l l l r  Rd.Su.12 

0:06:43 
0:06:44 
0:07:57 
0:07:58 

0:08:03 Orck on Black Cr. S a d  bed r8n- Can't t e l l  I f  Yoody m C u l t l v a t d  
0:08:43 d8rr  mtr - t l g h t  b n k ~  p ro tu tcd .  ru r rou  buf fer  
0:08:44 bmb pt .  b r a  V r r t l c a l  (UI- 

0:08:50 l ack  on Black Cr. rtabl17) MI 
0:OV:M lrldgr-Pvd.Rd.Src.27 17,200 m wtrr hda 

(1000 f t .  S w t h  o f  Wourrd) 
0:09:41 n r r l u d  Cr.-Left 24.300 

0:09:51 
0:09:52 

0:09:54 Back on Black Cr. 
0:10:24 
0:10:25 

0:10:32 Back on Black Cr. 
0:11:45 
0:11:46 
0:12:11 
0:12: 12 

0:12:15 Back Black Cr. Sand bed 11- V r r t l c a l  v p r o -  uoody vrg I n  - uoodland Can't l o l l  
0:12:59 cowam t a t r r a l  8 t u t d  bu*r on u l&  buffer pasture L 
0:13:00 d l 8  bar c u l t l v r t c d  

0:15:01 Ilack on Black Cr. 6porltr 
O:lC:22 
0:14:23 

0:14:45 Back on Black Cr. 
S8C.28-115Y-RZt 

0:15:20 OWN Branch-Su.34-Rlght 74,lW Sand bed b8r E r o r l m  I n  w t r r  Uoody - ulde uoodiand 
0:15:52 8 d8paBltI r d r  b n k  t p r o t u t l m ?  buf fer  
0:15:53 f111.4) 

0:16:02 l ack  m Black Cr. 

(Sheet 1 of 6) 
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t w  hlgh t o  see 

Table 15 (Continued) 

Cmdl t l on  o f  
Elapaed Tap. t l r  1110 R w e  f lood P Ia ln  Structura l  

Stresn Yam S t r r t l S t w  Descr l~t lon/Locat lon (Fee tL  l e d  eank Vegetstlon lad Use FLrrntr Yote$/cmments 
5-1 Black Creek 0:16:17 

(Cmt lnued) 0:16:18 
0:16:19 1 ick  on Black Cr. 
0:16:45 I r l dge -Hw 7-Lerlngton 85,500 

0:16:57 
0: 16:58 
0:17:07 
0: 17:08 

O:17:15 Back on Black Cr. 
0:17:50 tar rey Cr.-Left 95,000 

0:18:01 
0:18:02 

0:ll:OI lack on Black Cr. 
0:18:1S I a r rey  Cr.-Left 95,000 Too h lgh t o  see 
0:18:20 Ir ldge-Buy 12 95.900 

0:18:33 
0:18:35 

0:18:48 Back on Black Cr. Sand bed mean- Can't t e l  l UoodV - Cul t ivated t Can't t e l l  Unstable b e d s  
0:I9:54 [ridge-Crvl.Rd.Sec.21 115.600 darlng pt. b r  de ta l l a  narrow buf fer  urban 

0: 19:57 deposi t a  m w t e r  bank 
0:18:58 

0:ZO:OO Back on Black Cr. Sud-bed men- S a c  p r o t e c t l m  Uoody t grass Cul t ivated Can't t e l l  Unstable W s  
0:20:12 Bridge-Grvl.Rd.Sec.21 115,600 darlng pt. bor on WI. V w t l -  vet) I n  narrow 

0:21:OC dcposlta ca l  M s .  tuf far  
0:Zl:OS P o t m t l a l  stable 

0:21:07 Back on Black Cr. 
0:21:45 
0:21:46 

0:21:47 Bridge-0rt.ld. 129,100 
0:22:24 Brldpa-Pvd.ld.Sec.11 141,500 l oo  hlgh t o  see 
0:23:10 S t r u c t w r  
0:23:22 Brldpe-Pvd.Rd. 159,200 

0:23:31 
0:23:32 

0:23:50 Structure 
O:24:OC Irldpr-Pvd.Rd. 159,200 Chemel obrcured 

O:Z~:O~ -.----- End U p r  end of I l a c k  Cr. 
5-1 Herland Creek 0:24:06 

0:24:28 Mouth Barland Cr. 0 
m Black Cr. (24.200) 1w high fo r  any useful & t a l l  

0:24:59 Bridge-Drt.ld. 7.800 
0:25:00 
0:21:01 

0:25:22 Irldge-0rt.Rd. 7.800 S u d  bed r m -  V r r t l c a l  b n k r  on Uwdy I n  Scm c u l t l v a t l o n  Can't t e l l  
0:26:03 derlng pt. bmr w t a r  k d a  m- nrrw buf fer  u l t h  uood lnd  
0:26:OC drpor l ta  m Imr #t&le her* 

bmb 

(Sheet 2 of 6) 



Table 15 (Continued) 

Condition Of 
E laped  1.p lir ARS Range Flood P la in  Structura l  

Date Stream N a m  St.rtlStw Desc r lo t im lLoc r t im  (Feet) Dcd sent J ! W 9 m k L  U$e I t s  Moter/Camerrts 

5-1 H a r l d  Creek 0:26:17 Dack on H a r l u d  Cr. S u d  bed tortuous E r o r i m  on outer ~ t l y  grass Pasture L wood Cm't t a l l  l o r t u o w  r w d c r  bsnd. 
(Cmt inued) 0:26:b4 U I I I i m a  Cr.-RICt 18.000 m d r r a  aewre -8 of bendr %a trae8 uu tab le -e roa im o f  outer 

0:27:20 Dridga-Crvl.Rd.Su.11 25,400 pt. br - i t#  M a  also very t i gh t  
0:28:20 lrldge-brvl.Rd.Sec.lUl5 S8.W b e d s ,  w t e  

0:28:W 
0:28:55 

0:29:10 Back on Horland Cr. 
0:29:53 Dridge-trvl.Rd.Su.27 53.100 Cham1 .wears s imi lar  I n  character t o  dours t rea  reacher, de ta i l  obscured by vegetation 

( l o l a r v i l I e I E u l o ~ y  Id.) 
O:31:14 South Fk.Harland-left n.WO 

0:31:22 
0:31:23 

0:31:27 Swth  Fk .Har ld -Le f t  70.000 
O:31:42 I r ldge-on Swth  Fk. Harland As Abave 

0:31:43 
0:31:44 

0:31:56 Back on Harland Cr. 
0:32:22 
0:32:23 

0:32:57 Bridge-Pvd.ld.Sec.4 S d  bed pt. b r a  Gutcr banks Uoody i n  Pasture Can't l e l l  Major uldening i n  knd-  
on Swth  Fk. H a r l n d  m d r  mstabla rurrou buffer uaya. Chunels u u t a b l e  

0:34:24 Bridge-Grvl.Rd.Src.11 here 
0:34:33 End of Swth  Fork Harland Cr. 
0:34:34 

5-1 Dounrtream on 0:34:50 Going povlstrebn on Swth  Fk. Marland 
Harland Creek O #ridge-Grvl.Rd.Src.11 

0:M:lS Drldge-Pvd.Rd.S.c.4-on South Fk.Harland 
0:36:46 Swth  Fk. H a r l u d  jo in ing 70,000 

Warland Cr. 
0:37:W Dridge-Grvl.Rd.Su.27 53.100 

(Toiarv i l l r lEulogy Rd.) 
0: 37:38 --.... . End Harland Cr. 

5 -  1 Moccasin Creek 0:37:39 
0:37:51 l l w t h  Moccasin Cr. 0 

on narland cr. (35,200) 
0:38:17 #ridge-trvl.ld.Su.13 
0:39:34 Pipl ine-Src.19 

0:39:40 -..---- E d  Noccaaln Cr. 
5 -1  U l l l i a n  Creek O:39:41 

0:39:59 l l w t h  U i l l i u a  Cr. 
on Harlan4 Cr. 

0:41:13 Bridge-Pvd.Rd.Su.7 
5.1 Butteruorth Creek O:41:3l Le f t  YI I I imm-got  on 

D u t t r r w r t h  Cr. 
O:41:40 P ip . I i n -su .17  
0:42:45 Bridge-Pvd.ld.Su.21 

0:42:47 -.-..-- E d  lu t te ruo r th  Cr. 

(Sheet 3 of 6) 

See above w t e a  on S. Fk. Harlmnd 
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Table 15 (Continued) 

C a d l t l m  o f  
E l a p e d  T a p  I lm ARS Rnga Flood PIa ln  Structura l  

Stream u r n  &Q- D e r c r l ~ t l m l l o c a t l a ,  Id Bank 1 4  Use Elnent *  WoteslCannents Veqetat lm 

5 -1  :@up. C r n k  1:05:39 Cm' t  t e l l  & t a l l  
( C m t l n r d )  1:05:40 

1:OC:OP Irfdge-Mvy 17-Sec.36 
1:04:47 IrldQa-Grvt.Rd.Sec.31 

1:05:(9 .------ End Iophurpa Cr. 
5.1 Mil ls tone Bayw 1:OS:SO 

1:06:12 Mouth Mi l ls tone Bayou-Sec.29L30 
m rchula Lake 

1:06:22 trldge-R.R.LHvy 59-Sec.29 
1:06:38 
1:06:39 

1:06:40 Brldge-R.R.LHuy 49-Sec.29 
1:07:28 
1:07:29 

1:07:37 Back on M i l l s t m e  Bayou 
l:(M:24 
1:(M:2s 

1:08:46 Spring Branch-Sec.15-Left 
1:OV:lf Irldoe-crvl.Rd.Su.10 
1:OV:Sa End M l l l s t o n  Bayou 

1:10:22 ...---- End M l l l s t o n  Bayou 
1 - 1  Spring Branch 1:10:23 

1:10:27 Mouth Spring Branch-Scc.15 
m l l l l l s tone  Bayou 

1:12:16 Irldge-Grvl.Rd.Scc.7 
1:12:24 

5 -1  Chic- Creek 1:12:25 
1:12:35 Iridpc-Grvl.Rd.Sec.7 .--.-.- End Spring Branch 

Beglming o f  Chlcop. Cr. 
1:15:20 Chicop. Res.-Sec.8 

1:13:21 - - - - - -  End Chlcop. Creek 
5-1 ~ b i a c a  Creek 1:13:22 

1:13:40 Irldge-R.R. 
1:13:44 I r l d Q r - H y  59-Sec. 18 
1:16:(M Bridge-Grvl.Rd.Sec.15 

1: 17:30 
1:17:31 

1:17:44 Back on Ablaca Cr. 
5 -1  Colla Creek l r l 8 : U  L e f t  Abiaca-pot on Coila .-..-.- End Ablaca Creek 

1:18:40 Irldge-Pvd.Rd.Sec.4 
1:19:16 
1:19:17 

1:lP:ZS tack on c o t l a  cr. 
1:ZO:M t r l dw-~vd .~d .~ec . ' 36  

(Matthew Ca.) 

(Sheet 5 of Q 

Not a x h  & t a l l  available 

Chamcl obscured 

Not a x h  d e t a l l  

As Above 



Sandlall t  bed Backs appar t o  Grasslshr&s Urban 
atra ight  but In be stable 
c h a m l  bar 
deposltr 

C h a m l  too uvll t o  get de ta i l  

Table 15 (Continued) 

E l a p e d  T a p  Ilr ARS ~ . n g e  
Cmdl t lon of 

Oste Stresn Yam StartfSt00 J&& Oetc r l~ t l on lLoca t ion  (Feet) )M Flood P la in  Structurml Bank Vegetation land Use C I ~ 4 n t 8  YoterlComnnts 
5-1 Colla Creek 1:20:49 Irldge-brvl.Rd. 

(Continued) 1:20:53 
AS Above 

1:20:54 
1:21:00 Bridge-Pvd.Rd.Sec.36 
1:21:17 Flood Control Re..-Sec.31 

1:22:58 
1:22:59 
1:23:38 - E n d  Coil. Creek 

5 -1  Pelucia Creek 1:23:40 
1:23:53 Mouth P e l w l a  Cr. 

on lazoo River 
1:24:00 Brldpe-l.R.-Sec.32 
1:24:16 Brldpe-Wry 49-Sec.32 
1:25:14 Irldge-Pvd.ld.Sec.34 

(vder construction) S n d  sources f r m  
1:26:48 Iridpe-Pvd.Rd.Sec.31 c a u t r u c t i m  works = r  

1:29:53 Bridge-Pvd.Id.Sec.23 
P a t m t l a l  prcbler 

(Airport Id.) 
1:30:50 
1:30:51 

1:30:58 Back on Pelucia Cr. 
1:31:23 
1:31:21 

1:31:50 lack on Pelucla 
1:32:08 Irldpa-brvl.Rd.Sec.30 

(rerattam gravel p l t )  
1:32:46 
1 :32:47 
1 :33:42 
1:33:43 
1:34:06 
1:34:07 

l:U:29 Bridge-Drt.Id.Su.29&32 
1:34:47 
1:34:48 

1:36:08 Brldpe-Huy 17-Sec.35 
(:36:53 ---.-.. End Pelucia Cr. 

5-1 Ashley Creek 1:36:54 
1:37:31 bee Lake Dm 
1:Sd:02 Irldpr-Grvl.Rd.Sec.31 
1:Sd:39 Irldpe-brvl.ld.Sec.32 

1:38:43 
1:M:44 

1:39:07 H y  35 

1:39:M Huy P-Su.22(1) 
1 :39:36 - - - - - - - E n d  Ashley Cr. 

End T a p  I 5  

(Sheet 6 of 6) 
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Table 16 
Reach Parameters for Hickahala-Senatobia Creek Watershed 

Channel Depth, ft Reach 

Beards 

Cathey 

South Fork 

Width, ft Slope 
Discharge 
cfs 

Hickahala Creek and Tributaries, 1991 

(Sheet 1 of 3) 

' 40 percent 2-year discharge. 
55 percent 2-year discharge. 

1 

2 

1 

2 

1 

2 

Velocity 
fPs 

1,879 

1,070 

935 

630 

1,035 

820 

4.71 

6.16 

4.51 

4.27 

5.04 

5.06 

7.1 2 

5.57 

4.75 

4.01 

5.49 

5.71 

56 

31 

44 

37 

37 

28 

0.001 170 

0.002780 

0.002330 

0.002630 

0.002970 

0.002840 



Table 16 (Continued) 

Channel Reach 
Discharge 
cfs 

Hickahaia Creek and Tributaries, 1991 (Continued) 

Depth, ft 
Velocity 
fps 

Beards 

Cathey 

South Fork 

Width, ft 

1 

2 

1 

2 

1 

2 

Slope 

James Wolf and Tributaries, 1985 

1,879 

1,070 

935 

630 

1,035 

820 

James Wolf 

Martin Dale 

4.52 

5.47 

4.67 

4.57 

4.77 

5.22 

1 

2 

3 

1 

James Wolf and Tributaries, 1991 

6.85 

5.90 

5.39 

4.36 

5.58 

5.03 

4,776 

4,100 

1,628 

1,180 

5.40 

6.37 

4.32 

5.45 

James Wolf 

Martin Dale 

61 

33 

37 

32 

39 

31 

7.67 

6.89 

5.47 

4.72 

1 

2 

3 

1 

0.001 140 

0.002040 

0.0021 10 

0.002700 

0.002600 

0.003570 

Senatobia Creek and Tributaries, 1985 

11 5 

93 

69 

46 

4,880 

4,100 

1,629 

1,180 

Senatobia 

Mattic 

Tolbert Jones 

0.000786 

0.001 262 

0.001780 

0.003440 

5.23 

6.21 

4.28 

5.42 

Senatobia Creek and Tributaries, 1991 

(Sheet 2 of 3) 

10 percent 2-year discharge. 
35 percent 2-year discharge. 

1 

z4 

3 

1 

2 

1 

2 

8.49 

7.1 3 

5.59 

4.79 

1,720 

5,990 

4,435 

9,440 

4,380 

1,800 

780 

109 

93 

68 

46 

3.30 

5.72 

5.35 

8.76 

5.62 

5.12 

3.03 

0.000645 

0.001 148 

0.001695 

0.003330 

5.47 

8.46 

7.10 

10.79 

11.06 

7.1 5 

6.59 

95 

122 

116 

95 

67 

49 

39 

0.000460 

0.000770 

0.001470 

0.001780 

0.001050 

0.001750 

0.000680 



t 

Table 16 (Concluded) 

Channel Reach 

- 

Senatobia Creek and Tributaries, 1991 (Continued) 

Slope 
Discharge 
cfs 

Tolbert Jones 

Velocity 
fPS 

(Sheet 3 of 3) 

1 

2 

Depth, ft Width, ft 

1,800 

780 

7.28 

4.69 

3.81 

4.29 

61 

39 

0.000940 

0.0021 50 



Table 17 
Change in Reach Values for Hickahala-Senatobia Creek 
Watershed from 1985 to 1991 

Channel Reach 

Hkk8h.k Creek and Tributaries 

James Wolf and Tributaries 

Velocity, cfs 

James WOW 

Martin Dale 

Depth, tt 

1 

2 

3 

1 

2 

Width, ft 

-0.17 

-0.16 

-0.04 

-0.03 

Slope 

Note: Changes were calclrlated by subtracting the 1985 data from the 1991 data. 

1.26 

0.82 

0.24 

0.12 

0.07 

-1.90 

-6 

0 

-1 

0 

0 0.001470 

-0.0001 41 

-0.0001 14 

-0.000085 

-0.0001 10 



Table 18 
Percentage Change in Reach Parameters for Hickahala-Senatobia 
Creek Watershed 

Channel Reach 

Hickahaia 

Thornton 

Basket 

Beards 

-Y 

South Fork 

Discharge, cis 

(Continued) 

Note: - Between -5 and +5% change 
+ Between +5 and +20% change - Between -5 and -20% change 
++ Between +20 and +35% change -- Between -20 and -35% change 
+++ Between +35 and +50% change - Between -35 and -50% change 
++++ Grsater than 50% change 
- Greater than -50% change 

1 

2 

3 

4 

5 

6 

1 

2 

1 

2 

3 

1 

2 

1 

2 

1 

2 

Velocity, fps Depth, tt 

Hkkahak 

4,800 

6,957 

8,218 

4,427 

2,155 

942 

1,148 

41 0 

1,500 

1,045 

420 

1,879 

1,070 

935 

630 

1,035 

820 

Creek and Trlbutarbs 

+ 

- 
+ 
- 
- 

- 

- 
-- 
- 

- 
+ 

- 

Width, R 

+ 

- 
- 
+ 

+ 

- 
--- 

- 
- 
- 
- 

- 

++ 

+ 

- 
+ 
d 

- 
+ 

++ 

+ 

+ 

+ 

+ 

- 
+ 

+ 

+ 

- 

Slope 

- 
- 

- 
+ 
- 
- 
+ 
- 
++ 

+ 
+ 

+ 

+ 



Table 18 (Concluded) 

Channel Reach 

Senatobia Creek and Tributaries (Continued) 

Discharge, cis 

Senatobia 
(Continued) 

Mattic 

Tolbert Jones 

Velocity, fps 

3 

1 

2 

1 

2 

4,282 

9,440 

4,380 

1,800 

780 

Slope Depth, ft Width, ft 

- 

+ 

-- 
+++ 

- 

- 
- 
- 
- 

- 
- 
+ 

++ 

- 

- 

+ 

-. 
++++ 



2 

3 

4 

2,000 

1,700 

1,300 

Caney 

6.44 

6.31 

3.71 

(Continued) 

1 

5.96 

5.79 

5.96 

2,500 

52 

35 

56 

0.0021 30 

0.0021 30 

0.000710 

4.19 6.58 91 0.000790 



I 
- 
Table 19 (Concluded) 

Channel Reach 

Long Creek and Tributaries, 1991 (Continued) 

Discharge 
cfs 

h e y  
(Continued) 

Velocily 
fPs 

2 

3 

4 

Johnson Creek and Tributaries, 1985 

2,000 

1,700 

1,300 

Slope Depth, f t  

Johnson 

Hurt 

Width, ft 

6.15 

6.50 

5.56 

1 

2 

3 

4 

5 

1 

2 

5,400 

3,000 

2,900 

2,600 

1,800 

2,900 

2,600 

Johnson Creek and Tributaries, lOO1 

5.65 

5.86 

4.30 

5.51 

5.47 

5.46 

6.08 

5.62 

6.34 

6.38 

Johnson 

Hurt 

58 

38 

54 

1 

2 

3 

4 

5 

1 

2 

0.002090 

0.002220 

0.002450 

0.001020 

0.001880 

0.001520 

0.002070 

0.001740 

0.002470 

0.002280 

8.1 7 

5.1 3 

6.00 

5.58 

5.66 

6.35 

6.82 

120 

107 

89 

n 

57 

72 

60 

5,400 

3,000 

2,900 

2,600 

1,800 

2,900 

2,600 

4.94 

4.81 

5.78 

6.86 

5.63 

6.22 

6.00 

0.000700 

0.001 440 

0.001780 

0.002640 

0.001 390 

0.002730 

0.002220 

9.1 9 

5.1 6 

5.79 

5.58 

6.70 

5.75 

6.34 

119 

121 

87 

68 

48 

81 

68 



Table 20 
Changes in Reach Parameters for Long Creek Watershed from 
1985 to 1991 

Channel Reach 

Peters Creek and Tributaries 

Peters 

Bob0 

Velocity, tps Depth, ft Width, R 

1 

2 

3 

4 

1 

2 

slope 

Long Creek and Tributaries 

Long 

 cane^ 

0.02 

0.19 

0.05 

0.29 

0.42 

-1.67 

0 

6 

0 

-1 7 

5 

40 

-0.06 

-0.55 

-0.11 

0.78 

-0.15 

-0.28 

1 

2 

3 

4 

5 

1 

2 

3 

4 

0.000010 

0.0001 10 

0.000020 

0.000000 

0.000260 

-0.0011 10 

Johnson Creek and Tributaries 

2 

-0.000190 

-0.0001 90 

-0.0001 40 

0.000510 

0.000110 

-0.000210 

-0.000040 

0.000090 

0.001740 

-0.07 

-0.17 

-0.18 

0.80 

0.38 

0.40 

-0.29 

0.19 

1.85 

Note: Changes were calculated by subtracting the 1985 from the 1991 data. 

-0.38 

0.58 

0.53 

0.05 

0.08 

0.30 

1.84 

-0.31 

0.07 

-1.66 

-1 5 

-5 

1 

-9 

-7 

-48 

6 

3 

-2 

-0.48 8 -0.000060 



Table 21 
Percentage Change in Reach Parameters for Long Creek 
Watershed 

Channel Reach 

Peters Creek and Tributaries 

Discharge, cts 

Hurt 

Velocity, fps 

Note: - Between -5 and +5% change 
+ Between +5 and +20% change - Between -5 and -20% change 
++ Between +20 and +35% change -- Between -20 and -35% change 
+++ Between +35 and +50 change 
--- Between -35 and -50% change 
++++ Greater than 50% change 
---- Greater than -50% change 

1 

2 

Depth, tt 

2,900 

2,600 

Width, tt 

- 

Slope 

+ 

+ 

+ 

- 



Table 22 
Reach Parameters for Batupan Bogue Watershed 

Channel 

Batupan Bogue and Tributaries, 1985 

' > = greater than 2-year discharge. 

Reach 
Depth 
ft 

Discharge 
cfs 

Velocity 
fPs 

Percent of 2-Year 
~ i s c h a r ~ e '  

Width 
ft Slope 





Table 22 (Continued) 

Channel 

Little Bogue and Tributaries, 1991 (Continued) 

(Sheet 3 of 4) 

Reach 
Discharge 
cfs 

Velocity 
fPS 

Depth 
tt 

Width 
tt Slope 

Percent of 2-Year 
Discharge 



1I~able 22 (Concluded) 11 

11 Big Bogue and Tributaries, 1991 (Continued) 11 
Channel 

ll~ast Fork 11 1,300 5.48 5.71 42 0.001 920 !I 

Reach 

Worsham 

(Sheet 4 of 4) 

Discharge 
cfs 

1 

2 

3 

Velocity 
f PS 

3,400 

3,400 

3,400 

Depth 
tt 

4.28 

6.03 

7.45 

Width 
tt 

8.43 

8.29 

7.55 

Slope 

93 

68 

60 

Percent of 2-Year 
Discharge 

0.000700 

0.0014M 

0.002450 > 



Table 23 
Changes in Reach Parameters for Batupan Bogue Watershed 

Channel R w t h  

Batupan Bogue and Tributaries 

Velocity, fps Depth, ft 

BatuPan 
eoaue 

Width, ft 

(Continued) 

Note: Changes were calculated by subtracting 1985 data from 1991 data. 

37 

8 

-33 

14 

-5 

Slope 

1 

2 

3 

4 

5 

-0.0001 74 

0.000041 

0.000013 

-0.0001 17 

0.000044 

-0.56 

0.19 

0.41 

-0.30 

0.30 

-0.49 

-0.89 

0.45 

-0.17 

-0.53 



Table 23 (Concluded) 

Channel Reach 

Littie Bogue and Tributaries (Continued) 

Velocity, fps 

Mouse 
(Continued) 

Depth, i t  

2 

3 

Big Bogue 

Sykes 

Jackson 

Eskridge 

Worsharn 

East Fork 

Wldth, R 

-0.01 

0.00 

Slope 

1 

2 

3 

1 

2 

1 

2 

1 

2 

3 

1 

2 

3 

4 

1 

0.50 

-0.08 

Big Bogue 

0.05 

0.22 

0.41 

-1.01 

-0.74 

-0.50 

-2.55 

0.64 

-0.53 

0.42 

0.40 

0.01 

-1.26 

-0.69 

-3 

1 

-0.0001 90 

0.000040 

and Tributaries 

-0.53 

1.06 

1.31 

-1.39 

-0.56 

0.68 

1.59 

0.1 1 

0.71 

0.00 

0.32 

-0.13 

0.89 

1.10 

6 

-20 

-33 

51 

17 

10 

9 

-1 0 

0 

-3 

-8 

0 

3 

-4 

0.0001 24 

-0.000049 

-0.000008 

-0.0001 93 

5.000245 

0.000833 

0.0001 80 

0.000250 

-0.000430 

0.000310 

No Data 

0.0001 20 

0.000060 

-0.001490 

-0.001320 



Table 24 
Percentage Changes in Reach Parameters for Batupan Bogue 
Watershed 

Channel Reach 

Batupan Bogue and Tributaries 

Discharge, cfs 

Batupan 
Bogue 

Velocity, fps 

1 

2 

3 

4 

5 

10 

Depth, f t  

14,140 

13,860 

13,686 

12,989 

12,989 

No Data 

(Continued) 

Note: - Between -5 and +5% change 
+ Between +5 and +20% change 
- Between -5 and -20% change 
++ Between +20 and +35% change 
-- Between -20 and -35% change 
+++ Between +35 and +50% change 
--- Between -35 and -50% change 
++++ Greater than 5-% change 
---- Greater than -50% change 

Width, tt 

- 
+ 

+ 

Slope 

-- 

+ 

- 

+ 

- 

- 
- 
- 

+ 

- 

+ 

- 



Table 24 (Concluded) 

Channel Reach Discharge, cfs 

Uttle Bogue and Tributaries (Continued) 

Velocity, fps 

Crowder 

Powell 

Mouse 

Depth, ft 

1 

2 

3 

1 

1 

2 

3 

Big Bogue 

Sykes 

Jackson 

Eskridge 

Worsham 

East Fork 

Width, ft 

1,900 

1,900 

1,900 

1,675 

2,100 

2,100 

2,100 

Slope 

1 

2 

3 

1 

2 

1 

2 

1 

2 

3 

1 

2 

3 

4 

1 

- 

- 
Big Bogue and Tributaries 

- 
- 
- 
- 
+ 
- 

6,640 

6,640 

6,640 

3,100 

3,100 

1,000 

1,000 

3,400 

3,400 

3,400 

3,400 

3,400 

3,400 

1,300 

+ 

+ 

+++ 

+ 

+ 

- 

- 
- 
+ 

.- 

-- 
.-- 
+ 

+ 

+ 

- 

M 

-- 
+ 

- 

+ 

+ 

+ 

+++ 

- 
+ 
- 

- 
- 
+ 

++ 

+ 

.- 
++++ 

++ 

+ 

++ 

- 

- 
+ 

+ 

- 

++++ 

+ 

++ 
-- 
+ 

No Data 

+ 

- 
--- 
--- 



Table 25 
DEC Gage instrumentation Completed for FY 92 

Site Installation Date 

9 

11 

12 

13 

15 

16 

18 

19 

20 

Crest Gauge 

16 Dec 92 

05 Feb 92 

25 Feb 92 

22 Oct 91 

21 May 92 

14 Apr 92 

15 Jan 92' 

04 Feb 92 

01 Oct 91 

Total 

Deployed and 
Operational 

Lost or 
Destroyed 

Replaced 

Recording Gauge 

Instruments at West Fork of Worsharn Creek were installed prior to 20 Nov 92, others at the 
approximate date shown. 

4 

2 

2 

2 

2 

- 
4 

2 

3 

33 

33 

2 

2 

I 

Location Basin 

1 (02/12/92) 

2 

2 

3 

1 

2 

6 

2 

3 

29 

29 

1 

1 

Red Banks 

Hickahala 

Burney 

Hotophia 

Sarter 

Perry 

Worsham 

James Wolf 

Long 

Coldwater 

Hickahala 

Burney 

Hotophia 

Otoucalofa 

Batupan 

Batupan 

Hickahala 

Long 



I REPORT DOCUMENTATION PAGE 
Form Approved I OMB NO. 0 704-0188 I I 

Publ~c rrpanlng burden for tha cdlectton 01 ~nformatton 8s esttmated to average 1 hour per response, lncludtng the ttme for revlmlng Instruntons, ~ a r c h l n g  extstlng data murcn. 
gathmng and malntatntng the data mcded and completing and revlewong the collmton of ~ntorrnat~on Send comments r ard~ng t h ~ r  burden esttrnate or any other asp& of thlr 
~~~~n of Informatton tncludtng ruggnt;om for reduc~ng this burden to Wah~ngton Heedquanen Servtces D#rectorate?or Informatton Operatlorn and Repons 1215 leifrnon 
Davn Highway. Su~te 120b. Arlington. VA 212024302. and to the Otttce of ManwemCnt and Bud~et.  ~ a ~ e r w o r i  Reduction Pro~ect 107040188~. Washmaton. DC 20563 , . 

1. AGENCY USE ONLY (Leave Mank) 3. REPORT TYPE AND DATES COVERED 
Final Report I 

I 

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS 1 
Demonstration Erosion Control Project Monitoring Program, 
Fiscal Year 1992 Report; Volume I: Main Text 
'6. AUTHOR(S) 

I Nolan K. Raphelt, Terry N. Waller, David D. Abraham, Bobby J. Brown 
Billy E. Johnson, Sandra K. Martin, William A. Thomas, Lisa C. Hubbard, I 
Chester C. Watson, Steven R. Abt, Colin R. Thorne 
7. PERFORMING ORGANEATION NAME(S) AND ADDRESS(ES) 

I 

11. SUPPLEMENTARY NOTES I 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

See reverse 

I 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Engineer District, Vicksburg 
3550 1-20 Frontage Road 
Vicksburg, Mississippi 39180-5191 

Technical Report 
HL-93-3 

10. SPONSORING I MONITORING 
AGENCY REPORT NUMBER 

I ~ p ~ r o v e d  for public release; distribution is unlimited. I 

Appendixes A-F were published under separate cover. Copies of this report and the Appendixes are available 
from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161. 

I 
13. ABSTRACT (Maximum 200 words) 

l2a. DISTRIBUTION /AVAILABILITY STATEMENT 

The purpose of monitoring the Demonstration Erosion Control (DEC) Project is to evaluate and document 
watershed response to the implemented DEC Project. Documentation of watershed responses to DEC Project 
features will allow the participating agencies a unique opportunity to determine the effectiveness of existing design 
guidance for erosion and flood control in small watersheds. The monitoring program includes 11 technical areas: 
stream gaging, data collection and data management, hydraulic performance of structures, channel response, 
hydrology, upland watersheds, reservoir sedimentation, environmental aspects, bank stability, design tools, and 
technology transfer. 

12b. DISTRIBUTION CODE 

I This report includes detailed discussion of the eight technical areas that were investigated by the U.S. 
Army Engineer Waterways Experiment Station during Fiscal Year 1992, i.e., all of these areas except upland 
watersheds, reservoir sedimentation, and environmental aspects. 

In the area of data collection and data management, illstallation of continuous stage gauge instrumentation 
at 33 sites and crest gages at an additional 42 sites was completed and data collection initiated. The initial 

(Continued) 

15. NUMBER OF PAGES 
200 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

SU E TE S 
&%aiw% &ra%tion Hydraulic data collection 
Engineering database Hydrologic modeling 
Erosion control Sedimentation 

USN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 
Prescr~bed by ANSI Std Z39-18 
298-102 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

17. SECURITY CLASSIFICATION 
OF REPORT 

UNCLASSIFIED 

la .  SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 



7. (Concluded). 

U.S. Army Engineer Waterways Experiment Station 
Hydraulics Laboratory 
3909 Halls Ferry Road, Vicksburg, MS 39180-6199 

Civil Engineering Department 
Engineering Research Center 
Colorado State University 
Fort Collins, Colorado 80523 

University of Nottingham 
Department of Geography 
University Park 
Noningham, England NG7 2RD 

13. (Concluded). 

development of the engineering database on Intergraph workstations was completed and made available to the U.S. 
Army Engineer District, Vicksburg, for testing. 

In the area of hydraulic performance of structures, a model study to determine the feasibility of a low- 
drop structure using a 10-ft drop was conducted. Selected high- and low-drop structures were instrumented with 
stage gauges. The stage data will be used in calculating discharge coefficients for rating curves. 

In the area of channel response, the first detailed topographic survey of the 20 long-tern sites was 
completed. The initial broad-based geomorphic studies of 10 watersheds and detailed geomorphic studies of 3 
watersheds were completed. 

In the area of hydrology, development of HEC-1 hydrology models for 10 watersheds was initiated. The 
evaluation of the CASC2D hydrology model using the Goodwin Creek watershed was initiated. 

In the area of bank stability, a model study to determine the applicability of the bendway weir concept for 
bank stabilization was conducted. 

In the area of design tools, a riser pipe design system housed on the engineering database (Intergraph) 
was developed, tested, and made available for District use on the Coldwater River watershed. 

In the area of technology transfer, a video report on the DEC Project was completed, and a second video 
report on channel degradation processes was initiated. 


	A-1.pdf
	A-2.pdf
	A-3.pdf
	A-4.pdf
	A-5.pdf



