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The Environmental and Public Protection Cabinet (EPPC) and the Obion Creek Watershed
Conservancy District do not discriminate on the basis of race, color, national origin, sex,
age, religion, or disability. The EPPC and the Obion Creek Watershed Conservancy
District will provide, on request, reasonable accommodations including auxiliary aids and
services necessary to afford an individual with a disability an equal opportunity to
participate in all services, programs and activities. To request materials in an alternative
format, contact the Kentucky Division of Water, 14 Reilly Road, Frankfort, KY 40601 or
call (502) 564-3410, or contact the Obion Creek Watershed Conservancy District.
Funding for this project was provided in part by a grant from the U.S. Environmental
Protection Agency (USEPA) through the Kentucky Division of Water, Nonpoint Source
Section, to the Obion Creek Watershed Conservancy District as authorized by the Clean
Water Act Amendments of 1987, §319(h) Nonpoint Source Implementation Grant #
C9994861-99. Mention of trade names or commercial products, if any, does not constitute
endorsement. This document was printed on recycled paper.”
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Executive Summary
This document is available online at www.jpf.org
The goal of the Obion Creek Stream Corridor Restoration Project was to restore a
naturalized flow of the unconsolidated bottom low-gradient stream. The expected output
for the project was to re-create over a mile of meandering stream channel where a
previously channelized reach had filled with sediment and debris. The project site is
located immediately downstream of Highway 307 in Hickman County on Kentucky
Department of Fish and Wildlife Resources property, in the Wallace Tract of the Obion
Creek Wildlife Management Area. The principal outcomes for the project were reducing
nonpoint source pollution, siltation and sedimentation. Co-lateral outcomes include the
protection and potential restoration of the bottomland hardwood forest present at the site
before it was altered, the reduction of the loss of the wetland habitat from sedimentation,
the development of aquatic habitat that had been destroyed, and the improved safety of
vehicular traffic on KY-307 because of the much lower chance of flooding of the road.
Channel and spoil berm construction activities commenced in August 2003. Clearing and
channel construction phases were completed in late December 2003. Soils excavated
from the channel were saturated upon removal and required a period of time for dewatering so that they could be shaped into the designed berms. Soils were allowed to dry
until summer 2004, and final berm shaping was completed by September 2004. The
project successfully met its goal of restoring naturalized channel where none existed
before.
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Introduction & Background
Obion Creek had no defined stream channel (heavily braided) below KY-307 in Hickman
County. Water negotiated under the highway bridge and then proceeded in overland flow
for nearly two miles, before entering into a recognizable channel. This shallow flow was
depositing large volumes of sediment around and inundating the hardwood boles
threatening the area’s wetland characteristics. These factors were contributing to both
the loss of the bottomland hardwoods and the filling of the wetland areas. The principal
cause for this situation was channelization decades ago and the subsequent sedimentation
above and below the KY-307 bridge. The project reduced the threat to the wetlands and
the habitat will be protected, restored and improved.

Project goal and objectives
GOAL: To restore a naturalized flow and stream channel to Obion Creek reducing
nonpoint source water pollution, siltation, sedimentation, and bottomland
hardwood and wetland habitats loss.
Objectives:

•
•
•
•
•
•

Target remediation of Obion Creek.
Install stream corridor restoration demonstration site.
Reduce flood hazard to KY-307.
Conduct stream restoration education program.

Activities conducted to achieve the project
Assess the current hydrology.
Identify the best location and design for the proposed channel meanders.
Restore flow to channel to alleviate present danger to remaining hardwood stands,
associated terrestrial habitat, and reduce sedimentation.
Construct stream restoration BMP demonstration in and along channel.
Conduct education/information workshops/field days.
Report progress and publish results on the Internet.

Background
The Obion Creek Watershed Conservancy District was form in 1949 to address flooding
issues in the watershed. The constructed many small watershed dams to retain and detain
peak flows. Also over the years they also tried to remove large debris dams along the
main stem of the Creek. Because of this history the community looked to the Watershed
District to become involved in trying to correct the blockages and sedimentation
problems. For a number of years they tried small fixes at the bridge but it was apparent
that the problem was well beyond their financial and technical resources. Thus the
partners join the District, bringing the technical resources of University of Louisville, the
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financial resources of the DOW with 319(h) and the Kentucky Department offish and
Wildlife Resources, and the managerial resources of the Jackson Purchase RC&D.
Stream channelization works began in the Obion Creek watershed as early as the 1920’s
and persisted for several decades thereafter. Much of the stream channel reaches
upstream of KY 307 in Hickman County have been straight-line ditched.
The straightened sections of Obion Creek and its tributaries are indicated in Figure 1 by
the straight blue-line streams. Approximately two miles of Obion Creek downstream of
Highway 307 has been channelized. Sediment and organic debris accumulation at the
end of the channelized section began soon after channelization in the late 1930’s,
progressing upstream with subsequent sediment and debris transporting storm events. As
depicted in Figure 2, a mature stand of trees can be seen (top-left corner of photograph)
in the once straight channel. A second alignment, toward the bottom of Figure 2, was
attempted in the 1980’s. This latter alignment has also filled with sediment and debris.
Sediment and debris blockage extended more than 1.5 miles upstream of the KY 307
bridges. Much of the low-water discharge flowed as surface water in a series of
anabranched channels from this upstream point to active channels more than two miles
downstream. The natural meandering channel once present in this area was not
completely identified in review of historical documents.

Mature Trees in
Sediment Filled
Channel

Sediment Filled
Channels

Anabranched
Channels
0 ft

1000 ft

Figure 2, Sediment Filled Channel
Prior channelization alignments (2002 color-IR photograph) and current anabranched channel system.

Most of the project site is covered by a mature stand of woody vegetation (hardwood and
softwood species). Absence of a stream channel for much of the valley length has
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resulted in excessive sediment deposition in the floodplain and artificially elevated
surface and groundwater levels. These persistently high groundwater levels prevent
sufficient oxygen from reaching the roots of many bottomland hardwood species. A
reduction in the numbers, species diversity, and availability and diversity of habitat and
forage has resulted.

Materials & Methods
1. A description of the project area.
General description of the location of the project area(s):
The project area is located at the intersection of Obion Creek and KY-307 in Hickman
County 8.5 miles northeast of Clinton. It extends upstream of KY 307 for 1 mile and
down stream for 2 miles. The nearest community is Beulah, located 2 miles north of the
site on KY-307, see Figure 3. A man-made, channelized reach of Obion Creek traverses
the properties, though extensive sediment and debris deposition has completely filled this
reach of the channel. Actual construction was limited the west side of KY 307
proceeding downstream in two reaches. The watershed area contributing to flow at the
KY 307 bridge is approximately 120 sq mi.
The Obion Creek project area has no densely populated residential areas and no major
buried utilities to confound earthmoving activities. The Kentucky Natures Preserves
Commission owns the property on the east side of KY-307 and the Kentucky Department
of Fish and Wildlife Resources owns the western property. The project area has no
human population in the floodplain and no identified endangered species. Wetland areas
have been visually identified within the project site. Though no formal delineation has
been performed, it is estimated that over 300 acres of wetlands exist within the WMA
boundaries. Additional, extensive wetland areas exist upstream of KY 307 on the
Kentucky Nature Preserves Commission property.
Workshop Materials are included in this report as Appendix E.
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Figure 3, Location Map

2. A description of all methods used to obtain the results for your project.
This project resulted in the opening of a naturalized stream where none had existed
before, in recent history. The floodplain had been dissected with a straight line channel
in the late 1930’s. That had silted-in to the extent that water no longer found a defined
channel for flow. The principal purpose for the project was to reduce nonpoint source
pollution. Thusly, the results of the project work has accomplished just that, siltation and
sedimentation have been substantially reduced. The outcomes are much more varied.
The restored naturalized flow of the Obion Creek has reduced the perched watertable
allowing bottomland forest regeneration to begin. The increased flow has stopped
flooding of KY 307. Fish populations are rising quickly and there is evidence of mussel
bed development and recruitment.
The project involved five major components.
First, the evaluation of the stream corridor itself and the neighboring stream corridors to
determine the most effective and cost efficient approach to restoring this section of Obion
Creek. This component included attempts in identifying the pre-channelized natural
channel.
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Obion Creek has been degraded by two distinct sources of excessive sediment supply:
overland erosion due to improper farming practice and channel instability associated with
channelization and development in the watershed. The problem of improper farming
practices has been, for the most part, remedied by improved farming practices to reduce
sheet, rill and gully erosion. As a consequence, the supply of sediment to Obion Creek
from overland sources has been greatly reduced. Channel bed erosion and channel bank
erosion at some locations and severe aggradations of the channel streambed at other
locations are the streams response to channelization, land use changes in the watershed,
and floodplain flow changes caused by highway embankments. Recent erosional and
depositional features indicate that the instability associated with channelization is causing
most of the current sedimentation problems in the project area.
Figure 2, shows the channelization and relocation of Obion Creek. The channelized
section begins at the downstream end of the proposed project area. The channelized
section extends through the project area through most of the remaining stream length
upstream of the project. A complete channel blockage composed of mostly deposited
course sands has formed in approximately 7,000 feet of channel. The blockage is a
consequence of high sedimentation rates associated with the channel flow patterns
created by the relocated and channelized stream. The channel blockage forms a dam that
forces even moderate flows to overtop the channelized stream banks across the sloping
floodplain and into distributary channels toward the natural section of stream. A series of
braided distributaries have been incised in the floodplain and in recent sediment deposits.
In between the braided series of channels, sediment deposition has occurred over large
areas of the floodplain that has changed the surface soil composition. The damming
effect in the long channel blockage has caused the groundwater level to increase through
several thousand feet of channel length and in the adjacent floodplain areas.
The excessive sediment deposition rates in the extensive sections of channel within the
project area can be attributed to relocation and channelization of Obion Creek. More
specifically, the channelization has caused a:
1. change in channel cross-section dimensions;
2. change in interaction of the channel with its floodplain;
3. change in channel meander pattern;
4. change in the channel profile characteristics.
The relocated channel cross-section dimensions are much larger than the natural channel.
As a consequence, excessive deposition of sediment is occurring at many locations and
severe bank erosion is occurring at others. The relocated channel was placed within a
terrace that slopes away from the top of the channel banks toward the unused natural
channel and tributaries. The flood flow patterns associated with the interaction between
the floodplain and the channel for a spectrum of flow rates has been completely altered.
The in-bank flow patterns and sediment transport patterns have been severely altered for
in-bank flows. Energy dissipation in the old channel was primarily through flow
curvature associated with channel bends and meanders during in bank channel flows. In
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the channelized stream energy dissipation occurs through shear on bedforms that
transport sediments and banks stress that causes bank erosion.
The purpose of this project was to reduce sedimentation by restoring the stream channel
dimensions, flow patterns, and profile to those of the natural stream flow conditions. The
project has extended the natural stream from the middle bridge on KY 307 to a remnant
of stream channel, from that remnant to the downstream end to the limits of the project.
The natural stream system has been restored in this section by:
1. modifying the existing unused natural channel for the current flow and sediment
transport conditions;
2. reconnecting the natural channel;
3. blocking section of the current relocated channel to form shallow floodplain
ponds;
4. stabilization of channel bends in the relocated channel with vegetation and
deflectional mounds on the relocated channel banks.
The restoration of the natural stream dimensions, flow patterns, and profile has
reestablished the sediment carrying capacity of the channel and the interaction of the
floodplain and the natural stream channel in the work area. Additionally, damming
sections of the current channel with soils excavated to reconnect and reshape the natural
channel will develop a series of shallow floodplain ponds.
Monitoring and data collection actions were conducted under the direction of the
University of Louisville:
Pre-Project Monitoring
Six cross-sections in the current channel were monitored for two to three years
depending on the station. Survey monuments were placed on the banks at the
initiation of the project. Cross-section surveys were conducted at the beginning of
the project and after. Three sets of erosion chains were placed in the streambed to
determine rates of erosion and/or deposition. Flow directions during overbank flows
were assessed after one high-water event; field observations during one high flow
event.
Watershed Hydrologic Assessment
Hydrologic analyses were conducted from flow information measured by stream
gauges on Obion Creek and nearby watersheds with similar geomorphic
characteristics. Land-use changes in the basin and their impact on flow were
evaluated through time series analysis. This information was used to evaluate and
compare estimates of bank-full flow developed from geomorphic and hydraulic
evaluations of the un-channelized section of Obion Creek downstream of the project
reach.
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Basin-Wide Geomorphic Assessment
The overall basin characteristics were examined through examination of aerial
photographs and a aerial survey of the main channel of Obion Creek. The purpose of
the aerial reconnaissance was to identify any major channel instability on the main
channel or tributaries. The combination of the two methods will provide information
on the primary causes of the system instability to insure that some disturbance remote
from the project will not destabilize the restoration.
Geomorphic Assessment of Channel Reach
Restoration of the channel required that the channel be shaped to provide a delicate
balance between sediment transport capacity and channel stability. The balance was
achieved by determining the range of stable stream dimensions, flow patterns and
profiles for which the stream has a high probability for stability. To develop the
parameters from which the channel form was designed, the existing channelized
stream and restored stream were classified, the precise cause of channel instability
determined, and dimensions, pattern and profile of reference reaches developed. This
assessment included the measurement of specific channel characteristics in the
existing channel and reference reaches as described by Rosgen, (1996). Acceptable
ranges of parameters such as bank-full dimensions, meander belt width, meander
radius, and stream slope were developed from existing and abandoned (prechannelized) channels.
Second, design of the channels and floodplain ponds.
The project work included an assessment of watershed hydrology, assessment of basinwide geomorphic instabilities, and the potential effects on floodways. The design
actions were:
Develop Conceptual Design
With the causes of instability well defined and the range of stable stream shape,
pattern, and profile known, a conceptual design of the restored stream was developed.
The conceptual design had preliminary locations of the stream based on aerial maps.
The conceptual design included the following:
a) Location and characteristic shape of the restored channel;
b) The scheme for locating and constructing floodplain ponds;
c) The plan for incorporation of vegetation and bioengineering to stabilize the
restored channel and floodplain.
d) The conceptual design was submitted to DOW for comments and suggestions.
Field Survey
Field surveys were conducted to specifically determine the location of the. The
project team used a section of the abandoned natural channel. A survey of the channel
was necessary to develop the specific design of the restored channel. Enlargement of
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the abandoned natural channel was not necessary to convey the flow of the highly
altered watershed. The survey of the channel provided the necessary topographic
information to design the restored channel.
Design channel
The range of stream characteristic parameters established from the hydrologic and
geomorphologic assessments provided the channel cross-section shape, stream
pattern, and stream profile necessary for channel stability. The design was based
primarily on the recommendations of Rosgen, (1996) although information from the
interagency handbook on stream corridor restoration was also used as the basis for
design of the channel. Special attention was given to transition areas between the
reaches considered in this project and those upstream and downstream of the
restoration. The potential for destabilization of the restored channel was anticipated
to be highest at the upstream end of the project where the restored stream transitions
under the KY 307 middle bridge. To minimize the cost of the earthwork the design
incorporated as much of the abandoned natural channel as possible. (Figure 4)

Continuous
Stream
Channel

Sediment-Filled
Obion Creek
Limits of
Disturbance
Spoil Pile
Berms

Stream
Restoration
Reach 1

Flow
Direction

Stream
Restoration
Reach 2
0 ft

1000 ft
Remnant Section of
Cypress/ Brush
Creek

KY 307
Center
Bridge

Figure 4, Channel Layout

Efforts to restore the riverine system and floodplain hydrology entail construction of
5,684 ft of stream channel and associated activities. As depicted in Figure 4, the
stream channel was constructed in two sections.
The downstream section
(Restoration Reach 1) is 3,859 ft in length and connects the currently remnant natural
reach of Cypress/Brush Creek with a flowing, single-thread Obion Creek
downstream. The upstream section (Restoration Reach 2) is 1,825 ft in length and
connects remnant natural channels upstream of the central Obion Creek bridge to the
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remnant section of Cypress/Brush Creek. The typical bankfull geometry of the
proposed channels will be of trapezoidal cross section with an area of approximately
125 sq ft, a top-width of 40 ft, and a maximum depth of 5 ft.
Channel construction produced approximately 26,300 cubic yards of spoil material
and reverted 5.2 acres of submerged wetlands to a riverine system. These materials
were placed in spoil disposal areas near to selected areas of the stream, chosen to
minimize disturbance to the adjacent forested wetland while allowing floodplain
relief at the outside of meander bends. A typical planview of meander and spoil
disposal configuration is shown in Figure 5.
Dredge Spoil Berms
(Typical)
Limits of Disturbance
Flood Flow Path Out of
Bends and around Berms

Undisturbed Vegetation
South of Restored Channel

0 ft

200 ft

Figure 5, Spoil Disposal Configuration

In total, eleven spoil disposal sites encompassing
4.5 acres were created. Spoil disposal sites were
3 to 3.5 ft high and range from 0.16 to 0.51 acres
in area, the widest being 135 ft across.
Construction activities temporarily disturbed an
additional 7.3 acres by mechanized clearing.
These cleared areas were protected from erosion
through temporary seeding (annual rye). Existing
seed bank in the wetland soils has allowed natural
regeneration of sustainable wetland species, although the site will be monitored to
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ensure that natural revegetation is successful. Hardwood seedling were planted to
hasten the revegetation process. In contrast, it is estimated that over 750 acres of
floodplain and bottomland forest will benefit from this stream restoration project,
including on-site and adjacent wetland areas. A detailed description of each of the
major project components is provided below.
Stream Restoration Reach 1
The 5,600 foot long remnant section of Cypress/Brush Creek that conveys flow
through the southern-most KY 307 bridge was connected to the downstream
continuous reach of Cypress/Brush Creek by a 3,859 ft long meandering, singlethread channel. The stream reach was constructed in the approximate dimensions of
the upstream and downstream channels (40 ft wide by 5 ft deep). The characteristics
of the planform pattern (meander geometry) were designed based on information
from continuous channel reaches downstream of the project area and scaled
appropriately for restored channel dimensions. Woody debris obtained from clearing
of work areas was integrated as in-stream habitat improvement within the restored
channel.
Construction limits and sequencing was developed as to minimize disturbance of
forested areas south of the channel, thereby providing immediate, partial shading of
the newly constructed channel. Strategic placement and shaping of dredge spoil in
the form of 3.5 ft high berms adjacent to the north side of the channel will inhibit
potential future channel cutoffs that would shorten channel length, formation of
debris jams and channel bend erosion during overbank flow events. The berms also
provide valuable variation in hydrologic conditions and habitat in the overbank areas
near the stream channel.
The total area of disturbance for this section of stream restoration was 5.1 acres,
excluding the proposed channel area. Berms of approximately 3.5 ft high occupy
approximately 3.1 acres.
Stream Restoration Reach 2
Remnant natural channels and drainage ways that flow to the upstream side of the KY
307 main channel bridge were connected to the remnant section of the Cypress/Brush
Creek channel by a proposed 1,825 ft long meandering channel. The channel
dimensions and patterns were determined from channel characteristics upstream of
the project area. Berm placement and shape were designed based on anticipated
overbank flow patterns associated with flow from the main channel bridge opening.
The total area of disturbance for this section of stream restoration was 3.4 acres,
excluding the proposed channel area. Berms, approximately 3.5 ft high occupy
approximately 1.38 acres.
Debris Deflection and Retention Berm
To prevent adverse impacts of debris blockage at the center bridge, a debris
deflection and retention berm was proposed. Past sedimentation and natural
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vegetation growth rendered this portion of the project unnecessary. Thus it was
dropped from the original project plan during the construction phase of the project.
Construction Access
Access to construction areas downstream the bridge crossing was be provided by
2,200 ft of existing logging roads and 1,750 ft of constructed access path (no fill).
The total temporarily disturbed area of constructed access (outside the limits of
disturbance for channel construction) is 0.80 acres, of which less than 0.05 acres is
estimated to be wetlands.
Develop construction sequence
The construction sequence was developed to minimize the disturbance to aquatic as
well as riparian habitat. A sequence of construction was used to prevent erosion of
exposed soils and to minimize siltation. The restored abandon channel and its
connection to the channelized system were vegetated immediately after work
completion with a temporary cover of annual ryegrass. The construction sequence
was 1) removal of channel debris and vegetation within the abandoned channel, 2)
remove limited amount of vegetation from construction area, 3) shape and construct
channel cross-sections, 3) vegetate channel bends and other erosion susceptible
zones, 4) block existing channelized channel and create floodplain ponds with
construction spoil from the restored channel. Blocking of the upstream end of the
channelized channel was determined to be less than beneficial to the newly
constructed channel. About one year after opening the new channel this blockage
was removed to allow flood overflows to proceed easily down the old straight-line
channel. At this point in time both the existing channelized channel (Figure 6) and
the restored channel are conveying stream flow during flood events.

Old Channelized
Straight-line Channel
Entrance
New Meandering
Channel Entrance

Figure 6, Entrance to Channels
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Third, the actual earth moving and re-vegetation in and along the floodplain. This
component involved excavating earth from the new channel and depositing it along the
bends of the newly restored channel sections. This action started flow to the constructed
channel, dealt with the spoil problems, and created the floodplain ponds.
Channel vegetation that is currently growing on
the banks of the channelized stream and those on
the South side of the constructed channel were
allowed to remain in place to improve habitat,
increase natural revegetation, and reduce summer
water temperatures in the new streambed.
Established riparian vegetation is available along
the channelized stream banks. Removal of this
vegetation was not necessary for the success of this
project. The channelized stream banks will become pond shorelines that will not be prone
to high velocity flow erosion. Likewise, the insides
of stable beds are depositional areas that do not
require vegetation. Vegetation species that are
removed from these areas are expected to reinvaded
and re-colonize these areas without destabilization of
the stream. Large woody debris removed from the
abandoned channel will be used to stabilize erosion
susceptible bends.
In order to hasten the
revegetation process hardwood species, Pin Oak and
Overcup Oak, seedlings were planted along the
entire length of the newly restored channel, for both
reaches.

Fourth, is the education/information component, where the University of Louisville, the
Jackson Purchase RC&D Foundation, and the Hickman County Conservation District
conducted two stream restoration workshops with field trips to the site. The Kentucky
Division of Water personnel were
included
in
scheduling
and
coordinating the workshops/field
days. The workshops/field days were
promoted widely.
Notices were
placed in several industry newsletters.
Invitations (a color brochure included
below) were mailed locally to 217
individuals
and
organizations
involved in stream restoration using
available mailing lists such as the
DOW’s nonpoint mailing lists and
locally developed address list. The
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workshops/field days notice and the brochure as a downloadable pdf was be placed on
our web site www.jpf.org.
The
audiences
for
the
workshops/field
days
were
academic professionals in stream
restoration, government officials
that regulate and fund stream
restoration, design consultants,
and other soil and water
conservationists
and
local
landowners.
Both
workshops/field days were oneday events held at the Purchase
Area Development District office
in Mayfield with a bus trip to the
site in the afternoon. They were
conducted after construction
completion and seed emergence and before tree seedling planting. The workshop
demonstrated the data collection, habitat information, and design methodology in detail.
The half-day field visit demonstrated the application of the design work methodology,
plus in-field modifications showing the results of the actual work completed allowing
participants to inquire as to specific design ideas and actual construction results. Also,
displayed was the care taken to limit habitat damage and erosion management techniques.
The principal presenters were University of Louisville design personnel, Dr. Arthur
Parola and William Vesely. The first workshop/field day was directed toward a local
audience of landowners and interested stakeholders in the watershed. The presentations
were more a general overview and broad design concepts. The second workshop/field
day was presented in a more technical manner with specific design criteria and
methodology as the subject materials. Both included walks along the entire length of the
construction reaches and associated existing stream remnants used to connect-up the
system.
Fifth, evaluation of the stream characteristics and sedimentation after project work
completion. Seven permanent monument stations were established at key locations
throughout the restored channel. Streambanks and vegetation on those banks have been
and will be monitored for signs of failure. Deposition on the floodplain has been
measured to determine the change in deposition. Habitat assessment has been completed
to determine the change in stream habitat accomplished by the restoration effort.
3. A description of any specialized materials that were used in the collection of data
for the project.
Survey and design of this project were by conventional methods. Survey work was
performed by a Land Surveyor using a Total Station. Construction inspection was
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performed by a Land Surveyor, also utilizing a Total Station. BMP installation was with
an amphibious trackhoe, (Figure 7) trackhoe, and bulldozer. The amphibious trackhoe
was chosen for its ability to operate in water. It has very low ground pressure leaving
little or no impact on the surface and subsurface environment.

Figure 7, Amphibious Trackhoe

Results & Discussion
This section is addressed in detail in the Monitoring Report by Dr. Arthur Parola,
University of Louisville. The Report is included in it’s entirety as Appendix D

Conclusions
This Project took anabraided channels where no stream existed due to the past
influences of man-made straight-line ditches plus severe erosion and sedimentation, and
made a “natural” stream. Where there were considerable excessive flooding and ponding
problems in the area, there are now only the expected flooding during flooding events.
Where there were large problems with siltation, sedimentation, and erosion the problem
have been greatly reduced. Where the local landowner and users complained constantly
about the many problems in the area, now much of that has subsided.
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The success of the project is directly related to two factors, first, the cooperative spirit
employed by the many partners. Many efforts to address this problem have been tried
but all stalled when one or more or the players balked somewhere in the planning stage.
This project all parties came to the realization that if nothing was done the water quality
in the Obion Creek Watershed would continue to degrade and the entire bottomland
hardwood forest would be lost through siltation and sedimentation. Second, the addition
of funding from the Stream Mitigation fund allowed the full funding necessary to
accomplish out goal with out cost-cutting or under-funding the needed pre-construction
study
It is our conclusion the project was a success, achieving the goals identified and doing
so at a reasonable costs in both financial and natural resources. There is a Phase II
planning underway at this time
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Appendices
Appendix A. Financial and Administrative Closeout
1. Application Outputs
The Following outputs were committed to and completed:
•
•
•
•
•
•
•
•
•

QA/QC Plan
Stream characteristics data collection
Design of BMPs
Installation of BMPs
Develop and manage Internet web page
Completion of BMP installation
Conduct Stream Restoration workshop
Conduct Stream Restoration field day
Final & Close-out report to DOW

2. Budget Summary
DETAILED BUDGET*
Budget
EPA Section
Non-Fed.
TOTAL
Categories
319(h)
Match
Personnel
$86,103
$53,600
$139,703
Supplies
$4,150
$2,000
$6,150
Equipment
$3,000
$20,000
$23,000
Travel
$6,000
$2,000
$8,000
Contractual
$90,000
$40,000
$130,000
Operating Costs
$32,423
$31,258
$63,681
Other
$13,000
$7,593
$20,593
TOTALS
$234,676
$156,451
$391,127
Percentage
60%
40%
100%
*
Original detailed budget, there have been no budget revisions

FINAL
Expenditures
$138,159.32
$16,828.65
$27,430.11
$18,766.78
$94,357.41
$92,584.45
$5,280.58
$393,406.70

Personnel: Personnel costs for the project were primarily those of the survey and design
team from the University of Louisville; of the $138,159.32, 75% were the design
team costs.

There were 20% of the personnel costs were labor hired by the

Conservancy District through the Hickman County Conservation District to work in
the construction phase. Five percent of the costs were local construction inspection
and management costs.

Supplies:
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Supply costs and general expenses of the University were greatly

underestimated in the original budget. These costs were necessary for the University
to adequately perform the work. Contributing to this overage is the extended time in
the data collection portion of the project. It was thought that a year would allow
enough time to collect the needed information, but there was three years of data
collection required to arrive at the final design.
Travel: Travel expenses of the University were greatly underestimated in the original
budget. These costs were necessary for the University to adequately perform the
work. Contributing to this overage is the extended time in the data collection portion
of the project. It was thought that a year would allow enough time to collect the
needed information, but there was three years time and numerous trips form
Louisville were required to collect data required to arrive at the final design.
Contractual: These costs were less than projected. This was due to three principal
factors: 1) The machine used to do the work, the amphibious backhoe was able to
work quickly and efficiently under conditions traditional construction equipment
simply could not have operated. 2) The personnel hired to operate the equipment had
vast experience in earthmoving in mud and extreme wet conditions. 3) In the upper
(shorter) reach actual construction was paid in part by In-Lieu-Fee funding. These
funds were obtained after the project began and are not reflected the budget table, or
used as match.
Operating Costs:

These costs are based a percentage charge by the University of

Louisville, therefore as the other costs rose then these costs rose as well. Also, the
University changed how it calculated indirect match late in the project resulting in
$17,666.62 in additional overhead/indirect match contributed to the project.
Other: This section was over estimated in the original budget to cover contingencies.
Little was actually charge to the line item resulting in the large difference in the
budgeted amount and actual amount spent.
The project only went over budget by $2,279.70. The success of this project may be
expressed in the real costs of restoration.

The earthworks, 5,684 feet of channel,

performed for $22 per foot; including design costs overhead etc, the entire costs were $81

per foot.
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This cost is considering the three years of research and analysis of the

watershed to assure the success. It is believed a similar project utilizing the information
collected from this project that stream restoration in an unconsolidated bottom stream
system can be consistently performed for $40-$50 per linear foot. Also, $65,865.99 of
Stream Mitigation funds were used for construction of the upper reach.

The Obion Creek Watershed Conservancy District was reimbursed $234,676.20. All
dollars were spent; there were no excess project funds to reallocate. This project did
generate overmatch provided by the University of Louisville.

3. Equipment Summary

Type of Equipment

Estimated
Cost

Actual Cost

Balance

Trimble 4700 Total Station/
Site Surveyor

$20,000
(UofL Match)

$20,000

$0

Uptech Pentium IV 2.4 GHz
Computer System

$1,224

$1,224

$0

$1,776

$1,780

-$4

$0

$4,306

Additional hard drives, computer power
adapters, wireless cards, keyboards,
mice, DVD burner
(no component individually > $500)
Honda QuadraTract

Total
$23,000
$27,310
-$4
All equipment purchased continues to be maintained and managed in compliance with
the MOA and with 40 CFR Part 31.32.
The Total Station was purchased by the University for this and other projects. University
of Louisville used the Station and then left it here for use by the Construction Inspector
while work was underway, then returned to UofL. It was not purchased with EPA 319(h)
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funds. The Honda four-wheeler was provided by the Obion Creek Watershed
Conservancy District, no 319(h) funds applied for usage of this vehicle.
•

No equipment was purchased for this project that was or is valued at fair market
value of $5,000 or greater.

4. Special Grant Conditions
The following special grant condition was placed on the project: This project must have
an approved quality assurance plan before water quality monitoring begins. The plan
may be approved by EPA or, if the agency has a current EPA approved Quality
Assurance Management Plan (QAPP) the agency may be delegated quality assurance
approval authority by EPA.

This special grant condition was met; see Appendix B for the KY DOW Approved
QA/QC.
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Appendix B. QAQC Plan

Obion Creek Stream Corridor Restoration
Demonstration Project

QUALITY ASSURANCE AND QUALITY
CONTROL (QA/QC) PLAN
Prepared by

Dr. Arthur C. Parola
University of Louisville
Department of Civil and Environmental Engineering

April 30, 1998

Type of NPS Problem Addressed
Hydromodification
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Project Organization and Responsibility
Key Personnel:
1. Project Officer:

Arthur C. Parola, Ph.D.
University of Louisville
Department of Civil and Environmental
Engineering
Louisville, KY 40292
Phone (502) 852-4599
Fax (502) 852-8851
E-mail acparo01@homer.louisville.edu

2. QA Officer:

Arthur C. Parola, Ph.D.

3. Field Sampling Supervisor:

Arthur C. Parola, Ph.D.

4. Laboratory Supervisor:

D. J. Hagerty, Ph.D. PE
University of Louisville
Department of Civil and Environmental
Engineering
Louisville, KY 40292
Phone (502) 852-4599
Fax (502) 852-8851

List of Laboratories that will be used:
University of Louisville
Department of Civil and Environmental Engineering
Geotechnical Laboratory
Louisville, KY 40292
Phone (502) 852-4599
Fax (502) 852-8851
List of other agencies responsible for monitoring/monitoring activities:
N\A. University of Louisville will be conducting the monitoring without the
assistance from outside agencies.
Stream Name(s):
Major River Basin:
Stream Order:
County(s):

Obion Creek
Mississippi River Basin
N\A
Hickman
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Monitoring Objectives
A. Assess the stream corridor habitat and stream stability and siltation before restoration
work begins.
B. Assess the modified corridor habitat and stream stability and siltation after
restoration work has been completed.
Study Area Description
General description of the location of the project area(s):
The project area is located at the intersection of Obion Creek and KY-307 in Hickman
County. It will extend upstream of KY 307 for 1 mile and down stream for 2 miles. The
nearest community is Beulah, located 2 miles north of the site on KY-307.
The Obion Creek project area has no densely populated residential areas and no major
buried utilities to confound earthmoving activities. The Kentucky Natures Preserves
Commission owns the property on the east side of KY-307 and the Kentucky Department
of Fish and Wildlife Resources owns the western property. The project area has no
human population in the floodplain and no identified endangered species.
Description of the physical environment of the project area:
The bedrock for the project area is very deep, in excess of 300 feet. All the study area is
situated in alluvial soils. The Obion Creek project area is in the Convent-Moon-Adler
soil association consisting of nearly level, poorly drained soils formed of silt loams and
loamy alluvium.
Description of the local hydrologic regime including surface waters:
The Obion Creek watershed has a land area of 206,108 acres. The flow pattern in the
project area is severely braided. The watershed is not karst and sinkholes are nonexistent. Many wet weather springs pop from the toe slopes near the edges of the
floodplain. The current water table is very high. The project will not greatly affect this
current condition.
Description of land-use activities, past, present relevant to the project:
The Obion Creek Stream Corridor Restoration Project area is located on public property
managed for wildlife, recreation and environmental priorities. The land usage
surrounding the site is woodlands and farmlands. This project will not adversely affect
these off site uses. In all likelihood, the project will benefit the neighboring landowners.
The site location map indicates the area of work. The monitoring sites will be
immediately east of KY-307 and 100 feet upstream from the conclusion of the earthwork.
There are no cities, no point source discharges, or even buildings in the project area.
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Monitoring Program/Technical Design
Monitoring will be performed to measure dimensions, profiles, and pattern changes over
the time the project takes place. The locations are such that they are accessible and
indicative of the system installed. They will be checked semi-annually throughout the
duration of the project. After the final report is presented, the University of Louisville
will continue to record changes for five years on an annual basis. The sampling method
will be a stand engineers survey of the profile and cross section of the monitoring site.
Chain of Custody Procedures
Chain of custody procedures is not applicable to this monitoring situation. The
University of Louisville will retain all data collected with copies available for the project
partners.
Quality Control Procedures
Standard quality control procedures are not applicable to this monitoring situation. All
data collection will be by trained professionals or students of the University of Louisville
under the direction of a trained professional.
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Appendix C. BMP Implementation Plan

Obion Creek Stream Corridor Restoration
Demonstration Project
MOA 99-14

BEST MANAGEMENT PRACTICE PLAN

Prepared by
Dr. Arthur Parola
University of Louisville
and
the Jackson Purchase RC&D Foundation, Inc.
for the
Obion Creek Watershed Conservancy District

September 2003
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(1) a list of BMP technologies to be installed
Efforts to restore the riverine system and floodplain hydrology entail construction of
5,684 ft of stream channel and associated activities. As depicted in Figure 1, the stream
channel will be constructed in two sections. The downstream section (Restoration Reach
1) will be 3,859 ft in length and connect the currently remnant natural reach of
Cypress/Brush Creek with a flowing, single-thread Obion Creek downstream. The
upstream section (Restoration Reach 2) will be 1,825 ft in length and will connect
remnant natural channels upstream of the central Obion Creek bridge to the remnant
section of Cypress/Brush Creek. The typical bankfull geometry of the proposed channels
will be of trapezoidal cross section with an area of approximately 125 sq ft, a top-width
of 40 ft, and a maximum depth of 5 ft.

Continuous
Stream
Channel

Sediment-Filled
Obion Creek
Limits of
Disturbance
Spoil Pile
Berms

Stream
Restoration
Reach 1

Flow
Direction

Stream
Restoration
Reach 2
0 ft

1000 ft
Remnant Section of
Cypress/ Brush
Creek

KY 307
Center
Bridge

Figure 1. Proposed channel alignment and work areas
Channel construction will produce approximately 26,300 cubic yards of spoil material
and revert 5.2 acres of wetlands to a riverine system. These materials will be placed in
spoil disposal areas near to selected areas of the stream, chosen to minimize disturbance
to the adjacent forested wetland while allowing floodplain relief at the outside of
meander bends. A typical plan view of meander and spoil disposal configuration is
shown in Figure 2.
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Dredge Spoil Berms
(Typical)
Limits of Disturbance
Flood Flow Path Out of
Bends and around Berms

Undisturbed Vegetation
South of Restored Channel

0 ft

200 ft

Figure 2. Planview of typical spoil pile configuration, limits of disturbance
and anticipated overbank flow path around berms.
In total, eleven spoil disposal sites encompassing 4.5 acres will be created. Spoil
disposal sites will be 3.5 ft high and range from 0.16 to 0.51 acres in area, the widest
being 135 ft across. Construction activities will temporarily disturb an additional 9.3
acres by mechanized clearing. These cleared areas will be protected from erosion
through seeding (annual rye) and mulch upon project completion. Existing seed bank in
the wetland soils will be used to allow natural regeneration of sustainable wetland
species, although the site will be monitored to ensure that natural revegetation is
successful. In contrast, it is estimated that over 750 acres of wetlands will benefit from
this stream restoration project, including on-site and adjacent wetland areas. A detailed
description of each of the major project components is provided below.
Stream Restoration Reach 1
The 5,600 foot long remnant section of Cypress/Brush Creek that conveys flow through
the southern-most KY 307 bridge will be connected to the downstream continuous reach
of Cypress/Brush Creek by a 3,859 ft long meandering, single-thread channel. The
stream reach will be constructed in the approximate dimensions of the upstream and
downstream channels (40 ft wide by 5 ft deep). The characteristics of the planform
pattern (meander geometry) were designed based on information from continuous
channel reaches downstream and scaled appropriately for restored channel dimensions.
Woody debris obtained from clearing of work areas will be integrated as in-stream
habitat improvement within the restored channel.
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Construction limits and sequencing has been developed as to minimize disturbance of
forested areas south of the channel, thereby providing immediate, partial shading of the
proposed channel. Strategic placement and shaping of dredge spoil in the form of 3.5 ft
high berms adjacent to the north side of the channel will inhibit potential future channel
cutoffs that would shorten channel length, formation of debris jams and channel bend
erosion during overbank flow events. The berms also provide valuable variation in
hydrologic conditions and habitat in the overbank areas near the stream channel.
The total area of disturbance for this section of stream restoration will be 8.1 acres,
excluding the proposed channel area. Berms of approximately 3.5 ft high will occupy
approximately 3.1 acres.
Stream Restoration Reach 2
Remnant natural channels and drainage ways that flow to the upstream side of the KY
307 main channel bridge will be connected to the remnant section of the Cypress/Brush
Creek channel by a proposed 1,825 ft long meandering channel. The channel dimensions
and patterns were determined from upstream channel characteristics. Berm placement
and shape were designed based on anticipated overbank flow patterns associated with
flow from the main channel bridge opening. The total area of disturbance for this section
of stream restoration will be 3.4 acres, excluding the proposed channel area. Berms,
approximately 3.5 ft high, will occupy approximately 1.38 acres.
Debris Deflection and Retention Berm
Currently the main channel bridge opening is more than 80% blocked despite repeated
maintenance efforts to remove debris from the bridge and upstream channel. The debris
blockage of the main channel bridge renders the bridge ineffective during even minor
flood events and is a contributing factor in the flooding of the KY 307 roadway and
upstream properties. Debris blockage is a threat to the stability of Stream Restoration
Reach 2 in that high velocity flow that jets through small openings in the debris may
erode downstream stream banks and cause unpredictable amounts and locations of
sediment deposition. Channel erosion and sediment deposition could 1) block the
entrance to the restored channel, 2) change the alignment of flow into the restored
channel entrance and 3) force the formation of small anabranching channels downstream.
To prevent adverse impacts of debris blockage at the center bridge, a debris deflection
and retention berm is proposed. The berm will be located over the existing blocked main
channel upstream of the center bridge to deflect debris into the surrounding forested areas
and retain debris in the existing and blocked man-made channel. The berm height is
designed to prevent overtopping by debris during a 100-year event. Areas within the
man-made channel immediately upstream and downstream of the berm will be planted
with hydrophytic tree species native to the area, including the use of black willow (Salix
nigra) cuttings for rapid berm aesthetics and habitat enhancement. Debris will be
removed from the channel between the bridge and the berm as part of the construction
activities, thereby making the bridge opening effective. Debris removed from the bridge
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opening will be used in the construction of the berm. Existing dredge spoil piles created
during excavation and maintenance of the existing man-made channel will be used to
create the debris retention berm.
The berm will be located on Nature Preserves Commission Property approximately 200 ft
upstream of the bridge. The limit of disturbance, including access, for debris berm
construction and reforestation of adjacent areas is 0.5 acres. All disturbed areas will be
revegetated upon completion of construction, with species composition determined by
final ground and groundwater elevations for the various sections of disturbed area.
Although less than approximately 0.1 acres of wetlands may be covered by the debris
berm, approximately 0.1 acres of previously covered wetland may be exposed by
removal of the existing dredge spoil berms previously created during construction and
maintenance of the existing man-made channel. Given the existing seed bank and soils,
proposed revegetation and lower ground elevations, it is anticipated that these “priorconverted” areas will reestablish the hydrologic, soil and vegetative components typical
of a wetland environment.

(2) a description of the technology selection process, to include
the estimated cost, relative treatment efficiency, and the
minimum operation and maintenance required for the BMP to
operate efficiently
Existing Site Description
The project site is located in Hickman County, 8.5 miles northeast of Clinton, Kentucky.
The project, approximately 1.25 miles long in the down-valley direction, is within the
boundaries of the Kentucky Fish and Wildlife Obion Creek Wildlife Management Area
(WMA) downstream of the KY 307 bridge, the KY Route 307 right-of-way, and the
Kentucky Nature Preserves Commission property upstream. A man-made, channelized
reach of Obion Creek traverses the properties, though extensive sediment and debris
deposition has completely filled this reach of the channel. The watershed area
contributing to flow at the KY 307 bridge is approximately 120 sq mi.
Wetland areas have been visually identified within the project site. Though no formal
delineation has been performed, it is estimated that over 300 acres of wetlands exist
within the WMA boundaries. Additional, extensive wetland areas exist upstream of KY
307 on the Kentucky Nature Preserves Commission property.
Project Background
Stream channelization efforts began in the Obion Creek watershed as early as the 1920’s
and persisted for several decades thereafter. Much of the stream channel lengths
upstream of KY 307 in Hickman County have been altered.
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Figure 3. Obion Creek Watershed
The straightened sections of Obion Creek and its tributaries are indicated in Figure 3 by
the straight blue-line streams. Approximately two miles of Obion Creek downstream of
Highway 307 has been channelized. Sediment and organic debris accumulation at the
end of the channelized section began soon after construction, progressing upstream with
subsequent sediment and debris transporting storm events. As depicted in Figure 4, a
mature stand of trees can be seen (top-left corner of photograph) in the once straight
channel. A second alignment, toward the bottom of Figure 3, was attempted in the
1980’s. This latter alignment has also filled with sediment and debris.
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Figure 4. Prior channelization alignments (2002 color-IR photograph) and
current anabranched channel system.
Sediment and debris blockage currently extends more than 1.5 miles upstream of the KY
307 bridges. Much of the low-water discharge flows as surface water in a series of
anabranched channels from this upstream point to active channels more than two miles
downstream. The natural meandering channel once present in this area has not yet been
completely identified in review of historical documents.
Most of the project site is covered by a mature stand of woody vegetation (hardwood and
softwood species). Absence of a stream channel for much of the valley length has
resulted in excessive sediment deposition in the floodplain and artificially elevated
surface and groundwater levels. These persistently high groundwater levels prevent
sufficient oxygen from reaching the roots of many bottomland hardwood species. A
reduction in the numbers, species diversity, and availability and diversity of habitat and
forage has resulted.

(3) a description of how BMPs shall be targeted to specific
locations and if the locations are known , a map clearly
showing the locations where the BMP technologies shall be
demonstrated
See Figure 3.
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(4) a means of notifying the Division of Water, NPS Section
Prior to BMP Implementation
DOW will be notified prior to implementation by official correspondence from the Obion
Creek Watershed Conservancy District.

(5) a financial plan of action, which describes how financial
assistance will be provided for technology demonstration
The project budget includes the estimated costs for restoration of the natural stream
dimensions, flow patterns, and profile of the section of Obion Creek at the KY-307
bridge extending for approximately 6,000 feet and development of an educational
program to demonstrate proper stream corridor restoration and management.
The total amount of the project is $388,215 requiring $234,676 of Section 319(h) funds.
The Non-Federal match is $153,858 or 40% of the total amount.
Personnel
The objective of the project team is to demonstrate the restoration of an unstable section
of Obion Creek. In order to achieve these goals, a comprehensive understanding of the
watershed and factors that contribute to the instability of Obion Creek is critical. Without
a comprehensive understanding of the mechanisms causing the instability, effective
restoration of both the stream channel and corridor cannot be accomplished. The
comprehensive assessment must include a watershed assessment, detailed consideration
of the stream corridor that will be restored, and assessment of the stream corridor
upstream and downstream from the project site. Personnel included in the project include
hydrologist, geomorphologists, geotechnical engineers, hydraulic engineers, aquatic
biologists, and construction managers. The interdisciplinary team will identify the precise
causes of the stream instability, develop a plan to restore the stream corridor, assist in the
construction, and conduct post-implementation monitoring. The expenditures listed in the
budget summary are necessary to ensure the maximization of project benefits and
minimization of uncertainty associated with this very new area of stream corridor
restoration. Because this project is a demonstration project, it will be important for the
interdisciplinary team to carefully examine all aspects of the restoration. The
interdisciplinary team is also necessary to identify and communicate the lessons learned
during each aspect of the project, from initial site assessment to final project monitoring.
Because most of the Obion Creek channel is channelized upstream of the project area, it
is imperative to have an interdisciplinary team to develop, monitor, and document the
steps of the project so that future efforts in the watershed and surrounding watersheds
will gain from this project. The project team was selected to accomplish the goal of
demonstration of the entire restoration effort.
Budget expenses address these needs and goals through U of L personnel contributions of
$49,600 and EPA 391(h) grant charges of $71,103. The budget also includes $15,000 for
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a locally hired part-time Project Coordinator paid by EPA 319(h) and $4,000 provided
locally as match.
Supplies
Supplies for this project include equipment required for sampling soils, laboratory
supplies for analysis of soils, monitoring monument materials, batteries for field survey
equipment, software and printer supplies to complete reports. Total costs $6,150.
Equipment
The University of Louisville has purchased and will contribute the use of a robotic total
station to conduct surveys. The total station is equipped with a hand-held computer (data
logger) survey prisms, and range poles. (Already purchased by university $33,000). The
University will purchase a Global Positioning System (GPS) to be used in the collection
of survey data where the Robotic Total Station may not be efficient. The GPS will be an
efficient means of locating survey information over large distances. The GPS will be
linked to the Robotic Total Station. $20,000
The portion of the use of this equipment included in the budget in $20,000 provided as
match to the federal funds.
To consolidate technical data, conduct analysis, write reports, and prepare presentations;
one computer will be solely dedicated to this project at a cost of $3000 paid for with EPA
319(h) funds.
Travel
The intensive field investigations that are required to effectively monitor and assess the
current stream instability, determine reference characteristics of stabile stream
configuration based on reference stream reaches, survey the existing conditions in the
region of the proposed restored channel, and to specify the location of the restored
stream.
The project will require approximately 9 trips from Louisville to Mayfield, Kentucky
with approximately 36 trips around the project site. During each trip approximately three
people will conduct field investigations for 4 days and require 3 nights lodging. In
addition, one ground-based reconnaissance of the watershed will be required. The total
mileage for these trips is approximately 6500 miles. Over the period of the project, the
coast will be approximately $1625 for the trip mileage.
The total estimated man-days of time for field investigations is approximately 36 days for
an average of three persons. Hotel and per diem for the personnel amounts to
approximately $4375 based on a rate of $30/night for Hotel Rooms and $30/day for per
diem.
Locally, the Project Coordinator will require daily visits to the site during construction.
It is estimated to take 120 working days to complete construction, with trips from
Mayfield to the site and back of 50 miles the cost will be $1,500. Another, $500 is in the
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travel budget to cover two trips for the Project Coordinator to attend planning and
construction orientation in Louisville with the U of L design personnel.
Contractual
The project earthworks will be built by contract in the amount of $130,000. The
University of Louisville will design the earthworks and supervise adherence to the
design. The Lead Agency will contract with an earthmoving/restoration firm, which will
perform the work. Onsite construction supervision will be by the Project Coordinator
with advice from U of L design personnel. The partnership will provide the $40,000
match through provisions of landrights, contract management, and cash contributions.
Operating
The Obion Creek Watershed Conservancy District will prepare the contract and
specifications for the facilities. It will require 5% ($18,868) of the project total to cover
development of an owner agreement, design and specification development, contract,
record keeping and billing. The Lead Agency will contribute one-half of this amount and
EPA 319(h) will be charged for the other one-half ($9,434). The University of Louisville
requires $44,494 as indirect operating costs for their portion of the project. U of L will
contribute $21,824 to the project and EPA 319(h) will be charged $22,670.
Other
The budget includes several items in this category that are essential to the project. The
team members have substantial training in watershed processes, sediment transport, river
engineering, and aquatic biology. In addition, team members have training in
bioengineering, applied geomorphology and stream restoration. To increase the
knowledge of the team and to ensure that the most recent practical information is used to
restore the Obion Creek Corridor, one member of the team will attend advanced training
on stream restoration. The cost of this training (including travel and lodging) is included
in this section as $3000. To demonstrate how stream restoration effects flood flow
depths and erosion and depositional patterns, computation simulation models of the
floodway will be generated using available modeling software. Enhanced graphical
display of this information will show the effects of restoration on important flow
characteristics. The graphical interface software cost approximately $1000.
A
professional draftsman will be hired to create the required drawings for restoration of the
stream channel. The drawings are necessary to communicate the specific details of the
restoration as well as the overall restoration plan. Cost to the project will be $10,000.
The $5,000 listed in the Other category as match represents the cost of Internet web
space, web page development, and web page management. It also includes locally
provided phone, fax, email, postage, coping, and other incidentals.
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(6) the type of maintenance agreement to be made with the
landowner
The landowner, Kentucky Department of Fish and Wildlife Resources will not be
expected to perform extensive stream maintenance. The system design provides for a
low maintenance sinus channel with flood berms allowing out of bank flow during flood
events. This system should greatly reduce the need for clearing and snagging in the
future. The Obion Creek Watershed Conservancy District will be performing routine
maintenance on an as needed basis.
“The BMP Implementation Plan shall include a restoration design, which specifies or
documents the procedure that will be used to develop the restoration design,
describes the extent of the design, relates the restored area to the extent of
disturbance, identifies how transition upstream and downstream from the restoration
area will be planned and describes any channel changes and changes in flooding
potential.
The post-restoration assessment should provide a means for periodic and long-term
evaluation of the restoration site”.
Obion Creek Post Restoration Monitoring Program
Program Overview
A restoration monitoring program for the Obion Creek Stream Corridor Restoration
Project is described herein that has been developed to document to basic morphological
channel responses to re-construction of 5,592 linear feet of stream channel. Activities
associated with this program provide documentation of changes to stream channel
dimensions and to groundwater levels. Details for each of these activities are given
below.
Stream Monitoring
Monitoring of the restored stream reaches will focus on the local stability of the planform
and channel geometry. Activities will include channel cross-section measurements, bank
erosion monitoring, and photo-documentation. Monitoring activities will be conducted
on an annual basis (late fall or early spring) for two years following as-built
measurements.
Cross-section Measurements
Stream channel cross-section measurements will be made at six locations, as depicted in
Figure 5. Two cross-sections (XS02 and XS04) are located within the restored stream
sections, one in each of the two restored reaches. These cross-sections are stationed in
straight sections of the channel so as to avoid measurement of channel adjustment
associated with curvature effects. One cross-section is also positioned downstream from
each of the two restored reaches (XS01 and XS03). These cross-sections are likewise
located at straight sections of the existing channel so as to monitor the effect of the new
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channel and flow conditions on existing geometry without the complications associated
with flow curvature. Two additional cross-sections (XS05 and XS06) will be positioned
upstream of the debris deflector crossing the sediment filled, channelized reach. One
cross-section (XS05) will be positioned approximately 100-feet upstream of the
deflector, and the other (XS06) will be positioned near the power-line crossing
approximately 650-feet upstream of the deflector. Measurements at these stations will
include the channelized stream geometry and floodplain topography for 100-feet on each
side of the channel to monitor near-channel floodplain and in-channel sedimentation.
Cross-sections not within the restored reaches or upstream of the debris deflector (XS01
and XS03) have been surveyed during preliminary data collection, the data from which
will be considered baseline conditions. Each cross-section station will be surveyed upon
project completion, the data from which will be considered baseline conditions (as-built
conditions for XS01 and XS03). Data collected from subsequent monitoring visits will
be compared with the baseline data for assessing stability.
Control points will be established at each measurement station such that measurements
can be made using trigonometric (total station) or differential (level and rod) surveying
equipment, or a leveled line and graduated rod. These control points will be horizontally
and vertically tied to the existing control network by the Closed Link Traverse Method.
The error of closure will be 1:5,000, which is based on a Class B survey as described in
the “Standards of Practice” for Land Surveyors 201KAR18.
XS01
P01

X
P07

P0
1000 FT

XS03
XS04

XS03

P0

P05
P06

Cross-section
XS05

Piezometer
P03

Figure 5. Restoration monitoring schematic
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XS06
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Bank Erosion Monitoring
Each bend immediately upstream and downstream of the cross-section measurement
stations within the restored reaches (XS02 and XS04) will be monitored with bank pins
(1/8th inch steel rods). Three bank pins will be installed at each bend, one each in the
middle of each of three zones of the bank (upper, middle, and lower). Bank pins will be
installed between the apex and downstream end of each bend, driven flush with the bank.
Bank pin locations will be marked with a control point near the top of the outside bank.
The exposed length, where applicable, of each rod will be measured relative to the
existing bank to monitor erosion rates. Measurements will be made annually, concurrent
with cross-section surveying activities.

Photo-documentation
Permanent photo-documentation stations will be established at each of the cross-section
survey and bank pin measurement stations. Photographs will be taken annually,
concurrent with cross-section survey activities.

Groundwater Levels
Seven groundwater-monitoring stations (piezometers) have been installed around the
stream restoration areas. Monitoring stations extend from 550 feet upstream of the
proposed debris deflector (upstream Hwy 307) to 700 feet downstream of restoration
reach one. Three of these stations have been monitored since spring 2002, while the
remaining stations have been monitored since Spring 2003. Monitoring of groundwater
levels at each of the seven stations will be conducted concurrently with stream
monitoring activities for the duration of monitoring activities.

Reporting
Annual monitoring reports will be developed and submitted to the Kentucky Division of
Water 319h grant manager at the end of each calendar year. Reports will contain
graphical and tabular data on channel geometry and bank pin measurements, and
piezometer readings such that temporal adjustments can be identified. Photodocumentation will be submitted on a readable compact disc (CD-R), as well as select
aerial photographs. A final monitoring report will be prepared upon program completion
which will detail overall adjustments since inception, as well as provide an evaluation of
project success based on observed and measured adjustments and system stability during
the monitoring program. This report will be submitted to the Kentucky Division of Water
Section 319h grant manager.
“Note: For some projects, the project Measures of Success and QA/QC Plan may
address some or the entire post-restoration assessment requirement. The lead agency
will secure all necessary Department for Environmental Protection permits prior to
project implementation“.
The Obion Creek Watershed Conservancy District has secured required 404, 401, &
Floodplain permits.
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Appendix D. Monitoring Report

Summary Report of the
Monitoring Program
for the
Obion Creek Stream Corridor Restoration
Demonstration Project
US EPA 319 (h)
Conducted for
Obion Creek Watershed Conservancy District
302 South Washington Street, Suite 111
Clinton, KY 42031

Prepared by
Arthur C. Parola, Jr., Ph.D.
Professor of Civil and Environmental Engineering
and
William Vesely
Research Project Engineer
University of Louisville Stream Institute
Louisville, KY 40292

September 2005
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Introduction
The Obion Creek Stream Corridor Restoration Project was implemented to re-create
5,684 feet of meandering stream channel where a previously channelized reach had filled
with sediment and debris. The project site is located immediately downstream of
Highway 307 in Hickman County on Kentucky Department of Fish and Wildlife
property, in the Wallace Tract of the Obion Creek Wildlife Management Area.
Channel and spoil berm construction activities commenced in August 2003. Clearing and
channel construction phases were completed in late December 2003. Soils excavated
from the channel were saturated upon removal and required a period of time for dewatering so that they could be shaped into the designed berms. Soils were allowed to dry
until summer 2004, and final berm shaping was completed by September 2004. An
earthen deflector was planned upstream of Highway 307 to prevent debris from blocking
the bridge. This deflector was removed from the final design specifications following
further analysis of site conditions. Further details regarding the design are available in
the Project BMP Implementation Plan, dated September 2003 (include herein).
A monitoring program was approved and implemented to document the stability of the
constructed channel and the influence of the project activities on the pre-construction
groundwater conditions. This report summarizes the results of monitoring which was
conducted between April 2003 and March 2005. Components of the monitoring program
include repeat channel surveys, bank erosion monitoring, groundwater level soundings,
and photo-documentation.
Methods
Techniques used during this monitoring program are summarized below. Details of the
techniques are available in the proposed monitoring program report which was submitted
prior to construction. Activities were developed to monitor stream stability and
groundwater level response to the channel construction activities.

Stream Monitoring
Cross Section Surveys
Stream channel cross section measurements were made at six locations. Figure 1 depicts
the locations of the survey locations. These cross-sections are stationed in straight
sections of the channel so as to avoid measurement of channel adjustment associated with
curvature effects. Measurements at these stations included the stream geometry and
floodplain topography for at least 50-feet on each side of the channel to monitor nearchannel floodplain sedimentation and in-channel adjustments. While six stations for
cross section measurements were originally proposed, the cross section station to monitor
the effects of the debris deflector was deleted once the deflector was removed from the
final design plans. Because of observed rapid channel formation upstream of the 307
bridge, a new sixth cross section station was included.

49
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Figure 1. Schematic of monitoring locations.

Bank Erosion Monitoring
Bank pins (1/8th inch steel rods) were installed in the bends upstream and downstream of
the cross-section measurement stations within the restored reaches (XS02 and XS04).
Two bank pins were installed at each bend, one each in the middle of the upper and lower
half of the bank. Three bank pins were originally planned for each bend; however, deep
low-flow depths prevented access to the lower third of the bank. Therefore, only two
pins were at each bend monitored. Bank pins were installed between the apex and
downstream end of each bend, driven flush with the bank. The exposed length, where
applicable, of each rod was measured relative to the existing bank to monitor local
erosion rates. Measurements were made annually, concurrent with cross section
surveying activities.

Photo-Documentation
Permanent photo-documentation stations were established at each of the cross section
survey and bank pin measurement stations. Photographs were taken annually, concurrent
with cross section survey activities.

Groundwater Monitoring
Seven groundwater monitoring wells were installed around the stream restoration
reaches. The locations of the seven wells are shown in Figure 1. Measurements to the
groundwater surface from the top of the well tube were made using a graduated tape.
Monitoring of groundwater levels at each of the seven stations was conducted
concurrently with stream monitoring activities.
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Results

Cross Section Surveys
Survey data were used to compare conditions immediately following construction with
conditions following a full season of discharge events. Two months passed between
completion of channel construction and the first series of channel measurements.
However, channel conditions did not visually appear to have changed significantly during
this period. Thus, measurements made in March 2004 are considered to represent asbuilt conditions. Changes in channel geometry from as-built conditions are summarized
in Table 1. Details and diagrams of channel measurements are included in Appendix A.
Table 1. Percent change in measured channel
dimensions from March 2004 and March 2005.
XS
Mean
Maximum
Area
Width
Number
Depth
Depth
1
+7.7%
-2.6%
+10.6%
+25.3%
2
+31.0% +21.3%
+8.0%
+9.9%
3
-2.3%
-2.0%
-0.3%
+1.7%
4
+21.1%
-6.3%
+29.3%
+21.9%
5
N/A
N/A
N/A
N/A
6
+122% +58.4%
+40%
+53%
Negative changes in Table 1 are considered to be reflective of minor differences in the
location of measured geometry. As a result, measured positive changes are considered to
have a maximum error of ±6%. Observed changes in channel geometry can be
expounded on by providing information on observed local channel conditions which are
not captured by a single cross section survey. A brief summary of changes at each cross
section is provided below.
•

•

•

XS1 – Bed lowering is the result of the removal of a downstream debris jam and
increased flow and flow velocity in the channel near this cross section. This bed
level lowering may be an adjustment of the channel to the reduction of
downstream backwater effects caused by debris removal.
XS2 – Bed level lowering similar to that of XS01 has occurred in XS02. The
measured increase in channel area is predominantly attributed to a local instability
along the right bank. Re-deposition of sediment over the right bank has occurred
at this location, but has not reformed the entire bank. Local deposition is
expected to continue until the bank is reformed to the floodplain level. The
increase in bank height and resulting bank instability is believed to be part of the
channel adjustment to the changes in the XS01.
XS3 – This undisturbed reach between the two constructed reaches has remained
largely unchanged since channel construction activities, suggesting that overall
bed levels in the lower constructed reach have remained stable during the
monitoring period. We anticipate future bed level lowering, however, as a
consequence of changes in XS02.

•
•
•

Obion Creek Stream Corridor Restoration
Project Final Report
Page 52
XS4 – Bed level lowering is occurring in XS04 although the banks have not
failed. Channel widening and bank failure are likely at this cross section.
XS5 – Changes in channel geometry have not occurred. The entire prior
channelized reach is becoming more densely vegetated as local surface water
levels decrease as a result of channel construction.
XS6 – Channel geometry upstream of the 307 bridge appeared to change rapidly
after construction. Construction of the restoration dropped the base level of the
upstream channel causing incision into material previously deposited in this
channel.

While temporal analysis of channel geometry at a single station provides information of
changes at that location, it is also useful to compare the constructed channel geometry
with that of undisturbed reaches. Table 2 provides the most recent surveyed channel
geometry data from constructed reaches (XS02 and XS04) and from the undisturbed
reach (XS03) between the constructed reaches.
Table 2. Comparison of the 2005 channel survey data.
Constructed
Undisturbed
XS02
XS04
XS03
Area, feet2
220.4
195.1
250.4
Width, feet
47.3
37.9
56.2
Mean Depth, feet
4.66
5.14
4.46
W/D ratio
10.1
7.4
12.6
Max. Depth, feet
6.60
7.18
7.29
It is apparent from Table 2 that, while adjustments are occurring in the constructed
reaches, all dimensions of the constructed channel surveyed are less than that of the
undisturbed reach. It is presumed that this undisturbed reach has not been significantly
altered by the historic channel changes which have occurred at this location, and
therefore represents the channel geometry which would have formed under normal
conditions. Adjustments of constructed channel geometry, and possibly the undisturbed
reach channel geometry, are expected given the modifications performed during this
project.
Comparison between constructed channel geometry and that downstream of the project
reach also provides useful information when assessing changes in the constructed
reaches. Channel measurements were downstream of the project reach at a wooden
bridge crossing at the end of Bugg Road. Measurements were made in June 2002, during
the assessment period of this project. A comparison between bankfull geometry data of
this site and constructed channel geometry is provided below in Table 3.
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Table 3. Comparison of the 2005 channel survey data.
Constructed
Undisturbed
XS02
XS04
Bugg Road
Area, feet2
220.4
195.1
348.5
Width, feet
47.3
37.9
53.3
Mean Depth, feet
4.66
5.14
6.54
W/D ratio
10.1
7.4
8.2
Max. Depth, feet
6.60
7.18
9.4
Channel enlargement was incorporated into the design approach. Constructed channels
were required to be smaller than anticipated because they are connected to existing
channels segments which are smaller than expected for the contributing drainage area,
and have been evolving since channelization and subsequent filling of the main stem.
We anticipate that the constructed and adjacent channel segments will continue to enlarge
until matching the approximate dimensions of the channel at Bugg Road. Removal of the
large woody debris from the channel downstream of the restoration and in the otherwise
undisturbed channel segment between the restored reaches has increased the rate of
channel adjustment.

Bank Erosion
Only the banks pins installed downstream of XS04 were found to have any exposed
length. The upper bank pin had 0.48 feet exposed, while the lower pin had 0.77 feet
exposed. This bank is located on the undisturbed side of the channel, beyond which
construction activities were restricted. The construction techniques required to work
from only one side of the channel, and those used to limit removal of trees from the nearbank region of the undisturbed side of the channel produced occasional irregular bank
geometry. These banks are expected to adjust until a stable slope is achieved.

Photo-Documentation
Appendix F contains a diskette with photographs taken during monitoring activities.
Photographs are grouped by monitoring locations.

Groundwater Level Monitoring
Persistent saturation of the upper portions of the soil profile prior to construction
activities created conditions unsuitable for the survival and regeneration of the cypress
and bottomland hardwood vegetation which is common to these riparian areas.
Returning the water table to levels typical of this region was cited as an objective of the
project, which would allow germination of woody species. Results of groundwater level
monitoring are provided in Table 3.
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Table 4. Summary of groundwater level monitoring.
Depth from top of well tube to water level (feet)
Date / ID
P01
P02
P03
P04
P05
P06
P07
04 APR 03
0.95
1.50
0.85 0.49 1.84
0.11
0.98
10 MAR 04
0.75
0.76
0.78 0.40 1.77
0.17
0.94
25 MAR 05
0.63
0.40
0.90 0.30 1.24
0.0
1.18
Groundwater level data provided in Table 3 do not indicate that significant changes to the
groundwater levels have occurred during the monitoring program period. Antecedent
moisture conditions can influence point sample measurements, obscuring possible trends
in groundwater levels. Changes in groundwater levels are influenced by hydrologic
conditions of the region and by floodplain sediment characteristics. The Obion Creek
floodplain is largely comprised of clayey-silty sediments, which have strong moisture
retention characteristics resulting in longer periods for groundwater level lowering.
Longer duration sampling would be required to track further changes and trends.
Other Observations
Surficial failures of roadway embankment along KY 307 have occurred on the upstream
side of embankment along the roadway ditch. Prior to the construction the downstream
channel restoration, several beaver dams blocked the drainage channel and maintained
the channel grade. These beaver dams were removed during the winter of 2003/2004,
although the organization or individuals removing the beaver dams are not known. As
consequence of the loss of bed control, the drainage ditch along the highway has incised
causing the superficial failure of the highway embankment. The Kentucky Transportation
Cabinet has been notified about the failures and has developed a plan to maintain stability
of the drainage ditch.
Although the groundwater monitoring wells have not shown substantial changes in
groundwater level, ponded surface water in several regions has been reduced and small
distributaries are no longer flowing. An example of the reduction in surface water
ponding is along the upstream segment of the stream restoration where water was ponded
to a depth of 1 to 2 feet and is now below ground level.
Summary
The period of this monitoring program provides information of channel and groundwater
level adjustments since channel construction occurred. Channel adjustment has occurred
in both cross sections surveyed in the constructed reaches, and in the reach downstream
of the project reach. Suggested explanations for these adjustments are detailed below,
but in general do not appear to reflect overall instability of the constructed channel
reaches. When compared with undisturbed channel geometry measured between the
constructed reaches, channel width and area are less than that of the undisturbed
condition. Constructed channel geometry is expected to adjust to the newly created flow
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regime, and as sediments adjust to a new moisture regime. A long-term measurement
program would be required to monitor channel adjustments.
Groundwater levels have not shown a significant change since construction activities
commenced. Soils in this area have low conductivity which produces a slower rate of
groundwater level lowering. Further monitoring of the groundwater level would be
required to observe measurable differences in groundwater levels.
Although groundwater measurements have not shown significant reductions in
groundwater levels, surface water has been drained from areas previously submersed by
ponded water. Except during flood flow conditions, the supply of surface water to small
distributaries has also been eliminated between the 307 bridge and the downstream limits
of the restoration. Wetland vegetation appears to be emerging over areas that were
previously submerged beneath ponded surface water.

Monitoring Report Addendum – Cross Section Measurement Details
Survey Cross Section One

Figure A-1. Surveyed XS01 data comparison.

Table A-1. Summary of XS1 measurements.
Year
Area, feet2
Width, feet
Mean Depth, feet
W/D ratio
Max. Depth, feet

2004
106.7
31.3
3.41
9.2
4.62

2005
114.9
30.5
3.77
8.1
5.79

Absolute
Change
+8.2
-0.82
+0.36
-1.1
+1.17

Percent
Change
+7.7%
-2.6%
+10.6%
-11.9%
+25.3%
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Surveyed Cross Section Two

Figure A-2. Surveyed XS02 data comparison.

Table A-2. Summary of XS2 measurements.
Year
Area, feet2
Width, feet
Mean Depth, feet
W/D ratio
Max. Depth, feet

2004
168.3
39.0
4.32
9.0
6.01

2005
220.4
47.3
4.66
10.1
6.60

Absolute
Change
+52.1
+8.3
+0.35
+1.1
+0.59

Percent
Change
+31.0%
+21.3%
+8.0%
+12.3%
+9.9%

Obion Creek Stream Corridor Restoration
Final Report
Page 58
Surveyed Cross Section Three

Figure A-3. Surveyed XS03 data comparison.

Table A-3. Summary of XS3 measurements.
Year
Area, feet2
Width, feet
Mean Depth, feet
W/D ratio
Max. Depth, feet

2004
256.3
57.3
4.47
12.8
7.17

2005
250.4
56.2
4.46
12.6
7.29

Absolute
Change
-5.9
-1.1
-0.01
-0.2
+0.12

Percent
Change
-2.3%
-2.0%
-0.3%
-1.7%
+1.7%
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Surveyed Cross Section Four

Figure A-4. Surveyed XS04 data comparison.

Table A-4. Summary of XS4 measurements.
Year
Area, feet2
Width, feet
Mean Depth, feet
W/D ratio
Max. Depth, feet

2004
161.1
40.5
3.98
10.2
5.89

2005
195.1
37.9
5.14
7.4
7.18

Absolute
Change
+34.0
-2.6
+1.16
-2.8
+1.29

Percent
Change
+21.1%
-6.3%
+29.3%
-27.6%
+21.9%
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Surveyed Cross Section Five

Figure A-5. Surveyed XS05 data comparison.
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Surveyed Cross Section Six

Figure A-6. Surveyed XS06 data comparison.

Table A-6. Summary of XS6 measurements.
Year
Area, feet2
Width, feet
Mean Depth, feet
W/D ratio
Max. Depth, feet

2004
42.4
17.0
2.49
6.8
4.24

2005
94.2
23.8
3.96
6.0
6.47

Absolute
Change
+51.8
+8.8
+1.47
-0.8
+2.23

Percent
Change
+122%
+58.4
+40%
-12%
+53%

Appendix E. Workshop/Field Day Material

Figure 8, Workshop Brochure (inside)

Obion Creek Stream Corridor Restoration
Final Report
Page 62
Included on enclosed CD
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Figure 9, Workshop Brochure (outside)
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Figure 10, Workshop Press Release
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Figure 11, Workshop Handout
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Appendix F. Photo-documentation Included on enclosed CD
Photographs at the site of Cross Section 01
MARCH 10, 2004

Photographs at the site of Cross Section 01

MARCH 25, 2005

Photographs at the site of Cross Section 02

MARCH 10, 2004
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Photographs at the site of Cross Section 02

MARCH 25, 2005

Photographs at the site of Cross Section 03
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MARCH 10, 2004

Photographs at the site of Cross Section 03

MARCH 25, 2005

Photographs at the site of Cross Section 04

MARCH 10, 2004
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Photographs at the site of Cross Section 04

MARCH 25, 2005
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Photographs at the site of Cross Section 05

MARCH 10, 2004

Photographs at the site of Cross Section 05

MARCH 25, 2005
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Photographs at the site of Cross Section 06

MARCH 10, 2004

Photographs at the site of Cross Section 06

MARCH 25, 2005
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General Project Photographs
Old channelized stream of KY-307 bridge.

Dead Timber in Project area

Amphibious Backhoe used to construct channel.

Example of Remnant Channels.

Construction.

Construction.
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General Project Photographs
Completed channel.

Completed Channel.

Deep Pools constructed for fish habitat..

New channel entering into existing channel

Tree seedlings among temporary cover. .

Bank full Flow.
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