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Executive Summary

The problem of excessive sediment load is particularly acute not only in Kentucky but in
much of the southeastern Coastal Plain physiographic region of the United States. Stream restoration is currently being used as one technique to address these problems, but the high loads often limit the potential for restoration of ecological functions. One of the reasons for this limitation has been the approach to managing sediment supply in the restoration designs: the designs
have been based on the premise that sediment transported into a restoration reach must be transported downstream. Because the supply of gravel and sand that form the bedload can be extremely high, these channel restorations are designed to produce high boundary stresses sufficient to
maintain transport. This usually requires construction of very large channels with limited frequency of floodplain inundation, a low water table, high stress on the streambed, high banks vulnerable to mass failure, and dynamic substrate unsuitable for colonization.
A more practical approach to restoration design in these cases would be the gross management of coarse and fine-grained sediments. The goal of this project was the restoration of Obion
Creek and its tributary, Little Joe Creek, to meandering streams, resulting in a reduction of nonpoint source water pollution, sedimentation, and siltation; an increase in the quality of bottomland hardwood and aquatic habitats; the formation of a highly functional wetland ecosystem; and
overall improved water quality in the Mississippi River-Obion Creek watershed. This project
continued the successful remediation effort initiated with the 2004 restoration of a segment of
Obion Creek (Obion Creek Phase I) located immediately downstream (south/west) of the project
site.
The primary project objective was the restoration of ecological channel, floodplain, and wetland functions of Little Joe Creek and an inactive remnant Obion Creek channel. A riparian and
wetland restoration best management practice (BMP) plan was implemented to re-establish approximately 1950 ft (restored length) of Little Joe Creek and most of the remnant Obion Creek
segment that is currently identified on the 303(d) list as non-supporting of warm water aquatic
habitat. The restored channel will replace the warm water aquatic habitat that has been lost due
to the disconnection of the remnant segment from the upstream and downstream network.
Regional curves were used in conjunction with field-based geomorphic assessments of the
project streams and their watersheds to estimate bankfull characteristics for the designed restoration reach of Little Joe Creek. Restoration design based on reduction of sediment inputs to the
restored reaches permitted construction of smaller channels capable of sustaining improved
aquatic habitat and transitioning to meandering channels downstream without overloading them
with coarse sediment. By incorporating sediment storage into the design, the restoration was able
to manage the load while still supplying enough silt to maintain the downstream channels.
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Restoration of Stream and Wetland
Functions in Obion Creek and Little Joe
Creek Watersheds – A Demonstration
By Arthur C. Parola, Jr., Clayton C. Mastin, and Chandra Hansen

1. Introduction
Sedimentation/siltation, habitat modification, and flow alteration are the cause of nearly
half of the identified stream impairments in the Commonwealth, with sedimentation/siltation
cited most frequently (KDOW 2010). The problem of excessive sediment load is particularly
acute not only in Kentucky but in much of the southeastern Coastal Plain physiographic region of the United States. Excessive sediment loads derived from upland gullies and channel
bed and bank erosion have produced high sediment loads that are contributing to rapid sedimentation in the western Kentucky region of the southeastern coastal plain and in Tennessee, Mississippi, and the Chesapeake Bay (Diehl 2000; Happ 1975).
Stream restoration is currently being used as one technique to address these problems,
but the high loads often limit the potential for restoration of ecological functions. One of the
reasons for this limitation has been the approach to managing sediment supply in the restoration designs: the designs have been based on the premise that sediment transported into a
restoration reach must be transported downstream. Because the supply of gravel and sand
that form the bedload can be much greater than it was in the past, these channel restorations
are designed to produce high boundary stresses sufficient to maintain transport. Creating
high boundary stresses to transport the artificially high sediment loads requires channels to
be larger, steeper, and less sinuous than otherwise. Increases in channel depth and increased
channel boundary stress have many important morphological effects including reduced frequency of floodplain inundation, increased distance of the ground water from the floodplain
surface, increased stress on the streambed, and decreased bank stability. Because the supply
of gravel in highly disturbed watersheds is sporadic, bar formation and fluctuations in the
streambed are correspondingly dynamic. Successful stabilization of streams transporting excessive loads where regional geology is inconsistent with high loads usually requires channel armoring as part of the restoration. In cases where stream restoration designs do succeed
in transporting the high sediment loads, the load and associated problems are transferred
downstream (Diehl 2000).
A more practical approach to restoration design in these cases would be the gross management of coarse and fine-grained sediments. Management of the sediment load generally
requires either a reduction in the supply from sources, a change in the capacity of channels
to transport the sediment, or storage of the sediment. In many stream restoration designs,
however, sediment storage receives little, if any, emphasis (NRCS 2007) even though signif-
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icant sediment storage would attenuate the link between erosion and downstream sediment
yield or sedimentation. One reason for the paucity of designs that specifically address sediment storage is the lack of commonly accepted techniques for measuring this component of
the sediment budget. However, the complexity of measuring how much sediment will need
to be stored could be negated if an active decision of where to store the sediment were to be
made. This sediment management concept was employed as a best management practice
(BMP) in the restoration design for Obion Creek, located in the western Kentucky region of
the southeastern coastal plain. Within the Obion Creek watershed, nine stream segments
(Table1.1) are currently identified as impaired on the 303(d) list (KDOW 2008a); eight of
these segments, including 28 miles of Obion Creek, are listed for sedimentation/siltation.
The goal of this project was the restoration of Obion Creek and its tributary, Little Joe
Creek, to meandering streams, resulting in a reduction of nonpoint source water pollution,
sedimentation, and siltation; an increase in the quality of bottomland hardwood and aquatic
habitats; the formation of a highly functional wetland ecosystem; and overall improved water quality in the Mississippi River-Obion Creek watershed. The primary project objective
was the restoration of ecological channel, floodplain, and wetland functions of Little Joe
Creek and an inactive remnant Obion Creek channel.
The project is unlikely to affect the water quality of impaired stream segments upstream
of the project area (Table 1.1). Within the project area, however, most of the remnant Obion
Creek segment that is currently identified on the 303(d) list as non-supporting of warm water aquatic habitat (KDOW 2008a; USEPA 2008) is being restored. The restored channel
will replace the warm water aquatic habitat that has been lost due to the disconnection of the
remnant segment from the upstream and downstream network. This project continues the
successful remediation effort initiated with the 2004 restoration of a segment of Obion
Creek (Obion Creek Phase I) located immediately downstream (south/west) of the project
site.

2. Materials and Methods
The project site is located in Hickman County, Kentucky, within the boundaries of the
Kentucky State Nature Preserves Commission (KSNPC) property upstream (east) of Kentucky Highway 307 (KY-307) and the Wallace tract of the Kentucky Department of Fish
and Wildlife Resources (KDFWR) Obion Creek Wildlife Management Area (WMA) downstream (west) of KY-307 (Figures 2.1 through 2.3). The nearest community is Beulah, located 2 mi north of the site on KY-307. The site lies on the Dublin, Kentucky, USGS quadrangle (Figure 2.3) within the Mississippi River Basin (HUC 08010201). An unnamed ditch
(Ditch 1) is a tributary of Little Joe Creek, which is a tributary of Obion Creek, which flows
into the Mississippi River at Hickman, Kentucky.
2.1 SITE SELECTION
The primary deciding factors in selecting this site for restoration were its impairment
for designated use (see Section 1), its location within the watershed, and its potential for
successful restoration of ecological functions. The project site is contiguous with the Obion
Creek Phase I site located immediately downstream (west) of KY-307. Channel reaches
downstream from the Phase I segment offer the potential for future restoration work and
would connect with the upstream portion of a KDOW Exceptional Use Water stream reach.

Table 1.1 CWA Section 303(d) Impaired Water Bodies, HUC 08010201, Obion Creek Watershed (KDOW 2008a; USEPA 2008)*

Location
Relative to Waterbody &
Project Site Segment
Downstream Obion Cr

Total
AssessSize
ment
(mi) Waterbody ID
HUC12
County Category Use
Impairment
16.5
KY499767_01 080102010507 Fulton
5-NS
WAH Copper

0.0 to 16.5

Iron

Suspected
Source(s)
Source unknown
Source unknown

Sedimentation/ siltation Non-irrigated crop production; loss
of riparian habitat; impacts from
hydrostructure flow regulation/
modification; channelization
PCR
Unmapped

Little Cypress Cr
0.0 to 3.6

Escherichia coli

Agriculture

3.6

KY496697_01

Hickman 5-PS

Downstream Obion Cr
& Adjacent 40.8 to 44.2

3.4

KY499767_03

080102010505 Hickman 5-NS

WAH Cause unknown

Coincident

Obion Cr
44.2 to 49.8

5.6

KY499767_04

080102010505 Hickman 5-PS

WAH Sedimentation/ siltation Channelization; crop production
(crop land or dry land)

Upstream

Obion Cr
49.8 to 55.7

5.9

KY499767_05

080102010503 Graves

WAH Cause unknown

5-PS

WAH Sedimentation/ siltation Crop production (crop land or dry
land), agriculture, non-irrigated
crop production, channelization

Sedimentation/siltation
Unmapped

UT to Brush Cr
0.0 to 1.9

1.9

KY4880702.6_01

Hickman 5-NS

Channelization; source unknown

Source unknown
Agriculture

WAH Total Kjeldahl nitrogen
(TKN)

Crop production (crop land or dry
land)

WAH Phosphorus (total)

Non-irrigated crop production; crop
production (crop land or dry land);
agriculture; loss of riparian habitat

WAH Sedimentation/ siltation Non-irrigated crop production; crop
production (crop land or dry land);
agriculture; loss of riparian habitat
Upstream

Opossum Cr
0.0 to 2.3

2.3

KY499959_00

080102010503 Graves

5-NS

WAH Sedimentation/ siltation Channelization

Upstream

Brush Cr
0.0 to 8.4

8.4

KY488070_00

080102010502 Graves

5-PS

WAH Sedimentation/ siltation Dredging (e.g., for navigation
channels); agriculture;
channelization

Upstream

Little Cypress Cr
0.0 to 2.0

2.0

KY496699_00

080102010501 Graves

5-NS

WAH Sedimentation/ siltation Source unknown

* Water bodies downstream of the site are included in this table only if they receive flow from the site. Tributaries of downstream waters are not included.
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Figure 2.1 Site location map.

Figure 2.2 Vicinity map with county roads (Google 2009). Project site indicated by red icon.
Coordinates (Obion Creek at KY-307): 36.7383°N, 88.8685°W.

Figure 2.3 USGS 7.5-minute quadrangle topographic map of project site and surrounding area (KYDGI 2005) with property boundaries of Obion
Creek State Nature Preserve (shown in yellow) and KDFWR Wildlife Management Area (shown in green). The project site boundary is depicted in red.
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The following conditions and characteristics of the project site make it conducive to reestablishing sustainable and self-maintaining ecological functions:
 Floodplain size. The entire widths of the natural floodplains of Obion Creek
(2500-4000 ft) and Little Joe Creek (1500-2000 ft) are available and sufficient for
conveying flood flows while supporting stream and riparian functions.
 Substrate and sediment supply. The supply of sand and silt to the project site is high,
but most of this sediment is stored on the floodplain near the channelized Obion
Creek. Consequently, the supply of silt and fine sand to the proposed Obion Creek
channel will be relatively low and should be less than the restored channel will have
the capacity to transport. The silt and sand transported through and deposited in the
low-gradient channel would also make suitable substrate for habitat.
 Surface water hydrology. The project site is expected to continue to receive hydrologic inputs from a primarily rural/agricultural watershed with little urban development, and hydrologic conditions associated with land use are not expected to change
significantly.
 Groundwater hydrology. The elevation and duration of soil saturation levels are expected to decrease with the drawdown of ponded surface water. The site’s nearsurface aquifer is perched, however, and the low-conductivity soils and local hydrology will sustain groundwater at levels sufficient to maintain wetland hydrology.
 Water quality. Existing water quality is expected to support biological functions (see
Section 2.2).
 Soils. Existing floodplain soils have high productivity potential and should support
succession and re-establishment of riparian vegetation. The in-situ seedbed is expected to naturally germinate.
 Landscape connectivity. The site’s existing bottomland wetlands will offer refuge areas, buffers, and green space. Limited development within the watershed offers the
opportunity to enhance connectivity between landscape elements without having to
accommodate adjacent competing land uses.
2.2 PROJECT AREA
Pre-Project Wetlands and Streams
Wetland areas were visually identified within the project area and are delineated on the
National Wetlands Inventory (NWI) (USFWS 2009) map of the area (Figure 2.4). The NWI
identifies a cumulative area of 903 acres of wetlands (Table 2.1) within the boundaries of
the project site.
Obion Creek had no existing channel within the site boundary, but two active stream
channels were impacted by the restoration work: Little Joe Creek and Ditch 1. Little Joe
Creek had been channelized upstream of and within the project site. The project reach of
Little Joe Creek was an F4/5 and G4/5 channel with a drainage area of 5.19 mi2. Flow in this
second-order channel was intermittent. Ditch 1 was a perennial F5/6 and G5/6 channel
(Rosgen 1996). The Strahler (1957) order could be classified for this ditch, which is not
shown as a blue line channel on topographic maps; moreover, if the ditch were a blue line
channel, it would have to have been classified as first order—even though it was miles from
the head of the watershed that it drained—because it had no tributaries.

Figure 2.4 NWI mapping: locations of existing wetlands (USFWS 2009).
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Table 2.1 Wetland Classification

Cowardin Classification Total Size (acres)
PEM1F
38.46
PFO1/SS1C
23.60
PFO1/SS1F
366.36
PFO1/SS1G
20.90
PFO1A
86.05
PFO1C
162.76
PFO1F
43.72
PFO5/SS1F
47.60
PSS1/EM1F
108.31
PFO4/SS1A
5.59
Total

903.35

Rare/Unique Areas
Wildlife and Cultural Resources
Section 106 (Cultural and Historic Resources) and Section 7 (Threatened and Endangered Species) clearance/concurrence letters were obtained. The State Historic Preservation
Office determined that the project would not affect cultural or historic resources, and the US
Fish and Wildlife Service determined that no critical habitat for any federally-listed species
has been designated within the Obion Creek watershed. The biological assessment/ evaluation of the site found that the project would have no effect or would not be likely to adversely affect any federally-listed species. The site may, however, provide potentially suitable
winter habitat and/or summer roosting and foraging habitat for the federally-listed Indiana
bat. Therefore, the project complied with the recommendations outlined in the Section 7
clearance letter.
Special Use Water Resources
The entire project site east of KY-307, including Murphy’s Pond, is designated as an
Exceptional Water wetland as part of the Obion Creek State Nature Preserve (Figure 2.3).
Murphy’s Pond is located just to the northeast (upstream) of the proposed construction area
and is currently owned by Murray State University and managed by KSNPC. The pond is
host to a variety of aquatic and semi-aquatic species including the cottonmouth, bird-voiced
treefrog, three-toed amphiuma (state endangered), and others.
The restoration is expected to support the designated special use of the pond and preserve by enhancing hydrologic functions of the site. Water surface levels in the pond are
currently elevated and much less variable compared to historic levels. Following restoration
of the project streams, water levels of the pond are expected to generally decrease during dry
periods and become more variable during flooding. The decrease in water level during dry
periods is estimated to be less than 1.5 ft based on the elevation of the surrounding floodplain surface. Personnel at Murray State University and KSNPC are aware of the potential
for changes in the pond’s water surface elevation.

Materials and Methods

9

Physiographic Region
The site is located in Kentucky’s Mississippi Embayment (Jackson Purchase) physiographic region, which is considered the northernmost extent of the Eastern Gulf Coastal
Plain region of the Southeastern US Coastal Plain (Fenneman 1917; Hupp 2000; USGS
2003). The terrain is composed mainly of gently rolling hills, broad, flat bottomlands, and
terraces. Lakes, ponds, sloughs, and swamps are numerous in this low-lying plain, where local relief is typically less than 100 ft (McGrain 1983).
The region is mantled by thick loess and alluvium and is underlain by easily eroded, unconsolidated coastal plain deposits. Alluvium in the valleys typically consists of a surface
deposit of clay, silt, sand, and gravel. Much of the fine-grained alluvium is presumed to be
derived from the extensive erosion and re-deposition of upland sediments (Newell 2001)
during the Holocene epoch, including the recent period of human land use. Cultivation of
hillsides contributed to severe and extensive hillside erosion during the early part of the 20th
century (Coleman 1971; Davis 1923), and sediment eroded from the uplands was deposited
at the base of hill slopes, in stream beds, and on valley flats.
Channel networks throughout the region are continuing to evolve in response to the effects of extensive channelization and altered flow and sediment loads. Siltation and high
turbidity are common. Most streams are deeply incised and moderately or severely entrenched, and many are actively widening. Upland streams continue to incise and appear to
be major sources of silt, sand, and gravel. Bank erosion appears to be a significant source of
sediment on both upland and low-gradient streams. Low-gradient streams on wide floodplains are typically aggrading, storing large amounts of sediment in the streambed and on
newly formed floodplains. These channels are also re-developing sinuous planform patterns;
lateral adjustment appears to be propagating upstream and downstream from constructed
channel bends (Parola et al. 2005).
Bankfull geomorphic characteristics of streams in the Mississippi Embayment region
may be estimated from regional curves developed by ULSI (Parola et al. 2005) for silt-bed
streams with watersheds between 0.9 and 900 mi2, sand-bed streams with watersheds between 3 and 2000 mi2, and gravel-bed streams with watersheds between 1 and 40 mi2 (Table 2.2). Local watershed and channel conditions, however, may cause channel bankfull
flows and bankfull dimensions to differ significantly from those estimates. Therefore, the
regional curves were used in conjunction with field-based geomorphic assessments of the
project streams and their watersheds to estimate bankfull characteristics for the designed restoration channels (Section 2.4).
Climate
The annual average temperature is 58.3ºF; total average rainfall is 51.81 in (Table 2.3).
The growing season is 217 days (Table 2.4).
Surrounding Land Use
Much of the Mississippi Embayment physiographic region was grassland and wetland
at the time it was purchased by the US. Since that time, the watersheds of Little Joe and the
channelized Obion Creek have been grazed, cultivated, and presumably, logged. Aerial photographs from the 1930s confirm grazing activities within the project area near the downstream limit of the site.
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Table 2.2 Bankfull Regression Equations for Streams of the Mississippi Embayment of Kentucky

Bed Material

Gravel bed

Sand bed

Silt bed

Regression Equation

Coefficient of
Determination, R2

Standard Error*, Se
(%)

ABKF = 12.1 DA0.64
WBKF = 12.1 DA0.41
DBKF = 1.00 DA0.23
QBKF = V ABKF = 3.5 ABKF
ABKF = 16.7 DA0.57
WBKF = 10.5 DA0.34
DBKF = 1.60 DA0.22
QBKF = V ABKF = 2.0 ABKF
ABKF = 13.1 DA0.63
WBKF = 9.47 DA0.35
DBKF = 1.38 DA0.28
QBKF = V ABKF = 1.5 ABKF

0.93
0.81
0.48
—
0.91
0.90
0.79
—
0.93
0.92
0.83
—

21%
21%
28%
—
41%
26%
26%
—
31%
19%
23%
—

* Transformed from the log10 domain as a percentage of the mean according to Tasker (1978).
Table 2.3 Regional Precipitation and Temperature Statistics (NRCS 2003)
WETS Station: MAYFIELD RADIO WNGO, KY5233; Start yr. – 1971, End yr. – 2000

Temperature (ºF)

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Avg
daily
max
44.6
51.0
61.2
71.0
78.5
86.1
89.5
88.5
82.6
72.7
59.5
48.9

Avg
daily
min
25.8
29.2
37.5
45.6
55.0
63.6
67.8
65.9
58.7
46.7
38.3
30.0

Avg
35.2
40.1
49.4
58.3
66.8
74.8
78.6
77.2
70.7
59.7
48.9
39.4

Avg
3.69
4.51
4.89
4.77
5.05
4.06
4.22
3.22
3.67
3.65
5.09
4.99

Annual
Average
Total

—
69.5
—

—
47.0
—

—
58.3
—

—
—
51.81

Precipitation (inches)
Avg #
30% chance will have
days w/
Less
More
0.1 or
than
than
more
2.54
4.57
6
2.74
5.25
6
3.45
5.81
8
3.55
5.52
7
3.51
6.18
7
2.38
5.22
6
2.68
4.93
5
1.37
4.27
4
2.32
4.70
5
2.40
4.24
5
3.38
5.98
7
3.09
5.91
6
46.06
—
—

54.60
—
—

—
—
72

Avg total
snow fall
3.3
3.4
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.7
—
—
8.3

Table 2.4 Growing Season Probabilities (NRCS 2003)
WETS Station: MAYFIELD RADIO WNGO, KY5233; Start yr. – 1971, End yr. – 2000

Probability*
50 percent
70 percent

Beginning and ending dates
Growing season length (days)
Beginning and ending dates
Growing season length (days)

24ºF or lower
3/22 to 11/15
238
3/18 to 11/19
247

* Percent chance of the growing season occurring between the beginning and ending dates.

Temperature
28ºF or lower
3/31 to 11/4
217
3/28 to 11/7
224

32ºF or lower
4/13 to 10/21
191
4/10 to 10/24
197

Materials and Methods

11

The Little Joe and Obion Creek watersheds currently are composed primarily of forest,
range/brush, and cultivated crops (Table 2.5). The watersheds have no densely populated
residential areas (Figure 2.5a).
Table 2.5 Land Use in Watershed and Site Vicinity

Land Cover
Forest
Deciduous Forest
Evergreen Forest
Range/Brush
Pasture/Hay
Grassland/Herbaceous
Scrub/Shrub
Barren Land
Cultivated Crops
Developed
Developed, Open Space
Developed, Low Intensity
Water
Open Water
Woody Wetland
Emergent Herbaceous Wetland

Percent of Watershed
Little Joe
Obion
38.3
29.51
36.5
27.9
1.8
1.61
19.01
30.41
17.41
28.14
0.53
1.02
1.07
1.1
0.00
0.15
36.41
31.9
3.23
4.77
3.22
4.41
0.01
0.36
3.05
3.41
0.73
0.58
2.03
2.83
0.29
0.0

Percent of 1000' Buffer
Little Joe
Obion
60.00
35.42
59.78
32.06
0.22
3.36
0.86
0.76
0.0
0.24
0.0
0.21
0.86
0.25
0.0
0.06
18.92
3.32
1.51
0.15
1.29
0.076
0.22
0.075
18.71
60.35
0.0
0.120
15.27
59.36
3.44
0.87

The land immediately surrounding the project site (Table 2.5) is owned by KSNPC east
of KY-307 and KDFWR west of KY-307. Within 1000 ft of the proposed project site (Figure 2.5b), the majority of Little Joe Creek and Obion Creek land cover is either forest or
woody wetland, as determined from the US Geological Survey’s 2001 national land cover
database (USGS 2008). The remaining land cover is primarily agricultural. The area has no
densely populated residential areas and no major buried utility lines.
The project site is expected to receive hydrologic inputs attenuated by high rates of abstraction due to infiltration and, during the growing season, evapotranspiration. Although
additional areas of the watershed upstream of the site may be cultivated in the future, watershed land use is expected to remain primarily agricultural with little urban development, and
hydrologic conditions associated with land use are not expected to change significantly.
Landscape Setting
The project area streams are located in wide (1500-4000 ft), forested valley bottoms.
The valley is bounded to the north and east by steep, forested hillsides (100-150 ft high), and
to the south by broad, irregular terraces. KY-307 crosses the valley through the site. Terrestrial habitat is currently scarce in the valley bottom, much of which is submerged; the
ponded areas are also inhospitable for the perpetuation of existing woody wetland species.
The Little Joe Creek riparian area consisted of an asphalt roadway and its embankment
on the downstream right-bank side. The downstream left-bank side of the channel was
densely forested and provided refuge and buffer areas. Channel incision throughout the entire reach, however, severely limited the transfer of water, sediment, nutrients, and biota
from the channel to the valley bottom.

Figure 2.5a Generalized land cover map of the Obion and Little Joe watersheds (USGS 2008). The project site boundary is depicted in red.

Figure 2.5b Generalized land cover within 1000 ft of the project site (USGS 2008). The project site boundary is depicted in red.
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Soils
Agriculture has been widespread throughout the region, and the site may have been
plowed in the past. The soils along the valley bottom (Figure 2.6) are classified as silt loams
and sandy loams (NRCS 2008): Convent-Alder silt loams, frequently flooded (Cn); Convent-Mhoon silt loams, frequently flooded (Ct); Iuka sandy loam, occasionally flooded (Iu);
and Mhoon silt loam, ponded (Mo). Each of these soils is listed as hydric in Hickman County. Runoff is low to medium, and saturated hydraulic conductivity is moderate to high, with
the seasonal water table ranging from 12 in above the ground surface, to 36 in below. Slope
ranges from 0-2%.
Floodplain soils are estimated to be more than 15 ft thick. Sub-surface exploration at the
time of piezometer installation revealed a clayey-silt soil to depths greater than 10 ft. Small
deposits of sand were observed on the surface of the floodplain near distributaries flowing
from the filled, channelized reach of Obion Creek that borders the project site.
Vegetation
Most of the project site is covered by herbaceous wetland vegetation and a mature stand
of hardwood and softwood trees. A monoculture of bald cypress dominates the existing
woody vegetation in much of the ponded area of the site. In the downstream area of the site,
however, both west of KY-307 and east of KY-307 where Ditch 1 and Little Joe Creek
drained the floodplain surface, water levels are more variable and woody vegetation more
diverse.
Exotic invasive species predominate in two areas: (1) a right-of-way for transmission
lines parallels KY-307 about 600 ft to its east, and this 125-ft-wide corridor is kept clear of
trees and is vegetated primarily by reed canarygrass; and (2) throughout much of the
PSS/EM1F and PEM1F wetland areas in the middle third of the site east of the remnant
channel (Figure 2.4), cattails are dense.
Water Quality
Obion Creek water chemistry was measured downstream of KY-307 by KSNPC on
9 May 2000. With the exception of dissolved oxygen (DO), measured water quality parameters are adequate to support aquatic life (Table 2.6). DO is expected to improve following
the completion of the restoration. Within the Obion Creek watershed, 9 stream segments
(Table 1.1) are currently identified as impaired on the 303(d) list (KDOW 2008a).
Table 2.6 Water Chemistry Data

Parameter
Value
Dissolved oxygen
5.4
pH
6.7
Specific conductance (µS/cm) 135.4
Temperature (C)
20.3
Percent saturation
60.5

Figure 2.6 USDA/NRCS Hickman County soil survey map (NRCS 2008) with 2006 aerial photograph of project site and surrounding area (KYDGI
2008).
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Hydrology
The hydrology of the entire project site has been radically altered by channelization and
its consequences. Water is supplied to the project site via local precipitation and four sources
of flow from Obion Creek’s approximately 118-mi2 watershed: one intermittent stream (Little Joe Creek) and one perennial stream (Obion Creek); multiple small floodplain distributaries; and groundwater from valley alluvium. Drainage of water from the site to downstream channels, however, has been obstructed by a valley plug and beaver dams, and most
of the valley bottom has been submerged by shallow, ponded water for at least 16 years
(Aerial photo 1993; Field observations 2000-2002).
Historical Regional Hydrology
Prior to Euro-American settlement of the Mississippi Embayment, the region’s bottomlands were likely composed of wetlands and forests with sparse grasslands, beaver dam
complexes, and low-gradient, deep channels meandering, sometimes tortuously, through the
broad, flat valleys. In the nineteenth century, when agricultural practices similar to those
employed in other parts of the Midwest (Happ et al. 1940; Potter 1955; Trimble 1981) and
eastern US (Costa 1975; Jacobson and Coleman 1986; Wolman 1967) were introduced to
Kentucky’s Mississippi Embayment, changes in land-use significantly modified the hydrology of the region. Intensive cultivation without soil conservation measures eroded fine sediments from vast areas of ridge tops, hillsides, and gullies (Davis 1923: 39-45). These sediments accumulated on the valley bottoms and in the low-gradient, alluvial channels that had
a low sediment transport capacity. The frequency and duration of flooding of these sinuous
channels, which supported extensive wetlands and may have already been clogged with debris, may have increased. Obion Creek and Bayou de Chien were reportedly “sluggish” and
“almost filled with logs, brush, and roots,” with a substrate of mud 2-4 ft thick in 1890
(Woolman 1892:272-3).
To reduce the frequency of bottomland flooding and to drain wetlands for agriculture,
stream channelization—including channel relocation, straightening, and enlargement—was
implemented by landowners in many areas of Kentucky in the nineteenth century (Owen
1857:26; US Census 1932). While the effectiveness of these early efforts was limited by
technology and a lack of coordination within drainage basins, the eventual establishment of
county drainage districts by Kentucky’s Drainage and Reclamation Act of 1912 and the production of heavy earthmoving equipment revolutionized channelization practices (Beauchamp 1987; US Census 1932). Large-scale channelization projects were carried out
throughout western Kentucky for much of the twentieth century (Speer et al. 1965). Some
portion of nearly all of the major streams and many smaller streams were channelized during
this period, as extensive wetlands and barrens were converted to cropland and pasture, and
long reaches of the region’s sinuous channels were filled or converted to remnants, inactive
and/or disconnected from the channelized segments that bypassed them (KSWCC 1982; Parola et al. 2005; Woods et al. 2002).
Channelization led to severe channel incision in most tributaries, which mobilized the
loess, sand, and gravel that compose the surrounding hills (Parola et al. 2005). In main stem
channels, the channel bed aggraded in many locations, and bank failure increased the supply
of trees and debris (drift), which accumulated in the channel. In some channels, valley plugs
resembling low-gradient alluvial fans (Happ 1975) developed: deposits completely blocked
the channel, resulting in channel infill and a splay of sediment on the floodplain. Straight-
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ened channels were maintained by snagging and clearing, but aggradation and drift accumulation have continued to re-fill segments of them (Hupp 1992).
Channelized Obion Creek
Much of the Obion Creek watershed, from its headwaters to its mouth at the Mississippi
River, has been channelized. An approximately 25-mi segment of the main stem, however,
was left largely unchannelized between the Mississippi River bluffs and Bugg Road approximately 3.5 mi downstream of the project site at a watershed area of about 140 mi2 (Parola
et al. 2008). Following channelization of more than 10 mi of Obion Creek and its tributaries
upstream of Bugg Road, two valley plugs formed in the vicinity of the project site. One plug
formed near Bugg Road, where a channelized gravel-bed Obion Creek segment conjoins a
generally unmodified meandering silt-bed segment. This Bugg Road valley plug was initiated when debris and sediment accumulated in the channel a few hundred feet upstream of
that transition point.
Sometime after 1936, the KY-307 crossing of the channelized Obion Creek was replaced. The replacement bridge is now the middle structure of the three KY-307 crossings in
the valley (Figure 2.7). Although the replacement bridge spanned the channel, the combination of the approximately 45-degree alignment of the channel and pile-group piers ensured
that large woody debris would collect on the piers. After this bridge was built, the downstream channel received almost no LWD from upstream of KY-307, but it continued to fill
with sediment and woody debris from tributaries that confluence downstream of KY-307.
Hundreds of small distributaries eroded in the floodplain of the blocked channel, but they
became defunct as the plug lengthened upstream and they no longer received flow. The
Bugg Road valley plug is now composed primarily of sediment with some small debris, and
it extends several thousand feet upstream, almost reaching the western side of the KY-307
crossing.
East/upstream of this crossing, LWD accumulated on the replacement bridge’s piers and
blocked most of the bridge opening. A massive debris jam developed, extending approximately 1.5 mi upstream in the channelized Obion Creek segment on the western border of
the KNSPC property (Figures 2.7 and 2.8). When sediment and debris accumulated in this
segment, the second of the two valley plugs formed (“KY-307 valley plug”). This plugged
channel segment has been dredged and had debris removed at least twice since 1970, but the
debris jam and valley plug re-formed both times. Near the downstream end of the project
site, silt and sand have covered the surface of the plug, and trees are growing on it. Fresh
splay deposits at the upstream end of the KY-307 valley plug indicate that it is continuing to
lengthen. Upstream of the plug, flow in the channelized Obion Creek is in backwater for approximately 1 mi, and sand and silt have accumulated to elevations above the surrounding
floodplain elevation.
The blocked segment of Obion Creek is no longer capable of conveying base flow. It
now acts as a drainage divide, and as in the downstream plug, hundreds of small, temporary
distributaries have formed in the floodplain to its east and west along most of its length.
Thus, the total flow from the contributing drainage area to the project site is now less than
that of the 118-mi2 watershed, but the quantity of the flow being diverted to the west of the
blocked segment cannot be reliably measured. This quantity also changes as beavers and debris blockages change the configuration of the distributaries, most of which are already defunct, and as the valley plug continues to lengthen upstream.

Figure 2.7 Pre-restoration channel planforms and site conditions. Remnant Obion Creek channel and remnant segment are both
shown in aqua.
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Figure 2.8 Debris jam in the channelized Obion Creek segment on the western border of the KNSPC property.

Flow discharged to the west of the blocked segment is conveyed to the west side of
KY-307 through a bridge that crosses Cypress/Brush Creek on the southwest side of the valley (Figure 2.7). The large central span and large piers of this south bridge suggest that it, rather than the crossing of the channelized Obion, was intended to be the main crossing structure in the valley. Flow through this structure confluences with the Phase I restored section
of Obion Creek several hundred feet west of KY-307.
Floodplain of Proposed Obion Creek
Low flow that is discharged to the east from the blocked Obion segment is conveyed
through the distributaries to the project site’s ponded area. Sand and silt are deposited in and
splayed on both sides of these small channels, whose formation also has prompted beavers
to build dams on the floodplain, deepening the ponded water. Given the beaver-damregulated discharge from the ponded area and the persistent supply of surface water flow
from upstream, the seasonal depth of the ponded surface water remains relatively constant.
During floods, a small bridge on the north end of the valley conveys flow from the
floodplain of the project site to the floodplain west of KY-307. Flood flows and the site’s
ponded water also drain to three channels near the north side of the valley: Little Joe Creek
and two unnamed ditches (Ditch 1 and Ditch 2) that are tributaries of Little Joe. Flows from
these channels are conveyed to the downstream Obion Phase I restored channel through the
middle KY-307 crossing, which is partially blocked by the debris that instigated the valley
plug. The debris blockage increases flood flow contraction through the bridge, causing a severe scour hole that wraps around the bridge’s north abutment. This scour hole is the only
current means of conveying base flow from the project site to the downstream Phase I restored channel.
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Pre-Project Existing Channels: Little Joe Creek & Ditch 1
The section of Little Joe Creek within the project site is an intermittent stream on the
floodplain of the proposed Obion Creek. Water was supplied to the reach of Little Joe to be
restored (“restoration reach”) and floodplain of Little Joe via local precipitation and two
sources of flow from Little Joe’s 5.19-mi2 watershed: one intermittent stream (Little Joe
Creek) and groundwater from valley alluvium. At the confluence of Little Joe with Obion
Creek, a tributary ditch (Ditch 1) collected flow diverted by beaver dams on the floodplain
of the proposed Obion Creek. During floods, flows from the Obion Creek watershed also inundate the floodplain of Little Joe and its Ditch 1 and 2 tributaries, and all three of those
channels become backwatered. Between rain-driven runoff events, the primary source of
water for Little Joe Creek is groundwater.
Several beaver dams were removed from the restoration reach of Little Joe Creek shortly after the completion of the Phase I restoration in 2004. The loss of these grade controls
facilitated the propagation of a headcut up Little Joe Creek and up nearly 600 ft up a defunct, filled, straight-line ditch (Ditch 1) that used to connect a short remnant channel segment to Little Joe Creek. The headcut removed sediment from the filled ditch, exposing
beverage cans with detachable pull tabs. The age of these artifacts indicates that the ditch
had filled with more than 4 ft of sediment over an estimated 30-40 years prior to its recent
re-exposure. The advancement of the headcut further upstream in Ditch 1 has been retarded
by an active beaver dam that crosses the head of the ditch where it intersects the short remnant channel segment (Figures 2.9 and 2.10). The dam spans approximately 2000 ft of the
floodplain.

Figure 2.9 Ditch 1/remnant segment: Pre-restoration ponded area upstream of main beaver dam.

11 Mar 2009
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Just beyond the upstream boundary of the project site, another unnamed ditch (Ditch 2)
on the former Obion Creek floodplain confluences with Little Joe. Ditch 2 lies between the
project site and the cultivated field to the north. The ditch drains several acres of local runoff
from the field; during flood events, flow from the project site also may be drained by this
ditch to the Little Joe channel. Sand bags and flood control gates stored on the bank indicate
that flow into and through the ditch is regulated by the landowner.
The site has no other channels. A remnant Obion Creek channel has been identified in
historical documents and photographs and through field reconnaissance (Figure 2.11). While
the submerged contours of the remnant channel are distinguishable along much of the length
of the site in the ponded area, the processes that originally maintained it are no longer active.
The remnant was disconnected from the upstream and downstream network by the channelization of Obion Creek, which included filling of the original channel where it intersected
the channelized section, presumably to prevent its reconnection during floods and to allow
access to the land between the channelized Obion Creek and the remnant channel. The remnant is submerged and no longer conveys flow, and segments of it have been partially filled
by loose, fine-grained sediment that has settled from the ponded water.
Stream Geomorphology
Prior to Euro-American settlement of the Mississippi Embayment, the wide VIII- and
X-type valleys (Rosgen 1996) of this coastal plain region of Kentucky would have supported
sinuous stream channels and bottomland hardwood wetlands. Low-gradient E- and C-type
silt-/sand-bed channels would have meandered freely through the broad, flat valley bottoms.

Figure 2.10 The advancement of a headcut further upstream in Ditch 1 was retarded by an active beaver dam that crossed
the head of the ditch where it intersected the short remnant channel segment.
11 Mar 2009
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Figure 2.11 Remnant Obion channel prior to restoration.

11 Mar 2009

Sinuosity likely exceeded 1.5 for streams in the region, based on measurements of remnant
channel reaches and stream-based property boundaries established prior to widespread
stream channelization. Woody debris, tree roots, and debris jams probably played an important role in development of channel form; the low-sloped channels would have been free
to avulse and cut off meander bends when obstructions formed in the channel. Avulsions also may have led to the formation of small anabranched channels.
Little Joe Creek
Prior to initiation of the restoration, Little Joe Creek (Table 2.7) was an unstable, channelized, rip-rap-lined road-side ditch (Figures 2.12 and 2.13). Its unnaturally straight alignment parallel to KY-307 indicated that the channel had been modified over its entire length
within the project site. It appeared to have been relocated, enlarged, and straightened, and
the rip-rap appeared to be regularly maintained. The planform pattern of the channel remained in a single-thread, straightened alignment.
The over-widened channel was incised and entrenched throughout the project area. The
banks, which were composed mainly of silt and clay, were steep and sparsely vegetated.
Bank erosion and mass failure were observed along approximately 40% of the channel within the restoration site; some of the eroded sections were undercut. Bank heights exceeded
rooting depth throughout the entire reach, and the channel contained large woody debris in
only a few locations; these pieces appeared to have been placed by beavers.
The channel bed profile lacked the diversity and variability generally associated with
high quality habitat, with few pools or in-channel bars. The number of pools was a fraction
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Table 2.7 Pre-Restoration Channel Characteristics

Parameter
Drainage area
Channel length
Rosgen stream type
Strahler stream order
Flow regime
100-yr discharge
Bankfull discharge
D50 riffle/pavement
Channel slope
Valley slope
Sinuosity
Bankfull depth
Belt width
Radius of curvature
Meander wavelength
Floodprone width
Bankfull width
Bankfull area
Entrenchment ratio
Width:Depth ratio
Bank ht ratio

Ditch 1
mi
ft

2

cfs
cfs
mm
%
%
ft
ft
ft
ft
ft
ft
ft2

†

117.8
595
F5/6, G5/6
N/A
Perennial
N/A§
N/A§
Silt and clay
0.51
0.051
1.0
6**
N/A
N/A
N/A
2000-4000
21**
126**
>2.2
<12
1.1

Little Joe Creek*
5.19‡
1151
F4/5, G4/5
2
Intermittent
3015
87
Sand and small gravel
0.22
0.14
1.0
1.5
N/A
N/A
N/A
35
24
35
1.5
15.8
3.3

* Bankfull level could not be identified in either project channel. Bankfull parameters were derived from
regional curves (see Physiographic Region subsection).
† Drainage area at downstream limit of Ditch 1; this includes the Little Joe watershed area.
‡ Drainage area at the upstream limit of the restoration reach.
§ Flow in Ditch 1 is not included in the USGS Kentucky Water Science Center’s hydrologic data (USGS 2009).
** Top-of-bank measurement. Bankfull could not be determined from regional curves or field investigation.

of what would be expected in an undisturbed channel, due in part to the lack of large woody
debris in the channel, the straightened alignment, and high sediment loads. The scarcity of
pools, sparse in-stream and woody lower bank cover, and frequent, erosive flows created a
high-disturbance environment with little refuge or cover. The substrate of the low-gradient
channel was predominantly consolidated clay with occasional short sections of frequentlymobilized gravel; these sections accounted for less than 5% of the active channel bed. Over
90% of Little Joe Creek within the proposed project site was composed of large-deep pools
and a few small-deep pools. Small-shallow pools were only present where knickpoints had
recently progressed upstream through the clay substrate of the channel.
Ditch 1
Ditch 1 (Table 2.7 and Figures 2.14 and 2.15) was a recently re-exposed straight ditch
that used to connect a short remnant channel segment to Little Joe Creek. The banks of the
ditch, which were composed mainly of silt and clay, were steep and relatively devoid of riparian vegetation. Bank heights exceeded rooting depth throughout the entire ditch, and it
contained large woody debris in only a few locations; these pieces appeared to have been
placed by beavers.

Figure 2.12 (Right) Bank erosion on right bank side of prerestoration Little Joe Creek;
straight channel alignment.
20 Aug 2009
Figure 2.13 (Below) Prerestoration Little Joe Creek. View
is downstream along the upstream (east) side of the north
KY-307 crossing. 20 Aug 2009
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Figure 2.14 Ditch 1 confluence with pre-restoration Little Joe Creek.

11 Mar 2009

Figure 2.15 Bank erosion on Ditch 1. Upstream view.

11 Mar 2009
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The bed profile of the ditch was nearly flat. Sparse in-stream and woody lower bank
cover and frequent, erosive flows created a high-disturbance environment with little refuge
or cover. The substrate of the ditch was consolidated clay. Over 90% of Ditch 1 was composed of large-deep pools and a few small-deep pools. Small-shallow pools were only present where knickpoints recently had progressed upstream through the clay substrate of the
channel.
Substrate
Channelized Obion Creek
Prior to settlement, Obion Creek and its tributaries would have carried minor amounts
of fine sediment and little or no gravel (Parola et al. 2005). Modifications of the channel
network and changes in land use, however, fundamentally re-organized the sediment storage
system (Dietrich et al. 1982) of the watershed and changed the sediment regime. Not only
did clearing and cultivation relocate fine sediment from upland surfaces to valley bottoms,
but channelization of much of the Obion Creek watershed led to severe channel incision
throughout the watershed and aggradation in multiple locations as sediment loads were
changed from low supplies of fine-grained sediment to high supplies of both fine- and
coarse-grained sediments.
The incision of upland tributaries mobilized the surrounding hills’ loess and sand surficial sediments and Pliocene gravels several feet below the surface, while the incision and
widening of tributary and main-stem channels into valley bottom floodplain deposits released recently accumulated silt, sand, and gravel. Consequently, a high load of gravel, sand,
and silt are being transported into and through the channelized Obion Creek main stem until
they reach the backwatered segment upstream of the valley plug. Bed materials grade from
small-to-medium sandy gravel upstream of the KY-307 valley plug to fine sand and silt at its
downstream end at KY-307. The majority of the sediment load downstream of KY-307 is fine sand and silt; coarse sand and gravel, however, are supplied by channelized tributaries
and tend to be deposited near their confluences with Obion Creek.
Little Joe Creek
Pea gravel and sand are supplied to Little Joe channel reaches upstream of the project
site by incised headwater tributaries. In the reach that parallels KY-307 upstream of the project site, no evidence of bar formation could be found, which indicated that the reach was
not actively aggrading. Instead, it functioned as a transport reach, conveying its load to the
scour hole under and adjacent to the north KY-307 bridge at the upstream end of the restoration reach. The pea gravel and sand were stored in the scour hole.
Depending on the magnitude and frequency of high-flow events, these stored sediments
were either scoured and transported onto the floodplain or were transported into and through
the restoration reach. Flows that scoured the stored sediments carried and deposited them on
the floodplain both east and west of KY-307. These events backwatered the restoration
reach, however, preventing sediment transport within the channel.
When enough time would elapse between scouring events for the hole to fill, the sediment load carried by smaller events may have been transported through the deeply incised
restoration reach and then deposited and stored in the Phase I Obion Creek channel. The restoration reach also received some coarse- and fine-grained sediment from Ditches 1 and 2,
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but the supply from these ditches was negligible. Thus, the volume of sediment transported
through the restoration reach to Obion Creek was minimal.
2.3 DATA COLLECTION
Data to support development of the project design were collected and analyzed under
the direction of ULSI.
Watershed Geomorphic Characteristics
Contour maps and aerial photographs were reviewed to identify characteristics that
could be relevant to field evaluation of the site and development of the detailed design. The
following tasks were completed in the review:
1. The site was located on the 1950s USGS 7.5-minute map of the Dublin, Kentucky, quadrangle (Figure 2.3). Possible courses of remnant stream channels
were identified and digitized by GIS for field investigation.
2. The 1950s course of the stream was identified on the topographic map and compared with the present alignment documented by aerial photographs and site
topographic survey, and discrepancies were recorded.
3. Historical and recent aerial photographs were examined:
a. The contours of the remnant Obion Creek channel were identified.
b. The area/extent of Murphy’s Pond prior to ponding of the site was estimated.
c. Recent land use changes and their possible impacts to the stream channel and
the floodplain were evaluated.
d. Any major channel instabilities upstream or downstream that could potentially
affect the success of the restoration were identified and evaluated.
e. The rate of debris jam (valley plug) propagation on the channelized Obion
Creek was estimated.
4. Land use in the Obion Creek watershed and the immediate vicinity of the project
site was identified from the US Geological Survey’s 2001 national land cover database (USGS 2008).
5. NRCS soil surveys were examined to identify the soil types in the project site.
6. Wetland areas delineated on the National Wetlands Inventory (NWI) (USFWS
2009) map of the area (Figure 2.4) were recorded.
7. Survey data collected from the Phase I restored channel in 2005 was verified at
the site to confirm that it was still valid. Those data then were integrated and adjusted to the surveyed cross sections providing the downstream extents of the
HEC-RAS model used for the flood study required by the KDOW Surface Water
Permits Branch.
8. The regional geomorphic assessment completed by ULSI in 2005 (Parola et al.
2005) was reviewed for information about stream geomorphic characteristics and
the effects of geology, historical land use, and current land use on sediment loads
and channel evolution.
Channel, Floodplain, and Murphy’s Pond Morphology
Topographic floodplain and channel surveys were completed for both Little Joe and
Obion creeks. Conventional total station survey methods were used west of KY-307. East of
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KY-307, elevated surface water levels and saturated soils prohibited use of conventional
survey methods. Because active beaver dams were holding surface water levels constant under low-flow conditions, however, topographic survey data could be collected using a survey-grade GPS unit, a handheld GPS unit, and a pocket rod. Railroad spikes were driven into trees throughout the project site and measured by survey-grade GPS to establish vertical
control. Utilizing these markers and their location relative to the ponded surface water, an
area of over 500 acres was surveyed. At points throughout the floodplain, location was
measured using a handheld GPS unit, and the vertical distance from the submerged ground
surface to the water surface was measured with the pocket rod. Location, elevation, and
point description data were recorded by a second survey crew member. Cross sections of the
remnant channel were also surveyed using this technique.
A topographic survey of Murphy’s Pond was performed utilizing a sounding tape from
a canoe. Depths of up to 6 ft were recorded in multiple locations; the average depth of the
pond was approximately 4.4 ft.
Channel and Floodplain Hydrology
Measurements of water and atmospheric pressure were logged to correlate the stage of
flow in the remnant channel and Murphy’s Pond with the corresponding groundwater elevation in the floodplain. Eight months before construction, eleven pressure transducers from
Solinst Canada, Ltd., were deployed within the project site on the east side of KY-307:
 At four locations along the length of the valley, they were installed in pairs:
 A submerged Model 3100 Levelogger® Junior was suspended in a staff gage
secured to a tree on the bank of the remnant channel.
 A submerged Model 3100 Levelogger® Junior was suspended in a piezometer
casing approximately 10 ft deep in the adjacent floodplain at a distance far
enough from the steam to be out of the influence of ponded surface water.
 One Model 3100 Levelogger® Junior was suspended in a staff gage secured to
the bridge deck in Murphy’s Pond.
 Two Barologger® were secured to trees at the downstream end of the site above
the highest possible water level at the site. The second of these was redundant to
protect against the possibility of data loss if the first logger were to fail.
The submerged loggers measured the total pressure (water depth and atmospheric pressure), while the Barologgers® measured and logged the atmospheric pressure at the same
times and intervals as the submerged loggers. The instruments have an accuracy of 0.1% of
full scale (±0.03 ft for the Levelogger® Junior and ±0.003 ft for the Barologger®). The Model 3100 Levelogger® Junior can store 32,000 readings, allowing for extended deployment for
obtaining high-flow data. Logging intervals were set (using the Solinst software) to fifteen
minutes at all sites; this interval was short enough that the water surface change would typically be less than 0.2 ft between readings.
Murphy’s Pond Hydrology
The potential changes this stream restoration project could impose on the hydrology of
Murphy’s Pond were estimated through field observation, review of aerial photographs, hydrologic monitoring, and analysis of the topographic surveys of the floodplain and Murphy’s
Pond. While field investigations and recent aerial photographs showed a hydraulically con-
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nected, beaver controlled, single body of water, historic aerial photographs confirmed Murphy’s Pond had been a separate entity within the Obion Creek floodplain.
Channel and Riparian Habitat
The low-gradient form of the EPA Rapid Bioassessment Protocol (Barbour et al. 1999)
was used to assess the existing aquatic and riparian habitat conditions of Little Joe Creek
and Ditch 1. Because substrate and channel morphology were generally similar throughout
each segment of channel to be restored, Little Joe and Ditch 1 were each assessed as single
reaches. The habitat assessment score was 85 for Little Joe Creek and 80 for Ditch 1. These
scores indicated a stream quality rating of “poor” for the Mississippi Valley–Interior River
bioregion of Kentucky (Table 2.8).
Table 2.8 RBP Values for Wadeable (>5.0 mi.2) Mississippi Valley–Interior River Channels (KDOW 2008b)

Bioregion

Stream Quality

Mississippi Valley–Interior River

Excellent
Average
Poor

Standard Values
135+
114-134
0-113

2.4 DESIGN
At the time data collection was initiated, a conceptual design for stream and wetland
restoration was developed for the project site based on aerial photographs. The conceptual
design included the following:
 Locations and characteristic planforms of the restored channels
 Locations where abandoned channel segments could be incorporated to minimize excavation costs
The conceptual design and analysis of collected data guided development of the detailed
design (Figure 2.16). To accomplish the project objective of restoring ecological channel,
floodplain, and wetland functions of Little Joe Creek and an inactive remnant Obion Creek
channel, several restoration objectives were established (Table 2.9). These addressed the
functions and processes identified as most essential for supporting biologically diverse
aquatic and terrestrial communities in the stream corridor while also minimizing detrimental
impacts and maximizing benefits to habitat and channel morphology of upstream and downstream reaches.
Regional curves (Section 2.2) were used in conjunction with field-based geomorphic assessments of the project streams and their watersheds to estimate bankfull characteristics
(Table 2.10) for the designed restoration reach of Little Joe Creek. The designed dimensions
of Obion Creek were approximately the same as the dimensions of the Phase I restored
reach. The characteristics of the planform pattern (meander geometry) were designed to be
similar to those of continuous channel reaches downstream of the project area for Obion
Creek, and similar to unmodified streams of roughly the same size in the region.

Figure 2.16 Obion and Little Joe restoration plan and a typical Obion Creek proposed cross section at the location of a grade
control structure.
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Table 2.9 Restoration Objectives

Pre-Restoration Functions

Objectives

Floodplain of Obion Creek Remnant

Obion Creek

1. Grade control
and transport
and storage
of finegrained
sediment (silt
& sand)

The channelized reach of Obion Creek was completely filled
a. Maintain diverse velocity regimes withwith sediment and debris. Sand and silt transported by Obion
in the restored channel to promote the
Creek upstream of the project site were forced into the floodformation of depositional features
plain, where they deposited due to the low velocities of the
around large woody debris (LWD)
shallow overland flow. These sediment deposits became conhabitat structures while also maintaincentrated where local hydraulic conditions favored their accuing the transport capacity of the reach to
mulation (esp. where the floodplain slopes are extremely low).
prevent overall channel aggradation.
In the ponded area of the site, these fine sediments could neib.Encourage more widely distributed
ther stay in suspension nor be transported to downstream chandeposition of fine-grained sediments on
nels, and they had accumulated across the valley bottom.
the floodplain.

2. Maintenance Obion Creek had no existing channel within the site boundary. Support in-channel habitat and diversity
of in-channel
by sustaining various depths of pools and
structural
grade control structures, sinuosity, and
habitat
stable LWD at or below the low-flow
water level.
3. Support of
streambank
and
floodplain
vegetation

While the site was densely vegetated, perpetual ponding on the a. Maintain vegetative protection of bank
and floodplain soils.
floodplain retarded the propagation of many wetland species
that require a dry period for seed beds to germinate. Conseb.Support diverse riparian vegetation.
quently, the woody vegetation in the ponded area was dominated by bald cypress. In the downstream area of the floodplain
where Little Joe and Ditch 1 drain base flow from the site,
however, water levels were more variable, and woody vegetation was more diverse.

4. Floodplain
inundation

The valley bottom was continuously submerged throughout
most of the site. The combination of impaired drainage and a
persistent supply of overland flow to the ponded area prevented recession of surface water levels.

Little Joe Creek
1. Transport &
storage of
fine-grained
sediment (silt
& sand)

This sediment size range constituted the majority of the bedload sediment transported through the restoration reach of Little Joe Creek. It was supplied from bank erosion along Little
Joe Creek and from the beds and banks of some tributaries.
Due to channel incision, shear stress was frequently high
enough to mobilize these sediments and transport them to
downstream water bodies. Channel incision also limited their
storage on the floodplain.

Maintain a variable floodplain inundation
hydroperiod.

Little Joe Creek
a. Provide grade control to maintain morphology of pools along the channel.
b.Deposit fine-grained sediments on the
floodplain.

2. Maintenance
of in-channel
structural
habitat

Along Little Joe Creek, extensive shear stress caused by high
banks limited both the bed topographic stability and variability
and the vertical stability. The channel was continuing to incise
as multiple headcuts propagated upstream. Proportions of most
pools were large-deep, and bed substrate was composed entirely of hard-pan clay. The quantity and distribution of immobile
in-channel LWD was deficient throughout the reach.

Support in-channel habitat and diversity
by sustaining various depths of pools and
grade control structures, sinuosity, and
stable LWD at or below the low-flow
water level.

3. Support of
streambank
and
floodplain
vegetation

The proximity of KY-307 had reduced the quantity and diversity of riparian vegetation on the west side of the channel. The
incised channel configuration and rip-rap-lined banks of Little
Joe Creek did not contribute to development of diverse overbank vegetation. Channel bank vegetation was not well established where the rate of bank erosion exceeded the rate of root
formation.

a. Maintain vegetative protection of bank
and floodplain soils.
b.Support diverse riparian vegetation.
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Table 2.10 Proposed Channel Characteristics

Parameter
Drainage area
Channel length
Rosgen stream type
Strahler stream order
Flow regime
100-yr discharge
Bankfull discharge
D50 riffle/pavement
Channel slope
Valley slope
Sinuosity
Bankfull depth
Belt width
Radius of curvature
Meander wavelength
Floodprone width
Bankfull width
Bankfull area
Entrenchment ratio
Width:Depth ratio
Bank ht ratio

mi
ft

2

cfs
cfs
mm
%
%
ft
ft
ft
ft
ft
ft
ft2

Obion Creek

Little Joe Creek

112.61*
~18,500
E5/6,C5/6, DA5/6
3
Perennial
19,907
430
Varies: silt/clay to
silt/sand
0.034
0.051
1.94
4.0
100-240
60-110
210-440
2000-4000
39
145
>>2.2
<12
1

5.19†
1950
E4/5, C4/5,DA4/5
2
Intermittent
3015
95
Varies: small gravel to
sand/silt
0.070
0.1%
1.71
1.5
60-115
40-55
150-210
30
21
38
1.4
14
2

* Drainage area at downstream limit of restoration reach. Because the confluence of the restored
Little Joe channel is downstream of this point, this total does not include the Little Joe watershed.
† Drainage area at upstream limit of restoration reach.

The longitudinal profile of Little Joe Creek was designed to transport small sand and
gravels that may be supplied to the site from the straightened channel upstream. These sediments transported into the site in any volume will deposit and build a local slope between
LWD structures while passing the finer sand and silt particles. Mobilized sand and silt will
deposit in areas around placed LWD structures as well as in pools. The existing blocked
channel upstream of the KY-307 valley plug was incorporated into the design as a storage
area for gravels transported to the site by the channelized Obion Creek.
2.5 REGULATORY COMPLIANCE
Permit applications were submitted to and approved by the KDOW Surface Water Permits Branch, the KDOW Water Quality Certification Section, and the US Army Corps of
Engineers, Memphis District. A Quality Assurance Project Plan (Appendix B) and a BMP
Implementation Plan (Appendix C) were submitted to KDOW in July 2009 and April 2010,
respectively.
2.6 CONSTRUCTION
Wetland and riparian restoration BMPs developed for this project were implemented
beginning with preparation of the site for construction work as described in Appendix C.
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The entire Little Joe Creek channel within the project area was relocated and reconstructed,
and a new Obion Creek channel was constructed to connect the Phase I restored segment of
Obion Creek west of KY-307 with the remnant Obion Creek channel east of KY-307 (Figure 2.16). BMP installation employed an amphibious trackhoe, and a land-based trackhoe.
The amphibious trackhoe was chosen for its ability to operate in water and on highly saturated surface soils. Pressure applied by the tracks of this machine is about 2 psf, leaving little impact on the surface and subsurface environment.
Construction work was divided into two construction periods. During the preliminary
and first construction periods, major earth-moving work was completed: short, narrow traffic corridors for equipment ingress/egress were created, and channels were filled and excavated. During the second construction period, woody structures were installed in Little Joe
Creek.
Construction Period 1
Pilot channel construction. Two characteristics of the site made possible the use of construction techniques that limited the extent of floodplain and channel disturbance by heavy
equipment. In the areas where equipment was used to excavate new Little Joe and Obion
Creek channels, consolidated clay is overlain by unconsolidated sand and silt. Upstream
(east) of this area, the remnant Obion channel has been substantially filled by fine sediment
that has settled from the ponded water, but the remnant retains some of its former contours.
Therefore, with the exception of the segment of Little Joe excavated downstream of the
channelized Obion segment west of KY-307, relatively small pilot channels were excavated
using equipment in the downstream area of the site east and west of KY-307; the remainder
of the channel area and length throughout the site were excavated only by natural channel
evolution processes.
Cross-sectional geometry of the pilot channels was roughly trapezoidal. The approximate pilot channel dimensions of Obion Creek were 4 ft wide by 5 ft deep in the center, with
two outer benches that were 4 ft wide by 3 ft deep. The Little Joe pilot channel was constructed as a trapezoidal cross section with a total top width of 15 ft containing inner benches approximately 3 ft in width on each side of the channel. The average bank height was approximately 5 ft. The inner bench was constructed 2 ft above the bottom of the channel,
leaving a total bottom width of 9 ft. LWD grade control structures were buried below the
bed of the Little Joe pilot channel during Period 1 of construction. Should the base level of
Obion Creek drop in the future, these buried structures would prevent degradation of the Little Joe channel.
Once the downstream Obion Creek segment had been partially excavated and the
ponded water had begun to drain from the site, restored flow through the excavated and
remnant channels instigated rapid channel evolution as knickpoints migrated upstream and
eroded the unconsolidated channel boundaries. The evolution of the Little Joe pilot channel
was similar to that of Obion Creek but was much slower due to the watershed size and small
discharge volume. The use of this combined construction/evolution technique restricted
much of the use of earth-moving equipment to the downstream area of the site.
Grading and Hydrology. Excavated material was graded to blend into the existing
floodplain topography in most places. One end of the pre-project existing Little Joe channel
was plugged to prevent flow along the KY-307 embankment, and it was partially filled over
most of its length. Ditch 1 was also filled over most of its length. The unfilled portions of
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these channels will be small wetland ponds. Near-bank floodplain topography was manipulated to create additional bottomland hardwood swamp and emergent herbaceous wetland
areas. Some existing floodplain swales and abandoned channels were enhanced through enlargement or creation of pools and placement of large woody debris. These enhanced swales
and abandoned channels were then connected to the main channel to increase habitat diversity and complexity. The swales selected for enhancement were only those where both the upstream and downstream extents of the swale could be connected to the restored channel directly at LWD grade control structures.
Floodplain topography was left unchanged where the constructed channel intersects the
channelized Obion Creek valley plug; the elevation of the valley plug is lower than the
berms that surround it and will provide relief for both Obion Creek and Little Joe Creek
flood flows. The greatest cut of floodplain material occurred directly upstream of the confluence with Obion Creek, where the downstream-left floodplain was higher than the downstream-right floodplain. To provide flood relief in this area, approximately 2 ft of material
was excavated from the lower 200 ft of the downstream-left floodplain to reduce the floodplain elevation to a level that was equal to that of the opposing side.
Monitoring of pilot channel evolution. Following construction of the pilot channels,
ULSI monitored and documented their evolution. The second construction period commenced for Little Joe eight months after initial construction. Depths of the evolved pilot
channels were approximately 6 ft for Obion Creek and varied from 4-6 ft for Little Joe
Creek; these are slightly greater than the design depths, which will be measured to the elevation of the LWD features installed in Construction Period 2.
Construction Period 2
Debris installation. Large woody debris and woody debris grade control structures were
installed throughout the equipment-excavated reach of Little Joe Creek to provide local
grade control; to provide initial stability to banks, especially in bends; and to maximize
available in-channel and riparian habitat (e.g., in-channel LWD and undercut banks) that
otherwise would take decades to develop. The locations and types of woody debris structures were determined in cooperation with the construction contractor and construction supervisor. Installation of these structures in the Obion Creek channel is currently in progress.
Monitoring of channel evolution. ULSI will continue to monitor the evolution of Little
Joe and Obion creeks throughout the second construction period.
Re-vegetation and Exotic and Undesirable Species Prevention
Prior to construction, the project area was almost entirely forested and densely vegetated with native species. To limit the need for re-vegetation, a concerted effort was made to
minimize removal of existing trees. A total of approximately 6.7 acres were cleared for construction of both Little Joe and Obion creeks: small traffic corridors were cleared for equipment ingress and egress, and larger areas were cleared for the pilot channels. The channel
alignment followed existing swales and depressions as much as possible, and most of the
cleared areas were converted to channel. Thus, only the traffic corridors, filled sections of
existing channels, and areas within 10 ft of the banks of the constructed channel were disturbed.
Disturbed areas were not seeded or planted but instead were allowed to re-vegetate with
volunteer species as the Phase I restoration area did in 2004. Nearly all excavation was
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completed in April 2011, allowing vegetation from the native soil seed bank to re-establish
over most of the growing season before the wetter winter months. The existing seedbank in
the disturbed, highly fertile soils is expected to support continued rapid regeneration of
many sustainable wetland species, which will also discourage colonization by non-native
species.

3. Results and Discussion
Construction of Little Joe was completed on 10 November 2011. On that date, all tasks
requiring heavy equipment had been accomplished: excavation was complete; all large
woody debris (LWD) had been installed; and ingress/egress roads had been closed. The constructed Little Joe channel was receiving all discharge, all erosion control material had been
installed, and re-vegetation of the site by germination of the native seedbank had already begun (Figures 3.1-3.3). Obion Creek is still under construction: Period 1 was completed in
2010 (Figures 3.4 and 3.5), and Period 2 is expected to be completed in 2013.
3.1 AS-BUILT SITE DESCRIPTION
The entire Little Joe Creek channel within the project area has been relocated and reconstructed as a meandering channel. Constructed channel morphology was dictated by the
valley slope and substrate of each stream. Because Little Joe traverses the Obion Creek
floodplain, its slope is similar to that of the floodplain.

Figure 3.1 Restored Little Joe Creek. The benches constructed to approximate a smaller bankfull channel are concealed by
dense vegetation.
9 Nov 2011
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Figure 3.2

Restored Little Joe Creek at the time of final LWD installation and floodplain grading.

9 Nov 2011

Figure 3.3 Restored Little Joe Creek. LWD installed within the restored channel boundary provides both existing grade
control and stable substrate.
9 Nov 2011
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Figure 3.4 Obion Creek pilot channel.
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8 Jun 2010

Figure 3.5 Obion Creek pilot channel. The channel alignment followed existing swales and depressions as much as possible
to minimize removal of existing trees.
8 Jun 2010
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The Little Joe channel is entrenched by about 4.5 ft. Some entrenchment occurs naturally where a relatively small stream such as Little Joe Creek (drainage area of 5.19 mi2) confluences with a much larger stream such as Obion Creek (drainage area of 118 mi2). The
small stream must traverse the floodplain of the larger stream, and where they confluence,
the small stream bank heights are identical to the large stream bank heights.
The banks have been sloped at about 3:1 from the top of the banks to vegetated benches
that have been constructed within the entrenched channel to approximate a smaller bankfull
channel of about 7 ft in width. The height of the banks along the bench is 1.5 ft to 2 ft),
which is much smaller than the rooting depth of the herbaceous vegetation growing along
the entire channel length. The total elevation change from the low flow water surface to the
surrounding floodplain is about 4.5 ft to 5 ft. The combination of the bench bank height (approximately 2 ft) and the sloped bank (approximately 3 ft) make up this elevation difference.
The restored slope of Little Joe and the backwater effects of Obion Creek limit the
stress on the bed and bank to less than approximately 0.56 psf. The vegetated low level
bench, the sloped and vegetated upper banks, and the large woody debris placed in and beneath the channel for bed control will prevent instability at the low level of stress created in
the restored channel configuration even though it is entrenched. Observations made after
several large flood events indicate no vertical degradation of the channel.
The LWD grade control structures buried below the bed of the restored Little Joe channel will help to prevent degradation of the Little Joe channel in the event that its base level
(the Obion Creek bed elevation) is lowered in the future. LWD installed within the restored
channel boundary provides both existing grade control and stable substrate. These inchannel LWD were installed in channel bends and between channel bends at various elevations with respect to the streambed to increase the diversity of bed morphology. The inchannel LWD causes local scour that forms pools and maintains their depth at some locations and also causes the formation of deposits of the silt, sand, and pea gravel at other
channel locations. This diversity in bed morphology will increase residence time of base
flows in scour regions and provide refuge for burrowing organisms such as mussels in the
unconsolidated fine sediments in depositional regions.
Off-channel aquatic habitats include backwater channels, abandoned oxbow channels,
bottomland hardwood swamps, and emergent herbaceous wetlands. Floodplain swales and
abandoned channels connected to the restored channel at LWD grade control structures will
be frequently flooded, and during those times, the connection will provide off-channel refuge. The connection also will help to maintain channel grade in the event the channel avulses. If the restored channel were to avulse to a connected swale, it would simply adjust to the
new flow pattern, leaving behind an abandoned oxbow channel bounded by the LWD grade
control structures in the restored channel.
Hydrology
The drainage area of Little Joe Creek at its confluence with Obion Creek is 5.19 mi2.
Sources of the water supplied to the project site are identical to pre-project conditions:
(1) local precipitation, (2) Little Joe Creek and Obion Creek, and (3) groundwater stored in
the Little Joe Creek and Obion Creek valleys. Channel reconfiguration did, however, change
both the surface and groundwater hydrology of the site (Table 3.1). Hydrologic changes will
also rehabilitate the ecological functions of approximately 500 acres of degraded wetlands
on the site.
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Table 3.1 Hydrologic Changes

Design/Construction Element

Expected Hydrologic Change

Little Joe Creek
 Raise channel bed elevation to reduce bank
heights and entrenchment.

 Align the channel near existing floodplain
depressions.

 Increase pool frequency.
Obion Creek
 Excavate channel to connect the remnant
Obion Creek segment with the Phase I
restored segment.
 Breach the beaver dam where it coincides
with the alignment of the excavated channel.
 Align the channel near existing floodplain
depressions.
 Route restored channel through existing short
remnant channel segment.
 Allow floodplain distributaries at the
upstream end of the site to continue to supply
flow from the channelized Obion Creek to the
restored remnant channel.

Slightly increase the frequency, duration, depth, and extent of floodplain inundation. Portions of the Little Joe floodplain are expected to be
inundated only occasionally by flows from Little Joe; flows from Obion
Creek, however, will inundate it several times per year.
Allow the lower portion of the rooting zone for bank vegetation to extend into saturated soil at the low-flow level of the channel to support
native vegetative growth, increase sediment retention, and increase nutrient retention and processing.
Create slackwater areas that will be prone to periodic wetting and drying. During wet periods, these backwater and off-channel areas will
provide refuge for aquatic organisms away from the influence of mainchannel flow velocities.
Increase the residence time of base flow.
Reduce area of permanently ponded water. Re-create a variable floodplain inundation hydroperiod to allow periodic wetting and drying of
floodplain wetlands, germination of the in situ seedbed, and propagation
of bald cypress.
Create slackwater areas that will be prone to periodic wetting and drying. During wet periods, these backwater and off-channel areas will
provide refuge for aquatic organisms away from the influence of mainchannel flow velocities.
The existing channelized segment will continue to fill with gravel and
woody debris. As the blockage extends upstream over time, stream flow
will continue to be redirected toward the restored remnant channel, and
channel segments on both sides of the upstream channelized reach could
be re-connected to improve functions of the upstream network.

Re-vegetation and Exotic and Undesirable Species Prevention
Disturbed areas were not seeded or planted but instead were allowed to re-vegetate with
volunteer species as the Phase I restoration area did in 2004. Nearly all excavation for Little
Joe was completed in April 2011, allowing vegetation from the native soil seed bank to reestablish over most of the growing season before the wetter winter months. The existing
seedbank in the disturbed, highly fertile soils is expected to support continued rapid regeneration of many sustainable wetland species, which will also discourage colonization by nonnative species.
3.2 EXPECTED PERFORMANCE
Little Joe Creek
Initially, Little Joe Creek will store silt, sand and pea gravel supplied by the Little Joe
Creek watershed and silt supplied by floodwaters from Obion Creek. These sediments will
be stored between the LWD grade-control structures. The accumulation of sediment will
continue until the bed slope between grade control structures has increased to transport the
supplied load. After the bed slope between large woody debris structures has developed, it
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will fluctuate based on sediment supply. Most sediment supplied to the restored Little Joe
channel, however, will be transported to Obion Creek over periods of one to several years.
The supply of sediment from the Little Joe Creek watershed to Little Joe and Obion
creeks will be buffered by the scour hole at the north KY-307 bridge. During events that
transport sand and gravel in Little Joe Creek to KY-307, most of the sediment is expected to
be deposited in the scour hole at the north bridge because of its relatively large crosssectional area (approximately 45 ft wide and 7 ft deep). Obion Creek flood flows that contract through this bridge will then mobilize and transport these sediments to the floodplain
downstream of the north bridge as floodwaters expand across the floodplain. During these
types of floods, a relatively small portion of the total sand and gravel load is expected to be
transported into the restored reach of Little Joe downstream of the north bridge because it
will be in backwater during these events.
The potential for sub-reach-scale changes will depend on the channel response to the
LWD structures. Initially, scour around structures and the deposition of fine-grained sediment upstream of structures are both likely. Both of these processes will be critical for the
development of high-quality habitat. Other sub-reach-scale changes that may occur include
intermittent local bank erosion, short channel avulsion, and side channel formation around
LWD obstructions; formation of new pools through locally intense scour; channel narrowing; and floodplain accretion. The bed elevation in the downstream reach of Little Joe near
the confluence of Obion Creek will fluctuate at times from aggrading to degrading. This
downstream reach should be considered naturally unstable for two reasons: (1) the Obion
Creek water surface elevation, which provides base level control, fluctuates; and (2) the
tributary must be entrenched as it traverses the deep alluvium of the Obion Creek floodplain
to meet the Obion Creek bed at the confluence.
Obion Creek
The design for Obion Creek incorporated two sediment storage zones: the existing
blocked channel upstream of the KY-307 valley plug, and the remnant channel segment at
the head of Ditch 1. Because the blocked channel upstream of the valley plug will be allowed to continue to accumulate LWD, gravel, and coarse sand and to splay fine sand and
silt on a wide floodplain, the constructed meandering channel will be supplied only sediments that are transported beyond the splay. These sediments—mainly suspended fine sand
and silt—will be sufficient to maintain an unconsolidated fine sand and silt substrate in the
restored channel. Some of these fine sediments will also be stored as bank accretion within
the remnant channel segment, which initially will be substantially wider than the restored
channel that will flow into it. The as-built remnant segment width will vary from approximately 65-95 ft, which is much wider than the 39-ft width of the as-built Obion channel that
will flow into and out of it, but the remnant segment is expected to narrow as a consequence
of the accretion.
Sediment will be stored for shorter periods of time (i.e., usually less than 2 yrs) in the
scour hole at the main KY-307 bridge. The scour hole is relatively wide (65 ft) and deep
(15 ft) compared to the designed channel width (39 ft) and pool depth (6 ft); therefore, during all in-channel flows, fine-grained sediment transported to the scour hole will deposit in
the scour hole, where it will be stored. During large flood events, similar to flows that created the scour hole, floodplain flow mixes with the much smaller channel flow to contract
through the bridge opening, creating high-stress conditions that will mobilize the fine-
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grained sediment and transport it downstream. Although some of this sediment will be
transported to the downstream channel, the quantity is anticipated to be small compared to
the amount deposited on the floodplain. As flow contracts through the bridge and then expands onto the downstream floodplain, the sediment will be distributed by the floodplain
flows and, as flow velocity decreases, deposited on the floodplain. Its distribution on the
downstream floodplain is expected to be relatively uniform.
Upstream of the bridge, flows will also deposit sediment on the floodplain. The silt-bed
channel has been designed to convey only base flow and to inundate the floodplain with only minor increases in discharge. The high exchange rate of channel and floodplain water during all flows that convey suspended silt and fine sand will allow for transfer of these sediments into the surrounding floodplain wetlands. As in the downstream section, distribution
on the floodplain is expected to be relatively uniform.
Transport and deposition of fine-grained sediment within the channel will influence
channel morphology locally within the restored reaches, as will the transport and deposition
of LWD and placement of LWD grade-control structures. The potential for sub-reach-scale
changes will depend on the channel response to the LWD. Initially, scour around structures
and the deposition of fine-grained sediment upstream of structures are both likely. Both of
these processes are critical for the development of high-quality habitat. Prior to the installation of the LWD structures, the excavation of the channel and evolution by erosion of the
channel bed resulted in a consolidated fine-grained streambed that would be difficult—if not
impossible—for some burrowing species (i.e., mussels and other crustaceans) to colonize.
Areas of low bed stress and flow velocity that were created by placement of woody debris in
the channel will be prone to deposition of fine-grained sediment over the consolidated soil.
While deposition will be thinnest, more temporary, or possibly non-existent immediately
downstream of woody debris structures, where channel velocity will be highest, deposition
of up to 2 ft of fine-grained sediment is anticipated over at least 25% of the channel bed. The
maximum thickness of the fine-grained deposit over the bed will be controlled by the supply
of sediment and the elevation of the woody debris structures relative to the stream bed.
After this short-term response, significant reach-scale (i.e., 5-10 channel widths) channel change is expected to be limited due to the absence of coarse sediment and limited sand
supply. Suspended silt, clay, and fine sand that are not stored in upstream reaches will be
routed through and temporarily stored throughout the designed channel or permanently
stored on the floodplain without causing significant reach-scale pool loss or channel aggradation above the level of LWD structures. Other sub-reach-scale changes that may occur include intermittent local bank erosion, short channel avulsion, and side channel formation
around LWD obstructions; formation of new pools through locally intense scour; channel
narrowing; and floodplain accretion.
Obion and Little Joe Creeks
The restored channel types may change in reaches of both Obion and Little Joe creeks.
Constructed single-thread E- or C-type channel reaches could change to wetland-like (DA)
channels, especially in areas of debris accumulation where flow will be likely to carve new
side channels on the floodplain. Conversely, reaches constructed with multiple channels
(DA) may revert to single-thread reaches as side channels aggrade and atrophy. Sediment
transport paths and local sorting patterns within these anabranched reaches may be highly
variable as sediment inputs are routed through the separate channels. As a result, while
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changes in reach boundary elevations are expected to remain small (less than 1.9 ft), withinreach bed slopes, topography, and organic matter retention and distribution should be more
dynamic than in the single-thread portions of the restoration. The degree and rate of change
will depend on the imposed sediment load characteristics (quantity, frequency, and caliber),
organic debris input characteristics (diameter, quantity, and length), and the effects of
floods. In backwater areas, substrate composition may change from sandy-silt to silt and
clay.
At the confluence of Little Joe with Obion, some limited local instability is anticipated.
Little Joe Creek transports pea gravel and sand. During or after the monitoring period, Little
Joe Creek may form at its mouth a delta that extends into Obion Creek, introducing coarse
sand and gravel into Obion Creek. The delta may force lateral movement of the Obion Creek
channel, and some gravel and coarse sediment may be transported and stored as a riffle in
the bed of Obion Creek. These short reaches of gravel substrate will increase the diversity of
in-channel habitat.

4. Conclusion
Sediment that is transported into a channel must either be stored or transported to downstream reaches. For this project, restoration design based on transport of the existing gravel
sediment supply would have required construction of very large channels from the site to the
confluence of Obion Creek with the Mississippi River. These channels would have had to
have been at least as large as the existing channelized segments in the watershed, and they
would have had limited frequency of floodplain inundation, a low water table, high stress on
the streambed, high banks vulnerable to mass failure, and dynamic substrate unsuitable for
colonization in many reaches, while other reaches would be prone to aggradation and debris
accumulation. Instead, restoration design based on reduction of sediment inputs to the restored reaches permitted construction of smaller channels capable of sustaining improved
aquatic habitat and transitioning to meandering channels downstream without overloading
them with coarse sediment. By incorporating sediment storage into the design, the restoration was able to manage the load while still supplying enough silt to maintain the downstream channels.
4.1 MEASURES OF SUCCESS
Four measures of success were planned for this project:
1. Photographic documentation of the project site prior to and after the restoration.
2. Restoration of a single thread channel for Little Joe Creek, to be measured using asbuilt surveys and aerial photographs.
3. Restoration of bottomland hardwood hydrology through the reduction in the area of
permanent ponding, to be measured with aerial photographs and water level measurements.
4. Improved aquatic habitat, to be a long-term measurement rather than being measured during the project time frame.
The project site was photographed prior to and after the restoration. As indicated by the recent photos (Figures 3.1-3.5), the project met its objective of restoring Little Joe Creek from
an unstable, channelized, rip-rap-lined road-side ditch to a stable meandering channel with
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high quality habitat. Obion Creek restoration has been initiated but is still under construction.
The three remaining measures of success cannot yet be applied to the project but will be
evaluated with a monitoring program as required by the KDOW Water Quality Certification
Section and the US Army Corps of Engineers. Success of the restored Little Joe channel and
riparian area will be monitored beginning with completion of the as-built survey in January
2012. Monitoring of Obion Creek will commence with the first full growing season following installation of its LWD structures. Methods for measuring the performance of the restoration will employ four measurement tools (Table 4.1): morphological monitoring; the lowgradient Rapid Bioassessment Protocol (Barbour et al. 1999) used to assess the baseline and
restored habitat functions of the stream; vegetative monitoring; and hydrologic monitoring.
The monitoring results will be compared with baseline information to determine how the site
is or is not meeting the goals and objectives of the restoration design.
A successfully functioning, self-sustaining restoration must have the capacity to adjust
to both local changes and changes in the watershed rather than maintaining a fixed channel
form. Therefore, the morphological success criteria (Table 4.1) assess indications that channel and floodplain dynamics are moving the reach-scale system toward a long-term condition where adjustments will not effect rapid, systemic change. While the restoration design
will limit the potential for reach-scale changes, within-reach bed slopes, topography, and organic matter retention and distribution are expected to be dynamic. The degree and rate of
change will depend on the imposed sediment load characteristics (quantity, frequency, and
caliber), organic debris input characteristics (diameter, quantity, and length), and the effects
of floods. Changes in the channel and floodplain morphology will be considered to be within
normal parameters if they do not exceed morphologic thresholds beyond which major fluvial
system changes would result. This approach will provide long-term ecological benefits at the
reach scale while also minimizing detrimental impacts and maximizing benefits to upstream
and downstream reaches.
The remaining criteria in Table 4.1 evaluate the extent to which riparian vegetation and
structural habitat are maintained. The EPA Rapid Bioassessment Protocol (Barbour et al.
1999) for low-gradient streams will be used to evaluate habitat. Because the RBP does not
account for some of the natural conditions specific to the coastal plain streams of the Mississippi Embayment physiographic region, some individual habitat parameters are expected to
score as less than “optimal” even though they will meet the functional objectives of the project (see Table 4.2). Nevertheless, the overall quality of both streams is expected to be “excellent” at the end of the monitoring period.
4.2 LESSONS LEARNED AND RECOMMENDATIONS
The two greatest threats to the future success of the project are potential beaver activity
and changes in downstream base levels. Beaver activity is abundant on the site and in itself
should not be viewed as detrimental unless it caused problems for upstream landowners or
unless they were to dam the restored channels to the point that the dams could maintain
ponded water on the floodplain and prevent the restoration of a variable inundation hydroperiod. The depth of the restored channels should produce shear stresses high enough to deter in-channel construction of dams, and floodplain areas will afford the opportunity for
dam/lodge construction away from the channels.

Table 4.1a Stream Success Criteria: Obion Creek
Objectives
Success Criteria
Morphology
(Objectives 1-4)

1.

2.

3.

Rosgen stream type

Bed degradation or
Maintain diverse velocity regimes within
the restored channel to promote the forma- aggradation
tion of depositional features around LWD
habitat structures while also maintaining
the transport capacity of the reach to preSediment deposition
vent overall channel aggradation.

Habitat
Channel habitat quality
Support in-channel habitat and diversity
by sustaining various depths of pools and and diversity
LWD structures, sinuosity, and stable
LWD at or below the low-flow water level.

Measurement As-Built
Cross-sectional
dimensions

Year 1

E5/6,
C5/6,
DA5/6

Grade control
elev. changes
(ft)

Year 2

Year 3

Year 4

Year5

Monitoring Methods

E5/6,
C5/6,
DA5/6

E5/6,
C5/6,
DA5/6

 Cross sections will be surveyed during Years 2 and 5 at
3 pools and 3 installed LWD structures.
 Channel morphology, habitat, and hydrology will be visually inspected at least annually and will be photo-documented
annually during the vegetative dormant period.

<1.9

<1.9

Longitudinal profile data will be collected during Years 2 and 5
and compared to the as-built profile to identify changes in the
elevation of high points (grade control features) constituting
either decreases or increases in excess of 1.9 ft.
Longitudinal profile data collection (Years 2 and 5) will
include a survey of the surface elevations of both the
consolidated clay bed and the silt deposit overlying the clay
bed. The difference between the two elevations at each thalweg
point will be a measurement of the substrate thickness. The
percentage of thalweg points meeting the thickness criterion
will be a measurement of the percent surface area criterion.

Substrate
thickness (in.)

0

6-24

6-24

% of surface
area

0

>25

>25

Low-gradient
RBP

Poor/Avg

Avg

Avg

Exc

Exc

The low-gradient RBP will be used to assess habitat annually at
a minimum of 9 sampling locations (3 pools, 3 installed LWD
structures, 3 glides).

a. Maintain vegetative protection of bank
and floodplain soils.
Vegetation

Re-vegetation will be monitored only in the areas disturbed by construction equipment in the downstream
section of the site.

b. Support diverse riparian vegetation.

Typha spp., Phragmites
spp., Phalaris
arundinacea, and
Lythrum salicaria
Exotic invasive herbaceous % of aerial
cover
as indicated on
Kentucky Exotic Pest
Plant Council Lists 1
and 2 (KY-EPPC 2008)

Hydrology
4. Maintain a variable floodplain inundation
hydroperiod.

The volunteer flora that re-vegetate the disturbed areas will be
monitored for the duration of the 5-year monitoring period. To
evaluate the need for preventive maintenance, vegetation in the
Not
dominant disturbance zones will be visually assessed at least two times
per year during the growing season.

Not
dominant

40

40

40

25

20

≤10

At least one time per year during the growing season, the measured success criteria will be recorded, and the vegetation will be
photographed. Monitoring plots will be established along 10-ft
wide transects running parallel to the channel corridor. Plots
will be 1 m2 in size, randomly placed, and taken at a density of
10 plots per acre of disturbed area. Stations from which the
vegetation will be photographed will be established near the
plots in locations that optimize visibility of the vegetation.

A minimum of 3 bankfull flow events must be documented for the project to be released from monitoring. If 3 bkf events do not occur w/in the 5-yr monitoring period,
monitoring will continue until at least 3 bkf events have been documented.
Bankfull flow events
Cumulative #
1
1-2
≥3
Annual high water marks will be documented or pressure transoccurrences
ducers will be installed at 1 cross-section location to monitor
from Years 1-5
the frequency of floodplain inundation.
Ratio of surface water
# days/yr
<150
<150
<150
<150
<150 Floodplain piezometers and in-channel staff gages will be inelevation to floodplain
ratio > 1
stalled in at least 3 locations (near the upstream end, the middle,
surface elevation
and the downstream end of Obion Creek). The pressure transducers will continuously monitor the frequency and duration of
in-stream water elevations, floodplain inundation, and groundwater levels, while the in-channel gages will measure surface
water elevations.

Table 4.1b Stream Success Criteria: Little Joe Creek
Objectives
Success Criteria
Morphology
(Objectives 1-3)
Rosgen stream type

1.

2.

3.

Provide grade control to maintain morphol- Grade control
ogy of pools along the channel.

Habitat
Support in-channel habitat and diversity by Channel habitat quality
and diversity
sustaining varying pool and dune depths,
sinuosity, and stable LWD at or below the
low-flow water level.
a. Maintain vegetative protection of bank
and floodplain soils.
Vegetation
b. Support diverse riparian vegetation.

Same for both channels.

Table 4.2 RBP Parameters Intended to Score Less than Optimal
Habitat Parameter

Measurement As-Built
Cross-sectional
dimensions

Year 1

E5/6,
C5/6,
DA5/6
B4c

Grade control
elev. changes
(ft)

Low-gradient
RBP

Poor/Avg

Year 2

Year 3

Monitoring Methods

E5/6,
C5/6,
DA5/6
B4c

E5/6,
C5/6,
DA5/6
B4c

<1.5

<1.5

 Cross sections will be surveyed during Years 2 and 5 at
3 pools and 3 installed LWD structures.
 Channel morphology, habitat, and hydrology will be visually inspected at least annually and will be photo-documented
annually during the vegetative dormant period.
Longitudinal profile data will be collected during Years 2 and 5
and compared to the as-built profile to identify changes in the
elevation of high points (grade control features) constituting
headcuts in excess of 1.5 ft.

Avg

Avg

See Table 4.1a.

The low-gradient RBP will be used to assess habitat annually at
a minimum of 3 sampling locations (1 pool, 1 installed LWD
structure, 1 glide).

See Table 4.1a.

Expected Channel Conditions

2. Pool Substrate Characterization

Little Joe and Obion: These coastal plain streams should not produce the gravels and sands necessary to score >15 (optimal). The restored silt-bed channels are likely to score in the
sub-optimal or marginal range.

3. Pool Variability

Little Joe: Protocol guidance suggests a difference of 1 m in depth to distinguish shallow and deep pools. In this stream, which has a drainage area of about 5.2 mi2, many pools will be
less than 1 m deep. According to the RBP, they will have to be considered to be shallow and therefore will likely score in the marginal range.

4. Sediment Deposition

Little Joe and Obion: The RBP description of evaluation of sediment deposition is ambiguous. The percentage of the bottom “affected” by sediment deposition will be interpreted to be
the percentage of the bed exhibiting “high levels of sediment deposition [that] are symptoms of an unstable and continually changing environment that becomes unsuitable for many
organisms” (Barbour et al. 1999). As explained in Section 3.2 (Expected Performance) herein, accumulation of sediment in pools and runs is expected throughout the restoration. In
Year 1, this parameter is likely to score in the marginal range, as additional time may be required before flood flows redistribute them. Thereafter, these accumulations will only be
considered to be “high” if they exceed the height of the installed LWD.

7. Channel Sinuosity

Little Joe and Obion: As noted in the RBP form, this parameter may be difficult to score in low-lying areas. An increase in channel length of 3-4 times over the straight-line distance is
greater than what the natural sinuosity of these coastal plain streams would produce. It is about twice the 1.7 sinuosity measured downstream of the site in a 25-mi unchannelized Obion
Creek segment. Therefore, this parameter will likely score in the marginal range.
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Changes in the channel or floodplain configuration immediately downstream of the restored reach could influence channel configuration in the restored reach. Of particular concern would be downstream changes leading to headward propagation of bed degradation.
These changes are increasingly likely to occur as landowners attempt to manage channels to
control floods and prevent erosion of their riparian property. As downstream channels continue to evolve in response to a history of disturbance, many current riparian landowners
suffer property damage and loss, especially in areas where streambank materials are loose
and easily eroded and trees are near the banks. Along straightened streams, bankline trees
will inevitably fall into the channel and form debris jams, either by spanning the channel or
accumulating on bridges or other in-stream structures.
Although the introduction of debris is a natural occurrence and an important factor in
the maintenance of channel slope and substrate stability, channel incision and accelerated
bank erosion may increase its frequency and its effect on areas of the channel’s former
floodplain that have been converted to agricultural or other production-oriented land uses.
Debris jams in these channels can locally increase flooding and scour of streambanks and
may cause the stream to avulse, creating a new channel through adjacent land. As these processes erode previously productive land, landowners and, in some cases, public agencies
have attempted to resolve the problem by removing what they perceive to be its source: the
in-channel debris. They may also dredge the channel and reinforce the banks with rock or
other available materials. In the short term, the landowners may perceive that these actions
are to their benefit, but because the modifications are not designed to be compatible with the
form, functions, and processes of the existing channel and floodplain, they will inevitably
lead to additional channel morphological adjustments; the cycle will repeat itself, and more
land will erode. Moreover, these localized projects have implications for the entire watershed, as debris removal will instigate bed degradation and bank erosion that will propagate
upstream, reducing or eliminating available habitat and releasing sediments that may lead to
impairments downstream.
In sections of Obion Creek near Bugg Road, which is less than a mile downstream of
the completed Phase I project, LWD was recently removed by landowners to improve flood
conveyance. Unlike other forms of channel management such as dredging or filling (including placing debris in the channel), this debris removal activity required no state or federal
permits and violated no regulations in spite of the drastic changes it is likely to instigate in
the watershed. The removal of these grade control features has already initiated channel incision that is likely to migrate up to the Phase I restored channel and the Phase II project
reach. LWD structures installed at the downstream end of the project reach will reduce the
potential for a decrease in the elevation of base level controls and subsequent bed degradation.
While this downstream channel manipulation and its potential impacts to the restoration
were addressed in the design of this project, the practice of debris removal will continue to
complicate efforts to protect or improve watersheds by perpetuating or even escalating the
need for spending to restore stream channels, implement flood remediation projects, repair
damage to roads and bridges, and preserve riparian areas. The apparent conflict between dynamic physical stream processes, land use expectations, and the interests of the state in protecting its waters can be productively managed if it is addressed with methods that are compatible with channels’ natural geomorphic processes rather than disruptive to them. Methods
of managing in-channel debris to alleviate flood hazards without exacerbating channel instability or instigating widespread degradation of the drainage network need to be developed
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and shared in order to protect watersheds and identify potential threats to proposed stream
restorations.
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0
$
87,448
8
40%

Total
$
16,0000
7740
5500
1,5500
190,2238
6,8842
$
2,8800
$ 218,6620
100%
%

Section
Non-Federal
319(h)
Match
$
3,036
$
0
0
0
0
0
0
330
87,448
8
120,964
0
6,842
$
0
$
0
$
87,448
8
$ 131,172
60%
40%

Total
$
3,0036
0
0
3330
208,4412
6,8842
0
$
$ 218,6620
100%
%
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d Detailed Budget
B
Budget Categories
C
Personnell
Supplies
nt
Equipmen
Travel
ual
Contractu
Operating
g Costs
Other
Total
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Final F
Finaal
Federal
Expend
ditures
Exp
penses
$ 33,035.73
$ 3,0035.73
0.00
0.00
0.00
0.00
330.00
3330.00
1200,964.00
208,4412.00
66,842.27
6,8842.27
$
0.00
$
0.00
$ 218,6620.00
$ 1311,172.00

Finaal Match
Exxpenses
$
0.00
0.00
0.00
0.00
87,448.00
0.00
$
0.00
$ 87,448.00
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The revised budget was sent to the Kentucky Division of Water on July 7, 2011, to transfer
remaining funds to the contractual category to provide funding for the University of Louisville
Stream Institute for development of the final project report.
The Jackson Purchase Resource Conservation and Development Foundation, Inc., was reimbursed $131,172.00 for this project. All dollars were spent; there were no excess funds to reallocate.
EQUIPMENT SUMMARY
No equipment was purchased over the course of this grant.
SPECIAL GRANT CONDITIONS
A Quality Assurance Project Plan (see Appendix B) was submitted to KDOW in July 2009.
A BMP Implementation Plan was submitted in April 2010 (see Appendix C).
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Section 1 – Project Management
1.01

Distribution List

This document will be distributed to the entire project team:
Lisa Rowton
Jackson Purchase RC&D Foundation
1000 Commonwealth Dr.
Mayfield, KY 42066

Dr. Arthur Parola
University of Louisville
Department of Civil and Environmental
Engineering
Louisville, KY 40292

Dwain Abell
Jackson Purchase RC&D Foundation
1000 Commonwealth Dr.
Mayfield, KY 42066

Bill Vesley
University of Louisville
Department of Civil and Environmental
Engineering
Louisville, KY 40292

Maggie Morgan
Four Rivers Basin Team
5514 Reidland Road
Paducah, KY 42003

Clayton Mastin
University of Louisville
Department of Civil and Environmental
Engineering
Louisville, KY 40292

Joyce Bender
Kentucky State Nature Preserves
Commission
801 Schenkel Lane
Frankfort, KY 40601

Lane Linnenkohl
Kentucky State Nature Preserves
Commission
801 Schenkel Lane
Frankfort, KY 40601

Obion Creek Watershed Conservancy
USDA Service Center
205 State Route 123 W
Clinton, KY 42031

Paulette Akers
Nonpoint Source and Basin Team
Supervisor, Kentucky Division of Water
200 Fair Oaks Lane
Frankfort, KY 40601

Lisa Hicks
QA Manager, Kentucky Division of Water
200 Fair Oaks Lane
Frankfort, KY 40601
1.02

Project Organization and Responsibility

The role each member of the project team will play throughout the project has been
outlined in Table 1. The lines of communication between the team members and the
regulatory authorities have been outlined in Figure 1.
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Table 1. Team members and their respective roles throughout the project.
Team Member

Organization

Project Role

Lisa Rowton

Jackson Purchase RC&D
Foundation

Project Manager

Dwain Abell

Jackson Purchase RC&D
Foundation

Field Project Officer

Arthur Parola

University of Louisville

QA Officer

Bill Vesley

University of Louisville

Field Sampling Supervisor

Clayton Mastin

University of Louisville

Field Engineer

Maggie Morgan

Four Rivers Basin Team

Public Input

Obion Creek Watershed
Conservancy

Obion Creek Watershed
Conservancy

Public Input

Joyce Bender

Kentucky State Nature Preserves
Commission

Public Input, Land Management

Lane Linnenkohl

Kentucky State Nature Preserves
Commssion

Public Input, Land Management

Lisa Hicks

Kentucky Division of Water

Project Oversight, QA Management

Paulette Akers

Kentucky Division of Water

Project Oversight, Nonpoint Source
Program Management
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Figure 1. Flowchart outlining the lines of communication between project team
members and regulatory authorities.
1.03

Problem Definition and Background

Project Definition and Summary
Currently, the heavily braided reach of Obion Creek above KY 307 in Hickman County
has no defined stream channel. Debris and sediment block water flow in the existing
straight-line dredged channel, forcing water into the floodplain. The blockage begins
approximately 1.5 miles upstream of the KY 307 bridge. Water that is forced through the
bottomland forest surrounding Obion Creek causes a severe sedimentation problem,
inundates the hardwood boles, impacts wetlands in the area, and damages the bottomland
hardwood forest located in the Obion Creek State Nature Preserve. These factors result in
the loss of bottomland hardwood wetlands in the Mississippi River-Obion Creek
watershed. The principal reason for this situation is decades-old stream channelization by
humans in the Obion Creek floodplain. Restoration of stream and wetland function in the
Mississippi River-Obion Creek watershed was initiated in 2004 with the completion of a
6,000 foot stream restoration project, designed by the University of Louisville (U of L).
This project continues that successful first effort.
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This best management practice (BMP) implementation project will carefully evaluate the
conditions of the Mississippi River-Obion Creek watershed relevant to the stream
restoration project, including hydrology, soils, flow, past and present restoration work
and the long term goals of the Kentucky State Nature Preserves Commission. The U of L
will design a practical and economical riparian and wetland restoration BMP
implementation plan. The Jackson Purchase RC&D Foundation, Inc. (JPF) will work
with its partners to implement the riparian and wetland restoration BMPs recommended
in the plan developed by the U of L.
Project Background
The project site is located in Hickman County, approximately 8.5 miles northeast of
Clinton, Kentucky (Figure 2). The project area, approximately 0.6 miles long in the upvalley direction, is within the boundaries of the Kentucky State Nature Preserves
Commission property upstream of the KY 307 bridge. A man-made, channelized reach of
Obion Creek traverses the property, although extensive sediment and debris deposition
has completely filled this reach of the channel above the bridge. The watershed area
contributing to flow at the KY 307 bridge is approximately 120 square miles.
Wetland areas have been visually identified within the project area. Though no formal
wetland delineation has been performed, it is estimated that over 500 acres of wetlands
exist within the Kentucky State Nature Preserves Commission property.

0 mi

N

2 mi

Project Area
Obion Creek

Obion Creek
Brush Creek

Obion Creek
Watershed

Figure 2. Obion Creek watershed and project location
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Stream channelization began in the Mississippi River-Obion Creek watershed as early as
the 1920s and persisted for several decades. Much of the Obion Creek stream channel
upstream of KY 307 in Hickman County has been altered through these channelization
activities.
The channelized sections of Obion Creek and its tributaries are indicated in Figure 2 by
the straight blue-line streams. At least 13 miles of the main stem of Obion Creek
upstream of Highway 307 have been channelized. Sediment and debris blockage
currently extends more than 1.5 miles upstream of the KY 307 bridge. Much of the lowwater discharge flows as surface water in a series of anabranched channels from this
upstream point to active channels downstream. The natural meandering channel once
present in this area has not yet been completely identified through the review of historical
documents.
Most of the project area is covered by a mature stand of woody vegetation (both
hardwood and softwood species). The absence of a natural stream channel for much of
the valley length has resulted in artificially elevated surface and groundwater levels.
These persistently high groundwater levels prevent sufficient oxygen from reaching the
roots of many bottomland hardwood species. Consequently, a reduction in species
richness, species diversity, and available habitat has resulted. The elevated surface water
levels are also affecting the propagation of some species of vegetation including bald
cypress.
1.04

Objectives and Study Area Description

Project Goals
The goals of this project include the restoration of Little Joe Creek to a meandering
stream resulting in a reduction of nonpoint source water pollution, sedimentation, and
siltation; an increase in the quality of bottomland hardwood and aquatic habitats; the
formation of a highly functional wetland ecosystem; and overall improved water quality
in the Mississippi River-Obion Creek Watershed. In order to meet these goals,
monitoring of stream hydrology will be conducted before and after the project has been
completed.
Study Area Description
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 two miles and include an upstream
tributary. The nearest community is Beulah, located two 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 earth moving activities. The Kentucky State Nature Preserves
Commission owns the property on the east side of KY 307, and the Kentucky Department
of Fish and Wildlife Resources owns the property on the west side of KY 307. The
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project area has no human population in the floodplain, and no identified resident
endangered species.
Project Plan of Work
Efforts to restore the riverine system and floodplain wetland hydrology entails the
construction of 8,000 to 9,000 feet of Obion Creek and associated tributaries. As depicted
in Figure 3, the restoration includes the construction of two separate channels. The
downstream section (Restoration Reach 3) will be about 6000 feet in length and will
connect to the previously restored single-thread reach of Obion Creek downstream of
Highway 307 that was completed in the first phase of our work. This phase (Restoration
Reach 3) will be funded with Fee-In-Lieu-of Mitigation money from the Kentucky
Department of Fish and Wildlife Resource.
319(h) Fund319(h) Funding

FILO & TEA Fund-

Figure 3. Proposed channel alignment and work areas
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This EPA 319(h) funding will be used to restore the tributary (Restoration Reach 4),
approximately 2,200 feet and will connect Little Joe Creek to Restoration Reach 3.
Additionally, stream meandering earthwork work may be necessary below Bugg Road
and the confluence of Joe Creek. This is necessary to allow a free and open outlet for the
flow of this tributary to safely reach the Mississippi River. This may be an additional
effort. If performed, this additional work will use the data and design criteria developed
during phase one of the project that was performed on sections of Obion Creek
downstream of Highway 307. Stream meandering earthwork below Bugg Road and the
confluence of Little Joe Creek may be pursued if funding is available after the restoration
of Reach 4 complete.
The typical bank-full geometry of the proposed tributary channel will be a nearly
trapezoidal cross section with an average depth of about 4 feet. Channel construction will
produce approximately 2000 cubic yards of spoil material and revert about 10 acres of
wetlands to a riverine system. These materials will be placed in spoil disposal areas near
selected areas of the stream, specifically chosen to minimize disturbance to the adjacent
forested bottomland habitat while allowing floodplain relief.
Spoil disposal areas encompassing up to a total of 0.5 acres will be created. These
disposal areas will reach a height of less than 3.5 feet and be less than .1 acres in area.
The existing seed bank in the wetland soils will be used to allow natural regeneration of
sustainable wetland species. The site will be monitored to ensure that natural revegetation is successful. It is estimated that over 5 acres of wetlands will benefit from this
stream restoration project, including on-site and adjacent wetland areas.
Work activities and their anticipated start dates for the entire course of this project have
been outlined in Table 2. Reports that will be generated throughout the course of this
project have been identified in Table 3, with their expected date of submittal to the
Kentucky Division of Water (KDOW).
Monitoring Objectives
a.
b.

Assess the stream corridor hydrology before restoration work begins.
Assess the modified corridor habitat and stream stability and siltation after
restoration work has been completed.

Monitoring will be performed to measure dimensions, profiles and patterns 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, U of L Department of Civil and
Environmental Engineering will continue to record changes for a period of two years on
an annual basis. The sampling method will be a standard engineer’s survey of the profile
and cross section of the monitoring site.

Quality Assurance Project Plan for
Restoration of Stream and Wetland Function in the Obion Creek Watershed
Page 8

Table 2. Work activities for the project and their projected begin dates.
Projected Begin
Date

Activity
Stream characteristic data collection, including stream hydrology and morphology
throughout the project area, land surveys throughout the project area, and sediment
studies of the project area

August 2009

Pre-project planning, including development of conceptual design for project

August 2009

Project permitting, including 404 and 401 permits

August 2009

BMP implementation plan development, for wetland and riparian restoration

August 2009

BMP implementation plan submittal to KDOW

September 2009

Final design of BMPs

August 2009

Preliminary construction of stream restoration

September 2009

Installation/construction of wetland and riparian restoration BMPs

October 2009

Completion of field work

October 2010

Post BMP implementation monitoring (not included in this project)

September 2011

Preparation of final report

May 2011

Submittal of final report

September 2011

Table 3. Reports that will be generated and submitted to
the KDOW throughout the course of this project, and
their projected submittal dates.
Report

Projected
Submittal Date

Quality Assurance
Evaluation Report

August 2010

BMP Implementation Plan

September 2009

Annual Reports

December 2009,
December 2010

Final Project Report

September 2011
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1.05

Data and Field Quality Objectives and Criteria for Data

In order to restore Obion Creek to a naturally meandering stream channel, monitoring
must first be conducted. All monitoring activities will collect engineer survey data. This
monitoring will entail assessing stream corridor hydrology, before restoration and stream
stability and siltation after restoration work has been conducted. Stream dimensions,
pattern and profile will be monitored throughout the course of the project. The data
quality objectives for this project are to collect reliable data about the stream dimensions,
pattern and profile so the restoration design process will be successful, and to collect
reliable data to show that the restoration process was successful in accomplishing the
goals of this project identified in section 1.04.
Monitoring activities for this project will be divided into five assessment types. Preproject monitoring and assessment activities will include monitoring surface water and
groundwater levels for six months prior to construction. Watershed hydrologic
assessment will analyze the 2, 10, 50, and 100 year peak flow events to determine the
effects of the proposed restoration on the 100 year flow event water surface elevation.
Basin-wide geomorphic assessments from previous studies will be used in this project.
Geomorphic assessments of the channel reach will be done to ensure the channel is
shaped appropriately during the restoration process. Post restoration monitoring and
assessment activities will be conducted after the course of this project according to the
monitoring requirements of the KDOW Water Quality Certification Section, the U.S.
Army Corps of Engineers, and the Kentucky Department for Fish and Wildlife Resources
Fees In-lieu of (FILO) mitigation program.
This restoration process will require that the channel is shaped such that it provides a
delicate balance between sediment transport capacity and channel stability. Data will be
collected throughout the monitoring process to find the range of stream dimensions,
patterns and profiles that will provide this stability to the restored stream. This data
collection process will include classifying the existing channelized reach and the
proposed restored stream, determining the cause of channel instability, and developing
the correct dimensions, pattern and profile for the restored reach. Acceptable ranges of
parameters, such as bank-full dimensions, meander belt width, meander radius, and
stream slope, will be developed from existing and abandoned pre-channelized channels.
1.06

Special Training Needs

All monitoring activities for this project will be conducted by the U of L Department of
Civil and Environmental Engineering. As such, no special training will be required for
individuals conducting monitoring activities. Any samples collected will be sent to the U
of L Department of Civil and Environmental Engineering Geotechnical Laboratory. As
such, no special training will be required for these analysts. Should any training of U of L
professionals, records of these events will be kept at the U of L.
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1.07

Documentation and Records

Reports that will be provided to the KDOW throughout the course of the project include:






Quality Assurance Evaluation Report that will be turned in at the completion of
monitoring in August of 2010, and/or as requested by the KDOW
BMP Implementation Plan that will be turned in in September of 2009
Progress Reports that will be turned in with each invoice submitted
Annual Reports that will be turned in in December of 2009, and December of
2010
Final Project Report that will be turned in upon completion of the project in
September of 2011

Engineering survey data will be recorded in field log books, and will include the date and
location of data collection. No analytical data is expected for this study. Recorded data
and project reports will be stored at the JPF office in Mayfield, Kentucky for a period of
not less than ten years.

Section 2 – Data Generation and Acquisition
2.01 Sampling Process Design
Monitoring and data collection for this project will be divided into five types of
assessment activities. All data collection for this project will be conducted by the U of L
Civil and Environmental Engineering Department. Should any corrective actions be
needed throughout the project, Arthur Parola, the QA officer for the project, will be
responsible. Monitoring activities will include:
1. Pre-Project Monitoring Assessment
Piezometers and staff gages will be installed in the floodplain and remnant
channel, respectively, to monitor groundwater-surface water interaction prior to
restoration. Each monitoring station location will be surveyed in prior to
construction and replaced post-construction should any site be damaged or
deemed unusable as a result of channel construction.
2. Watershed Hydrologic Assessment
Assessments of the 2, 10, 50, and 100 year peak flow events will be conducted.
The effects of the proposed stream restoration on the 100 year flow event water
surface elevation will be examined using the one dimensional computer model
HEC-RAS. The potential influence of this stream restoration project on the
hydrology of Murphy’s Pond will also be investigated.
3. Basin-Wide Geomorphic Assessment
Information obtained from previous studies will be used to evaluate the basin
geomorphology.
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4. Geomorphic Assessment of Channel Reach
Restoration of the channel will require that the channel is shaped to provide a
delicate balance between sediment transport capacity and channel stability. This
balance will be achieved by determining the range of stable stream dimensions,
flow pattern, and profile for which the stream has a high probability of stability.
To develop the parameters from which the channel form can be designed, the
existing channelized stream and proposed restored stream must be classified, the
precise cause of channel instability must be determined, and dimensions, pattern,
and profile of reference reaches must be developed. This assessment will include
the measurement of specific channel characteristics in the existing channel.
Acceptable ranges of parameters such as bank-full dimensions, meander belt
width, meander radius, and stream slope will be developed from existing and
abandoned (pre-channelized) channels.
5. Post Restoration Monitoring Assessment
The time frame remaining for implementation of this project (funded with FFY
2005 funds) does not allow for post restoration monitoring through the Kentucky
Nonpoint Source program. However, the stringent monitoring requirements of the
KYDOW, Water Quality Certification Section; the Corp of Engineers and the
Kentucky Department for Fish and Wildlife Resources, Fees In-lieu Of (FILO)
mitigation programs will be followed in accordance with all necessary permit
requirements.
2.02

Sampling Method Requirements

Channel Planform and Longitudinal Profile
To evaluate and monitor channel adjustments throughout the course of project timeline, a
closed survey network will be established on-site to enable repeat survey of the restored
channel. Creating a survey network containing multiple concrete control monuments will
ensure repeat surveys can be completed on an annual or semiannual basis. General
channel thalweg, bank, and bench points will be surveyed along the restored reach of
Little Joe Creek, as well as the previously channelized road side ditch. From this set of
survey data, geomorphic characteristics (belt width, radius of curvature, channel slope,
bankful slope, etc) can be calculated. The surveyed and calculated characteristics for the
site will be compared on the same interval as the aforementioned survey to track
geomorphic response within the boundaries of the project. Surveying methods used to
collect this data will follow those outlined by Harrelson, et al. (1994).
Channel Cross Sections
To further evaluate and monitor channel adjustments over the project timeline, several
repeat cross-section surveys will be implemented within the closed survey network.
Cross-section placement and spacing will be determined in the field after construction is
completed. Chosen cross-sections will be defined by concrete survey monuments placed
on both left and right banks to ensure repeat surveys are both possible and accurate. Cross
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section survey and data analysis will occur in conjunction with channel planform and
longitudinal profile survey. Surveying methods used to collect cross section data will
follow those outlined by Harrelson, et al. (1994).
Groundwater and Surface Water Monitoring
As a means of monitoring groundwater interaction with the channel, groundwater
monitoring stations will be established both prior to and post construction. Each
monitoring station will consist of a piezometer, utilizing a pressure sensor for semicontinuous (10 minute) readings of groundwater depth. Each monitoring station will be
paired with a staff gage, also utilizing a pressure sensor, placed in the channel at the
nearest possible channel point. Ideally, both piezometer and staff gage will be placed on
the same line perpendicular to the local down-valley direction.
Each piezometer will be installed in the floodplain. Actual depth will be governed by
channel depth at the nearest staff gage. To ensure groundwater exchanges from the
aquifer to the channel, and the opposite, are correctly recorded, each piezometer must be
deeper than the channel thalweg at each respective staff gage location. Prior to
construction, only a staff gage will be used due to the level of surface water ponding in
the floodplain.
To ensure proper monitoring of groundwater, each piezometer will be installed with a
minimum sand pack depth 75% of the total depth of the hole. This will guarantee the
water column as a whole is sampled, and not solely the lower half. Each piezometer will
then be capped with a two foot, maximum, bentonite plug that will effectively keep
surface water from entering the piezometer sampling column and skewing results.
Staff gages within the remnant Obion Creek channel will be installed to establish preconstruction data. Once construction is complete, more staff gages will be installed in the
restored reach of Little Joe Creek to establish a post-construction dataset.
2.03

Sampling Handling and Custody

Because the data being collected for this project is primarily engineering survey data,
there will not be any actual samples collected. As such, no specific information has been
developed regarding the collection of samples and their delivery to laboratories.
2.04

Analytical Methods

Analysis of engineering survey data collected will be conducted by Clayton Mastin, Bill
Vesley, and Arthur Parola, all of the U of L Department of Civil and Environmental
Engineering. Should any corrective action be necessary, it will be implemented by Arthur
Parola, the QA officer for this project.
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2.05

Quality Control

Standard quality control procedures are not applicable to this type of monitoring
situation. All data collection will be by trained professionals or students of the U of L
under the direction of a trained professional.
2.06

Instrument and Equipment Testing

Prior to any field installation, all electronic instruments will be tested under laboratory
conditions to ensure working order before being placed in the field. All materials and
equipment to be used for either field or laboratory purposes will be inspected by the QA
officer prior to use.
Quality assessments will be preformed throughout the data collection process. Survey
equipment will be checked at the beginning of each field session in which it is to be used
to ensure accuracy. This will be accomplished by laying out a set of known points and
recording repeat measurements of those points. Instruments recording pressure (either
water or barometric) will be subjected to testing prior to installation. After each set of
events has been recorded, data will be downloaded and analyzed in a timely fashion to
ensure that any problems with the pressure sensors are taken care of immediately so as
not to corrupt the dataset. Observed data will be checked in to ensure no “drift” or other
anomalous characteristics are present. Data will be removed from the data set if any such
points are found.

Table 4. Instruments and eqiupment to be used throughout the project.

Instrument

Make/Model

Measured
Parameter

Pressure
Transducer

Solinst/
Levelogger

Water
Pressure

Pressure
Transducer

Solinst/
Barologger

Barometric
Pressure

Acceptance
Criterion;
Response
Within 2% or
5mm Hg;
Repair or
replace
Withing 2% or
0.005 ft;
Repair or
replace

Frequency

Reference

Annually

See
manufacturers’
instructions

Quarterly

See
manufacturers’
instructions

Instruments will be calibrated and maintained according to manufactures’ instructions.
For all calibration that occurs outside of the central office, notes will be made denoting
such, and entered into a log after returning to the central office. Each piece of electronic
equipment will have a log tracking updates to firmware and problems with the dataset.
Precision tests and re-calibration of instruments will take place annually to verify
functionality of in-field equipment. Any equipment found to be faulty at this time will be
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repaired or replaced. The QA officer for the project will be responsible for any corrective
actions needed related to the equipment specified here.
2.07

Inspection/Acceptance Criteria for Supplies and Consumables

Not applicable for this project
2.08

Data Acquisition Requirements for Non-Direct Measurements

Data collected from a previous restoration project of Obion Creek, completed by the U of
L Department of Civil and Environmental Engineering and the JPF completed in 2005,
will be used for some aspects of this project, specifically for the Basin-Wide Geomorphic
Assessment. There are no limitations for the use of this data, because it was collected for
the same use as this project, restoration of stream and wetland function in the Obion
Creek watershed.
2.09

Data Management

All applicable datasets, results, and project documents will be made available at the time
of final report publication. The previous also includes metadata, and geomorphic
descriptions/field notes. All project and data folders will be backed up to external hard
drive at a monthly minimum.
All survey data will be stored in both point files (Microsoft Excel Spreadsheet) and
within a point database (AutoCad work space). Data from pressure sensors and will be
stored in electronic spreadsheets. Any analysis or manipulation of this data completed by
trained employees of ULSI to calculate hydrologic characteristics of the stream channel
will be checked by the senior project engineer, and ultimately the QA officer of the
project. If problems are found within the calculations, re-training will be performed by
the supervisor and follow-up quality assurance will be implemented.
Following completion of the project, all data will be stored in electronic format at the
University of Louisville for no less than 3 years.

Section 3 – Assessment and Oversight
3.01

Assessments and Response Action

The following table addresses the types of assessments and actions of response for data
collection activities discussed within this QAPP.

Table 5. Assessments and response actions for the project.
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Assessment
Activity

Frequency

Scope

Field Monitoring

Continuous

Monitoring of the
project site

Laboratory Analysis

Yearly during
project

Quality Control and
review of processes

Data Analysis

Continuous

Data Review

Response
Ensure project
requirements are
being met and
objectives of the
restoration are being
fulfilled.
Ensure instrument
calibrations are up
to date and correct.
Ensure procedures
used in field are
appropriate for
needed data.
Ensure data
collected is
sufficient to judge
success or failure of
project objectives

The QA officer for the project is responsible for implementing and tracking corrective
procedures. Any corrective actions needed shall be documented and submitted with the
final project report.
3.02

Reports to Management

Reports will be made available to KDOW program managers throughout the course of
the project, with the Quality Assurance Evaluation Report to be submitted in August
2010, the BMP Implementation Plan to be submitted in September 2009, the annual
reports submitted in December of 2009, and December of 2010, and the progress reports
that will be submitted with each invoice. A final report will be made available to the
KDOW program managers at the end of the project in September 2011.

Section 4 – Data Validation and Usability
4.01

Data Review, Verification and Validation

All field data as well as any data collected and transported to the laboratory for analysis
will be reviewed and verified for project requirements. Data will also be cross checked
against data-quality objectives previously mentioned. Data which meet these
specifications will be used in analysis and submitted with final reports. Data which do not
meet these requirements will be disregarded.
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Field staff personnel are initially responsible for ensuring that data is collected diligently
and with the utmost care to ensure the best quality sample or data point is taken. Field
staff are also responsible for initial verification of sample and survey data integrity.
Verification of data will take place in the central office and be reviewed for quality by
peers, supervisors, and finally the QA officer of the project. Data to be verified will be
checked for accuracy and will be evaluated against project specifications. Any outliers
identified throughout the data verification will be examined for potential human error
before being disregarded as a faulty reading and removed from the dataset. The QA
officer is responsible for resolving any issues that may occur regarding outliers within the
data set. Any such data points that cannot be resolved will be rejected from the set.
Findings from data verification and validation will be logged and reported. Frequent
review of data by both supervisor and QA officer of the project will help to ensure data is
both valid and of the quality needed for analysis. Review with KDOW Project Manager
will determine if modification to QAPP are required.
4.02

Reconciliation of Data to the Project Specific DQOs

This project will have four basic measures of success. The first measure of success,
restoration of a single thread channel for Little Joe Creek, will be measured using as built
surveys and aerial photographs. The second measure of success, restoration of
bottomland hardwood hydrology through the reduction in the area of permanent ponding,
will be measured with aerial photographs and water level measurements. The third
measure of success will include photographic documentation of pre- and post restoration.
The fourth measure of success, improved aquatic habitat, will be a long term
measurement that will not be measured during the project time frame. Monitoring for this
measure of success will continue after the project has actually been completed, and will
include habitat assessments and monitoring, as required by the KDOW Water Quality
Certification Section, the U.S. Army Corps of Engineers, and the Kentucky Department
for Fish and Wildlife Resources Fees In-lieu of (FILO) mitigation program.
4.03

References

Forsythe, Rudy. 1997. Soil Survey of Carlisle and Hickman Counties, Kentucky. USDA.
Harrelson, Cheryl C., Rawlins, C.L., Potyondy, John P. 1994. Stream Channel Reference
Sites: An Illistrated guide to Field Technique. General Technical Report RM-245.
USDA.
Kentucky Ambient/Watershed Water Quality Monitoring Standard Operating Procedure
Manual. Kentucky Division of Water. 2005.
Rosgen, David L. 1996. Applied River Morphology. Wildland Hydrology. Pagosa
Springs, Colorado.
Stream Corridor Restoration: Principles, Processes and Practices. Interagency Stream
Corridor Restoration Handbook. October 3, 1997, GPO.

BMP Implem
mentattion Pla
an

75

C

BMP Im
mplemen
ntation P
Plan for

Obio
on Creek (Ph
hase I
II)
and Little Joe Creek,
Hick
kman C
County
y, Ken
ntucky
y
KDOW AI# 3553
31

Submitted:
S

Sub
bmitted to:

Pre
epared by:

April 19, 20
010

D
of Watter
Kentucky Division
NPS Sectio
on
200 Fair Oaks Lane
Frankfort, Kentucky 4060
01

Clayton C.
C Mastin, M
MEng
Arthur C. Parola, Jr. , PhD
Chandra Hansen
of
m Institute
The Stream
Departmen
nt of Civil and E
Environmental Engineering
University of Louisville
Louisville, Kentucky 4029
92
eration with
in coope
Robert B. Johnson
J
Jackson Pu
urchase RC&D Fndn, Inc.
1000 Comm
monwealth Driive
Mayfield, Kentucky
K
4206 6

Greg Pruittt
County Ju
udge Executive
Hickman C
County Fiscal C
Court
100 E Clay
y Street
Clinton, K
Kentucky 42031
1

BMP Implementation Plan for

Obion Creek (Phase II) and Little Joe Creek,
Hickman County, Kentucky
KDOW AI# 35531

1. BMP Technologies to Be Installed
The primary goal of this project is the re-establishment of ecological channel, floodplain, and wetland functions of Little Joe Creek and an inactive remnant Obion Creek channel (Figure 1). The project will continue the remediation effort initiated with the 2004 restoration of a segment of Obion Creek (Obion Creek Phase I) located immediately downstream
(south/west) of the restoration site. The restoration site is located within the boundaries of
the Kentucky State Nature Preserves Commission (KSNPC) property upstream (east) of
Kentucky Highway 307 (KY-307) and the Kentucky Department of Fish and Wildlife Resources (KDFWR) property downstream (west) of KY-307 in Hickman County, Kentucky.
1.1 SITE PREPARATION & PROTOCOLS
University of Louisville Research Foundation (ULRF) and other Jackson Purchase Resource Conservation and Development Foundation, Inc.(JPF) subcontractors will conduct
activities associated with preparation of the site for construction, installation of necessary
erosion and sediment control measures, identification of suitable construction contractors
and materials, and other work necessary to begin construction. Construction contractors with
the experience and equipment needed for operating under wet conditions with materials specific to the site will be selected. Traditional earthmoving techniques and operations will be
used to as great an extent as practical. New techniques will also be implemented to efficiently construct a meandering channel with minimal damage to the surrounding forest.
Permits
KDFWR, JPF, and ULRF have secured required permits from Kentucky Division of
Water (KDOW) and US Army Corps of Engineers (USACE).
Construction Monitoring
ULRF will provide at least weekly oversight of construction activities. Engineers will
be on site to develop techniques with construction contractors, enable real-time modification
of the design to minimize damage to forested areas, optimize habitat features, and facilitate
contractor compliance with state laws governing nature preserves. Contractors shall leave
the site free of litter. If fuels, hydraulic fluids, or oil used to maintain machinery are spilled,
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the fluids shall be contained and the material removed from the preserve. No burying of refuse or debris shall occur on state preserve land.
Exotic Vegetation Control
At least three preventive measures will reduce the likelihood that seeds and propagules
of exotic species will be transported into newly disturbed areas in the construction zone:
(1) wash-down areas will be designated for cleaning of construction equipment, and contractors will be required to pressure- and steam-wash vehicles and machinery prior to entering
or leaving the site; (2) high-traffic areas currently vegetated with exotic species (primarily in
the right-of-way for the power transmission lines) will be scraped to remove the existing
seedbed within 6 in of the surface; and (3) exposed areas of soil will be seeded to winter
wheat and mulched with clean wheat straw. Seed mixes which include non-native invasive
species (e.g., crown vetch or lespedeza) will not be used.
Erosion Control
An erosion control plan for the site will be developed, and erosion control measures will
be implemented and maintained prior to and during construction. Disturbance will be minimized, and exposed areas of soil will be seeded during/after construction.
Large amounts of sediment are expected to be produced during construction due to the
highly saturated conditions of the site, the construction techniques to be used, and the channel length to be re-established. To ensure that construction does not increase sedimentation
in downstream channels, a temporary berm will be installed approximately 100 ft downstream of the center KY-307 bridge (Figure 2) prior to construction. The berm will divert
high flows and sediment away from the Phase I restored channel and into the existing Bugg
Road valley plug. A low-flow culvert within the berm will allow base flow into the Phase I
Obion Creek channel downstream. The berm and culvert will remain in place until construction is completed.
Soils and Substrate
All material needed for construction of the proposed channels, including substrate and
large woody debris, will be obtained on site; no off-site soils will be transported to the restoration site. Channel construction will produce approximately 8000 yd3 of spoil material. A
portion of that spoil will be used to fill Ditch 1, and spoil from excavation of the portion of
Little Joe downstream of the channelized Obion segment (west of KY-307) will be deposited in the channelized segment. The remainder will be stored temporarily in the areas cleared
for the pilot channels (Section 1.2). As the pilot channels evolve, the spoil will be eroded
along with the bed and bank sediments that will be transported to and stored in the downstream valley plug.
Bank Stabilization
No bank stabilization will be implemented. The stabilization provided by colonizing
vegetation is expected to be sufficient based on re-vegetation success in the Phase I restoration.
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Equipment
Traditional earthmoving techniques and operations will be adapted for working in the
site’s very wet environment. Construction contractors with the experience and equipment
needed for operating under wet conditions with materials specific to the site will be selected.
A combination of heavy earth-moving and excavation equipment will be used. Amphibious
excavators, track hoes, skid steers, bulldozers, dump trucks, and other necessary equipment
are available in the region.
Strategy for Minimizing Soil Compaction
Site vehicles and construction equipment traversing the area will be directed primarily
through traffic corridors. This will reduce the area of equipment compaction to specified regions. During final phases of construction operations, the high-traffic areas will be scarified
to reduce compaction.
Site Access Control
The ponded, saturated conditions of the site prevent access by vehicle. All-terrain vehicles have not posed any problems at the site. If problems with unauthorized access develop,
access-limiting measures will be implemented after consultation with KSNPC and KDFWR.
1.2 CONSTRUCTION
Construction is expected to include earthmoving to create sinuous channel planforms
and floodplain ponds. The entire Little Joe Creek channel within the project area will be relocated and reconstructed (Figure 2). The existing channel will be at least partially filled
over most or all of its length, and it will be plugged to prevent flow along the KY-307 embankment. Ditch 1 will also be at least partially filled over most of its length. A new Obion
Creek channel will be constructed to connect the Phase I restored segment of Obion Creek
west of KY-307 with the remnant Obion Creek channel east of KY-307 (Figure 2). The extent of the remnant Obion Creek channel to be restored within the restoration area will be
determined during the monitoring period and will depend on the extent of channel re-formed
by restored flows.
Grading
Changes to existing floodplain elevations will be minimized to preserve as much of the
existing forest as possible. Existing valley bottom topography will influence stream planform and longitudinal profile design: swales and depressions in the existing valley bottom
will be targets for stream alignment, which will reduce the need for large volumes of earthwork.
Hydrology
Restoration activities are not expected to change the sources of water to the site or the
precipitation runoff response of the project watershed. Channel reconfiguration, however,
will change both the surface and groundwater hydrology of the site (Table 1.1). While most
of the current floodplain topography will be preserved, diverse hydrologic conditions will be
created to support the functions of multiple aquatic habitats, including backwater channels,
abandoned oxbow channels, emergent herbaceous wetlands, and forested wetlands. Hydro-
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logic changes will also rehabilitate the ecological functions of approximately 500 acres of
currently degraded wetlands on the site.
No water control structures are proposed for installation at the restoration site.
Table 1.1 Proposed Hydrologic Changes

Design/Construction Element
Little Joe Creek
 Raise channel bed elevation to reduce bank
heights and entrenchment.

 Increase pool frequency.
Obion Creek
 Excavate channel to connect the remnant
Obion Creek segment with the Phase I
restored segment.
 Breach the beaver dam where it coincides
with the alignment of the excavated channel.
 Align the channel near existing floodplain
depressions.
 Route restored channel through existing short
remnant channel segment.
 Allow floodplain distributaries at the
upstream end of the site to continue to supply
flow from the channelized Obion Creek to the
restored remnant channel.

Expected Hydrologic Change
Slightly increase the frequency, duration, depth, and extent of floodplain inundation. Portions of the Little Joe floodplain are expected to be
inundated only occasionally by flows from Little Joe; flows from Obion
Creek, however, will inundate it several times per year.
Allow the lower portion of the rooting zone for bank vegetation to extend into saturated soil at the low flow level of the channel to support
native vegetative growth, increase sediment retention, and increase nutrient retention and processing.
Increase the residence time of base flow.
Reduce area of permanently ponded water. Re-create a variable floodplain inundation hydroperiod to allow periodic wetting and drying of
floodplain wetlands, germination of the in situ seedbed, and propagation
of bald cypress.
Create slackwater areas that will be prone to periodic wetting and drying. During wet periods, these backwater and off-channel areas will
provide refuge for aquatic organisms away from the influence of mainchannel flow velocities.
The existing channelized segment will continue to fill with gravel and
woody debris. As the blockage extends upstream over time, stream flow
will continue to be redirected toward the restored remnant channel, and
channel segments on both sides of the upstream channelized reach could
be re-connected to improve functions of the upstream network.

Stream Planform Pattern, Longitudinal Profile, and Cross Section Geometry
Proposed dimensions for planform pattern, longitudinal profile, and cross section geometry are provided in Table 1.2. A typical proposed channel cross section of a single-thread
channel reach is shown in Figure 2.
Construction work will be divided into two construction periods. During the preliminary
and first construction periods, major earth-moving work will be completed: the temporary
berm and culvert will be installed (Section 1.1); short, narrow traffic corridors for equipment
ingress/egress will be created; and channels will be filled and excavated. During the second
construction period, woody structures will be installed, and the temporary berm and culvert
will be removed.
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Table 1.2 Proposed Channel Characteristics

Parameter
Drainage area
Channel length
Rosgen stream type
Strahler stream order
Flow regime
100-yr discharge
Bankfull discharge
D50 riffle/pavement
Channel slope
Valley slope
Sinuosity
Bankfull depth
Belt width
Radius of curvature
Meander wavelength
Floodprone width
Bankfull width
Bankfull area
Entrenchment ratio
Width:Depth ratio
Bank ht ratio

mi
ft

2

cfs
cfs
mm
%
%
ft
ft
ft
ft
ft
ft
ft2

Obion Creek

Little Joe Creek

112.61*
~18,500
E5/6,C5/6, DA5/6
3
Perennial
19,907
430
Varies: silt/clay to
silt/sand
0.034
0.051
1.94
4.0
100-240
60-110
210-440
2000-4000
39
145
>>2.2
<12
1

5.19†
1950
E4/5, C4/5,DA4/5
2
Perennial
3015
95
Varies: small gravel to
sand/silt
0.070
Crosses Obion floodplain
1.71
1.5
60-115
40-55
150-210
30
21
38
1.4
14
2

* Drainage area at downstream limit of restoration reach. Because the confluence of Little Joe will
be relocated downstream of this point, this total does not include the Little Joe watershed.
† Drainage area at upstream limit of restoration reach.

Construction Period 1
Pilot channel construction. Two characteristics of the site will make possible the use of
construction techniques that will limit the extent of floodplain and channel disturbance by
heavy equipment. In the areas where equipment will be used to excavate new Little Joe and
Obion Creek channels, consolidated clay is overlain by unconsolidated sand and silt. Upstream (east) of this area, the remnant Obion channel has been substantially filled by fine
sediment that has settled from the ponded water, but the remnant retains some of its former
contours. Therefore, with the exception of the segment of Little Joe to be excavated downstream of the channelized Obion segment west of KY-307, relatively small pilot channels
will be excavated using equipment in the downstream area of the site east and west of
KY-307; the remainder of the channel area and length throughout the site will be excavated
only by natural channel evolution processes. ULRF expects that once the downstream Obion
Creek segment has been partially excavated and the ponded water has begun to drain from
the site, restored flow through the excavated and remnant channels will instigate rapid channel evolution as knickpoints migrate upstream and erode the unconsolidated channel boundaries. The evolution of the Little Joe pilot channel will be similar to that of Obion Creek.
The use of this combined construction/evolution technique will restrict much of the use of
earth-moving equipment to the downstream area of the site.
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Cross-sectional geometry of the pilot channels will be roughly trapezoidal. The approximate pilot channel dimensions of Obion Creek and Little Joe Creek will be 4 ft wide by 5 ft
deep in the center, with two outer benches that will be 4 ft wide by 3 ft deep. Rapid incision
and enlargement of the pilot channels is anticipated.
Monitoring of pilot channel evolution. Following construction of the pilot channels,
ULRF will monitor and document their evolution for up to 18 months. The second construction period will commence when the pilot and remnant channels have evolved to the design
widths (Table 1.2). Depths of the evolved pilot channels will be approximately 6 ft for Obion Creek and will vary from 4-6 ft for Little Joe Creek; these are slightly greater than the
design depths, which will be measured to the elevation of the LWD features to be installed
in Construction Period 2.
Construction Period 2
Debris installation. Large woody debris and woody debris structures will be installed
throughout the equipment-excavated reaches of Little Joe and Obion Creek to provide local
grade control; to provide initial stability to banks, especially in bends; and to maximize
available in-channel and riparian habitat (e.g., in-channel LWD and undercut banks) that
otherwise would take decades to develop. The incorporation of large woody debris will be
designed to prevent excessive bed or bank erosion or channel avulsion. The locations and
types of woody debris structures will be determined in cooperation with the construction
contractor and construction supervisor.
Monitoring of channel evolution. ULRF will continue to monitor the evolution of Little
Joe and Obion creeks throughout the second construction period.
Removal of temporary berm and culvert. After all LWD structures have been placed in
the channel, the temporary berm and culvert will be removed by JPF subcontractors.
1.3 PLANTING PLAN
The need for re-vegetation will be limited because the project area is already almost entirely forested, and a concerted effort will be made to minimize removal of existing trees.
Total tree clearing for the project is estimated to be approximately 6.7 acres. Except for the
small traffic corridors to be cleared for equipment ingress and egress, however, most of the
area to be cleared will be converted to channel. Therefore, once construction is complete,
only the traffic corridors, filled sections of existing channels, and areas within 10 ft of the
banks of constructed channels will constitute disturbed areas (Figure 3). These areas will be
seeded to rye or winter wheat and mulched with clean wheat straw.
Planting of the site is not anticipated. The Phase I project re-vegetated naturally within
six months after completion of construction, and similar results are anticipated in the
Phase II site. Vegetation is dense in the surrounding vicinity of the areas to be cleared for
the project, and the existing seedbank in the disturbed, highly fertile soils is expected to support rapid regeneration of many sustainable wetland species, which will also discourage colonization by non-native and/or invasive species.
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1.4 POST-RESTORATION ASSESSMENT
Success Criteria
A successfully functioning, self-sustaining restoration must have the capacity to adjust
to both local changes and changes in the watershed rather than maintaining a fixed channel
form. Therefore, the morphological success criteria (Table 1.3) assess indications that channel and floodplain dynamics are moving the reach-scale system toward a long-term condition where adjustments will not effect rapid, systemic change. While the restoration design
will limit the potential for reach-scale changes, within-reach bed slopes, topography, and organic matter retention and distribution are expected to be dynamic. The degree and rate of
change will depend on the imposed sediment load characteristics (quantity, frequency, and
caliber), organic debris input characteristics (diameter, quantity, and length), and the effects
of floods. Changes in the channel and floodplain morphology will be considered to be within
normal parameters if they do not exceed morphologic thresholds beyond which major fluvial
system changes would result. This approach will provide long-term ecological benefits at the
reach scale while also minimizing detrimental impacts and maximizing benefits to upstream
and downstream reaches.
The remaining criteria in Table 1.3 evaluate the extent to which riparian vegetation and
structural habitat are maintained. The EPA Rapid Bioassessment Protocol (Barbour et al.
1999) for low-gradient streams will be used to evaluate habitat. Because the RBP does not
account for some of the natural conditions specific to the coastal plain streams of the Mississippi Embayment physiographic region, some individual habitat parameters are expected to
score as less than “optimal” even though they will meet the functional objectives of the project (see Table 1.4). Nevertheless, the overall quality of both streams is expected to be “excellent” at the end of the monitoring period.
Expected Performance
Obion Creek
Sediment that is transported into a channel must either be stored or transported to downstream reaches. In this project site, restoration design based on transport of the existing
gravel sediment supply would require construction of very large channels from the site to
the confluence of Obion Creek with the Mississippi River. These channels would have to be
at least as large as the existing channelized segments in the watershed, and they would have
limited frequency of floodplain inundation, a low water table, high stress on the streambed,
high banks vulnerable to mass failure, and dynamic substrate unsuitable for colonization in
many reaches, while other reaches would be prone to aggradation and debris accumulation.
On the other hand, restoration design based on reduction of sediment inputs to the restored
reaches would permit construction of smaller channels capable of sustaining improved
aquatic habitat and transitioning to meandering channels downstream without overloading
them with coarse sediment.
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Table 1.3a Stream Success Criteria: Obion Creek
Objectives
Success Criteria
Morphology
(Objectives 1-4)

5.

6.

7.

Rosgen stream type

Bed degradation or
Maintain diverse velocity regimes within
the restored channel to promote the forma- aggradation
tion of depositional features around LWD
habitat structures while also maintaining
the transport capacity of the reach to preSediment deposition
vent overall channel aggradation.

Habitat
Channel habitat quality
Support in-channel habitat and diversity
by sustaining various depths of pools and and diversity
LWD structures, sinuosity, and stable
LWD at or below the low-flow water level.

Measurement As-Built
Cross-sectional
dimensions

Year 1

E5/6,
C5/6,
DA5/6

Grade control
elev. changes
(ft)

Year 2

Year 3

Year 4

Year5

Monitoring Methods

E5/6,
C5/6,
DA5/6

E5/6,
C5/6,
DA5/6

 Cross sections will be surveyed during Years 2 and 5 at
3 pools and 3 installed LWD structures.
 Channel morphology, habitat, and hydrology will be visually inspected at least annually and will be photo-documented
annually during the vegetative dormant period.

<1.9

<1.9

Longitudinal profile data will be collected during Years 2 and 5
and compared to the as-built profile to identify changes in the
elevation of high points (grade control features) constituting
either decreases or increases in excess of 1.9 ft.
Longitudinal profile data collection (Years 2 and 5) will
include a survey of the surface elevations of both the
consolidated clay bed and the silt deposit overlying the clay
bed. The difference between the two elevations at each thalweg
point will be a measurement of the substrate thickness. The
percentage of thalweg points meeting the thickness criterion
will be a measurement of the percent surface area criterion.

Substrate
thickness (in.)

0

6-24

6-24

% of surface
area

0

>25

>25

Low-gradient
RBP

Poor/Avg

Avg

Avg

Exc

Exc

The low-gradient RBP will be used to assess habitat annually at
a minimum of 9 sampling locations (3 pools, 3 installed LWD
structures, 3 glides).

c. Maintain vegetative protection of bank
and floodplain soils.
Vegetation

Re-vegetation will be monitored only in the areas disturbed by construction equipment in the downstream
section of the site (Figure 3).

d. Support diverse riparian vegetation.

Typha spp., Phragmites
spp., Phalaris
arundinacea, and
Lythrum salicaria
Exotic invasive herbaceous % of aerial
cover
as indicated on
Kentucky Exotic Pest
Plant Council Lists 1
and 2 (KY-EPPC 2008)

Hydrology
8. Maintain a variable floodplain inundation
hydroperiod.

Water Quality

The volunteer flora that re-vegetate the disturbed areas will be
monitored for the duration of the 5-year monitoring period. To
evaluate the need for preventive maintenance, vegetation in the
Not
dominant disturbance zones will be visually assessed at least two times
per year during the growing season.

Not
dominant

40

40

40

25

20

≤10

At least one time per year during the growing season, the measured success criteria will be recorded, and the vegetation will be
photographed. Monitoring plots will be established along 10-ft
wide transects running parallel to the channel corridor. Plots
will be 1 m2 in size, randomly placed, and taken at a density of
10 plots per acre of disturbed area. Stations from which the
vegetation will be photographed will be established near the
plots in locations that optimize visibility of the vegetation.

A minimum of 3 bankfull flow events must be documented for the project to be released from monitoring. If 3 bkf events do not occur w/in the 5-yr monitoring period,
monitoring will continue until at least 3 bkf events have been documented.
Bankfull flow events
Cumulative #
1
1-2
≥3
Annual high water marks will be documented or pressure transoccurrences
ducers will be installed at 1 cross-section location to monitor
from Years 1-5
the frequency of floodplain inundation.
Ratio of surface water
# days/yr
<150
<150
<150
<150
<150 Floodplain piezometers and in-channel staff gages will be inelevation to floodplain
ratio > 1
stalled in at least 3 locations (near the upstream end, the middle,
surface elevation
and the downstream end of Obion Creek). The pressure transducers will continuously monitor the frequency and duration of
in-stream water elevations, floodplain inundation, and groundwater levels, while the in-channel gages will measure surface
water elevations.
The restoration design for wetlands and streams will meet Kentucky Division of Water guidelines and a water quality certification will be secured if necessary.

Table 1.3b Stream Success Criteria: Little Joe Creek
Objectives
Success Criteria
Morphology
(Objectives 1-3)
Rosgen stream type

4.

5.

6.

Provide grade control to maintain morphol- Grade control
ogy of pools along the channel.

Habitat
Support in-channel habitat and diversity by Channel habitat quality
and diversity
sustaining varying pool and dune depths,
sinuosity, and stable LWD at or below the
low-flow water level.
c. Maintain vegetative protection of bank
and floodplain soils.
Vegetation
d. Support diverse riparian vegetation.
Water Quality

Measurement As-Built
Cross-sectional
dimensions

Year 1

Year 2

E5/6,
C5/6,
DA5/6

Grade control
elev. changes
(ft)

Low-gradient
RBP

Poor/Avg

Year 5

Monitoring Methods

E5/6,
C5/6,
DA5/6

E5/6,
C5/6,
DA5/6

<1.5

<1.5

 Cross sections will be surveyed during Years 2 and 5 at
3 pools and 3 installed LWD structures.
 Channel morphology, habitat, and hydrology will be visually inspected at least annually and will be photo-documented
annually during the vegetative dormant period.
Longitudinal profile data will be collected during Years 2 and 5
and compared to the as-built profile to identify changes in the
elevation of high points (grade control features) constituting
headcuts in excess of 1.5 ft.

Avg

Year 3

Avg

Year 4

Exc

Exc

The low-gradient RBP will be used to assess habitat annually at
a minimum of 3 sampling locations (1 pool, 1 installed LWD
structure, 1 glide).

Same for both channels.
See Table 1.3a.
See Table 1.3a.
The restoration design will meet Kentucky Division of Water guidelines, and a water quality certification will be secured if necessary.

Table 1.4 RBP Parameters Intended to Score Less than Optimal
Habitat Parameter

Expected Channel Conditions

2. Pool Substrate Characterization

Little Joe and Obion: These coastal plain streams should not produce the gravels and sands necessary to score >15 (optimal). The restored silt-bed channels are likely to score in the
sub-optimal or marginal range.

3. Pool Variability

Little Joe: Protocol guidance suggests a difference of 1 m in depth to distinguish shallow and deep pools. In this stream, which has a drainage area of about 5.2 mi2, many pools will be
less than 1 m deep. According to the RBP, they will have to be considered to be shallow and therefore will likely score in the marginal range.

4. Sediment Deposition

Little Joe and Obion: The RBP description of evaluation of sediment deposition is ambiguous. The percentage of the bottom “affected” by sediment deposition will be interpreted to be
the percentage of the bed exhibiting “high levels of sediment deposition [that] are symptoms of an unstable and continually changing environment that becomes unsuitable for many
organisms” (Barbour et al. 1999). As explained in Section 8.2 (Expected Performance) herein, accumulation of sediment in pools and runs is expected throughout the restoration. In
Year 1, this parameter is likely to score in the marginal range, as additional time may be required before flood flows redistribute them. Thereafter, these accumulations will only be
considered to be “high” if they exceed the height of the installed LWD.

7. Channel Sinuosity

Little Joe and Obion: As noted in the RBP form, this parameter may be difficult to score in low-lying areas. An increase in channel length of 3-4 times over the straight-line distance is
greater than what the natural sinuosity of these coastal plain streams would produce. It is about twice the 1.7 sinuosity measured downstream of the site in a 25-mi unchannelized Obion
Creek segment. Therefore, this parameter will likely score in the marginal range.

The design for Obion Creek incorporates two sediment storage zones: the existing
blocked channel upstream of the KY-307 valley plug, and the remnant channel segment at
the head of Ditch 1. Because the blocked channel upstream of the valley plug will be allowed to continue to accumulate LWD, gravel, and coarse sand and to splay fine sand and
silt on a wide floodplain, the constructed meandering channel will be supplied only sediments that are transported beyond the splay. These sediments—mainly suspended fine sand
and silt—will be sufficient to maintain an unconsolidated fine sand and silt substrate in the
restored channel. Some of these fine sediments will also be stored as bank accretion within
the remnant channel segment, which initially will be substantially wider than the restored
channel that will flow into it. The as-built remnant segment width will vary from approximately 65-95 ft, which is much wider than the 39-ft width of the as-built Obion channel that
will flow into and out of it, but the remnant segment is expected to narrow as a consequence
of the accretion.
Sediment will be stored for shorter periods of time (i.e., usually less than 2 yrs) in the
scour hole at the main KY-307 bridge. The scour hole is relatively wide (65 ft) and deep
(15 ft) compared to the designed channel width (39 ft) and pool depth (6 ft); therefore, during all in-channel flows, fine-grained sediment transported to the scour hole will deposit in
the scour hole, where it will be stored. During large flood events, similar to flows that created the scour hole, floodplain flow mixes with the much smaller channel flow to contract
through the bridge opening, creating high-stress conditions that will mobilize the finegrained sediment and transport it downstream. Although some of this sediment will be
transported to the downstream channel, the quantity is anticipated to be small compared to
the amount deposited on the floodplain. As flow contracts through the bridge and then expands onto the downstream floodplain, the sediment will be distributed by the floodplain
flows and, as flow velocity decreases, deposited on the floodplain. Its distribution on the
downstream floodplain is expected to be relatively uniform.
Upstream of the bridge, flows will also deposit sediment on the floodplain. The silt-bed
channel has been designed to convey only base flow and to inundate the floodplain with only minor increases in discharge. The high exchange rate of channel and floodplain water during all flows that convey suspended silt and fine sand will allow for transfer of these sediments into the surrounding floodplain wetlands. As in the downstream section, distribution
on the floodplain is expected to be relatively uniform.
Transport and deposition of fine-grained sediment within the channel will influence
channel morphology locally within the restored reaches, as will the transport and deposition
of LWD and placement of LWD grade-control structures. The potential for sub-reach-scale
changes will depend on the channel response to the LWD. Initially, scour around structures
and the deposition of fine-grained sediment upstream of structures are both likely. Both of
these processes are critical for the development of high-quality habitat. Prior to the installation of the LWD structures, the excavation of the channel and evolution by erosion of the
channel bed will result in a fine-grained streambed that would be consolidated and difficult—if not impossible—for some burrowing species (i.e., mussels and other crustaceans) to
colonize. The placement of woody debris in the channel will create backwater areas that will
be prone to deposition of fine-grained sediment over the consolidated soil. While deposition
will be thinnest, more temporary, or possibly non-existent immediately downstream of
woody debris structures, where channel velocity will be highest, deposition of up to 2 ft of
fine-grained sediment is anticipated over at least 25% of the channel bed. The maximum
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thickness of the fine-grained deposit over the bed will be controlled by the supply of sediment and the elevation of the woody debris structures relative to the stream bed.
After this short-term response, significant reach-scale (i.e., 5-10 channel widths) channel change is expected to be limited due to the absence of coarse sediment and limited sand
supply. Suspended silt, clay, and fine sand that are not stored in upstream reaches will be
routed through and temporarily stored throughout the designed channel or permanently
stored on the floodplain without causing significant reach-scale pool loss or channel aggradation above the level of LWD structures. Other sub-reach-scale changes that may occur include intermittent local bank erosion, short channel avulsion, and side channel formation
around LWD obstructions; formation of new pools through locally intense scour; channel
narrowing; and floodplain accretion.
Little Joe Creek
Initially, Little Joe Creek will store silt, sand and pea gravel supplied by the Little Joe
Creek watershed and silt supplied by floodwaters from Obion Creek. These sediments will
be stored between the LWD grade-control structures. The accumulation of sediment will
continue until the bed slope between grade control structures has increased to transport the
supplied load. After the bed slope between large woody debris structures has developed, it
will fluctuate based on sediment supply. Most sediment supplied to the restored Little Joe
channel, however, will be transported to Obion Creek over periods of one to several years.
The scour hole at the north KY-307 bridge will buffer the supply of sediment from the
Little Joe Creek watershed. During events that transport sand and gravel in Little Joe Creek
to KY-307, most of the sediment is expected to be deposited in the scour hole at the north
bridge because of its relatively large cross-sectional area (approximately 45 ft wide and 7 ft
deep). Obion Creek flood flows that contract through this bridge will then mobilize and
transport these sediments to the floodplain downstream of the north bridge as floodwaters
expand across the floodplain. During these types of floods, a relatively small portion of the
total sand and gravel load is expected to be transported into the restored reach of Little Joe
downstream of the north bridge because it will be in backwater during these events.
The potential for sub-reach-scale changes will depend on the channel response to the
LWD structures. Initially, scour around structures and the deposition of fine-grained sediment upstream of structures are both likely. Both of these processes will be critical for the
development of high-quality habitat. Other sub-reach-scale changes that may occur include
intermittent local bank erosion, short channel avulsion, and side channel formation around
LWD obstructions; formation of new pools through locally intense scour; channel narrowing; and floodplain accretion.
Obion and Little Joe Creeks
The restored channel types may change in reaches of both Obion and Little Joe creeks.
Constructed single-thread E- or C-type channel reaches could change to wetland-like (DA)
channels, especially in areas of debris accumulation where flow will be likely to carve new
side channels on the floodplain. Conversely, reaches constructed with multiple channels
(DA) may revert to single-thread reaches as side channels aggrade and atrophy. Sediment
transport paths and local sorting patterns within these anabranched reaches may be highly
variable as sediment inputs are routed through the separate channels. As a result, while
changes in reach boundary elevations are expected to remain small (less than 1.9 ft), withinreach bed slopes, topography, and organic matter retention and distribution should be more
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dynamic than in the single-thread portions of the restoration. The degree and rate of change
will depend on the imposed sediment load characteristics (quantity, frequency, and caliber),
organic debris input characteristics (diameter, quantity, and length), and the effects of
floods. In backwater areas, substrate composition may change from sandy-silt to silt and
clay.
At the confluence of Little Joe with Obion, some limited local instability is anticipated.
Little Joe Creek transports pea gravel and sand. During or after the monitoring period, Little
Joe Creek may form at its mouth a delta that extends into Obion Creek, introducing coarse
sand and gravel into Obion Creek. The delta may force lateral movement of the Obion Creek
channel, and some gravel and coarse sediment may be transported and stored as a riffle in
the bed of Obion Creek. These short reaches of gravel substrate will increase the diversity of
in-channel habitat.

2. Technology Selection Process
2.1 SITE SELECTION FACTORS
The project site was identified by the Kentucky Department of Fish and Wildlife Resources as a potential in-lieu fee mitigation site. This site was selected for a variety of reasons, including degree of physical impact, landowner cooperation, water quality, likelihood
of success, proximity to locations where fees were generated, proximity to prior restoration
work within the watershed, and the potential for additional stream work within the watershed. The project site is contiguous with the Obion Creek Phase I site located immediately
downstream (west) of KY-307. Channel reaches downstream from the Phase I segment offer
the potential for future restoration work and would connect with the upstream portion of a
KDOW Exceptional Use Water stream reach.
The following conditions and characteristics of the restoration site make it conducive to
re-establishing sustainable and self-maintaining ecological functions:
 Floodplain size. The entire widths of the natural floodplains of Obion Creek
(2500-4000 ft) and Little Joe Creek (1500-2000 ft) are available and sufficient for
conveying flood flows while supporting stream and riparian functions.
 Substrate and sediment supply. The supply of sand and silt to the restoration site is
high, but most of this sediment is stored on the floodplain near the channelized Obion
Creek. Consequently, the supply of silt and fine sand to the proposed Obion Creek
channel will be relatively low and should be less than can be conveyed by the channel. The silt and sand transported through and deposited in the low-gradient channel
will also make suitable substrate for habitat.
 Surface water hydrology. The restoration site is expected to continue to receive hydrologic inputs from a primarily rural/agricultural watershed with little urban development, and hydrologic conditions associated with land use are not expected to
change significantly.
 Groundwater hydrology. The elevation and duration of soil saturation levels are expected to decrease with the drawdown of ponded surface water. The site’s nearsurface aquifer is perched, however, and the low-conductivity soils and local hydrology will sustain groundwater at levels sufficient to maintain wetland hydrology.
 Water quality. Existing water quality is expected to support biological functions.
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 Soils. Existing floodplain soils have high productivity potential and should support
succession and re-establishment of riparian vegetation. The in-situ seedbed is expected to naturally germinate.
 Landscape connectivity. The site’s existing bottomland wetlands will offer refuge areas, buffers, and green space. Limited development within the watershed offers the
opportunity to enhance connectivity between landscape elements without having to
accommodate adjacent competing land uses.
2.2 MAINTENANCE PLAN
Following completion of construction, minor maintenance may be required for such
things as repair of localized bank erosion, stabilization of LWD structures, and control of
invasive non-native vegetation. ULRF will be responsible for project maintenance for the
first year after construction. KDFWR will be responsible for project maintenance after that
time. Post-construction visits will be at least quarterly for Year 1 and twice per year during
Years 2-5. KSNPC will be responsible for vegetative monitoring and maintenance for
Years 1-5.
Maintenance of Constructed Features
Maintenance of constructed features within the restoration site will include installation
of any necessary modifications or enhancements to improve the stream restoration, the hydrologic conditions, and the habitat. The modifications or enhancements will be based on
observed and measured restoration performance measures during the monitoring period.
Recommended modifications will be reviewed and approved by both KDFWR and KSNPC
prior to their implementation.
Changes in the channel or floodplain configuration immediately downstream of the restored reach could influence channel configuration in the restored reach. Of particular concern would be downstream changes leading to headward propagation of bed degradation. In
sections of Obion Creek near Bugg Road, LWD has recently been removed to improve flood
conveyance. The removal of these grade control features has already initiated channel incision that is likely to migrate up to the Phase I restored channel and the Phase II project
reach. LWD structures installed at the downstream end of the project reach will reduce the
potential for a decrease in the elevation of base level controls and subsequent bed degradation. ULRF and JPF will meet with area residents to discuss alternative measures that would
preserve the grade control and habitat provided by LWD while also addressing the issues
that have led the residents to alter the channel.
Exotic and Undesirable Species Control
Vegetative colonization of the disturbed areas of the site will be assessed semi-annually
during the monitoring period to evaluate the need for preventive maintenance. Measures to
ensure establishment and survival of native vegetation will be implemented as necessary, at
the responsible party’s discretion. In order to limit invasive species establishment, KSNPC
may request re-seeding with a cover of annual rye if vegetation is not establishing to density
and composition parameters similar to pre-disturbance levels. Exotic vegetation may be
removed and competing vegetation may be controlled to enhance native plant survivorship
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and to meet project performance standards. Treatment will be conducted at the time
determined to be most optimal for the effective control of the invasive species.

3. BMP Locations
The project site is located in Hickman County, Kentucky, 8.5 mi northeast of Clinton.
The nearest community is Beulah, located 2 mi north of the site on KY-307.
Coordinates: 36.7383°N, 88.8685°W (Obion Creek at KY-307)
36.7117°N, 88.8371°W (south/upstream boundary of restoration site)
UTM Zone: 16
The site lies on the Dublin, Kentucky, USGS quadrangle within the Mississippi River
Basin (HUC 08010201). An unnamed ditch (Ditch 1) is a tributary of Little Joe Creek,
which is a tributary of Obion Creek, which flows into the Mississippi River at Hickman,
Kentucky.

4. Notification
Kentucky Division of Water, NPS Section, will be notified by phone or email prior to
BMP implementation.

5. Financial Plan
The project budget includes the estimated costs for relocation and re-construction of
Little Joe Creek. The total amount of funding for this project is $218,620, with 60% of the
funding ($131,172) coming from Section 319(h) funds, and 40% non-federal match
($87,448) coming from Kentucky Department of Fish and Wildlife Fee In Lieu of Mitigation (FILO) funds.
Personnel: A Project Coordinator will be hired locally. It is expected that 0.4 PY will be
needed for their time, with expenses of $16,000, with all $16,000 charged to EPA 319(h).
The Project Coordinator will be the on-site construction supervisor during that phase of the
project, and also assist with the development of an educational program for this project.
Supplies: Locally, supplies for this project include equipment required for paper/copier/
printer supplies to complete reports, and technology necessary to complete BMP implementation and project management. This will cost $1,040, which will all be charged to the EPA
319(h) grant.
Equipment: The JPF will need software and equipment for the project management with a
total cost not to exceed $500. This may include gps, computer hardware, or computer software.
Travel: Locally, the Project Coordinator will require regular visits to the site during construction. Round trips from Mayfield to the site of 50 miles plus the cost of travel will be
$1,000. Another $500 is in the travel budget to cover a trip for the Project Coordinator to attend planning and construction orientation in Louisville with the U of L design personnel.
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An additional $1,500 is included in the travel budget for the project coordinator to hold
education and outreach programs with local citizens.
Contractual: Contractual expenses for this project total $190,238. This will include all
stream design and drafting work, BMP implementation design, and earthwork for BMP implementation. The Kentucky Department of Fish and Wildlife Resources (KDFWR),
through Fees In Lieu Of (FILO) program is funding a contract for the restoration of the main
stem of Obion Creek. For the administrative oversight, design and/or construction portion of
the FILO project, $87,448 will be used as match for this 319(h) project to restore Little Joe
Creek, a tributary of Obion Creek. Earthwork for the project will be performed by the JPF at
the projected expense of $148,416. Of this total for earthwork, 60% will be charged to the
EPA 319(h) grant. The remaining 40% will be provided through the KDFWR FILO program. A team composed of personnel at the UofL Stream Institute, Department of Civil and
Environmental Engineering will be contracted to complete the stream design and draft work,
and the BMP implementation design. This team will include: Project Director - Hydraulics/Sediment Transport Specialist; Soils Engineer; Senior Research Project Engineer; Research Project Engineer; Geomorphologist; Project Coordinator/Geologist; Research Technical Writer; and Engineering Research Assistants. The purpose of the project is the
restoration of an anabraided 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 an assessment of the stream
corridor upstream and downstream from the project site.
Personnel included in the project include hydrologists, 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 of the stream corridor, and conduct postimplementation 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. 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 reach 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.
Operating Costs: The JPF will administer the construction work, lease the required equipment and employ the operators to perform the earthwork. Also, the JPF will develop the
agreements, prepare permits, perform record keeping, & billing, and provide insurance. As
the Lead Agency, the JPF requires $6,842 of the project total to cover these overhead costs.
Other: It is not anticipated that all the funds budgeted in this category will be used to hold a
field day on site, showing the success of the project to local landowners and interested par-
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ties. However, JPF would like to have a field day contingent upon project completion in a
timely manner, site characteristics, and site access, but there is a chance the site may prevent
this field day from being held. Should the site not allow for a field day, these funds and/or
any remaining funds will serve as contingency funds for other project expenses upon approval from the KDOW.

6. Maintenance Agreement
The restoration site east of KY-307 will remain the property of KSNPC following project completion and will be protected in accordance with 400 KAR 2:090. KSNPC manages
the land surrounding the restoration site east of KY-307 and maintains signage on it.
The portion of the site west of KY-307 lies within the Wallace tract of the Obion Creek
Wildlife Management Area (WMA). This portion of the site will remain the property of
KDFWR and will be protected in accordance with 301 KAR 3:010. KDFWR will visit the
site annually to ensure that it is protected.
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Figure 1
aqua.

Existing channel planforms and site conditions. Remnant Obion Creek channel and remnant segment are both shown in
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Figure 2 Obion and Little Joe restoration plan showing the temporary berm (in magenta) and a typical proposed cross section at
the location of a grade control structure.
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Figure 3 Obion and Little Joe restoration plan showing proposed monitoring locations. Vegetation monitoring areas—including
potential ingress/egress paths, in-channel berms, and disturbance areas near the channels—are shown in light green. The approximate boundary of the mitigation site is shown in red. Monitoring locations are subject to change depending on as-built conditions.
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