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Project Objectives

The general objectives at this stream mitigation site were to improve water quality, fisheries
habitat, riparian quality and stability of Big Warrior and Little Warrior Creeks and the various
tributaries to these creeks at this site. A number of activities were undertaken to accomplish these
primary objectives. At eroding sections, the stream banks were reshaped to a more stable cross-
sectional profile. Channels that had been straightened and were incised were modified to a more
sinuous pattern with lower banks. Areas of high bank stress were protected using structures or by
realigning the channel. Structural improvements were made to improve aquatic habitat. Sections
where channel morphology had been destroyed by livestock, had the dimension, pattern and
profile reestablished to concentrate flow in a single channel and improve habitat. Disturbed
sections of the riparian zone were sloped and planted with native vegetation. Livestock were
excluded from the riparian zone to protect vegetation while alternative watering sites and
livestock crossings were developed. Initially grasses, sedges, rushes, and other herbaceous
vegetation were seeded throughout the riparian zone. During the dormant winter season, bare
rooted trees and live stakes of woody species were planted extensively from the bankfull elevation
up-slope to the easement line. This project consisted of restoring severely degraded channels as
well as the enhancement of channels that were degraded, but morphologically not as badly
impacted. Specific objectives for the A, H & W Farm site are described below. The methods
used to achieve these objectives are described in the following sections.

1. Establish a conservation easement along Big Warrior Creek, Little Warrior Creek and
tributaries to allow for the proper dimension, pattern and profile and to protect vegetation and

channel morphology.

2. Connect Big and Little Warrior Creeks to their floodplains, in areas where they had become
incised, by lowering the banks and increasing channel sinuosity (priority 2 restoration).

3. Modify dimension and profile along upper Big Warrior Creek to dissipate energy over this
steeper reach and realign the channel where it was eroding into steep slopes.

4. Increase the pool habitat along both creeks by constructing cross-vane structures.

5. Plant native trees, bushes and ground cover that will stabilize the creek banks, shade the
stream, and provide wildlife cover and food.

6. Enhance fish habitat with structures constructed from natural materials along the primary
channels.

1. Control existing erosion and sedimentation problems by grading and vegetating problem areas.

8. Construct fences and stream crossings where needed to protect the stream riparian buffer
established through the conservation easement.

9. Install a livestock watering system in fields where cattle are fenced out of the stream, so that
the livestock will no longer need to drink from the creek.



General Construction Narrative

Construction at this site was done over a 12-month period with most of Big Warrior Creek
being restored under an informal contract with P.G. Park Grading and Little Warrior Creek being
restored under a separate informal contract with J & N Mowing. Both of these informal contracts
were advertised, a pre-bid meeting was held with potential bidders and the lowest bidder was
awarded the contract. Construction on Big Warrior Creek began on August 31, 2001 and ended
on November 7, 2001 afier 54 days of work. Construction began at the upper easement line and
continued downstream to the upper end of the bottom pasture. We stopped work at this point
because it was late in the year for vegetation to germinate and grow and the landowner wanted us
to stop at a cross fence for the winter. We began construction under the second informal contract
on April 22, 2002, and continued until August 30, 2002, for a total of 67 days. We began at the
point where we stopped in November and finished Big Warrior Creek in about 2 weeks. At that
point we moved to Little Warrior Creek and completed it in the remaining time. Each contractor
provided two track-hoes, one rubber tired loader, dump trucks and hand labor, as needed. Access
to the site was from Highway 18, Andrews Road SR-1126, farm roads and across the
landowner’s property. Rootwads were provided by NCDOT from the Highway 441 construction
project. We hauled the rootwads to the site under the 1* informal contract and distributed them
around the site as needed for construction. Large boulders were purchased from a quarry in
Lenoir, NC and hauled to the site as they were needed during construction.

Construction began at the upstream end of each creek and continued downstream with work
on the tributaries being done as they were encountered. Vertical eroding banks were sloped,
vegetated and erosion control materials installed. Excess soil was moved to sites on the farm
where is could be used by the landowner or was used to fill the old channel on Little Warrior
Creek. J-hook vanes, cross-vanes, rootwad revetments and floodplain benches were constructed
along the channel to improve stability. The upper half of Big Warrior Creek, which had a steeper
valley slope, was constructed as a B type channel with cross-vanes creating plunge pools. The
lower half of Big Warrior Creek and most of Little Warrior Creek, had a low valley slope and was
developed as a C channel with increased sinuosity and an accessible floodplain. Livestock
management practices were installed to mitigate the impacts that stream restoration activities
would have on the farms activities. These livestock management practices included a watering
system that includes a well serving 21 watering tanks across the farm, electric fencing protecting
the easement, and stream crossings to move livestock through easement areas. The site was
vegetated with a native, riparian seed mix and a cover crop. The cover crop developed well and
stabilized the ground surface in spite of the fact that we encountered severe drought conditions
during this period. During the dormant period last winter bare rooted trees and live stakes were
planted throughout the completed reach on Big Warrior Creek. We have trees ordered for the
remainder of Big Warrior Creek and Little Warrior Creek. We also will be harvesting live stakes

during March. The trees and live stakes will be planted in March throughout the recently
completed areas.

Preconstruction Site Conditions:

Prior to construction the channels at this site were degraded due to past channel dredging,
straightening and unrestricted access of livestock. Since construction on each channel was
conducted as separate projects, the pre-existing conditions will be described separately.



Big Warrior Creek

Channel Condition - The primary channel is Big Warrior Creek; however, this reach also has three
unnamed tributary channels. There was 6540 linear feet of channel on the Big Warrior Creek
mainstem, and 2200 linear feet of channel on the 3 tributaries prior to construction. Only one of
the tributaries is a perennial stream. Big Warrior Creek at the lower end of the project drains
approximately 1.17 square miles, but only 0.7 square miles at the upper end of the site. This
appears to make a small difference in cross-sectional area. The one perennial stream that is a
tributary drains 0.18 square miles. Pebble count data indicates this stream is dominated by a
gravel substrate. A plot of the percentage of the pebble count sample in each size group indicates
a bimodal size distribution of bed material (information attached). Most of the sample was
composed of course gravel and the smaller component was composed of medium sand. The Dsy
was 11.3 mm and the Dg4 was 50 mm. Although not demonstrated by the pebble data, a fine layer
of silt often coated the bottom sediment.

The primary channel transitions from a steep valley (slope=.034, Valley Type II) to a flatter
and wider valley (slope=.012, Valley Type VIII) as you move downstream. The stream type that
existed here before the channel was degraded is difficult to determine. Based on valley slope, Big
Warrior Creek was a B type stream that transitioned to C or E stream type as the valley slope
decreased. The channel had been moved over time and had become incised. When the project
was being planned the stream type varied over the project reach, and reaches of G, F, B, D and
even E could be found at various locations.

Livestock degraded all of these channels. Bankfull was difficult to determine with certainty
because livestock had destroyed most indicators. While these streams were adjusting their banks,
the smaller tributaries had relatively stable bankfull channels. This is primarily due to the low
flows that the tributaries carry and because of the stabilizing influence of vegetation (grasses) on
the interberm. The bank height ratios for most cross-sections were high, indicating that the ability
of the channel to carry flood flows without damaging the banks is low.

Upper Big Warrior Creek above the bridge had been channelized and moved to the edge of
the field. This increased the slope of the channel and caused the channel to become incised at
various locations along the reach. The channel had been cut through ridges and was continuing to
erode these high clay banks. The upper channel had very little pool habitat and was primarily one
long riffle. In the area of the old feedlot, which is just above the bridge, the channel was
completely degraded by livestock. Dimension, pattern and profile were completely altered and for
most of the reach, the channel was in a braided condition.

Lower Big Warrior Creek below the bridge has a low slope. This reach had been channelized
and straightened in the past; however, for the most part it had not become extremely incised. A
few stable meanders developed and these were used to evaluate parameters from the reference
reach for the design. Most of this section of the creek however, continued to have low sinuosity.
The stream was cutting the banks and attempting to reestablish a sinuous pattern. This was
moderated somewhat by extensive fescue grass growth on the interberm.

Riparian Condition - The riparian zone was in poor condition. The lower reach of Big Warrior
Creek had little or no woody vegetation on its banks. The upper reach had woody vegetation
along the north bank but had little herbaceous vegetation under the trees. Lower growing
herbaceous vegetation had been damaged or removed by livestock grazing. The south bank was
vegetated by pasture grasses only. The tributaries also lack trees and erosion is extensive along
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these banks. Cattle had access to all of these creeks and grazing of the riparian vegetation and
trampling of the banks had further degraded the riparian area. While the tributaries carry none to
low flows for most of the year, they are a major sediment source during periods of high flow. The
absence of woody root-mass in the banks results in bank erosion during floods. The lack of
woody vegetation also results in the water of these creeks warming beyond a point that will

support cold or cool water fish species as demonstrated by the temperature data for August, 2001
and 2002 attached in the data section.

Little Warrior Creek

Channel Condition - The primary channel is Little Warrior Creek; however, this reach also
includes three unnamed tributary channels. There was 4610 linear feet of channel on Little
Warrior Creek and 3200 linear feet of channel on the 3 unnamed tributaries prior to construction.
All three of the tributaries are perennial streams. Little Warrior Creek at the lower end of the
project drains approximately .91 square miles, but only 0.43 square miles at the upper end of the
site. The lower most unnamed tributary drains from a 5-acre farm pond and contributes
approximately the same drainage area (.47 mi’) as LWC at their confluence. Most of this
tributaries pre-construction channel was not put in an easement since its alignment was changed
and the old degraded channel was filled. Streambed particle data indicates sand and gravel
dominate the bedload. A plot of the percentage of the pebble count sample (by count) and
subpavement samples (by weight) in each size group indicates a bimodal size distribution of bed
material. Two subpavement samples were taken because of the large difference between the 1%
subpavement sample and the pebble count. All are plotted in the attached information for
comparison. Subsample 2 is considered more representative of the reach. The pebble count is
biased toward sand because pebble counts were carried on above normal flow to the bankfull
elevation. All particles above base flow stage were sand; however, the base flow channel was
more diverse in terms of particle size classes. The heavy vegetation above base flow caused this
bias. In our analysis we used the second subpavement sample to represent the bedload, believing
that it was more representative of the size of material that moves during a bankfull flow. Most of
the sample was composed of small to medium gravel and 30% was composed of sand. The Ds
was 6.5 mm and the Dg4 was 15 mm.

The project reach is gently sloping with a relatively wide valley (Valley Type VIII) and slope
decreases (.013 to .005) and valley width increases as you move downstream. The stream type
prior to degradation was difficult to determine. Based on valley slope, Little Warrior Creek was a
C or E stream type. The channel had been moved and straightened in the past and had incised.
Prior to construction, the stream type varied some over the project reach but was primarily a G
type stream. The upper most unnamed tributary was a B or G type channel and primarily carried
highway drainage during rain events. It had a number of small headcuts due to the condition it
was left in after highway construction and due to the presence of cattle.

Livestock access to all of these streams had degraded the morphology of the channels and
eliminated riparian vegetation. Bankfull was difficult to determine with certainty because
livestock had destroyed most indicators. While Little Warrior Creek was adjusting its banks, the
smaller tributaries were relatively stable. This was primarily due to the low flows that these
tributaries carry and because of the stabilizing influence of vegetation (grasses). These tributary
channels had also widened and established floodplains. However, the floodplain area is relatively
small and steep banks border these small floodplains. The bank height ratios for most cross-
sections was high, indicating that the ability of the channel to carry flood flows without damaging
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the banks was low. These banks were eroding due to livestock access and needed to be resloped.
The upper tributary above the highway culvert, was bordered on the right bank by Highway 18.
A steep slope drops from the roadway approximately 30 to 200 feet to the creek. Drainage pipes
from this road were causing erosion and litter problems on the slope above the creek and were
contributing soil and litter directly to the creek.

Riparian Zone - The riparian zone was in poor condition. The lower reach of Little Warrior
Creek (below Andrews Road, SR 1126) had no woody vegetation on its banks. The upper reach
had woody vegetation along the south bank but little herbaceous vegetation under the trees.
Lower growing herbaceous vegetation had been limited by grazing. Most stream banks were
vegetated by pasture grasses to some degree. On Little Warrior Creek, grazing of the riparian
vegetation and trampling of the banks was a primary reason for degradation of the riparian area.
The tributaries also lacked trees and erosion was extensive along the upper banks were cattle
crossed the streams or accessed water. While the tributaries carried low flows for most of the
year, they were a major sediment source during periods of higher flows. The absence of a woody
root-mass in the banks resulted in bank erosion during floods. The lack of woody vegetation also
resulted in the water of these creeks warming to a point that was lethal to cold or cool water fish
species native to the stream (information attached).

Channel Modifications:

A reference reach in the immediate vicinity of the AH& W mitigation site could not be located.
Design specifications were determined from stable areas on the existing channels, from relic
channels in the fields or on floodplains and from a surveyed reference reach on Basin Creek in
northwestern Wilkes County (Dan Clinton, personal communication). Reference information was
taken from two separate reaches on Basin Creek, a C4 stream that drains areas of 6.8 square miles
at one reach and 7.2 square miles at the other. Dimensionless ratios of measurements taken at
these sites were compared with information taken onsite. The design was also compared with
both the Mountain and Piedmont Regional Curve information. All of this information was used to
develop the design for both Big and Little Warrior Creeks. Maps of each channel are attached
that show structures installed, pattern modifications made and livestock practices installed during
the course of this project. Longitudinal profiles, Cross-sections and photos are also attached that
detail the modifications described below.

Big Warrior Creek

Our first approach to restoring upper Big Warrior Creek was to do a priority 1 restoration and
reestablish the channel through the field. This would allow for better sinuosity and a floodplain for
the channel. However, the landowner would not agree to this, fearing that it would interfere with
his existing farming operations. Since the valley slope through this field is rather steep, any new
channe] would be a B stream type. This stream type could be successfully constructed by
modifying the existing channel in place.

A moderately steep reach, such as that found on upper Big Warrior creek above the bridge,
will normally not be as sinuous as that found in flatter valleys. Energy that is dissipated through
meanders on low slope streams is dissipated by plunge pools on steeper streams. Our approach
on upper Big Warrior was to develop a more natural series of riffles and pools. Prior to
construction most of this reach was one long riffle with almost no pool habitat. This provided
little deep-water habitat for fish and increased erosion of the banks during flooding. Long-term
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this can result in an entrenched channel; an example of this existed just above the feedlot. We
used boulders, rootwads and logs to create pool habitat along this channel. These materials were
used to build structures that provided habitat while at the same time protected the stream banks.
In areas with steeper slopes, such as the head-cut halfway up this reach, cross-vane type
structures were placed close together to transition through the area. On more gently sloping
areas these structures were moved further apart. The attached longitudinal profile shows the
increased pool habitat that was created along the channel. In locations where the stream had cut
across ridges it had created high, vertical clay banks. We moved the channel away from those
banks and developed a floodplain bench at the toe of the vertical slope. The base of this bench
was constructed with boulders and this bench was then covered with 1 to 2 feet of soil to allow
vegetation to grow. This moved the water off the foot of the clay bank and provided a floodplain
bench to dissipate high water velocities and catch any soil that drops from the clay bank.
Meanders in the channel were protected using rootwads, and in some cases J-hook vanes. Where
the channel was entrenched we lowered the banks and developed floodplains. These
modifications can be seen in the attached photos and cross-sections.

The most significant earth moving took place immediately upstream of the upper ford, where
the stream was extremely incised. We cut a temporary bypass channel and excavated a new
floodplain and channel in the dry. This reach was steep and required a number of cross-vane
structures to drop across the slope. Where Big Warrior Creek flowed through the old feedlot, the
channel was almost nonexistent. Because of the slope, the B type channel was continued from
above through this area, to the bridge. The bankfull elevation on the channel were delineated
using coir rolls and soil was filled in behind the rolls. Pools were developed using boulder cross-
vanes and log vanes. Overall, our approach on the stream above the bridge was to increase the
number of pools, provide access to the floodplain and stabilize the banks by sloping and
vegetating them. This should provide habitat and reduce the erosive force of high water.

The flatter reach of Big Warrior Creek (below the bridge) was altered to increase the
meandering pattern that it should naturally have. Meanders decrease the slope of the stream,
which in turn decrease the erosive force that the stream has during high water events. Meander
geometry for this stream was determined by measuring a few stable meanders on the existing
channel, by measuring abandoned meanders that are present in the fields and by using
measurements from a reference reach. Reference information indicated that for this drainage area
belt-width, or width over which the stream meanders, ranged from 45 to 64 feet. This data and
landowner concerns lead us to propose an average total easement width of 60 feet. There are
areas where existing uses or structures limited the width we could get for a short distance. Other
areas allowed for a greater width, but on average, a 60-foot wide easement provided the needed
belt-width. The easement along the tributaries has a narrower width since they carry much less
flow and in general have a width of approximately 40 feet. The attached surveys show the
perpetual easements that are now in place and attached to the deeds of these properties.

Increasing channel meander required that the new channel cross over the existing stream.
This required completing the new channel between crossings in the dry, moving as many animals
as possible from the old channel to the new one, turning the water from the old channel by
blocking the up stream confluence and filling the old channel. Pools were created in the meander
bends and riffles constructed to connect pools through the straighter, crossover sections. Areas
along the stream bank that receive high stress during flooding flows were protected using
rootwads and in some cases rock vanes. Meanders also had coir rolls and blankets installed to
provide stability while vegetation developed.
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Little Warrior Creek

Our initial approach to restoring Little Warrior Creek was to do a priority-1 restoration and
realign the channel through the field. This would allow for greater sinuosity and access to the
floodplain by the channel. However, the landowner would not agree to this, fearing that it would
interfere with his existing farming operation. The presence of a number of culvert crossings also
limited our ability to change the existing channel elevation. A C-type stream was appropriate for
this valley type and could be successfully constructed using a priority-2 restoration approach.

On all streams, a primary objective was to reconnect the bankfull channel to its floodplain.
This was less of a problem on the tributaries to LWC but was a significant problem on the
mainstem. Channelization in the past and down-cutting by the stream had resulted in a very
incised condition. Because the stream could not access its floodplain during flood flows,
tremendous erosion of the stream banks would occur. Over time, the stream would erode the
banks to such an extent that eventually a new floodplain would be established at the elevation of
the stream. However, this requires a great deal of time and results in the loss of pasture as tons of
soil move down the stream. For this project we lowered the banks along the channel to a bankfull
elevation appropriate for the C-type stream that was constructed.

Our approach on the upper unnamed tributary, at the foot of the slope off of Highway 18, was
to develop a natural series of riffles and pools. This reach was left by NCDOT as a long straight
drainage ditch lined with riprap. This had resulted in a number of small headcuts over the steep
section. Long-term this would have resulted in an entrenched channel and excessive
sedimentation downstream. We used boulders to create cross-vanes and plunge pools along this
steep reach were the headcuts were found. This should result in energy dissipation during storm
flows and provide wetland habitat during other times. The boulder structures should arrest any
further head cutting.

The other tributaries and the mainstem of Little Warrior Creek are flatter and were altered to
increase the meandering pattern that should naturally be found. Meander geometry for these
streams was similar to that used for Big Warrior Creek and varied slightly as drainage area
changed. The smaller channel above the confluence with the pond tributary has a meander length
of 135-feet and an average radius of curvature of 25-feet. LWC below the confluence has
approximately twice the drainage area and had a meander length of 200-feet with an average
radius of curvature of 50-feet.

Construction of meanders that moved back and forth across the existing channel followed the
same approach as was used on Big Warrior Creek, with construction being completed from
meander to meander before the next section was started. In locations where the stream cut across
ridges, it had created high, vertical clay banks. There were a couple of these sites on LWC above
Andrews Road, S.R. 1126. 'We moved the channel away from the banks and built a floodplain
bench at the foot of the bank. The bench was constructed of small boulders placed at or below
the bankfull elevation. The boulders were then covered with soil and compacted to form a surface
that was vegetated and matted with erosion control materials,

The first tributary to Little Warrior Creek drains out of a farm pond, flows under S.R. 1126
and, prior to construction, then flowed down the pasture for 400 feet to the confluence. Over
that distance the two channels ran parallel approximately 100 feet apart before coming together.
Both channels had been straightened in the past and were incised, with low habitat value. We
moved the pond tributary channel so that it connected to Little Warrior Creek higher in the
pasture and just below Andrews Road. The new channel is a meandering channel or S curve with
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a low slope through the meanders and then drops over a series of rock cross-vanes. It has a total
length of approximately 170 feet. The old channel was filled with soil excavated from stream
banks on the project. This resulted in a loss of 400 feet of degraded, incised channel and the gain
of 170 feet of naturally designed channel that will have good to excellent habitat value over time.
This channel change was done as the last channel work on the project so that access could be
maintained into the field. To facilitate access so that channel work could be done and the old
channel filled the stream was placed in a temporary bypass channel until the new floodplain and
channel could be constructed. This temporary channel was lined with synthetic erosion control
cloth and had a number of check dams constructed through its length. This was all removed as
the final channel change was done to connect the tributary to Little Warrior Creek.

The greatest obstacle to restoring the channel on Little Warrior Creek was the soils that we
encountered at this site. There was very little rock in them and they tended to wash easily. There
was also a great deal of clay present. This caused problems in two ways: vegetation grows poorly
in these soils and the soil tends to wash out from around the structures. We did get a good stand
of the cover crop in the fields and on the side slopes, but not as good on the constructed
floodplains. We are continuing to work with these areas and believe that the perennial mix will do
‘well as it develops. The day construction was completed we had a 2 to 3 inch rain in about 1
hour. This caused problems around the structures that stepped down the cross over channel to
Little Warrior Creek and to the structure we constructed to raise the pool and eliminate the drop
below DOT’s culvert under Andrews Road. It appeared that the soil dissolved away as the bed
below the structures completely mobilized during the high water event. We repaired these
structures by placing filter fabric in front of the structures and filling in front of the structures with
a layer of riprap size rock, then a layer of large washed stone. This was then buried with the bed
material. There have been a number of high water events since these repairs were made and the
structures seems to be in good shape.

Riparian Improvements:

Riparian improvements were common to both Big Warrior Creek and Little Warrior Creek
and included the following practices. The stream was reconnected to the floodplain, which
resulted in a natural condition where high water will overflow the floodplain reducing water
velocity, causing suspended soil to deposit, enriching the soil and improving water quality. Banks
at the back of the created floodplains were graded to approximately a 2:1 slope. At the interface
between the bankfull channel and the floodplain, biodegradable erosion control materials were
used to provide stability while vegetation grew. After the creek bank had been shaped and before
erosion control materials were installed, it was limed, fertilized and seeded. A temporary ground
cover of millet, wheat, or barley was seeded under the erosion control blankets. Due to extremely
dry conditions these areas were then watered using a gas powered water pump so that quick
germination would occur. A perennial seed mixture was also planted under these erosion control
materials (Table 1). We expect this mixture to be slow in developing and recognize that it is often
1 to 2 years before a good stand of the perennial plants develop. This mixture was planted
throughout the easement area. In addition to the seed mixtures, during the dormant season of late
winter, the riparian area close to the creek was planted with native woody species such as alder,
willow, dogwood and button bush. On the upper banks, we planted taller growing trees that will
provide shade, wildlife cover and food, and stability to the creek banks. Woody species were
planted as bare-rooted trees and live stakes. Plantings on Big Warrior Creek took place in winter
2002 and Little Warrior Creek will be planted in winter 2003.
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Areas of the channel that were incised had the floodplain reconnected to the stream by
excavating the existing banks within the easement down to the bankfull elevation. Banks were
protected by structural modifications when needed and by erosion control materials such as coir
rolls and coir matting. Coir rolls were used to establish a bankfull elevation where this had been
degraded and around the outside of meanders. Coir and Jute matting was used as ground
stabilization along the entire new channel. Straw was used in seeded, bare ground areas outside
of the channel. The easement along the upper tributary of Little Warrior Creek includes a wide
sloping area from Highway 18 down to the stream. The soil of this slope is unproductive red
clay, fill material. It has been grazed since originally constructed, so little vegetation has
developed. In addition water running off of the highway had caused erosion problems in a
number of areas due to drainage pipes that extended only partway down the slope. These drainage
culverts were extended to carry runoff down the slope to the channel. Screened settling basins at
the mouths of the drainage culverts, were located along the banks of the stream to capture litter
washing from the roadway. Some trees were planted along this slope during the winter of 2002
and additional trees will be planted in 2003. This area will be managed for slope stability, safety
on the roadway and maximum wildlife benefits from the vegetation.

Table 1. Native Riparian Seed mix sewn throughout the easement area at the AH&W mitigation

site.
Plant Botanical Name
Sunburst Switchgrass Panicum virgatum
Partridge Pea Chamaecrista fasciculate
Slender Smartweed Polygonum lapathifolium
Lance-leaved Coreopsis Coreopsis lanceolata
Smartweed ” Polygonum pennsylvanicum
Smooth Panicgrass Panicum dichotomiflorum
Virginia Wild Rye Elymus virginicus
Osage Indiangrass Sorghastrum nutans
Southern Arrowwood Viburnum dentatum
Biannual Evening Primrose Oenothera biennis
Bur-Marigold/Showy Tickseed Bidens aristosa
Little Bluestem Andropogon scoparius
Big Bluestem Andropogon gerardii
Silky Dogwood Cornus amomum
Ashy Sunflower Helianthus mollis
Buttonbush Cephalanthus occidentalis
River Oats Uniola latifolia

Livestock Management:

An important part of this stream mitigation plan is the exclusion of livestock from the riparian
zones of Big and Little Warrior Creeks and their tributaries. In large part, livestock management
will determine the success of the total project. The Natural Resource Conservation Service
(NRCS) developed a livestock management proposal in consultation with the Farm management
and the North Carolina Wildlife Resources Commission (NCWRC). These plans are for the entire
farm and include addressing issues on all watercourses on the farm. The estimated total cost of
the livestock practices proposed for this site is $115,689.00. These are broken down among the
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landowners as follows: Andrews - $67,101, Weston - $37,838, all others - $10,750. The attached
map of agricultural practices details the practices that have been and are being installed. The
landowner or a designated contractor hired by NRCS can do the installation of these practices.

At this site the landowners chose to do the installation. The have completed many of the planned
activities but still have some fencing to complete and a few watering tanks to install. The NRCS
administers construction of all phases of this part of the mitigation plan. The WRC and NRCS
will monitor the functioning of these practices during their initial 2 years of operation. After this
period, the landowner is responsible for those practices that are not within the easement. This
primarily refers to the watering system. The NCWRC will continue to maintain the fence and
crossings. Landowners are expected to do minor fence and crossing maintenance, which may be
required, such as tightening due to cattle pushing the wire, farm equipment damaging the fence or
gates and removing debris that may block crossings.

Fencing: Approximately 28,000 linear feet of fencing has been or is being installed to protect
the easement at this site. The map of the site, shows the location of fencing. We are fencing
livestock out of all streams within the easement. This will include any length of the easement line
along each primary stream and their tributaries where livestock might access the easement area.
In those areas where cattle will not be pastured a fence is not required, for example on upper Big
Warrior Creek were the cattle will only be on the pasture side of the easement or on upper Little
Warrior Creek were the cattle will be on the pasture side of the easement and not in the woods.
Where no fence is constructed, a provision in the easement agreement leaves this option open to
the NCWRC if it is needed to protect the easement in the future. Five tributaries have crossings
proposed and to install the crossings we will have to protect the channels with an easement and
fencing. The proposed fence is a permanent, high tensile electric fence.

Watering facilities: The fencing needed to protect the easement will remove the water source
livestock presently use on this farm. A watering system has been installed that should provide
sufficient water for the number of cattle that these pastures can support. This should provide
better quality drinking water than the creeks and improve livestock health. Twenty-one watering
tanks are being installed on the entire farm. The division of these tanks by pasture can be seen on
the accompanying map. A well was drilled and connected to existing farm wells to supply water
under pressure to all of the watering tanks on the system. Tanks are rectangular two or four hole
tanks, constructed of thick walled plastic. The tanks are insulated and should not freeze if the
cattle use them enough to keep water flowing through the system. Water supply lines are all
buried and should not freeze. Tank locations are hardened for high use and kept well away from
the easements.

Cattle Crossings: To facilitate cattle moving from pasture to pasture through the easement, a
number of stream crossings were installed. Three culvert crossings were installed on the small
tributaries to Big Warrior Creek. These were sized to be sufficient for carrying the 10-year storm.
Culvert crossings installed at this mitigation site consisted of a large pipe that carries base flow as
well as storm flow and a smaller culvert placed at the bankfull elevation to carry storm flow that is
moving across the floodplain. Two existing culverts in the upper pasture on Big Warrior Creek w
be extended so cattle can pass over these tributaries. These crossings are to be managed by being
open, as farm operations dictate. The bridge below the present feedlot was upgraded with
decking so that it can be used to move cattle from one side of Big Warrior Creek to the other.
Future maintenance of this upgraded bridge is the responsibility of the landowner. Two ford type
crossings were installed on Big Warrior Creek at the lower end of the upper pasture and in the
middle of the lower pasture. These fords were constructed using a 4-inch Terracell structure that
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was back-filled with stone. Below each structure a cross-vane was built to maintain the grade
across the crossing. The fords should be maintained as limited access crossings and opened to
move cattle from pasture to pasture, but not left open for cattle to use at will. The reason for this
is that one objective of this project is to improve water quality and if cattle have constant access
to the stream there will be water quality degradation. A culvert crossing was installed on the small
tributary to Little Warrior Creek below the Ham house. This culvert was built in the same way as
the Big Warrior culverts were constructed. Four ford type crossings were installed on LWC.

One ford was built at either end of the large box culvert under Highway 18 and two at the top on
each end of a cattle trail built around a narrow section on upper Little Warrior Creek near
Highway 18. These last two crossings will allow the cattle to move along a cattle trail through
the woods and up to the upper pasture on L WC, while keeping them out of the easement. These
will be stoned crossings, gated to limit access. Two existing culverts under Highway 18, in the
upper pasture on Little Warrior Creek, were extended so cattle can pass over these tributaries,
while allowing the rest of the tributary to be fenced.
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Mvc-003s, AH&W 98-12-9

DSC00243, 3/1/30
Reach is above the last Left bank meander, in the lower pasture, on Big
Warrior Creek. Photo is taken from inside the easement looking upstream.
This is series number 3 from the BWC reference photos.




DSC00248, 3/1/30
Reach below the high clay bank, in the lower pasture, on Big Warrior Creek.
Photo is taken from the top of the bank looking downstream. This is series
number 7 from the BWC reference photos.



DSC00249, 3/1/30
Reach showing the high clay bank and above, in the lower pasture, on Big
Warrior Creek. Photo is taken from the top of the bank looking upstream.
This is series 8 from the BWC referenece photos.



DSC00249, 3/1/30
Bend at the end of the middle pasture, on Big Warrior Creek.
Photo is taken looking downstream from just above the bend. This
is series number 13 from the BWC reference photos.



MVL-UULO, AFGVY YO-1IL-Y

DSC00256, 3/1/30
Reach is in the middle of the middle pasture, on Big Warrior Creek.
Photo is taken from a point bar looking upstream. This is series
number 15 from the BWC reference photos.



Reach below the Feed Barn, in the middle pasture, on Big Warrior Creek.
Photo is taken from the property line survey point looking downstream. This
is series number 17 from the BWC reference photos.






Reach is in the middle of the feedlot, on Big Warrior Creek. Photo is taken
from the right bank, just below survey point 1A44, looking upstream. This is
series number 27 from the BWC reference photos.






DSC00273, 3/1/30
Reach is in the upper end of the feedlot, on Big Warrior Creek. Photo is
framthe left bank, just above the old cross-fence at survey point 1A45
looking downstream. This is series 30 from the BWC reference photos.



DSC002e3, I\
Reach is in the middle of the upper pasture, on Big Warrior Creek. Photo is
taken from the right banA just below s.p. 1A65 looking downstream to
eroding clay banA area. This is series 52 from the BWC reference photos.






DSC00298, 3/1/30
Reach is at the upper end of the upper pasture, on Big Warrior Creek. Photo
is taken from the left bank looking downstream to the single locust tree and
cross-vane. This is series 58 from the BWC reference photos.
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PEBBLE COUNT INFORMATION




THIS SURVEY IS OF ANOTHER CATEGORY, SUCH AS THE RECOMBINATION
oF EXISTING PARCELS. A COURT-ORDERED SURVEY, OR OTHER
IXCEPTION TO THE DEFMITION OF SUBCIVISION,

STATE : 1

PIS NUMBERE.
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Profile Information for Upper Pasture
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Longitudinal Profile Information for Middle Pasture
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Longitudinal Profile Information for the Lower Pasture
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Little Warrior Creek
As-built Stream Restoration
Data

Survey

Project modifications

Reference Photo Locations

Photos of Big Warrior Creek

Pebble Count Data

Cross-section & Longitudinal Profile Locations
Cross-section (Dimension) Data

Longitudinal Profile Data
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Survey of the Easement line along Little Warrior
Creek and unnamed tributaries.
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US of willow,01-7-19 thermo & crossing

DSC00320, 03/1/31
Reach is the lower end of the lower pasture, on Little Warrior Creek. Photos are
taken from just upstream of survey point 2A38 looking upstream
This is series number 4 from the LWC reference photos.



DSC00319, 03/1/31
Reach is at the lower end of lower pasture below Hwy 18, on Big Warrior Creek.
Photo is taken from just above the large willow looking upstream.
This is series number 3 from the LWC reference photos.





















Pebble Count Information from Little Warrior Creek
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Longitudinal Profile Information for the Upper Pasture on Little W
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Longitudinal Profile Information for the Lower Pasture, Little Warior Creek
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Water Temperature Data
for
Big and Little Warrior Creeks
2001 and 2002

Locations of Onset Thermometers
Big Warrior Creek
Little Warrior Creek
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