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1.0 EXECUTIVE SUMMARY

The South Muddy Creek Stream Restoration Project (Project) was restored by the North Carolina Ecosystem
Enhancement Program (NCEEP). The Project restored, enhanced, and/or preserved 7,408 linear feet (LF) of
stream and 1.56 acres of wetland in the South Muddy Creek Watershed in McDowell County, NC. The
Project includes work at two sites: 2,787 LF of South Muddy Creek at Sain Road and 4,621 LF of South Fork
Hoppers Creek and three tributaries (UT1, UT2, and UT3) at the Melton Farm. The sites are located within
the Muddy Creek Local Watershed Plan (LWP), identified by the Muddy Creek Partnership, (NCDENR,
2003). Wetland activities consisted of the restoration of 1.23 acres and the enhancement of 0.33 acres
adjacent to South Fork Hoppers Creek.

Both sites have been used historically for agriculture and South Fork Hoppers is currently being used as
pasture for livestock grazing. South Muddy Creek was previously straightened and disconnected from the
floodplain by channel incision. Excessive shear stress forces on the bed and banks had caused erosion. The
South Fork Hoppers Creek and its tributaries have been impacted by livestock and were incised and eroded.
Channel incision along South Fork Hoppers Creek resulted in the lowering of the water table; therefore,
dewatering floodplain wetlands.

The Project goals for both sites were to restore each channel to geomorphically stable conditions, restore
connectivity to the floodplain, improve water quality in the watershed, improve aquatic and terrestrial habitat,
and protect the South Fork Hoppers Creek Watershed from nearby rapid development, and to restore wetlands
in a Piedmont/Low Mountain Alluvial forest along South Fork Hoppers Creek. To accomplish these goals the
Project objectives are outlined below for each site:

South Muddy Creek

e Excavate a wide floodplain bench and construct a new channel with stable dimension and pattern.

e Restore channel access to the floodplain during bankfull or larger storm events to increase hydrologic
connections and alleviate erosive shear stresses.

e Incorporate bedform diversity with varied in-stream structures to provide a variety of aquatic habitats.
e Treat the floodplain for invasive species vegetation.

e Reestablish a native species vegetation riparian buffer to improve terrestrial habitat and eliminate
excessive sedimentation from erosion.

South Fork Hoppers Creek

e Stabilize eroding channel banks by implementing a combination of Priority | restoration and
Enhancement I1.

e Increase floodplain connectivity to restore historic floodplain wetlands.
e Incorporate bedform diversity with varied in-stream structures to provide a variety of aquatic habitats.

e Reestablish a native species vegetation riparian buffer to improve terrestrial habitat and eliminate
excessive sedimentation from erosion.

e Restore and enhance existing floodplain wetlands, where feasible.

¢ Eliminate livestock access to the channel to improve water quality and reduce erosion from hoof
shear.

Each site’s As-built condition closely mimics that proposed by the design. Differences are outlined below:

e Large storm events, during the construction phase, cause newly established riffles on South Muddy
Creek to migrate downstream and fill pool areas. Therefore, at the end of construction, riffles
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between Stations 25+25 and 31+50 were regraded to reduce riffle slope and to remove bed material
from each pool increase pool depth,

e  After the as-built survey was conducted along both South Muddy Creek and South Fork Hoppers
Creek, geo-lifts and brush mattresses were installed, on some outer meander bends, to reduce bank
erosion,

e After the As-built survey was conducted on South Muddy Creek, diversion ditches were installed
along the perimeter of the spoil area to redirect excess flows into areas with erosion control matting,
reduce erosion rilling, and promote site stabilization, and

e Bare root plantings of Sugarberry, Blackgum, and Swamp Chestnut Oak were replaced with
Cherrybark Oak, American Hornbeam, and Easter Cottonwood due to lack of plant availability (See
Section 4.3 — Vegetation Data for changes in planting density of revised list).

Bio-engineering measures, diversion ditches along the perimeter of the spoil area, and wetland gauges at
stations 13+95 and 19+60 on South Fork Hoppers Creek were installed after the as-built surveys were
conducted. Therefore, these structures are depicted on the record drawings as opposed to the As-built plans.
Bioengineering measures need to be geographically located during the Year 1 Monitoring Period and
submitted with the Year 1 Monitoring Report. Locations of the wetland gauges installed post-As-built survey
were located during installation using a GPS locator to sub-meter accuracy. Location of the diversion ditches
are not needed since they are not located within the conservation easement and will not be monitored.

This report documents the completion of the restoration construction and presents As-built monitoring data
for the five-year monitoring period. Table 1 summarizes site conditions before and after restoration as well as
the conditions predicted in the previously approved site restoration plan and is located in Appendix A.
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2.0 PROJECT GOALS, BACKGROUND & ATTRIBUTES

2.1 Project Location and Description

The South Muddy Creek Stream Restoration Project (Project) is located in the Catawba River Basin near
Marion, North Carolina. The Project lies within the NCDWQ sub-basin 03-08-30 and hydrologic unit
03050101040-020 (NCDENR, 2004). The Project includes work at two sites: the South Muddy Creek Site
and the South Fork Hoppers Creek Site. Directions to these sites are outlined below.

South Muddy Creek Site

The South Muddy Creek Site is located approximately nine miles southeast of Marion in McDowell County,
North Carolina, as shown in Figure 1 in Appendix A.

Driving directions to the South Muddy Creek Site are as follows.

e From I-40, take State Route 226 South (I-40 exit 86).
e Continue approximately 10 miles south.
0 Turn left onto Trinity Church Loop.
0 Turn left onto Dysartville Road. Continue approximately 1 mile.
0 Turn left onto Sain Road. Continue approximately 0.5 mile to the bridge at South Muddy Creek.

South Fork Hoppers Creek Site

The South Fork Hoppers Creek Site is located approximately 10 miles southeast of Marion in McDowell
County, North Carolina, as shown in Figure 1 in Appendix A.

Driving directions to the South Fork Hoppers Creek Site are as follows.

e From I-40, take State Route 226 South (I-40 exit 86).
e Continue approximately 10 miles south.
0 Turn right onto Landis Lane. Continue approximately 1 mile. Bear right at a fork in the road to
stay on Landis Lane. Continue approximately 2 miles.
0 The Melton Farm will be on the left, at sharp curve to the right.

Both South Muddy Creek and South Fork Hoppers Creek are classified by the NCDWQ as Class C waters
(DWQ Index No. 11-32-2 and 11-32-2-9-1, respectively). Based on North Carolina’s tributary rule, the
tributaries would also be considered Class “C” waters (NCDENR, 2007). South Muddy Creek has seen
improving water quality in the past monitoring cycle as demonstrated by the benthic macroinvertebrate Use
Support rating increase from ‘supporting but threatened’ in 1998 to ‘supporting’ in 2004. However, the
Catawba River Sub-basin Plan (NCDENR, 2004) continues to identify the Muddy Creek Watershed as
impacted by excessive sediment loads and notes that this watershed is a prime candidate for restoration and
enhancements. Figure 1 in Appendix A depicts the basin boundary and HUC for the Project sites.

South Muddy Creek and South Fork Hoppers Creek lie within the Piedmont physiographic province, as
described by Medina et al. (2004), as “...consist(ing) of generally rolling, well-rounded hills and ridges with a
few hundred feet of elevation difference between the hills and valleys.” Characteristic of the Inner Piedmont
Belt, the sites are comprised mainly of thinly layered mica and biotite gneiss. The geology within the South
Muddy Creek is mapped as migmatitic granitoid gneiss that is described as medium- to coarse-grained, gray,
thickly layered gneissic biotite granite to quartz diorite. The South Fork Hoppers Creek Site is mostly
underlain by migmatitic granitoid gneiss with lesser amounts of schist, quartzite, and inequigranular biotite
gneiss mapped along or close to the western edge of the South Fork Hoppers Creek Site in the vicinity of UT2
(Goldsmith, 1988).
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Soil types were researched using Natural Resources Conservation Service (NRCS) soil survey data for
McDowell County, along with on-site evaluations. The predominant soils within the floodplain area of the
South Muddy Creek and South Fork Hoppers Creek sites consist of Hayesville clay loam, Hayesville-Evard
Complex, and lotla sandy loam (NRCS, 2009a and 2009b).

The South Muddy Creek Watershed is predominately forested, supporting some isolated rural residential
housing, chicken farms, agricultural lands, nurseries, and several small rural residential developments. In the
early 1960’s the McDowell County NRCS constructed a flood control structure within South Muddy Creek
approximately three miles upstream from the Project area. This structure controls flows from approximately
12.4 square miles of the watershed and is located on privately-owned land and is maintained by the NRCS.
Within the Project area, the land surrounding the South Muddy Creek Site has been used predominantly for
crop cultivation while South Fork Hoppers Creek Watershed is predominantly agricultural pasture with some
forested land located in the upstream extents of UT1, UT2, and UT3.

South Muddy Creek is located in a Zone A of the regulatory FEMA floodplain, as indicated on Panel 1648 of
the FEMA Flood Insurance Rate Map (FIRM) for McDowell County, NC - Community Number 370148
(NFIP). Due to potential hydrologic trespass issues, a Rosgen Priority 1 restoration was not feasible (Rosgen,
1994). The reach was too deeply incised to re-connect with its original floodplain without causing flooding
upstream of the Project boundary; therefore, a Rosgen Priority 2 restoration approach was implemented along
the reach (Rosgen, 1994). A Priority 2 design allowed the channel to remain at its existing elevation while
alleviating shear stress through the excavation of bankfull benches. Because additional conveyance area was
provided by the excavated benches, a “No-Impact” Certification was obtained for the design reach and was
included in the Restoration Report. A Letter of Map Revision (LOMR) was obtained following construction
at South Muddy Creek to show changes in the floodplain and non-encroachment area boundary shifts due to
alignment changes of the creek. See Appendix C for a copy of the LOMR.

South Fork Hoppers Creek, nor its tributaries, within the Project site are located in a FEMA regulated
floodplain and did not require any floodplain regulatory permits prior to construction.
2.2 Restoration Summary
2.2.1 Mitigation Goals and Objectives
The specific goals for the South Muddy Creek Stream Restoration Project were as follows:

e Create geomorphically stable conditions on both the South Muddy Creek Site and the South Fork
Hoppers Creek Site,

e Improve and restore hydrologic connections between the streams and their floodplains,

e Improve water quality in the South Muddy and South Fork Hoppers Watersheds,

e Improve aquatic and terrestrial habitat along the Project corridor,

e Protect the South Fork Hoppers Creek Watershed from nearby rapid development, and

e Restore Piedmont/Low Mountain Alluvial forest wetlands along South Fork Hoppers Creek.
To accomplish these goals the Project objectives are outlined below for each site:
South Muddy Creek Site

e Excavate a wide floodplain bench and construct a new channel with stable dimension and pattern.

e Restore channel access the floodplain during bankfull or larger storm events to increase hydrologic
connections and alleviate erosive shear stresses.

e Incorporate bedform diversity with varied in-stream structures to provide a variety of aquatic habitats.
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e Treat the floodplain for invasive species vegetation.

e Reestablish a native species vegetation riparian buffer to improve terrestrial habitat and eliminate
excessive sedimentation from erosion.

South Fork Hoppers Creek Site

e Stabilize eroding channel banks by implementing a combination of Priority | restoration and
Enhancement II.

e Increase floodplain connectivity to restore historic floodplain wetlands.
e Incorporate bedform diversity with varied in-stream structures to provide a variety of aquatic habitats.

e Reestablish a native species vegetation riparian buffer to improve terrestrial habitat and eliminate
excessive sedimentation from erosion.

e Restore and enhance existing floodplain wetlands, where feasible.

o Eliminate livestock access to the channel to improve water quality and reduce erosion from hoof
shear.

The primary goal of the South Muddy Creek Stream Restoration Project was to create natural, geomorphically
stable stream types that correlate to the existing valley type. The next goal was to improve and restore
hydrologic connections between the streams and their floodplains. The final goals were to improve water
quality and aquatic and terrestrial habitat throughout the Project areas. The project goals were achieved by
providing stable channels using natural channel design with bankfull floodplain access throughout the Project
site where applicable. In-stream habitat was enhanced through the creation of riffle-pool sequences and
strategic placement of stream structures. Terrestrial habitat was enhanced through the planting of appropriate
native species vegetation along the Project’s riparian corridor. Therefore, these hydrologic, geomorphic, and
habitat features working in combination will improve flood attenuation, reduce stormwater runoff, alleviate
bank stresses and erosion, provide aeration of the water column and result in water quality improvements in
the South Muddy Creek Watershed.

2.2.2 Projection Description and Restoration Approach

The Project consists of two location sites: South Muddy Creek Site and South Fork Hoppers Creek Site. The
South Muddy Creek Site involved the restoration, solely, of South Muddy Creek, while the South Fork
Hoppers Site involved the restoration, enhancement, and preservation of South Fork Hoppers Creek and three
unnamed tributaries. In addition, the South Fork Hoppers Creek Site included the restoration and
enhancement of a riparian wetland abutting South Fork Hoppers Creek and UT1.

Based on the post-construction As-built survey, restoration consisted of a total of 7,408 linear feet (LF) of
stream channel. Restoration consisted of 2,787 LF on South Muddy Creek and 2,293 LF on South Fork
Hoppers Creek and one of its unnamed tributaries. Enhancement Il was implemented on 1,257 LF of UT1
and UT2, while 1,071 LF of Preservation was implemented on UT1 and UT3. A total of 1.56 acres of
riparian wetland was restored and/or enhanced, 1.23 and 0.33 respectively.

Approximately 19.7 acres of associated riparian buffer were restored/enhanced throughout the Project area,
while a conservation easement consisting of 27.2 acres will protect and preserve all stream reaches and
riparian buffers in perpetuity.

For design purposes, South Muddy Creek, South Fork Hoppers Creek, and three unnamed tributaries to South
Fork Hoppers Creek (UT1, UT2, and UT3) were divided into eight reaches (Figures 5 and 6, Appendix A).
South Muddy Creek flows from southwest to northeast entering the site approximately 3,000 LF upstream of
the bridge at Sain Road. The channel crosses Sain Road and continues for approximately 877 LF before
flowing offsite. South Fork Hoppers Creek generally flows from west to east. South Fork Hoppers Creek
Reach 1 begins at the western property boundary and ends at the confluence with UT1. South Fork Hoppers
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Creek Reach 2 begins where Reach 1 ends and continues to eastern property boundary. UTZ1flows south to
north and enters the site along the southern property boundary. UT1 Reach A begins at the southern property
boundary, flows through a mature forested buffer and ends just before the channel enters the existing pasture.
UT1 Reach A flows into Reach B and continues north to the confluence with South Fork Hoppers Creek.
UT2 flows from northwest to southeast entering the site at the northwest corner. UT2 Reach A begins at the
northwest property boundary and ends at the downstream end of the old hog lot. UT2B begins at the bottom
of the old hog lot and continues to the confluence with South Fork Hoppers Creek.

A holistic restoration approach was based on the condition of the overall sites and each reach’s potential for
restoration as determined during the site assessment. Design criteria for the proposed stream concept were
selected based on the range of the reference data and the desired performance of the proposed channel. The
developed design criteria were then compared to past projects built with similar conditions. Ultimately, these
sites provide the best pattern and dimension ratios because they reflect site conditions after construction.
While most reference reaches are in mature forests, restoration sites are in floodplains with little or no mature
woody vegetation. This lack of mature woody vegetation severely alters floodplain processes and stream
bank conditions. If past ratios did not provide adequate stability or bedform diversity, they were not used.
Conversely, if past project ratios created stable channels with optimal bedform diversity, they were
incorporated into the design.

Following the initial application of design criteria, detailed refinements were made to accommodate the
existing valley morphology, to avoid encroachment of the valley wall, and to minimize unnecessary
disturbance to the existing riparian forest. The design philosophy employed at both of the Project sites was to
use conservative design ratios and to allow the stream to evolve to values exhibited by reference reaches with
mature bottomland hardwood forests. This evolution will occur over time with flooding and the
establishment of permanent vegetation.

The overall restoration approach for the sites allows stream flows larger than bankfull flows to spread onto the
floodplain, dissipating flow energies and reducing stress on streambanks. In-stream structures were used
throughout all reaches to control streambed grade, reduce streambank stress, and promote bedform sequences
and habitat diversity. The in-stream structures consist of root wads, log vanes, log weirs, cross vanes, j-hook
vanes, and constructed riffles, which promote a diversity of habitat features in the restored channel. Where
grade control was a consideration, constructed riffles, log weirs, and cross vanes were installed to provide
long-term stability. Streambanks were stabilized using a combination of erosion control matting, temporary
and permanent seeding, bare-root planting, brush mattresses, and geo-lifts. The sites were planted with native
species vegetation as shown in Table 8 (Appendix D) and are protected through a permanent conservation
easement. Table 1 and Figures 5 and 6 (Appendix A) provide a summary of the Project components.

2.2.3 Project History, Contacts, and Attribute Data

The South Muddy Creek and South Fork Hoppers Creek Sites were restored by Baker through an on-call
design and construction services contract with NCEEP. The chronology of the Project is presented in Table
2. The contact information for all designers, contractors, and relevant suppliers is presented in Table 3.
Relevant Project background information is presented in Table 4. Tables 3 and 4 are located in Appendix A
of this report. As-built stationing is outlined in the Construction Summary, below, and in Table 1 in
Appendix A.

2.2.3.1 Construction Summary

In accordance with the approved restoration plan and permits, construction began with site
preparation, installation of sediment and erosion control measures, and the establishment of staging
areas, haul roads, and stockpile areas. Materials were stockpiled as needed for the initial stages of
construction. The construction contractor, Carolina Environmental Contracting (CEC), began
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construction activities simultaneously at the South Muddy Creek and South Fork Hoppers Creek
Sites.

Construction along South Muddy Creek Site began with floodplain excavation and channel
construction to design grades beginning at Station 10+00 and continuing downstream to Station
30+00 at the Sain Road crossing. The offline sections of the channel were the first stream segments
to be constructed. After bank grading was complete, pump-around operations were installed as
needed and followed by the installation of in-stream structures. Upon completion of work above Sain
Road, CEC began floodplain grading and channel construction at Station 38+41 working upstream to
Station 30+00. Excavated material was stockpiled in specified areas near existing channel sections
that were to be filled. Excess excavated dirt was disposed on-site in designated areas as specified
within the plan set. Two clean water ditches were installed on either side of the disposal area to
divert runoff around the sediment laden area. Upon completion of stream work within the site, pump
around operations, temporary stream crossings, in-stream rock check dams, and sediment and erosion
control measures were removed and all disturbed areas were seeded and mulched before leaving the
site.

Work along South Fork Hoppers Creek Site began with bank stabilization between Stations 14+00
and 18+00 on UT2 and grading of the wetland areas along South Fork Hoppers Creek. Channel
construction began with offline meanders on Reach 1 (Station 10+00 to 17+83) of South Fork
Hoppers Creek. After offline channel meanders were complete, pump-around operations were
installed, as needed, followed by bank grading and in-stream structure installation along existing
channel sections. Construction continued downstream along South Fork Hoppers, Reach 1 (Station
10+00 to 17+83) and Reach 2 (Station 17+83 to 22+44) per the approved design plans. In-stream
structures varied slightly from plans in areas where bedrock was encountered. Floodplain excavation
continued downstream in conjunction with channel work. Work along Reach 2 was halted at Station
21+20 at which point CEC began the construction of UT1B, working upstream from Station 20+85 to
10+00.

Between the time existing conditions data was collected (2007) and construction commenced (2010)
the upper portion of UT2 (Station 10+00 to 13+79) experienced significant degradation that resulted
in a steeper channel profile, and an adjoining ephemeral tributary experienced additional erosion
issues. The design on UT2 was revised to include log drop structures at the downstream end of reach
of the five riffles to hold grade and more efficiently and to dissipate energy, vertically, through the
steep system, while a revised stabilization approach was implemented along the ephemeral tributary.
The channel was filled and three boulder sills were installed across the fill to help stabilize the fill and
to allow grade to drop quickly. Plunge pools armored with rip rap were placed at the base of each
boulder sill to dissipate energy and a rip rap channel installed between sills.

Excavated material was stockpiled in specified areas near existing channel sections that were to be
filled. Excess excavated dirt was disposed on-site in the old road bed and drainage swale fill areas.
Upon completion of stream work within the site, pump around operations, temporary stream
crossings, in-stream rock check dams, and sediment and erosion control measures were removed and
all disturbed areas were seeded and mulched before leaving the site. CEC demobilized at the end of
September 2010 as most construction items were complete except for the installation of geo-lifts,
brush mattresses, and riparian and wetland plantings, which were scheduled to be completed during
the dormant season.

CEC remobilized to the site in early December 2010 and began the installation of geo-lifts and brush
mattresses. Extreme weather conditions and the holidays delayed the completion of the vegetative
structure installations and hindered the establishment of vegetative cover upon disturbed areas. Geo-
lifts and brush mattress installations and riparian and wetland plantings were complete in March
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2011. Lack of established permanent vegetation in stockpile area led to the reinstallation and matting
of diversion swales to reduce erosion. Diversion swales installations, stream work repairs, witness
post installations, and reseeding of stockpile area were finalized in June of 2011. A final walk
through of the site was conducted on June 22, 2011.

All riparian buffer areas within the Project boundaries are a minimum of thirty feet from the top of
the stream bank and are protected in perpetuity by a conservation easement that totals 27.2 acres.
Three stranded barbed wire was installed along both sides of the South Muddy Creek Site. High
tensile smooth wire fencing was installed along both sides of South Fork Hoppers Creek, UT1B, and
along the entire left side and most of the right side of UT2B. Fence locations are shown on the As-
built plan sheets.

As-built plan sheets depict actual surveyed areas with the Project area while, the record drawing
depicts any changes from the construction drawings to what was implemented on-site during
construction. Both the As-built plan sheets and the record drawing are located in Appendix E. The
As-built results for the Project, including restoration, enhancement, and preservation areas, totaled
7,408 LF of stream length and 1.56 of wetland acreage, are outlined in Table 1 of Appendix A.

3.0 MONITORING PLAN & SUCCESS CRITERIA

Channel stability, vegetation survival, and wetland hydrology will be monitored on the Project site. Post-
restoration monitoring will be conducted for five years (geomorphic stream and floodplain vegetation
components) to seven years (wetland components) following the completion of construction to document
Project success.

3.1 Stream Monitoring

Geomorphic monitoring of restored stream reaches will be conducted for five years to evaluate the
effectiveness of the restoration practices. Monitored stream parameters include bankfull flows, stream
dimension (cross-sections), profile (longitudinal profile survey), channel stability (visual assessment), and
photographic documentation. The methods used and any related success criteria are described below for each
parameter. For monitoring stream success criteria, 10 permanent cross-sections, 2 crest gauges, 4 wetland
gauges, and 59 photo identification points were established. The specific locations of these monitoring
features are represented on either the As-built plan sheets or the record drawings in Appendix E.

3.1.1 Bankfull Events

The occurrence of bankfull events within the monitoring period will be documented by the use of
crest gauges and photographs on each Project site. Two crest gauges were installed at top of bank
along the restored channels. The bottom of each crest gauge coincides with the top of bank elevation.
The crest gauges will record the highest watermark between site visits, and the gauge will be checked
at each site visit to determine if a bankfull event has occurred. Rainfall data from the Marion
automated weather station will be reviewed to corroborate on-site observations. Photographs will be
used to document the occurrence of debris lines and sediment deposition on the floodplain during
monitoring site visits.

Two bankfull flow events must be documented at the crest gauge within the 5-year monitoring period.
The two bankfull events must occur in separate years; otherwise, the stream monitoring will continue
until two bankfull events have been documented in separate years.
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3.1.2 Cross-sections

Ten permanent cross-sections were installed throughout the entire Project area. Each Project reach
has at least one riffle cross-section and one pool cross-section. Each cross-section was marked on
both banks with permanent pins to establish the exact transect used. A common benchmark will be
used for cross-sections and consistently referenced to facilitate comparison of year-to-year data. The
annual cross-sectional survey will include points measured at all breaks in slope, including top of
bank, bankfull, inner berm, water surface, and thalweg, if the features are present.

There should be little change in As-built cross-sections. If changes do take place, they will be
evaluated to determine if they represent a movement toward a more unstable condition (e.g., down-
cutting or erosion) or a movement toward increased stability (e.g., settling, vegetative changes,
deposition along the banks, or decrease in width/depth ratio). Riffle cross-sections will be classified
using the Rosgen Stream Classification System (Rosgen, 1994), and all monitored cross-sections
should fall within the quantitative parameters defined for channels of the design stream type.

3.1.3 Longitudinal Profile

A longitudinal profile will be completed annually during each year of the monitoring period. At least
3,000 feet of channel, per project site, will be surveyed each year for the longitudinal survey.
Measurements will include thalweg, water surface, left and right edge of channel, and left and right
top of bank. Each of these measurements will be taken at the head of each feature (e.qg., riffle, run,
pool, glide) and at the maximum pool depth. The survey will be tied to a permanent benchmark.

The longitudinal profiles should show that the bedform features are remaining stable (i.e., they are not
aggrading or degrading). The pools should remain deep, with flat water surface slopes, and the riffles
should remain steeper and shallower than the pools. Bedforms observed should be consistent with
those observed for channels of the design stream type.

3.1.4 Bed Material Analysis

Reach-wide pebble counts were collected immediately after construction for stream classification of
South Muddy Creek, South Fork Hoppers Creek Reach 1, South Fork Hoppers Creek Reach 2, and
UT1 to South Fork Hoppers Creek. The data is provided in Appendix B. Pebble counts will be
collected annually during post-restoration monitoring. Counts will be conducted for the permanent
riffle cross-sections (100 counts per cross-section) on the project reaches. This data will be compared
to known distributions from the existing conditions surveys. Results should indicate either
maintenance of seeded bed material or a progression towards previous distributions. Constructed
riffles were seeded with Class A, Class B, and Class 1 stone that range in size from 50 to 432
millimeters in diameter. Previous bed material distribution data is located in Table 6 of Appendix B.

3.1.5 Watershed Observations

As part of the post-construction monitoring following construction, any observed activities or changes
in the watershed will be noted and connections to onsite observations will be drawn, where
appropriate.

3.1.6 Photo Reference Sites

Photographs will be used to document restoration success visually. Reference stations will be
photographed after construction and for five years (geomorphic stream and floodplain
vegetation components) and seven years (wetland components) following construction.
Reference photos will be taken once a year, from a height of approximately five to six feet.
To ensure that the same locations are monitored photograph locations were field staked and
located during the As-built survey. Efforts will be made to take clear photos by taking photos
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on overcast days or during the early or latter portion of the day to minimize shadow and high
contrast. Photographs taken at cross sections are provided in Appendix B, while structure
photographs are shown in Appendix F. The location of each structure photo point is located
on the As-built plan sheets in Appendix E.

3.1.6.1 Lateral Reference Photos

Reference photo transects will be taken at each permanent cross-section. Photographs will be
taken of both banks at each cross-section. The survey tape will be centered in the photographs of
the bank. The water line will be located in the lower edge of the frame, and as much of the bank
as possible will be included in each photo. Photographers will make an effort to consistently
document the same view in each photo point over time. Lateral photos should not indicate
excessive erosion or continuing degradation of the banks.

3.1.6.2 Structure Photos

Representative photographs of the grade structures and a visual documentation of bank conditions
will be conducted annually to evaluate channel stability along all constructed project reaches. All
structure photos will be taken looking upstream towards the structure.

3.2 Vegetation Monitoring

Successful restoration of the vegetation on a mitigation site is dependent upon hydrologic restoration, active
planting of preferred canopy species, and volunteer regeneration of the native plant community. In order to
determine if the criteria are achieved, a total of twenty-four vegetation monitoring quadrants, twelve at the
South Muddy Creek Site and twelve at the South Fork Hoppers Site, were installed as directed by NCEEP
monitoring guidance. The total number of quadrants was calculated using the CVS-NCEEP Entry Tool
Database version 2.2.7 (CVS-NCEEP, 2007). The size of each quadrant is 100 square meters for woody tree
species. Vegetation monitoring will occur in the fall, prior to the loss of leaves. Individual quadrant data will
be provided and will include species composition, density, and survivability. Individual seedlings will be
marked to ensure that they can be found in subsequent monitoring years. Mortality will be determined from
the difference between the previous year’s living, planted seedlings and the current year’s living, planted
seedlings.

At the end of the first growing season, species composition, diameter, height, density, and survival will be
evaluated (Lee, et al., 2007). For each subsequent year, until the final success criteria are met, each site will
be evaluated between June and November.

The interim measure of vegetative success for the site will be the survival of at least 320, three-year-old,
planted trees per acre at the end of Year 3 of the monitoring period. The final vegetative success criterion will
be the survival of 260, five-year old, planted trees per acre at the end of Year 5 of the monitoring period.
While measuring species density is the current accepted methodology for evaluating vegetation success on
restoration projects, species density alone may be inadequate for assessing plant community health. For this
reason, the vegetation monitoring plan will incorporate the evaluation of additional plant community indices
to assess overall vegetative success.

Herbaceous vegetation, primarily native grasses, were planted at the site shall have at least 80 percent
coverage of the seeded/planted area. Evaluation of the herbaceous vegetation will occur annually at the same
time as monitoring of the vegetation quadrants is performed. Any herbaceous vegetation not meeting these
criteria will be evaluated to determine if replanting or other remediation is necessary and written
recommendations will be provided to EEP. At a minimum, at all times ground cover at the Project sites shall
be in compliance with the North Carolina Erosion and Sedimentation Control Ordinance (NCDENR,
NCSCD, and NCAES, 2006).
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3.3 Wetland Monitoring

Groundwater monitoring stations were installed in the wetland restoration area to document hydrologic
conditions of the restored site. Four automated groundwater monitoring stations were installed at the South
Fork Hoppers Creek site (See Figure 4 for locations). Groundwater monitoring stations will follow the
USACE standard methods found in WRP Technical Notes ERDC TN-WRAP-00-02 (July 2000).

In order to determine if the rainfall is normal for the given year, rainfall amounts will be tallied using data
obtained from the Marion automated weather station, located approximately 12 miles northwest of the Project
site.

The monitoring data should show that the site has been saturated within 12 inches of the soil surface for at
least 9% of the growing season as indicated by the DRAINMOD model and that the site has exhibited an
increased frequency of flooding. Baker used DRAINMOD (version 5.1) to develop hydrologic simulation
models that represented conditions at a variety of locations across the restoration area. DRAINMOD
indicated wetland hydrology would occur for approximately 6-12% of the growing season. The mean value
of the DRAINMOD outputs, 9% will be used for success criteria. Additional hydrologic modeling
information can be found in the Sections 5.4 and 8.2 of the Restoration report.

3.4 Maintenance and Contingency Plan
Maintenance requirements vary from site to site and are generally driven by the following conditions:

» Projects without established, woody floodplain vegetation are more susceptible to erosion from floods
than those with a mature, hardwood forest.

* Projects with sandy, non-cohesive soils are more prone to bank erosion than cohesive soils or soils
with high gravel and cobble content.

e Alluvial valley channels with access to their floodplain are less vulnerable to erosion than channels
that have been disconnected from their floodplain.

» Wet weather during construction can make accurate channel and floodplain excavations difficult.
»  Extreme and/or frequent flooding can cause floodplain and channel erosion.

e Extreme hot, cold, wet, or dry weather during and after construction can limit vegetation growth,
particularly temporary and permanent seed.

» The presence and aggressiveness of invasive vegetation species can affect the extent to which a native
species vegetation buffer can be established.

e The presence of beaver can affect vegetation survivability and stream function.

Maintenance issues and recommended remediation measures will be detailed and documented in the
monitoring reports. Factors that may have caused any maintenance needs, including any of the conditions
listed above, shall be discussed. NCEEP approval will be obtained prior to any remedial action.

4.0 MONITORING RESULTS -2010 AS-BUILT DATA

Stream and vegetation components will be monitored for five years post-construction to evaluate success.
Wetlands at the South Fork Hoppers site will be monitored for seven years post-construction. The specific
locations of vegetation plots, permanent cross-sections, crest gauges, and wetland gauges are shown on the
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As-built plan sheets. Photo points, located at each of the structures along the restored stream channel, are also
located on the As-built plan sheets in Appendix E.

4.1 Stream Data

For monitoring stream success criteria, 10 permanent cross-sections, 2 crest gauges, and 59 photo
identification points were installed throughout the Project area. The permanent cross-sections will be used to
monitor channel dimension and bank stability over time. The crest gauges will be used to document the
occurrence of bankfull events. In addition, a longitudinal survey was completed for the restored stream
channels to provide a base-line for evaluating changes in bed conditions over time. The longitudinal profile
included the elevations of all grade control structures. The As-built permanent cross-sections (with photos)
and As-built longitudinal data as well as the quantitative pre-construction, reference reach, and design data
used to determine restoration approach are provided in Appendix B. The locations of the permanent cross-
sections and the crest gauges are shown on the As-built plan sheets in Appendix E. Photographs are provided
in Appendix F.

4.1.1 Results and Discussion

Bio-engineering measures were installed after the As-built surveys were conducted. Therefore, these
structures are depicted on the record drawings as opposed to the As-built plans. Bioengineering
measures need to be geographically located during the Year 1 Monitoring Period and submitted with
the Year 1 Monitoring Report.

No results were available at the submittal of this report. As-built data will be compared with first
year monitoring data in the Year 1 Monitoring Report, scheduled for submittal to NCEEP during
December 2012.

4.2 Hydrology Data

The restoration plan specifies that four monitoring gauges would be established across the restored site. Two
gauges were installed in September 2010 and two more in April 2011 document water table hydrology in all
required monitoring locations. Since two of the gauges were installed after the As-built surveys were
conducted, the locations of these structures were collected with sub-meter accuracy GPS unit and are depicted
on the record drawings as opposed to the As-built plans.

4.2.1 Results and Discussion

No results were available at the submittal of this report. As-built data will be compared with first
year monitoring data in the Year 1 Monitoring Report, scheduled for submittal to NCEEP during
December 2012.

4.3 Vegetation Data

Bare-root trees and shrubs were planted within restoration and enhancement areas of the conservation
easement. A minimum 30-foot buffer was established along all stream reaches. In general, bare-root
vegetation was planted at a target density of 680 stems per acre, in an 8-foot by 8-foot grid pattern. Planting
of bare-root trees and shrubs were completed in March 2011. Species planted are summarized in Tables 8 and
9 in Appendix D.

The restoration plan for the site specifies that the number of quadrants required is based on the CVS-NCEEP
monitoring guidance. The total number of quadrants was calculated using the CVS-NCEEP Entry Tool
Database version 2.2.7 (CVS-NCEEP, 2007). The sizes of individual quadrants are 100 square meters. A
total of 24 vegetation plots, 12 at each site were installed. Each plot measures 10 meters by 10 meters in size.
The initial planted density within each of the vegetation monitoring plots is given in Table 9. The average
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density of planted bare root stems, based on the data from the 24 monitoring plots, is 690 stems per acre. The
locations of the vegetation plots are shown on the As-built plan sheets in Appendix D.

4.3.1 Results and Discussion

No results were available at the submittal of this report. Vegetation survival is to be compared with
first year monitoring data in the Year 1 Monitoring Report, scheduled for submittal to NCEEP during
December 2012.

4.4 Areas of Concern

Invasive species can quickly affect the survivability of the planted stems. During a September visit to the
South Muddy Creek Site tendrils of kudzu were observed in the right floodplain above the Sain Rd. Bridge.
The source of the kudzu appears to be offsite. Trumpet creeper vines were also observed in vegetation
monitoring plots 4 and 5 of the South Muddy Creek Site. These vines can potentially outcompete the planted
stems and should be removed by hand tools. Baker will request CEC treat the kudzu and remove the trumpet
creeper vines when they mobilize to replant portions of the project area during the fall of 2011.

Mimosa trees are being grown as part of a tree nursery immediately outside the conservation easement along
Sain Rd. The project areas closest to these invasive trees should be monitored in order to keep the invasive
species from invading the site.

A few areas of sparse vegetation where noted at both sites. Baker will request CEC replant these areas during
the fall of 2011.
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Directions to the South Muddy Creek Site:
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Figure 3. South Muddy As-built Design Map
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Table 1. Project Components
South Muddy Creek Mitigation Plan: EEP Project Nos. 737 and 92251

Project Segment or Reach Existing Feet/Acres* | Mitigation Type| Approach Linear Footage or Stationing Comment
ID Acreage*
Installed in-stream structures to protect the stream bank from
South Muddy Creek 2,503 R P2 2.787 10400 - 38477+ |ErOsion and to provide aquatic habitat. Priority 2 was
implemented to connect the channel to a newly evacated
floodplain bench.
Installed in-stream structures to control grade, reduce bank
South Fork Hoppers Creek - ) erosion, and provide habitat. Priority | was implemented to
Reach 1 R Pl 783 10+00 - 17+83 reestablish stream pattern and relocate the channel onto the
historic floodplain.
1,350 -
Installed in-stream structures to control grade, reduce bank
South Fork Hoppers Creek - «xx |EFOSION, and provide habitat. Priority | was implemented to
Reach 2 R P 445 17+83 - 22+48 reestablish stream pattern and relocate the channel onto the
historic floodplain.
P . 722 ) Preservation. A 30 - 100 foot conservation easement was
implemented to on right and left stream banks.
UT1 - Reach A 782 i .
En P4 60 7486 - B+dGERx Ffegr‘aded nght bank}o create a be}n-kfull bench and |m.plemented
riparian plantings to improve stability and reduce erosion.
P ; 51 Q449 - 10+00* % f’reservatlon. A30 - 100 foot conservation easement was
implemented to on right and left stream banks.
UT1 - Reach B 970 Installed in-stream structures to increase habitat diversity.
R P1 1,065 10+00 - 20+85*** |Installed fencing to restrict cattle access. Priority | was
implemented to restore dimension, pattern, and profile.
UT2 - Reach A 366 Ell pa 379 10400 - 13479 Reg_raded banks and |mplemented a ste_p—pool channel where
feasible. Implemented fencing to restrict hog access.
UT? - Reach B 802 Ell pa 18 13479 - 204 17%%% Regraded -b-ﬁnks and |mp|emen_ted riparian plantings to improve
reach stability and reduce erosion.
Preservation. A 30 - 100 foot conservation easement was
uTs 298 P . 298 ) implemented to on right and left stream banks.
Ephermal drainage in left Stabilized ephemeral drainage from adjacent pasture by creating a
floodplain of South Fork 348 - - 497 - flat bottom swale. Swale was matted and seeded. Not being
Hoppers Creek sought for mitigation credit.
. Stabilized ephemeral drainage with boulder sill structures and
Ephermal drainage near the .
unstream extend of UT2 80 - - 80 - armored channel bed. Areas outside the channel were mulched
P and planted. Not being sought for mitigation credit.
Ephemeral drainage at 15 . } 15 B Stabilized ephemeral drainage by regrading, rematting, and
Station 16+75 of UT2 armoring with riprap. Not being sought for mitigation.
E } 033 B Regraded the wetland boundary to improve hydrologic imputs and
Wetland 0.33 ' maximize surface storage.
R - 1.23 - Restored wetland hydrology to the original stream alignment.

* Existing reach breaks and design reach breaks varied based on initial geomorphic differences and design requirements.

** Stationing includes 20 ft. of farm crossing above Sain Rd. and 70 ft. of Sain Rd. bridge crossing, but is not reflected in the reach length.

*** Stationing includes 20 ft. stream crossing, but is not reflected in the reach length

****During construction enhancement slated to occur between 9+49 and 10+00 of UT1B was shifted upstream into UT1A per conversations with EEP and CEC. The section slated for enhancement at the

top of UT1B (9+49 to 10+00) became presevation upon the field change.

Component Summations

. Stream Riparian Non-Ripar Upland
Restoration Level ) Wetland (Ac) (Ac) (AQ)
Riverine Non-Riverine
Restoration 5,080 1.23 - - -
Enhancement 0.33 - - -
Enhancement | -
Enhancement |1 1,257
Creation - - - -
Preservation 1,071 - - - -
HQ Preservation - - - - -
1.56 0.00
Totals 7,408 1.56

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




Table 2. Project Activity and Reporting History
South Muddy Creek Mitigation Plan: EEP Project Nos. 737 and 92251

. Scheduled | Data Collection Actu_al

Activity or Report . Completion or
Completion Complete .
Delivery

Restoration Plan Prepared N/A N/A Jul-07
Restoration Plan Amended N/A N/A Jan-08
Restoration Plan Approved N/A N/A Aug-08
Final Design — (at least 90% complete) N/A N/A Jun-09
Construction Begins Jun-10 N/A Jun-10
Temporary S&E mix applied to entire project area N/A N/A N/A
Permanent seed mix applied to entire project area Nov-10 N/A Jan-11
Planting of live stakes Mar-11 N/A Mar-11
Planting of bare root trees Mar-11 N/A Mar-11
End of Construction Mar-11 N/A Jun-11
Survey of As-built conditions (Year 0 Monitoring-baseline) Nov-10 N/A Jun-11
Year 1 Monitoring Dec-12 N/A N/A
Year 2 Monitoring Dec-13 N/A N/A
Year 3 Monitoring Dec-14 N/A N/A
Year 4 Monitoring Dec-15 N/A N/A
Year 5 Monitoring Dec-16 N/A N/A

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551

SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5




Table 3. Project Contacts Table
South Muddy Creek Mitigation Plan: EEP Project Nos. 737 and 92251

Designer

Michael Baker Engineering, Inc.

5550 Seventy-Seven Center Dr., Ste.320
Charlotte, NC 28217

Contact:

Scott Hunt, Tel. 919-459-9003

Construction Contractor

Carolina Environmental Contracting, Inc.

150 Pine Ridge Road

Mount Airy, NC 27030

Contact:

Stephen James, Tel. 919-921-1116

Planting Contractor

Carolina Environmental Contracting, Inc.

150 Pine Ridge Road

Mount Airy, NC 27030

Contact:

Stephen James, Tel. 919-921-1116

Seeding Contractor

Carolina Environmental Contracting, Inc.

150 Pine Ridge Road

Mount Airy, NC 27030

Contact:

Stephen James, Tel. 919-921-1116

Seed Mix Sources
Nursery Stock Suppliers

Green Resources, Tel. 336-855-6363
Foggy Mountain Nursery, Tel. 336-384-5323

Profession Land Surveyor

Turner Land Survey, PLLC.

Profession Land Surveyor
As-Built Plan Set Production

3201 Glenridge Drive
Raleigh, NC 27604

Contact:

David Turner, Tel. 919-875-1378
Lissa Turner, Tel. 919-875-1378

Monitoring Performers

Michael Baker Engineering, Inc.

Stream Monitoring Point of Contact:
Vegetation Monitoring Point of Contact:
Wetland Monitoring Point of Contact:

5550 Seventy-Seven Center Dr., Ste.320
Charlotte, NC 28217

Contact:

lan Eckardt, Tel. 704-665-2200
lan Eckardt, Tel. 704-665-2200
lan Eckardt, Tel. 704-665-2200

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5
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Table 5. Visual Morphological Stability Assessment

South Muddy Creek Mitigation Plan: EEP Project Nos. 737 and 92251

South Muddy Creek (2,787 LF)

Feature Initial MY-01 MY-02 MY-03 MY-04 MY-05
Riffles 100%
Pools 100%
Thalweg 100%
Meanders 100%
Bed General 100%
Bank Conition 100%
Vanes / J Hooks etc. 100%
Wads and Boulders 100%
South Fork Hoppers Creek Reach 1 (783 LF)
Feature Initial MY-01 MY-02 MY-03 MY-04 MY-05
Riffles 100%
Pools 100%
Thalweg 100%
Meanders 100%
Bed General 100%
Bank Conition 100%
Vanes / J Hooks etc. 100%
Wads and Boulders 100%
South Fork Hoppers Creek Reach 2 (445 LF)
Feature Initial MY-01 MY-02 MY-03 MY-04 MY-05
Riffles 100%
Pools 100%
Thalweg 100%
Meanders 100%
Bed General 100%
Bank Condition 100%
Vanes / J Hooks etc. 100%
Wads and Boulders 100%
South Fork Hoppers Creek UT1B (1,065 LF)
Feature Initial MY-01 MY-02 MY-03 MY-04 MY-05
Riffles 100%
Pools 100%
Thalweg 100%
Meanders 100%
Bed General 100%
Bank Condition 100%
Vanes / J Hooks etc. 100%
Wads and Boulders 100%
South Fork Hoppers Creek UT2 (1,197 LF)
Feature Initial MY-01 MY-02 MY-03 MY-04 MY-05
Riffles 100%
Pools 100%
Thalweg 100%
Meanders 100%
Bed General 100%
Bank Condition 100%
Vanes / J Hooks etc. 100%
Wads and Boulders N/A

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5




Appendix B
Morphological Summary Data (Tables 6 & 7)
Cross-section Plots
Profile Plots
Pebble Count Data and Plots
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South Muddy Creek

Permanent Cross Section X1
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK

Stream BKF BKF BKF Max BKF BH
RS Type Area Width Depth Depth e Ratio B EF Ezy

TOB Elev

Riffle Bc 110.8 41.43 2.68 4.36 15.49 1 2.2 1124.16

1124.16

X1 Riffle
1129

1128
1127
1126 -
-%1125 :
>1124 -
w1123 -
1122 -
1121 -
1120

1119 T |
95 115 135 155 175

195

Station --<o--- Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek

Permanent Cross Section X2
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK
Stream BKF BKF BKF Max BKF . TOB
Feature Type Area Width Depth Depth W/D BH Ratio ER BKF Elev Elev
Pool 115.8 42.06 2.75 5.13 15.28 1 1124.12 | 1124.12
X2 Pool
1130
1128 -
_E 1126
> 1124 - o
L
1122 -
1120 -
1118 . . . .
95 115 135 155 175
Station -0~ Bankiull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek
Permanent Cross Section X3

(As-built Data - collected September 2010)

LEFT BANK

RIGHT BANK

Feature

Stream
Type

BKF
Area

BKF
Width

BKF
Depth

Max BKF
Depth

W/D

BH Ratio

ER

BKF
Elev

TOB
Elev

Pool

126.5

44.18

2.86

4.47

15.42

1

1122.2

1122.16

X3 Pool
1127

1126 -
1125
1124 -
1123
1122 -
1121 -
1120 -
1119
1118 A
1117 | | | |

95 115 135 155 175 195

Elevation

Station ------ Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek

Permanent Cross Section X4
(As-built Data - collected September 2010)

1

T ET L AN L
L TR -
R A

LEFT BANK RIGHT BANK

Stream BKF BKF BKF Max BKF , BKF
Feature Type Area Width Depth Depth W/D BH Ratio ER Elev TOB Elev

Riffle Bc 115.9 42.22 2.75 4.18 15.38 1 2.2 1121.98 | 1121.98

X4 Riffle
1127

1126 -
1125 -
1124 -
1123 -
1122 4 - I
1121 -
1120 -
1119 -
1118 -
1117 . : . .

95 115 135 155 175 195

Elevation

Station ---0--- Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Fork Hoppers Creek

Permanent Cross Section X5
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK

Stream | BKF BKF BKE  |Max BKF .
Feature | “p 0 e | i || me || e W/D | BH Ratio ER BKF Elev | TOB Elev
Riffle C 15 13.14 1.14 1.65 11.49 1 4.8 1260.24 | 1260.24
X5 Riffle
1262
1261 -
c
> 1260 | o -
w
1259 -
1258 : : . : :
95 105 115 125 135 145 155 165
Station —--o-- Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



South Fork Hoppers Creek

Permanent Cross Section X6
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK
Stream BKF BKF Max BKF .
Feature Type Area Width BKF Depth Depth W/D | BH Ratio ER BKF Elev| TOB Elev
Pool 18 14.6 1.23 2.43 11.83 1 1260.05 | 1260.05
X6 Pool
1263
1262 -
= 1261 -
o
S 1260
o
Y1259 |
1258
1257 : : : :
95 105 115 125 135 145 155 165
Station ---o--- Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Fork Hoppers Creek

Permanent Cross Section X7
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK
Stream BKF BKF BKF Max BKF .

Feature Type Area Width Depth Depth W/D BH Ratio ER BKF Elev | TOB Elev
Riffle C 13.5 13.31 1.02 1.54 13.1 1 4.7 1255.17 | 1255.17
X7 Riffle

1257
1256
c
o
S 1255 -
<@
LL
1254 -
1253 T T T T T T T
95 105 115 125 135 145 155 165
Station ---o--- Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



South Fork Hoppers Creek

Permanent Cross Section X8
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK
Stream BKF . BKF Max BKF .
Feature Type Area BKF Width Depth Depth W/D BH Ratio ER |[BKF Elev| TOB Elev
Pool 16 17.46 0.92 2.12 19.04 1 1252.89 | 1252.89
X8 Pool
1256
1255
1254 -
c
9
< 1253 -
>
o
W 1252
1251 -
1250 . ‘ : : :
95 105 115 125 135 145 155 165 175
Station ------ Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




uTl

Permanent Cross Section X9
(As-built Data - collected September 2010)

LEFT BANK RIGHT BANK
Stream BKF BKF BKF Max BKF .

Feature Type Area Width Depth Depth W/D | BH Ratio ER BKF Elev | TOB Elev
Riffle C 3.7 7.02 0.53 1.07 13.28 1 7.3 1258.64 | 1258.64
X9 Riffle

1261

1260
c
i)
S 1259 | -— ™
o
L

1258

1257 T T T T T T

95 105 115 125 135 145 155 165
Station
------ Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




UuTl

Permanent Cross Section X10
(As-built Data - collected September 2010)

T T L W

LEFT BANK RIGHT BANK
Stream BKF BKF Max BKF .
Feature Type BKF Area Width Depth Depth W/D BH Ratio ER BKF Elev | TOB Elev
Pool 7.9 10.24 0.77 1.56 13.29 1 1258.42 | 1258.42
X10 Pool
1261
1260
c
2 1259 -
©
>
Q
w 1258
1257
1256 . ‘ ‘ . ‘ :

95

105

115

125
Station

135

145 155

165

---e--- Bankfull

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5
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PEBBLE COUNT DATA SHEET: REACH-WIDE COUNT

| BAKER PROJECT NO.

110650

SITE OR PROJECT:

South Muddy Creek Stream Restoration - Mitigation Plan

REACH/LOCATION:

South Muddy / Reachwide

DATE COLLECTED:

10/1/2010

FIELD COLLECTION BY:

P. Lynch & C. Tomsic

DATA ENTRY BY: K. Suggs
PARTICLE CLASS WEIGHT (g) Reach Summary Riffle Summary Pool Summary
MATERIAL PARTICLE SIZE (mm) Riffle Pool Total Class % | % Cum Class % | % Cum Class % | % Cum

Silt/ Clay <.063 3 3 6% 6% 6% 6%

fafafafafal: Very Fine .063 - .125 3 3 6% 12% 6% 12%
& < 44 Fine 125- .25 6 6 12% | 24% 12% | 24%
il A piale Medium .25-.50 3 3 6% 30% 6% 30%
ged o pe Coarse 50-1.0 30% 30%
:::: age Very Coarse 1.0-2.0 2 2 4% 34% 4% 34%
800 L 5& Very Fine 20-28 34% 34%
OO%O Od Very Fine 2.8-4.0 34% 34%
N Fine 40-56 2% 36% 2% 36%

Fine 5.6-8.0 1 2% 38% 2% 38%

Medium 8.0-11.0 1 2% 40% 2% 40%

Medium 11.0 - 16.0 40% 40%

O Coarse 16.0-22.6 2 2 4% | 44% 4% | 44%
000520 Coarse 226-32 44% 44%
27%%6 q Very Coarse 32-45 2% 46% 2% 46%
Q%Oébgm | Very Coarse 45 - 64 10% 56% 10% 56%
C Small 64 - 90 10 10 20% 76% 20% 76%

Small 90 - 128 6% 82% 6% 82%

Large 128 - 180 12% 94% 12% 94%
Large 180 - 256 6% 100% 6% 100%
Small 256 - 362 100% 100%
Small 362 - 512 100% 100%
Medium 512 - 1024 100% 100%
Large-Very Large | 1024 - 2048 100% 100%
BEDROCK Bedrock > 2048 100% 100%

Total 50 50 100% 100% 100% 100% 0% 0%
Largest particles: 230 mm
(riffle) (pool)

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92251
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5
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PEBBLE COUNT DATA SHEET: REACH-WIDE COUNT

| BAKER PROJECT NO.

110650

SITE OR PROJECT:

South Muddy Creek Stream Restoration - Mitigation Plan

REACH/LOCATION:

South Fork Hoppers Reach 1/ Reachwide

DATE COLLECTED:

10/1/2010

FIELD COLLECTION BY:

P. Lynch & C. Tomsic

DATA ENTRY BY: K. Suggs
PARTICLE CLASS WEIGHT (g) Reach Summary Riffle Summary Pool Summary
PARTICLE SIZE (mm) Riffle Pool Total Class % | % Cum Class % | % Cum Class % | % Cum
Silt/ Clay <.063 1 1 3% 3% 3% 3%
: Very Fine .063 - .125 3% 3%
- : “ Fine 125-.25 1 1 3% 5% 3% 5%
g A pod Medium 25- 50 1 1 3% 8% 3% 8%
E EE g E E Coarse 50-1.0 8% 8%
i Very Coarse 1.0-2.0 8% 8%
800 2 SM Very Fine 20-28 8% 8%
OO%O Od Very Fine 2.8-4.0 8% 8%
Q Fine 40-56 8% 8%
Fine 5.6-8.0 8% 8%
Medium 8.0-11.0 8% 8%
0 Medium 11.0-16.0 3% 10% 3% 10%
000 Coarse 16.0 - 22.6 5% 15% 5% 15%
0 Coarse 22.6-32 15% 15%
2@@%% Very Coarse 32-45 6 6 15% 30% 15% 30%
anoéboﬁmg Very Coarse 45 -64 12 12 30% 60% 30% 60%
Small 64 - 90 20% 80% 20% 80%
Small 90 - 128 15% 95% 15% 95%
Large 128 - 180 5% 100% 5% 100%
Large 180 - 256 100% 100%
Small 256 - 362 100% 100%
Small 362 - 512 100% 100%
Medium 512 - 1024 100% 100%
# | Large-Very Large | 1024 -2048 100% 100%
ﬂBEDROCK E Bedrock > 2048 100% 100%
Total 40 40 100% 100% 100% 100%
Largest particles: mm
(riffle) (pool)

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92251
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5
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PEBBLE COUNT DATA SHEET: REACH-WIDE COUNT

| BAKER PROJECT NO.

110650

SITE OR PROJECT:

South Muddy Creek Stream Restoration - Mitigation Plan

REACH/LOCATION:

South Fork Hoppers Reach 2 / Reachwide

DATE COLLECTED:

10/1/2010

FIELD COLLECTION BY:

P. Lynch & C. Tomsic

DATA ENTRY BY: K. Suggs
PARTICLE CLASS WEIGHT (g) Reach Summary Riffle Summary Pool Summary
MATERIAL PARTICLE SIZE (mm) Riffle Pool Total Class % | % Cum Class % | % Cum Class % | % Cum

Silt/ Clay <.063 2 2 5% 5% 5% 5%

fafafafafal: Very Fine .063 - .125 1 1 3% 8% 3% 8%
& | b Fine 125- 25 2 2 5% | 13% 5% | 13%
ifags A o Medium .25-.50 13% 13%
ged o pe Coarse 50-1.0 13% 13%
:::: age Very Coarse 1.0-2.0 13% 13%
800 = 5& Very Fine 20-2.8 13% 13%
OO%O Od Very Fine 2.8-4.0 13% 13%
N Fine 40-56 13% 13%

Fine 5.6-8.0 2 2 5% 18% 5% 18%

Medium 8.0-11.0 1 1 3% 20% 3% 20%

Medium 11.0 - 16.0 3 3 8% 28% 8% 28%

O Coarse 16.0-22.6 3 3 8% | 35% 8% | 35%
000520 Coarse 226-32 3 3 8% | 43% 8% | 43%
27%%6 q Very Coarse 32-45 9 9 23% 65% 23% 65%
anoéboﬁmg Very Coarse 45 - 64 10 10 25% 90% 25% 90%
C Small 64 - 90 2 2 5% 95% 5% 95%
Small 90 - 128 5% 100% 5% 100%
Large 128 - 180 100% 100%
Large 180 - 256 100% 100%
Small 256 - 362 100% 100%
Small 362 - 512 100% 100%
Medium 512 - 1024 100% 100%
Large-Very Large | 1024 - 2048 100% 100%
BEDROCK Bedrock > 2048 100% 100%
Total 40 40 100% 100% 100% 100%

Largest particles: mm

(riffle) (pool)

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92251
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5
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PEBBLE COUNT DATA SHEET: REACH-WIDE COUNT

| BAKER PROJECT NO.

110650

SITE OR PROJECT:

South Muddy Creek Stream Restoration - Mitigation Plan

REACH/LOCATION:

South Fork Hoppers UT1B / Reachwide

DATE COLLECTED:

10/1/2010

FIELD COLLECTION BY:

P. Lynch & C. Tomsic

DATA ENTRY BY: K. Suggs
PARTICLE CLASS WEIGHT (g) Reach Summary Riffle Summary Pool Summary
MATERIAL PARTICLE SIZE (mm) Riffle Pool Total Class % | % Cum Class % | % Cum Class % | % Cum
Silt/ Clay <.063 5 5 13% 13% 13% 13%
fafafafafal: Very Fine .063 - .125 13% 13%
< Fine 125- .25 13% 13%
ifags A o Medium .25-.50 13% 13%
ged o pe Coarse 50-1.0 1 3% | 15% 3% | 15%
:::: aga Very Coarse 1.0-2.0 1 3% 18% 3% 18%
800 = 5& Very Fine 20-2.8 18% 18%
OO%O Od Very Fine 2.8-4.0 18% 18%
N Fine 40-56 18% 18%
Fine 5.6-8.0 18% 18%
Medium 8.0-11.0 18% 18%
Medium 11.0 - 16.0 18% 18%
O Coarse 16.0-22.6 3 3 8% | 25% 8% | 25%
000520 Coarse 226-32 2 2 5% | 30% 5% | 30%
2%%%6 q Very Coarse 32-45 6 6 15% 45% 15% 45%
Qmoébgm | Very Coarse 45-64 8 8 20% 65% 20% 65%
C Small 64 - 90 12 12 30% 95% 30% 95%
Small 90 - 128 2 2 5% 100% 5% 100%
Large 128 - 180 100% 100%
Large 180 - 256 100% 100%
Small 256 - 362 100% 100%
Small 362 - 512 100% 100%
Medium 512 - 1024 100% 100%
Large-Very Large | 1024 - 2048 100% 100%
BEDROCK Bedrock > 2048 100% 100%
Total 40 0 40 100% 100% 100% 100%
Largest particles: mm
(riffle) (pool)

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. - 737 AND 92251
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5




G40 0 ¥VIA ONIYOLINOW ‘TT0Z ANNC

140d3d IANITASVG 11ING-SV ANV LINJFNNDO0A ONIHOLINOW INITISVE TVNIL
103r0dd NOILYHOLS3H WVIHLS X3390 AddNIN HLNOS

16226 ANV LEL - "'SON LO3r0¥d d33 "ONI "ONIYIINIONT d3IMVvE TIVHIIN

(ww) 8215 3jo1ed

0000T 000T 00T 0T T T0 100
%0

%0T

4
4
*

L 4

N

%0¢

RECETIE \o\ %08

%0Y

%09

Jaui4 jusalad

%09

%0L

%08

%06

N

%00T

4
4
4

suonnquisiq 8zIS 3jd1led Juno) 3|qdad
d1.LN - sdaddoH 404 yinos



G40 0 ¥VIA ONIYOLINOW ‘TT0Z ANNC

140d3d IANITASVG 11ING-SV ANV LINJFNNDO0A ONIHOLINOW INITISVE TVNIL
103r0dd NOILYHOLS3H WVIHLS X3390 AddNIN HLNOS

TG226 ANV LEL - 'SON LO3r0¥d d33 “ONI ‘ONIYIINIONT ¥3IMVvd TIVHIIN

(ww) sse|D 9z1s 3)911ed

NN . .
N N R G e Lo E
RUSIIC TREN . . . R NI
LS M O e St I VR VR & L 4

” f f f f ” ”.IT.” f f f - %0

- %0T

-7

%0¢

%0¢

%0Y

%09

1U9dlad Sse|D

%09

%0L

%08

| erqelgdeduoredm | | g0e

%00T

uonnquisig sse|d 8zIS JUnoY 8jqgad yoesy
g11N - s48ddoH 404 yinos



Appendix C
LOMR



South Muddy Creek Stream Restoration

McDowell County, North Carolina
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Letter of Map Revision (LOMR)
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Prepared By:

Michaal Baker Enginaering, Inc.
1447 South Tryon Street

Suile 200

Charlotie, NC 28203

Phone: T04. 334 4454

Fa: T04,334.4492

March 9, 2011
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1447 South Tryon Street
=t Suite 200
Charlotte, North Carolina

Phone: 704-334-4454
Fax:  704-334-4492

March 9, 2011

Jerry Silvers, Chief Building Inspector
McDowell County Administration Bldg.
60 East Court Street

Marion, NC 28752

RE:  Application Package for FEMA Letter of Map Revision (LOMR)
South Muddy Creek Stream Restoration Project

Dear Mr. Silvers:

Michael Baker Engineering, Inc. (Baker) has been contracted by the NC Ecosystem
Enhancement Program (NC EEP) to prepare a Federal Emergency Management Agency
(FEMA) Letter of Map Revision (LOMR) package for the South Muddy Creek Stream
Restoration Project in McDowell County, NC. The project encompasses approximately 2,800
linear feet of South Muddy Creek from approximately 850 feet downstream of Sain Road to
approximately 2,600 feet upstream of Sain Road.

This LOMR application is the follow up to a No-rise certification and hydraulic analysis report
dated April 10, 2009. This LOMR application is based on the post construction as-built
conditions from the stream restoration project. ~ Construction along the South Muddy Creek
reach was completed in late February 2011.

As the floodplain administrator for McDowell County, we ask that you review the contents, sign
the Community Acknowledgement portion of Section D of the “Overview and Concurrence
Form”, and return this package to us for submittal to FEMA.

If you have any questions regarding this submittal, please contact me at (704) 319-7894 or by
email at khiggins@mbakercorp.com.

Sincerely,

Kevin Higgins, PE, CFM
Water Resources Engineer

Enclosures



Application package for FEMA LOMR
South Muddy Creek LOMR
March 9, 2011

I. PROJECT NARRATIVE

Overview

The North Carolina Ecosystem Enhancement Program (NC EEP) is requesting to revise the 1%
annual chance floodplain for a section of South Muddy Creek based on the as-built survey from a
recently completed stream restoration project. The project reach extends along South Muddy
Creek from approximately 850 feet downstream of Sain Road to approximately 2,600 feet
upstream of Sain Road. A study area map is provided in Figure 1. This stream restoration
project generally entailed restoring the natural channel dimension and pattern to the portion of
South Muddy Creek that lies within the study area. These project objectives were achieved
primarily through a Rosgen Priority Level 1l restoration approach which involves constructing a
new meandering channel within an excavated floodplain at the existing channel invert elevation.
This restoration approach re-establishes natural channel dimension and pattern to the stream,
while connecting the channel to a newly excavated floodplain, allowing for a natural cycle of
sediment degradation and aggradation during high flow events. A hardcopy of the “as-built”
drawings are provided in Appendix A.

A no-impact study, and accompanying Floodplain Development Permit application for this
stream restoration project was submitted to McDowell County on April 10, 2009. Final project
approval was obtained from McDowell County in September 20009.

South Muddy Creek is a Federal Emergency Management Agency (FEMA) / North Carolina
Floodplain Mapping Program (NCFMP) regulated stream, referenced on Flood Insurance Rate
Map (FIRM) 3710164800K (Effective 10/2/2008). The project area is located within a mapped
AE Zone that was established through the creation of a Limited Detail Study. Therefore the
project area has published base flood elevations (BFEs) and a “non-encroachment zone”. The
annotated FIRM panel is located in Appendix B.
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Application package for FEMA LOMR
South Muddy Creek LOMR
March 9, 2011

Il. HYDRAULIC MODELING SUMMARY

Below is a description of the hydraulic models used / developed for preparation of this LOMR
application. A summary of the model development process is provided in table below, followed
by more detailed descriptions in the text. In addition, all models and supporting information are
included in digital format on the enclosed CD.

Model Changes Made during Model Development

HEC-RAS model obtained from the North Carolina Floodplain
Mapping Program

Created by running the Effective HEC-RAS model on local
computers using HEC-RAS (ver. 4.0)

Created by incorporating detailed pre-project survey data into
Corrected Effective the Duplicate Effective model and adding three (3)
supplemental cross sections.

HEC-RAS model created by modifying a Corrected Effective
model that was created to represent conditions along the reach
prior to this stream maintenance project. Cross sections were
modified where necessary to reflect existing conditions based
on the “as-built” field survey.

Effective

Duplicate Effective

Existing (Post-
Project)

Effective Hydraulic Model / Duplicate Effective Model

The Effective Model for South Muddy Creek is a HEC-RAS model that was developed to
produce the published Flood Insurance Study (FIS) and FIRM maps (dated 10/2/2008). The
model and FIS report were obtained from the North Carolina Floodplain Mapping Program. The
FIRM panel was obtained from the FEMA Map Service Center. The project reach is located
between effective cross sections 27963.25 and 31563.25. The effective data were run in HEC-
RAS (ver. 4.0) without any modifications by Baker to create the Duplicate Effective Model.

Corrected Effective Model

The Corrected Effective Model is the model that is developed to correct any errors in the
Duplicate Effective Model, and/or to incorporate more detailed topographic information or
additional hydraulic cross sections into the analysis in order to more accurately define the terrain
under pre- and post-project conditions. The Existing Model is the model that is developed to
incorporate any man-made modifications that have occurred in the floodplain since the date of
the Effective Model into the Corrected Effective Model. No known man-made changes have
been made since the issuance of the Effective maps/models, therefore the Corrective Effective
Model and the Existing Model were combined as one model (hereafter referred to as the
Corrected Effective Model).

A detailed survey of the stream channel and immediate overbanks was conducted for this project.
The Existing model incorporated this detailed survey data into the Duplicate Effective cross
sections within the project limits. In addition, three (3) supplemental cross sections (30521.38,
29299, and 28383) were added within the project limits in order to more accurately define the



Application package for FEMA LOMR
South Muddy Creek LOMR
March 9, 2011

stream channel, complement the existing cross section locations in the Duplicate Effective
Model, and to account for the proposed stream restoration improvements in the Post-Project
Model. The added cross sections were based on a combination of field survey (channel plus
approximately 100* off top of banks), and 5-foot contours obtained from the NC DOT GIS
website (www.ncdot.org/1T/gis) for the overbank areas beyond the survey limits. Supplemental
cross section hydraulic parameters (i.e. Manning’s n values, contraction/expansion coefficients,
etc.) were not changed for modified cross section, and were set to be consistent with those in the
Effective Model. In addition, floodway encroachment stations were added to the supplemental
cross sections in HEC-RAS so as to maintain the original width and spacing from stream
centerline of the Effective Model. Encroachment stations were adjusted on cross sections
30149.25 and 30521.38 so that they are located inside the floodplain. Figure 2 shows the
locations of the added/replaced cross sections in the Corrected Effective Model (with
station/alignment scale).

Existing (Post Project) Model

The Existing Model for the project area was created by modifying the Corrected Effective model
that was created in support of a No-Impact certification prior to construction beginning on this
project (referenced previously). The corrected effective model incorporated modification of the
geometry of four (4) existing cross sections and the addition of three (3) supplemental cross
sections. Cross section geometry in the pre-project model was based on a detailed field survey
of the existing channel and overbank areas. Downstream reach lengths were also modified
where necessary to account for the additional stream length created by the stream restoration
project. Manning’s roughness coefficients were verified in the pre-project model and not
changed from the Duplicate Effective Model.

An “As-Built” survey was conducted following completion of construction of the stream
restoration project. The Post-Project Model cross sections were based on a combination of the
“as-built” survey and 5 foot contour data from the North Carolina Floodplain mapping Program.
Cross section changes made between the Pre-Project and Post-Project Models are summarized in
the table below.

Cross Section Modifications from Pre-Project to
Station Description Post-Project Model
27963.25 Effective None
28383 Added (Pre-project) Cross section geometry modified based on survey
28816.79 Effective None
28916.95 Effective None
29379 Added (Pre-project) Cross section geometry modified based on survey
29688 Modified Effective Cross section geometry modified based on survey
30115 Modified Effective Cross section geometry modified based on survey
30521.38 Added (Pre-project) Cross section geometry modified based on survey
31563.25 Duplicate Effective None
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Application package for FEMA LOMR
South Muddy Creek LOMR
March 9, 2011

I11. HYDRAULIC ANALYSIS RESULTS AND CONCLUSIONS

Comparison of the effective and existing hydraulic model results indicates increases and
decreases in BFEs along the project reach. Increases in BFEs range from 0.01 to 0.17 feet, with
the maximum increase occurring at cross section 29792.5. Decreases in BFEs range from -0.13
to -0.85 feet, with the maximum decrease occurring at cross section 30149.38. The increase at
cross section 29792.5 is primarily due to the more detailed topographic data as there is actually a
decrease in the BFE from the Corrected Effective to the Post Project at this location.

Note that there is no rise in water surface elevation between the Proposed Model and the
Corrected Effective Model. A floodplain development permit was obtained from McDowell
County prior to project construction based on this condition.

Table 1 below shows the comparison of the water surface elevations (WSEs) for all the cross
sections along South Muddy Creek that lie within the project limits. The complete HEC-RAS
models and results are provided in the enclosed CD.

TABLE 1. 100-year Water Surface Elevation Comparison Summary
Corrected
Duplicate Effective/Existing Proposed Model Post Project Change (POST

Station Effective (DUP) Model (EXST) (PRP) Model (POST) - DUP)
31563.25 1135.8 1135.64 113541 1135.67 -0.13
30521.38 N/A 1132.23 1132.21 1132.15 N/A
30149.38 1131.99 1131.34 1131.16 1131.14 -0.85
29792.5 1130.07 1130.48 1130.25 1130.24 0.17

29379 N/A 1129.46 1129.21 1129.26 N/A
28916.95 1128.7 1128.94 1128.83 1128.71 0.01
28816.79 1128.08 1128.45 1128.21 1128.1 0.02

28383 N/A 1127.58 1127.37 1127.46 N/A
27963.25 1127.03 1127.03 1127.03 1127.03 0.00
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IV. MT-2 FORMS



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016
OVERVIEW & CONCURRENCE FORM Expires: 12/3172010
—— —_— — —_— = =
— = r==

PAPERWORK BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimaled to average 1 hour per response. The burden estimale includes the lime for reviewing instructions,
searching exisling dala sources, gathering and maintaining the needed dala, and compleling, reviewing, and submilting the form. You are not required
to respond to this collection of information unless a valid OMB conlrol number appears in the upper right corner of this form. Send comments regarding
the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, U.5. Depariment of
Homeland Security, Federal Emergency Management Agency, 500 C Streel, SW, Washington DC 20472, Paperwork Reduclion Project (1660-0016).
Submission of the form is required 1o oblain of retain benefits under the National Flood Insurance Program. Please do not send your completed
survey lo the above address.

A, REQUESTED RESPONSE FROM DHS-FEMA

— — =
This request is for a (check one):

[0 CLOMR: A letter from DHS-FEMA commenting on whether a proposed project, if built as proposed, would justify a map ravision, or
proposed hydrology changes (See 44 CFR Ch. 1, Paris 60, 65 & 72).

LOMR: A letter from DHS-FEMA officially revising the current NFIP map lo show the changes to floodplains, regulatory floodway or
flood elevations. (See 44 CFR Ch. 1, Pars 60, 65 & 72)
—— = — =
B. OVERVIEW

1. The NFIP map panel{s) affected for all impacted communities is (ane):

Community No Communily Name Slate Map Mo. Panel No Effeclive Date
Ex: 480301 City of Katy TX 480301 00050 D2/08/83
480287 Harris County TX 4B201C 0220G Qa/28/90
'_ 370148 McDowell County NC e 1648K 10/02/08
!

2. a Flooding Source: South Muddy Creak
b. Types of Flooding: (] Riverine [ Coastal [ Shallow Flooding (e.g.. Zones AQ and AH)
[ Alluvial fan [ Lakes [0 Other (Allach Description)
3. Project Namefidentifier: South Muddy Creek Stream Resloralion Project
I 4. FEMA zone designations affected: AE (choices: A, AH, AD, A1-A30, ASS. AE, AR. V. V1-V3I0,VE, B, C. D, X}

5. Basis for Request and Type of Revision:

a The basis for this revision request is (check all that apply)
[ Physical Change [ improved Methodology/Data [ Requlatory Floodway Revision [} Base Map Changes
[ Coastal Analysis [ Hydraulic Analysis ] Hydrologic Analysis [ Corrections
[ weir-Dam Changes [ Levee Certification [ Alluvial Fan Analysis [ Matural Changes

[ Mew Topographic Data  [] Other (Attach Description)

Mote: A photograph and narrative description of the area of concern is nol required, bul is very helpful during review.

b The area of revision encompasses the following struclures (check all that apply)
Structuras: [J] Channelization [ Leves/Floodwall [ Bridge/Culvert
O pam Fil [] Other (Attach Description)

DHS- FEMA Form 81-89.0EC 07 Overview & Concurrence Form MT-2 Form 1 Page 1of 2



C. REVIEW FEE

Has the review fee for the appropriate request category been included? B ves Fee amount: 55000
[0 Mo, Attach Explanalion

l Please see the DHS-FEMA Wah site al hilp:/fwww fama.Euﬁﬂlanfﬁreuenﬂmmhm fees shim for Fee Amounts and Exemptions,

D. SIGNATURE

e —
All documents submitled in support of this reques! are correct to the best of my knowledge. | understand that any false stalement may be punishable
by fine or imprisonment under Title 18 of the United States Code, Section 1001.

MName: Mr. Jeff Jurak Company: NG Ecosystem Enhancement Program
Mailing Address: Daytime Telephone No.: 919-T15-1157 Fax No.: 919-715-2219
1652 Mail Service Center il =
Raleigh, NC 27699-1652 E-Mail Address: Jefl Jureki@ncdenr.gov

P S - X

Signature of Requaster (required).

Date: -5 4

As the community official respafisile for Noodplain management, | hereby acknowledge that we have received and reviewed this Letter of Map
Revision (LOMR) or conditional LOMR request. Based upon the community's review, we find the completed or proposed project meels or is designed
to meet all of the community flsodplain management requitements, including the requirement that no fill be placed in the regulatory floodway, and that
all necessary Federal, State, and local permits have been, or in the case of a conditional LOMR, will be oblained. In addition, we have determined thal
the land and any exisling or proposed struclures to be removed from the SFHA are or will be reasonably safe from flooding as defined in 44CFR
65.2(c), and that we have available upen request by FEMA, all analyses and documeniation used to make this determination.

Community Official’s Name and Title: Mr. Jerry Silvers, Chief Building Inspector Communily Mame: McDowell County
Mailing Address: Daytime Telephane No.. 828.652.7030 Fax Mo.
60 East Court Street S o= -
-}Marion. NC 28752 E-Mail Addrass: buildinginspections@mcdowellgov.com
Fa bt

Community Official's Signature (required): Date: April 28, 2011

CERTIFICATION BYWREGISTERED PROFESSI INEER AND/OR LAND SURV R

This cerification is o be signed and sealed by a licensed land surveyor, registered professional engineer, or architect authorized by law to cerify
elevation infarmation data. hydrologic and hydraulic analysis, and any other supporling data. All decumenls submitted in support of this request are
corect to the best of my knowledge. All analyses have been performed correctly and in accordance wilh sound engineering practices. All project
works are designed in accordance with sound engineering practices lo provide protection from the 1% annual chance flood. If “as-buill” conditions
data/plan provided, then the structure(s) has been buill according to the plans being cerified, is in place, and Is fully funclioning. | understand thal any
false stalement may be punishable by fine or imprisonment under Tille 18 of the United States Code, Section 1001,

Cerifier's Name:. Kevin P. Higgins, PE, CFM License Mo.. 035700 Expiration Date: 122172011

Company Name: Michael Baker Engineering, Inc. Telephone Mo 704-665-2216 Fax No.: T04-655-2201

Signatura: K‘}Lm:;\ !0 ﬁi’f‘%‘?“l Date; 5-/3, /;Dl\,
4

Ensure the forms that are appropriate to your revision request are included in your submittal.

| I| II 1Y |I fi
ALK I
Form Name an Required if ... OXw CA,'?I,;{f;/
iy R e
B Riverine Hydrology and Hydraulics Form (Form 2)  Mew or revised discharges or water-surface elevations ,{_3 {p_ 'HQ.E. 5 S,.rd fﬂ_"g_?:__
f o =
[® Riverine Structures Form (Form 3) Channel is modified, addition/revision of bridge/culverts, =t .2 8Ep 2.
additionlrevision of levee/floodwall, additionfrevision of dam 3 ¢ 03y 700 £
[0 Coastal Analysis Form (Form 4) New or revised coastal elevations & Y-
-'_'_'_.- d{_.f,-‘dff';hq e f.:l $‘
" o 2 , . 2 \\
[ Coastal Structures Form (Form 5) Additionfrevision of coaslal structure /':ffﬁ??;-{%ﬁﬁ.\\
[ Allyvial Fan Flooding Form (Form 6) Flood control measures on alluvial fans LR

DHS- FEMA Form 81-89,DEC 07 Overview & Concurrence Farm MT-2 Form 1 Page 2 of 2



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY O.M.B No. 1660-0016
RIVERINE HYDROLOGY & HYDRAULICS FORM Expires: 12/31/2010

PAPERWORK REDUCTION ACT

Public reporting burden for this form is estimated to average 3.25 hours per response.
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You
are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management,
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not
send your completed survey to the above address.

The burden estimate includes the time for reviewing

Flooding Source: South Muddy Creek
Note: Fill out one form for each flooding source studied

A. HYDROLOGY

[ Alternative methodology

Location

the new analysis.

4. Review/Approval of Analysis

XI Not revised (skip to section B)

[ statistical Analysis of Gage Records
[] Regional Regression Equations

1. Reason for New Hydrologic Analysis (check all that apply)

[J No existing analysis

[ Proposed Conditions (CLOMR)

2. Comparison of Representative 1%-Annual-Chance Discharges

Drainage Area (Sg. Mi.)

3. Methodology for New Hydrologic Analysis (check all that apply)

5. Impacts of Sediment Transport on Hydrology

Effective/FIS (cfs) Revised (cfs)

[ Precipitation/Runoff Model
[] other (please attach description)

Please enclose all relevant models in digital format, maps, computations (including computation of parameters) and documentation to support

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review.

Was sediment transport considered? []Yes [ No Ifyes, then fill out Section F (Sediment Transport) of Form 3. If No, then attach
your explanation for why sediment transport was not considered.

[ Improved data
[J Changed physical condition of watershed

B. HYDRAULICS

1. Reach to be Revised

Downstream Limit

Upstream Limit

2. Hydraulic Method/Model Used

HEC-RAS ver. 4.0

Description

approx. 850 feet D/S of Sain Rd.

approx. 2600 feet U/S of Sain Rd.

Cross Section

27963.25

31563.25

Water-Surface Elevations (ft.)

Effective Proposed/Revised
1127.03 1127.03
1135.8 1135.67

DHS - FEMA Form 81-89A, DEC 07

Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 1 of 2



B. HYDRAULICS (CONTINUED)

3. Pre-Submittal Review of Hydraulic Models

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models,
respectively. These review programs may help verify that the hydraulic estimates and assumptions in the model data are in accordance with
NFIP requirements, and that the data are comparable with the assumptions and limitations of HEC-2/HEC-RAS. CHECK-2 and CHECK-RAS
identify areas of potential error or concern. These tools do not replace engineering judgment. CHECK-2 and CHECK-RAS can be
downloaded from http://www.fema.gov/plan/prevent/fhm/frm_soft.shtm. We recommend that you review your HEC-2 and HEC-RAS models with
CHECK-2 and CHECK-RAS. Review of your submittal and resolution of valid modeling discrepancies may result in reduced review time.

4. Models Submitted Natural Run Floodway Run Datum

Duplicate Effective Model* File Name: SouthMuddyCr.prj Plan Name: Duplicate Effective ~ File Name: same Plan
Name: same NAD83

Corrected Effective Model* File Name: SouthMuddyCr.prj Plan Name: Corrected Effective  File Name: same Plan
Name: same NAD83

Existing or Pre-Project Conditions Model File Name: Plan Name: File Name: Plan Name:

Revised or Post-Project Conditions Model  File Name: SouthMuddyCr.prj  Plan Name: Post Project  File Name: same Plan Name:
same NAD83

Other - (attach description) File Name: Plan Name: File Name: Plan Name:

* For details, refer to the corresponding section of the instructions.

@ Digital Models Submitted? (Required)

C. MAPPING REQUIREMENTS

A certified topographic map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, and
proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the
requester's property; certification of a registered professional engineer registered in the subject State; location and description of reference marks;
and the referenced vertical datum (NGVD, NAVD, etc.).

X Digital Mapping (GIS/CADD) Data Submitted

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, annotated
to show the boundaries of the revised 1%- and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with the boundaries of the
effective 1%- and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area of revision.

XI Annotated FIRM and/or FBFM (Required)

D. COMMON REGULATORY REQUIREMENTS*

DHS - FEMA Form 81-89A, DEC 07 Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 2 of 2



I —
1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase? X Yes [ No

a. For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP

regulations:
. The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot.
. The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot.

b. For LOMR requests, does this request require property owner notification and acceptance of BFE increases? [X] Yes [] No

If Yes, please attach proof of property owner notification and acceptance (if available). Elements of and examples of property owner
notification can be found in the MT-2 Form 2 Instructions.

2. Does the request involve the placement or proposed placement of fill? [1 Yes X No

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the
NFIP regulations set forth at 44 CFR 60.3(a)(3), 65.5(a)(4), and 65.6(a)(14). Please see the MT-2 instructions for more information.

3. For LOMR requests, is the regulatory floodway being revised? X Yes [ No

If Yes, attach evidence of regulatory floodway revision notification. As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is
required for requests involving revisions to the regulatory floodway. (Not required for revisions to approximate 1%-annual-chance floodplains
[studied Zone A designation] unless a regulatory floodway is being added. Elements and examples of regulatory floodway revision notification
can be found in the MT-2 Form 2 Instructions.)

4. For LOMR/CLOMR requests, does this request have the potential to impact an endangered species? [ Yes [ No
If Yes, please submit documentation to the community to show that you have complied with Sections 9 and 10 of the Endangered Species Act

(ESA). Section 9 of the ESA prohibits anyone from “taking” or harming an endangered species. If an action might harm an endangered
species, a permit is required from U.S. Fish and Wildlife Service or National Marine Fisheries Service under Section 10 of the ESA.

For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its
compliance with Section 7(a)(2) of the ESA.

* Not inclusive of all applicable regulatory requirements. For details, see 44 CFR parts 60 and 65.

DHS - FEMA Form 81-89A, DEC 07 Riverine Hydrology & Hydraulics Form MT-2 Form 2 Page 3 of 2



U.S. DEPARTMENT OF HOMELAND SECURITY - FEDERAL EMERGENCY MANAGEMENT AGENCY

RIVERINE STRUCTURES FORM

0O.M.B No. 1660-0016
Expires: 12/31/2010

PAPERWORK REDUCTION ACT

send your completed survey to the above address.

Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing instructions,
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send
comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management,
U.S. Department of Homeland Security, Federal Emergency Management Agency, 500 C Street, SW, Washington DC 20472, Paperwork Reduction
Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not

Flooding Source: South Muddy Creek
Note: Fill out one form for each flooding source studied

A. GENERAL

Complete the appropriate section(s) for each Structure listed below:

Channelization................ complete Section B
Bridge/Culvert complete Section C
Dam/Basin...........cccceee.... complete Section D
Levee/Floodwall.............. complete Section E
Sediment Transport........ complete Section F (if required)
Description Of Structure
1. Name of Structure:
Type (check one): [] Channelization [ Bridge/Culvert

Location of Structure:
Downstream Limit/Cross Section:
Upstream Limit/Cross Section:
2. Name of Structure:
Type (check one): [J Channelization [ Bridge/Culvert
Location of Structure:
Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

3. Name of Structure:
Type (check one) [] Channelization [ Bridge/Culvert
Location of Structure:
Downstream Limit/Cross Section:

Upstream Limit/Cross Section:

[ Levee/Floodwall

[] Levee/Floodwall

[ Levee/Floodwall

[] bam/Basin

[] bam/Basin

[] bam/Basin

DHS - FEMA Form 81-89B, DEC 07 Riverine Structures Form

MT-2 Form 3 Page 1 of 14



NOTE: For more structures, attach additional pages as needed.

DHS - FEMA Form 81-89B, DEC 07 Riverine Structures Form MT-2 Form 3 Page 2 of 14



B. CHANNELIZATION

Flooding Source: South Muddy Creek
Name of Structure:

1. Accessory Structures

The channelization includes (check one):

[ Levees [Attach Section E (Levee/Floodwall)] [] Drop structures
[ Superelevated sections [ Transitions in cross sectional geometry
[] Debris basin/detention basin [Attach Section D (Dam/Basin)] [ Energy dissipator

X Other (Describe): Rosgen Priority Il stream restoration with floodplain bench
2. Drawing Checklist
Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.

3. Hydraulic Considerations

The channel was designed to carry 400 (cfs) and/or the 1.0-year flood.
The design elevation in the channel is based on (check one):
X Subcritical flow [ Critical flow [ Supercritical flow [ Energy grade line

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic jump
is controlled without affecting the stability of the channel.

[ Inlet to channel  [] Outlet of channel [] At Drop Structures [] At Transitions
[ other locations (specify):

4. Sediment Transport Considerations

Was sediment transport considered? []Yes [XINo If Yes, then fill out Section F (Sediment Transport).
If No, then attach your explanation for why sediment transport was not considered.

DHS - FEMA Form 81-89B, DEC 07 Riverine Structures Form MT-2 Form 3 Page 3 of 14



Existing Channel Stability
South Muddy Creek Stream Restoration

One of the main purposes of this project is to reverse the affects of channelization along
the project stretch of South Muddy Creek that is located upstream and downstream of
Sain Rd. The intent of the design for this project was to restore the channel’s dimension
and pattern to their natural (i.e. “pre-development”) state. Results from the hydraulic
analysis indicate that post project channel velocities for the 1% annual chance flood are
very similar to effective channel velocities. The design incorporated appropriate natural
channel lining materials that, once established, should withstand velocities associated
with the 1% annual chance flood.



APPENDIX A -
STREAM RESTORATION AS-BUILT
SURVEY SHEETS
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APPENDIX B -
ANNOTATED FIRMs and
WORK MAP
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APPENDIX C-
REVISED FLOOD HAZARD DATA TABLE




South Muddy Creek
148 14,763 8,990 1,103.5 549 / 167
165 16,526 8,990 1,105.4 379/105
184 18,363 8,190 1,108.1 752/ 462
190 19,004 8,190 1,108.8 564 /97
191 19,107 8,190 1,111.4 551 /101
196 19,563 8,190 1,112.1 333/117
208 20,763 8,190 1,114.8 362 /330
227 22,677 8,190 1,117.9 83/71
241 24,140 8,190 1,120.9 206/ 614
256 25,563 8,190 1,122.5 148 /380
266 26,576 8,190 1,124.3 211/546
267 26,697 8,190 1,124.8 120 /575
271 27,070 8,190 1,125.7 42 /410
280 27,963 8,190 1,127.0 319/739
288 28,817 5,770 1,128.1 85 /803
289 28,917 5,770 1,128.7 85/774
298 29,793 5,770 1,130.2 355/183
301 30,149 5,770 1,131.1 421/ 73
316 31,563 5,770 1,135.7 350/ 404

= 324 32,387 5,550 1,137.5 33/824

\—{Area of Revision




APPENDIX D -
PUBLIC NOTIFICATION




McDowell County  engrgonssacan:

Wibsite: www.medowellgov.com

April 27,2011

Romulus and Genevieve Duncan
1441 Dysartsville Road
Nebo, NC 28761

Re: Notification of 1% (100-year) annual chance water-surface elevation increases and
widening of the 1% annual chance floodplain

Dear Romulus and Genevieve Duncan:

The Flood Insurance Rate Map (FIRM) for a community depicts land which has been determined
to be subject to a 1% (100-year) or greater chance of flooding in any given year, The FIRM is
used to determine flood insurance rates and to help the community with floodplain management.

Michael Baker Engineering, Inc. is applying for a Letter of Map Revision (LOMR) from the
Federal Emergency Management Agency (DHS-FEMA) on behalf of the North Carolina
Ecosystem Enhancement Program (EEP) to revise FIRM panel 371064800K for McDowell
County, NC along South Muddy Creek. The EEP conducted this stream restoration project to
restore the natural channel dimension and pattern along South Muddy Creek.

The Letter of Map Revision will result in:
I. Increases and decreases in the 1% annual chance water-surface elevations with a
maximum increase of 0.17 feet at a point approximately 900 feet upstream of the Sain
Rd. crossing and a maximum decrease in the 1% annual chance water-surface elevation
of -0.85 feet at a point approximately 1230 feet upstream of the Sain Rd. crossing.

2. No changes will occur to the width of the 1% annual chance floodplain as a result of this
Letter of Map Revision.

This letter is to inform you of revision of the 1% annual chance water-surface elevation on your
property at 1441 Dysartsville Rd.



If you have any questions or concerns about the proposed changes to the FIRM or its effect on
your property, you may contact Kevin Higgins, PE, CFM of Michael Baker Engineering, Inc. by

email at khiggins@mbakercorp.com or by phone at 704-665-2216.

Jerry Silvers
Floodplain Administrator
McDowell County Building Inspections



McDowell County SR e e

Wehsite: www.medowellgov.com

April 27, 2011

Ms. Myrtle C. Berryhill
1952 N. Main St,
Marion, NC 28752

Re: Notification of 1% (100-year) annual chance water-surface elevation increases and
widening of the 1% annual chance floodplain

Dear Ms. Berryhill:

The Flood Insurance Rate Map (FIRM) for a community depicts land which has been determined
to be subject to a 1% (100-year) or greater chance of flooding in any given year. The FIRM is
used to determine flood insurance rates and to help the community with floodplain management.

Michael Baker Engineering, Inc. is applying for a Letter of Map Revision (LOMR) from the
Federal Emergency Management Agency (DHS-FEMA) on behalf of the North Carolina
Ecosystem Enhancement Program (EEP) to revise FIRM panel 371064800K for McDowell
County, NC along South Muddy Creek. The EEP conducted this stream restoration project to
restore the natural channel dimension and pattern along South Muddy Creek.

The Letter of Map Revision will result in:
1. Increases and decreases in the 1% annual chance water-surface elevations with a
maximum increase of 0.17 feet at a point approximately 900 feet upstream of the Sain
Rd. crossing and a maximum decrease in the 1% annual chance water-surface elevation
of -0.85 feet at a point approximately 1230 feet upstream of the Sain Rd. crossing.

2. No changes will occur to the width of the 1% annual chance floodplain as a result of this
Letter of Map Revision.

This letter is to inform you of revision of the 1% annual chance water-surface elevation on your
property near Berryhill Farm Drive in Dysartsville.



If you have any questions or concerns about the proposed changes to the FIRM or its effect on
your property, you may contact Kevin Higgins, PE, CFM of Michael Baker Engineering, Inc. by
email at khiggins@mbakercorp.com or by phone at 704-665-2216.

Floodplain Administrator
McDowell County Building Inspections



McDowell County  eupgmemme

Wehbsite: www.medowellgov.com

April 27, 2011

Mr. Larry Randolph
205 Sain Road
Nebo, NC 28761

Re: Notification of 1% (100-year) annual chance water-surface elevation increases and
widening of the 1% annual chance floodplain

Dear Mr. Randolph:

The Flood Insurance Rate Map (FIRM) for a community depicts land which has been determined
to be subject to a 1% (100-year) or greater chance of flooding in any given year. The FIRM is
used to determine flood insurance rates and to help the community with floodplain management.

Michael Baker Engineering, Inc. is applying for a Letter of Map Revision (LOMR) from the
Federal Emergency Management Agency (DHS-FEMA) on behalf of the North Carolina
Ecosystem Enhancement Program (EEP) to revise FIRM panel 371064800K for McDowell
County, NC along South Muddy Creek. The EEP conducted this stream restoration project to
restore the natural channel dimension and pattern along South Muddy Creek.

The Letter of Map Revision will result in:
1. Increases and decreases in the 1% annual chance water-surface elevations with a
maximum increase of 0.17 feet at a point approximately 900 feet upstream of the Sain
Rd. crossing and a maximum decrease in the 1% annual chance water-surface elevation
of -0.85 feet at a point approximately 1230 feet upstream of the Sain Rd. crossing.

2. No changes will occur to the width of the 1% annual chance floodplain as a result of this
Letter of Map Revision.

This letter is to inform you of revision of the 1% annual chance water-surface elevation on your
property at 205 Sain Rd.



If you have any questions or concerns about the proposed changes to the FIRM or its effect on
your property, you may contact Kevin Higgins, PE, CFM of Michael Baker Engineering, Inc. by

email at khiggins@mbakercorp.com or by phone at 704-665-2216.

Sincerely,

‘loodplain Administrator
McDowell County Building Inspections




APPENDIX E -

DIGITAL SUBMITTAL ON CD INCLUDING: HEC-RAS
MODELS, STREAM MAINTENANCE “AS-BUILT”
SURVEY SHEETS, MODEL COMPARISON
SPREADSHEETS, AND DIGITAL LOMR REPORT




Appendix D
Vegetation Data (Tables 8 & 9)
Vegetation Plot Photo Log
Raw Vegetation Data



Table 8. Vegetation Species Planted Across the Restoration Site
South Muddy Creek Stream Restoration (Contract No. D06054-D)

Scientific Name

Common Name

Percent Planted by

Total Number of

Species Stems
Upland Planting Zone

Bare Root Trees Species
Celtis laevigata Sugarberry 15% 1010
Diospyros virginiana Persimmon 15% 1010
Fraxinus pennsylvanica Green Ash 20% 1346
Liriodendron tulipifera Tulip Poplar 15% 1010
Platanus occidentalis Sycamore 10% 673
Quercus palustris Pin Oak 10% 673
Quercus rubra Southern Red Oak 15% 1010

Floodplain Planting Zone

Bare Root Trees Species
Betula nigra River Birch 10% 558
Celtis laevigata Sugarberry 5% 279
Diospyros virginiana Persimmon 10% 558
Fraxinus pennsylvanica Green Ash 15% 836
Juglans nigra Black Walnut 5% 279
Liriodendron tulipifera Tulip Poplar 15% 836
Nyssa sylvatica Blackgum 5% 279
Platanus occidentalis Sycamore 20% 1115
Quercus lyrata Overcup Oak 8% 446
Quercus phellos Willow Oak 7% 390

Wetland Planting Zone

Bare Root Trees Species
Betula nigra River Birch 15% 159
Diospyros virginiana Persimmon 10% 106
Fraxinus pennsylvanica Green Ash 17% 180
Juglans nigra Black Walnut 13% 138
Nyssa sylvatica Blackgum 10% 106
Platanus occidentalis Sycamore 20% 212
Quercus phellos Willow Oak 10% 106
Salix nigra Black Willow 5% 53

Stream Bank Planting Zone

Live Stake Species

Silky dogwood Cornus amomum 40% -
Ninebark Physocarpus opulifolius 15% -
Silky willow Salix sericea 30% -
Elderberry Sambucus canadensis 15% -

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5
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South Muddy Creek Restoration Project
South Muddy Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log
Notes:

1. Herbaceous plot located in foreground of each photo.

4/15/2011 - Photo 3: Veg Plot 2

4/15/2011 - Photo 5: Veg Plot 3

4/15/2011 - Photo 6: Veg Plot 3: Herbaceous Plot
MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551

SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek Restoration Project
South Muddy Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

——

4/15/2011 - Photo 7: Veg Plot 4 4/15/2011 - Photo 8: Veg Plot 4: Herbaceous Plot

4/15/2011 - Photo 9: Veg Plot 5 4/15/2011 - Photo 10: Veg Plot 5: Herbaceous Plot

4/15/2011 - Photo Point 11: Veg Plot 6 4/15/2011 - Photo Point 12: Veg Plot 6: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



South Muddy Creek Restoration Project
South Muddy Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

4/15/2011 - Photo Point 13: Veg Plot 7 4/15/2011 - Photo Point 14: Veg Plot 7: Herbaceous Plot

4/15/2011 - Photo Point 16: Veg Plot 8: Herbaceous Plot

4/15/2011 - Photo Point 18: Veg Plot 9: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



South Muddy Creek Restoration Project
South Muddy Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

4/15/2011 - Photo Point 19: Veg Plot 10 4/15/2011 - Photo Point 20: Veg Plot 10: Herbaceous Plot

4/15/2011 - Photo Point 21: Veg Plot 11 4/15/2011 - Photo Point 22: VVeg Plot 11: Herbaceous Plot
=

4/15/2011 - Photo Point 23: VVeg Plot 12 4/15/2011 - Photo Point 24: Veg Plot 12: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



South Muddy Creek Restoration Project
South Fork Hoppers Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

4/15/2011 - Photo 1: Veg Plot 13

4/15/2011 - Photo 3: Veg Plot 14

4/15/2011 - Photo 5: Veg Plot 15 4/15/2011 - Photo 6: Veg Plot 15: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek Restoration Project
South Fork Hoppers Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

4/15/2011 - Photo 7: Veg Plot 16

4/15/2011 - Photo 9: Veg Plot 17 4/15/2011 - Photo 10: Veg Plot 17: Herbaceous Plot

4/15/2011 - Photo Point 11: Veg Plot 18 4/15/2011 - Photo Point 12: Veg Plot 18: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek Restoration Project
South Fork Hoppers Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

I »

|

4/15/2011 - Photo 16: Veg Plot 20: Herbaceous Plot

4/15/2011 - Photo Point 17: Veg Plot 21 4/15/2011 - Photo Point 18: Veg Plot 21: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek Restoration Project
South Fork Hoppers Creek Project Area
Mitigation Plan - Vegetation Plot Photo Log

4/15/2011 - Photo Point 19: Veg Plot 22 : Herbaceous Plot

4/15/2011 - Photo Point 23: Veg Plot WLP1 4/15/2011 - Photo Point 24: Veg Plot WLP1: Herbaceous Plot

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5




Planted Woody Stem Data: CVS Level 1

Leader: Project: 10652 Team: (it (Al Plot: ‘_ Date: 9 /12 /1 Page y of |
: Coordinates ddh | Height DBH .
Species Name Bourte X (0.0 m) Y (0.1 m)| (1 mm) | (1" cm) | (I cm) Yigor Daltage
LYy |- 4
[on |- 2 H
mp L \ ?.Z?E-hm (=% )
Qo = -y H
[ -5 H
- 1 Gadir h;.-,m} =6 ,g
[y 5 7
Lt |- § L
?-;) I-4 “h'}'
o fin s |- 0 H
(g _ 1!
Zh A 2 q
1-1%
|-y
[-15
=t
=17
I~ 1§
19
|-20
|-21
|-21
|-23
|- 24
|- 29
Source: Transplant, Live stake, Ball and burlap, Pot, Vi gor: d=excellent, 3=good, 2=fair. .l,
Tubling, Bare Root, Mechanically planted, Unknown L=unlikely to survive year, 0=Dead, Missing,

Dmnage: Removal, Cut, Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown Andmal, Human Trampled,
Site Too Wel, Site Too Drv. Flood, Drought, Storm. Hurricane, Diseased, Vine Stran sulation, Unknown, specify other.
#Height prcc:ision drops to 10cm if =2.5m and 30cm if =4m. EntryTool2 2.6 2008 Carolina Vegetation Survey. evs.biounc.edu  Form PWSI2, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: . Projeet: 1o k52  Team: Cmfmit Plot: "J"- Date: ‘{ AT [ Page | of |
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Species Name ourcef (0.1 m) |Y (0.1 m)| (I mm) | (1*em) | (1 cm) Yigor image
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Source: Transplant, Live stake, Ball and burlap. Pot,
Tubling, Bare Root, Mechanically planted, Unknown

Vigor: d=excellent, 3=good, 2=Tair,
L =unlikely to survive year, 0=Dead, Missing.

\

Damagc: Removal, Cut, Mowing, Beaver, Deer. Rodents, Ingects, Game, Livestock, Other/Unknown Animal, Human 1 rampled,
Site Too Wet. Site Too Py, Flood, Drought, Storm Hurricane, Diseased. Vine Suangulation, Unknown, specify other.

"'-Icighl precision drops 1o [0cm if =2.5m and 30cm if =4m. EntryTool2.2.6 ©2008 Carolina Vegetation Survey. evs.bio.uncedu  Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: _ Projeet: hc,bfw  Team:(ih[m{ Plot: 5 Date: " /12 / I Page | of \
Coordinates ddh Height DBH
4 S -y e ———— i - agee
Species Name Source X (0.1 m) [Y (0.1 m)| (1 mm) | (1*em) | (1 em) Vigor Damage

a
9 3-2
(’7[ Suf hrlur 3 '?,
éQ 4 ik 5 L-'
LY 35
1§ N
Vo 31
\

w3 vV
x

™~
—

w

(o 3-4
C\ Ao h“" 31
r}e L0y
LT m

Vo 113 )

oL FE o | S E M e W R

F jal 317
C\ 18
& S
Fr'}'l $-20
\ 224
322

5-33

5-24

325

;
Source: Transplant, Live stake, Ball and burlap. Pot, Vigor: d=excellent, 3=good, 2=Tair. \L
Tubling. Bare Root, Mechanically planted, Unknown I=unlikely (o survive year, 0=Dead, Missing.

Damage: Removal, Cut. Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet, Site Too Dry. F . Drought, Storm, Hurricane, Diseased, Vine Stangulation, Unknown, specify other,
*Height precision drops to 10cm it=2.5m and 50c¢m if =4m, FntyTool2.2.6 252008 Carolina Vegelation Survey evsbioaumcedu  Form PWSI2, ver 8.3
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Planted Woody Stem Data: CVS Level 1
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Solirce: Transplant, Live stake, Ball and burlap, Pot, Vigor: d=excellent, 3=good, 2=Tair,

Tubling. Bare Roof, Mechanically planted, Unknown 1=unlikely to survive year, 0=Dead, Missing.

Damagez Remtoval, Cut, Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,

Site Too Wet, Site Too Drv. Flood, rought, Storm, Hurricane, Diseased, Vine Strangulation, Unknown, specify other.

*Height precision drops to 10em if >2.5m and 50cm if >4m. EntryToal2.2.6 ©2008 Carolina Vegelation Survey. cvs.bio.unc.edn  Form PWSI12, ver 8.3
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Planted Woody Stem Data: CVS Level 1
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Project: 1,0 S0

Team: gitw|mt Plot: &

Date: Q N

Page | of /

Source

Species Name

X (0.1 m)
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Y (0.1 m)
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(1 mm)

Height DBH
(I*cm) [ (1 cm)
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Source: Transplant, Live stake, Ball and burlap, Pot,
Tubling, Bare Root, Mechanically planied, Unknown

Vigor: d=excellent, 3=good, 2=fair,
1=unlikely to survive year, 0=Dead, Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer. Rodents, Insects,

Site Too Wet. Site Too Dry. Flood, Drought, §

#Height precision drops to 10cm if >2.5m and 50cm if >4m.
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Game, Livestock, Other/Unknown Animal, Human Trampled,
Diseased. Vine Strangulation, Unknown, specify other.

©2008 Carolina Vegetation Survey. cvs.bio.unc.edu

Forim PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: Project: _H_PU‘;" B Tc:lm:(,_tig}_]yl@_._ Plot: [_ Date: H /. /Iy Page ‘__ of {
; ; Coordinates ddh | Height | DBH .
Species Name Seurce X (0.1 m) [Y (0.1 m)| (I mm)| (1*em) [ (1 cm) Yigor e
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Source: Transplant, Live stake, Ball and burlap. Pot,
Tubling, Bare Root, Mechanically planted, Unknown

Vigor: 4=excellent, 3=good, 2=fair,
1=unlikely to survive year, 0=Dead. Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer, Rodents, lnsects,

A

same, Livestock, Other/Unknown Antmal, Human Trampled,

Site Too Wet, Site Too Dry. Flood. Droughl, Sterm, Hurricane, Discased, Vine Strangulation, Unknown, specify other.

*Height precision drops to 10em if >2.5m and 50¢m if >4m.

EntryTool2.2.6

©2008 Carolina Vegetation Survey. cvs.biounc.edu

Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: - Project: jlo52  Team: m[m@Plot: 7  Date: 1/ 1z / || Page § of |
vordinates il i I '
Species Name Source X((;t.’:)?;;i";’ngz m)| ( ld::n) (ITi:‘_Ih—(;ll:) (Il)[jl]l‘:) Yigor YEIERE
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Source: Transplant, Live stake, Ball and burlap, Pot, Vigor: d=excellent, 3=goad, 2=fair, A
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely (o survive year, 0=Dead, Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer. Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet, Site Too Dry. Flood, Drought, Storm. Hurricane, Diseased. Vine Strangulation, Unknown, specify other,

*Height precision drops to [0cm if >2.5m and 50cm if >4m.

EntryTool2.2.0

©2008 Carolina Vegetation Survey. evs.bio.une edu

Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level |

Leader: o l'l'(]il.'(‘-l: lMP_ Team: f._;t_ﬂ”‘lﬁzﬁ;ﬂg.t.: g__ T .l..).ﬂ'_e" _L!__,./.P‘ / .I'_!_ Pagﬁ'« ..l_ Of.‘_l_
o B Sour Coordinates ddh | Height DBH — —
Species Name 2OUEEE X 0.1 m) |y (0.1 m)| (1 mm) | (1* em) | (1 em) e gt i
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Source: Transplant, Live stake, Ball and burlap. Pot,
Tubling, Bare Root, Mechanically planted. Unknown

Vigor: d=exeellent, 3=pood, 2=fair,

1=unlikely to survive year. 0=Dead, Missing.

d

Damagt‘,: Remeval, Cut, Mowing, Beaver, Deer. Rodents, [nsects, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet. Site Too Dry, Flood, Drousht. Storm. Hurricane, Diseased. Vine Stran ulation, Unknown, specify other.

*Height precision drops to 10cm if >2.5m and 50cm if =4m. EniryToolZ2.6  ©2008 Caroling Vegetation Survey. evs bio.uncedu Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: Project: jlot$2  Team: (i Jinj. Plot: ‘I;I Date: 4  /4z [/ |[j Page [ of |
Coordinates ddh Height DBH
Species [ o ——— Vieor o
Species Name source X (0.1 m) [V (0.1 m)| (1 mm) | (1* em) | (1 em) igor Damage
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Source: Transplant, Live stake, Ball and burlap. Pot, Vigor: d=excellent, 3=good, 2=fair, J,
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely o survive year, 0=Dead, Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer. Rodents, [nsects. Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Toa Wet. Site Too Dry. Flood, Drought, Sto urricane, Diseased, Vine Strangulation, Unknown, specity other.
*Height precision drops to 10em if >2.5m and 50cm if >4m.  FouyTool2.26 2008 Carolina Vegetation Survey. cvs.biaume.edu  Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: __ Project: wob$s  Team: (A ImE Plot: 19 Date: b /)z / Jf ~  Page Lof {
Coordinates ddh | Height DBH .
Species Name Source X (ml m)| (mm) | (1% em) | (1 em) Vigor Damage
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Source; Transplant, Live stake, Ball and burlap, Pot, Vigor: d=exeellent, 3=good, 2="air, -
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely to survive year, 0=Dead, Missing.

Damage: Removal, Cut. Mowing, Beaver, Deer, Rodents, Inscets, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet. Site Too Drv. Flood, Drought, Storm. Jlurricane, Diseased. Vine Strangulation, Unknown, specify ather.
*Height prccisiun drops to 10em if =2.5m and 50cm if >4m. by Tool2 2.6 2008 Carolina Vegetation Survey. cvs.biounc.edy  Form PWS12, ver 83

Pl Tud poles

The




Nt S AT N
[0-(7 pe-ie
[0 1L jo-(5 oIy jo- 1S
o~ ot joq 1%
104 10-b
|_19-Y lo-3 101 j0-\

. .-f-cﬂ(ﬂ F“{«’.




Planted Woody Stem Data: CVS Level 1

Leader: Project: \ob5®  Team:(WMIiPlot: [)  Date: # /[ jg/ N Pagep of
Species Name Source N (OC—:](LZ? “;,“E';'?I ) (]dil:n) El'l{'fj!'“:ll:) (l]Jl;]]:) Vigor Damage
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Source: Transplant, Live stake, Ball and burlap. Pot, Vigor: d=excellent, 3=goad, 2=fair, J
Tubling, Bare Root, Mechanically planted, Unknown [=unlikely to survive year, i=Dead. Missing,

Damage: Removal, Cut, Mowing, Beaver, Deer. Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,
il B BCAVCET, 17CCT

Site Top Wet. Site Too Dry, Flood. Drought, Sterm, Hurricane, Diseased, Vine Strangulation, Unlaown, specify other,

*Height pl'CCiSiDl'l drops to 10em if =2.5m and 50cm if =4m. EntryTool2.2.6 92008 Carolina Vegetation Survey. evsbiouncedu  Form PWSI2, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: ~ Projeet: Wou%  Team:(Wlpp Plot: [Z  Date: 4 /12 /1t Page Y of |
, . Coordinates ddh | Height DBH 1
Species Name Bour e X (0.1 m) [Y (0.1 m)| (1 mm) | (I*em) | (Icm) Vigor LARLIge
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Source: Transplant, Live stake, Ball and burlap, Pot, Vigor: d=excellent, 3=good, 2=fair, \l{
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely to survive year, 0=Dead, Missing.

Damage: Removal, Cut. Moywing, Bieaver, Deer. Radents, lnscets, Game, Livestock, Other/Unknown Animal, Human Trampled,

Site Too Wet, Site Too Dry, Flood, Drousht, Storm, Hurrvicane, Discased. Vine Sirangulation, Unknown, specify other.

*Height precision drops to 10em if >2.5m and 50em if >4m. EntryTool226  ©2008 Carolina Vegetation Survey. evs biouneedu  Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: Project: \0U5¢  Team: /e Plot: |3 pate: 4/ i& 1 1 Page | of _{
oordinates ddh Height DBH
Species Name Source X (m] m)| (1 mm) (Vk—:n_ﬂ (1 cm) Vigor Damage
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Source: Transplant, Live stake, Ball and burlap, Pot, Vigor: d=excellent, 3=good, 2=fair, Jf ‘%
Tubling, Bare Root. Mechanically planted, Unknown 1=unlikely lo survive year, 0=Dead, Missing.

Damage: Removal, Cut. Mowing, Beaver, Deer, Rodents, Insects,
Site Too Wel. Site Too Dry, Flood, Drought, Storm, Hurricane, Diseased, Vine

*Height precision drops to 10cm if>2.5m and 50cm it >4m.

EnlryTool2.2.6

Gamie, Livestock, Other/Unknown Animal, Human Trampled,
Strangulation, Unknown, specify other. |

©2008 Carolina Vegetation Survey. cvs.bio.uncedu  Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: Project: \0 45> Team: (it [mf-Plot: {f Date: 4/ i /) page ) of {
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Source: Transplant, Live stake, Ball and burlap, Pot, Vigor: d=excellent, 3=good, 2=fair, J,
___Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely to survive year, 0=Dead, Missing.

D_amage: Removal, Cut,

Site Too Wet, Site Too Dry. Flood,

Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown

Animal, Human Trampled,

Drought, Storm, Hurricane, Diseased, Vine Strangulation, Unkuown, specify other.

*Height precision drops to 10cm if >2.5m and 50cm if >4m.

EntryTool2.2.6

©2008 Carolina Vegetation Survey. cvs.bio.unc.edu  Form PWS12, ver 8.3




e .

Y- B
7 I4-30

M2
M-
lq,.z?:
w-24 o
-1l )
- o M7 M-20
-
15 p
H-12
[ %1t
" -
Y-% Mm-9
| 149
@
| 11 1% -6 Y-S i(t? @
S MU -3
0= DECL‘J\
@.‘: Vo lunteer

2 2 gl

[4-29 |
®
I -2
M =2
M-
-2 @

Wyt
et Tallesk post




Planted Woody Stem Data: CVS Level 1

Leader: ) Project: [0 49°  Team:Mit/iyy Plot: |5 Date: 4 / i% / 4 Page | of \
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Source: Transplant, Live stake, Ball and burlap. Pol, Vig,or; d=exeellent, 3=good, 2=fair, \L

Tubling, Bare Root, Mechanically planted, Unknown I=unlikely to survive year, 0=Dead, Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer, Rodents, Iuseets, Game, Livestock. Other/Unknown Animal, Human Trampled,
Site Too Wet, Site Too Dry. Flood, Drought, Sterm, Jlurricane, Diseased, Vine Strangulation, Unknown, specify other.

*Height precision drops to 10cm il >2.5m and S0cm if >4m, EnryTool226 92008 Carolina Vegetation Survey evsbio.uncedu  Form PWSIZ, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: — Project: |0 652 Team: a[mfL Plot: 1% Date: U /14 4 (- Page \ of \
Species Name Source Coordinates odh Height G Vigor Damage
X1 m) |YOIm)(Imm)| (I*em) | (lem) |—
e fo-t H
K}m‘ it G-z i shinding pbto
i Birdn 63 O 7
o e |
Loy -5 4
Yp [ =
Fp -1 4
Sn -0 %
(’1{.‘ W il I(’ -q "f‘
Fe | b-19 i
Fp 16 v
Fr b-12 4
\T‘?Pr\' pat bt l
b len >y
1i€’a-‘l \ bk lo-15 ' L\'%
P n Lo-)f k)
-7
Lo-t8
101
1622
Source: Transplant, Live stake, Ball and burlap, Pot, Vigor: 4=excellent, 3=good, 2=fair, ».L
Tubling, Bare Root, Mechanically planted. Unknown I=unlikely to survive year. 0=Dend, Missing.

Damﬂgc: Removal, Cut. Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet. Site Too Dry. Flood, Drought, Storm, Hurricane, Diseased, Vine Strangulation, Unknown, specify other,
*Height precision drops to 10em if =2.5m and 50cm if >4m, EntryTool2.2.6 ©2008 Carolina Vegetation Survey. evs.biouneedu  Farm PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: —— Project: N069%  Team: AMmIME Plot: l 7 Date: ’-"i /J"f/_[(_ Page | of {
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Source: Transplant, Live stake, Ball and burlap, Pot, Vigor: d=excellent, 3=good. 2=fair, J.
Tubling, Bare Root, Mechanically planted, Unknown | =unlikely to survive year, 0=Dead. Missing.

Dama};c Removal, Cut, Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown Aninal, Human Trampled,
Site Too Wei, Site Too Dry, Flood, Drought, Storm, Hurrvicane, Diseased, Vine Stangulation, Unknown, specify other.
I‘{nu)-'ronlz_z,ﬁ 2008 Carolina Vegetation Survey. evs.bio.uncedu  Form PWSI12, ver 8.3

*Height precision drops to 10cm if >2.5m and 50cm if >4m.
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Planted Woody Stem Data: CVS Level 1

Teader: Project: uo"l{i"_ 'I‘t-.:ln:!"l'?jiﬂ_ Plot: 173 CDate: 4 /4 1 I’agﬁl_of' i
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Source: Transplant, Live stake, Ball and burlap. Pot,
Tubling, Bare Root, Mechanically planted, Unknown

Vigor: d=excellent, 3=good, 2=fair,

1=unlikely to survive year, 0=Dead, Missing.

Damage: Removal, Cut, Mowing, Beaver,

Deer. Rodents, Inseets, Game, Livestock, Other/Unknown

Site Toa Wet, Site Too Dy, Flood, Drought, Storm, Hurricane, “iSCﬂSCd, Vine Strangulation, Unknown, Sﬂﬂﬁir' other.
_2 Y
©2008 Carolina chﬂlﬂliml Survey. evs bioune.edu
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Animal, Human Trampled,

Form PWS12, ver 8.3

*Height precision drops to 10em if >2.5m and 50cm if =4m.
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Planted Woody Stem Data: CVS Level 1

Leader:

 Project: oY Team:he [y Plot: 14
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Source: Transplant. Live stake, Ball and burlap. Pot,
Tubling, Bare Root, Mechanically planted, Unknown

Vigor: 4=excellent, 3=good. 2=fair.
1=unlikely to survive vear, (=Dead, Missing.

=

2

Damage: Removal, Cut, Mowing, Beaver, Deer, Radents, Inscets, Game, Livestock, Other/Uniknown Animal, Human Trampled,
Site Too Wet. Site Too Dry, Flood. Drought, Storm, Hurricane, Diseased, Vine Strangulation, Unknown, specify other.
#Height precision drops to 10em if=2.5m and 50cm if =4m. EnnyTool2.2.6 ©2008 Carolina Vegetation Survey. evs.biouncedu  Form PWS12, ver 83
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Planted Woody Stem Data: CVS Level 1

Leader: ) iject:‘_[op‘;*? Team:MiL/pM Plot: 20 Date: 4/ |5/ |\ Page | of [
“oordi ddh Height DBH
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Source: Transplant. Live stake. Ball and burlap. Pot, Vigor: d=cxcellent. 3=goad, 2=[air, J.«
Tubling, Bare Root, Mechanically planted., Unknown 1=unlikely to survive yvear, 0=Dead. Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer, Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet. Site Too Drv, Flood, Drousht, Storm, Hurricane, Diseased, Vine Strangulation, 0w, specily other.

*Height precision di'ops 1o 10em if=2.5m and 50cm if =4m. FEnyTool22.6 ©2008 Caroling Vegetation Survey. cvs.bio.uncedu  Form PWS12. ver 8.3
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Planted Woody Stem Data: CVS Level 1

Leader: Project: 10 9% Team: (RN L Plot: | Date: i /]S / Q] Page | of |
Species Name Source X ((%%l m) (ld::n) gf—ilf) (?i:l) Vigor Damage
B, T o y
A, o 2i- i H
qu .*m 73 (LN a
By i 214 7
I(E&:/ Yl onjt 0 7
Q / el o U4, :g
Ag-:/r Pra velk ﬂ" 7 4
o o AN Y| small
&, ‘o L-a 4
“gM W-P H
R Ty 2
ip 2111 3
& P f;f% Wi wall LAY L
e o, PO U-Y b
i 1 g “
[ Ul al
[{\? . pra ole 1AM Lk
R v A4 &
1an 21-14 4
by T 229 5
5{19 ! Pra 02l ey L{
L nL 4
o AL f-f‘
V ) JATd A Ll
Ty U A
v Dive palg 21U /‘[
D, Nzl Ll
Ry v ot i
':{)\n Alow 2l AU v
Iy WY 4
(“” i wall 2| v
v Wl g DL U3 %
\ D 2p-1> 0
o ’—-—-L?S;;'::e: Transplant, Live stake, Ball and bu:l::: ;m, Vigor: 4=excellent, 3=good, Iz;(;hir, J,
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely to survive year, 0=Dead, Missing.

Dmnage: Removal, Cut, Mowing, Beaver, Deer, Rodents, Inseets, Game, Livestock, Other/Unknown Animal, Human Trampled,

Site Too Wet, Site Too Drv, Flood, Drought, Storm, Hurricane, Diseased, Vine Strangulation, Unknown, specify other.
*Height precision drops to 10cm if >2.5m and 50cm if >4m. EntryTool2.2.6  ©2008 Carolina Vegelation Survey. cvs.bio.unc.edu  Form PWS12, ver 8.3
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Planted Woody Stem Data: CVS Level |
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Source: Transplant, Live stake, Ball and burlap. Pot. Vigor: d=cexcellent, 3=good, 2=fair, J,
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely to survive year, 0=Dead, Missing,

DEIITIEIgL’l: Removal, Cut, Mowing, Beaver, Deer. Rodents, Inseets, Game, Livestock, Other/Unknown Animal, Human Trampled,
Site Too Wet, Site Too Dry. Flaad. Drought, Storm, [lurricane, Discased, Vine Strangulation, Unknown, specify other.
#] IEighl ])l‘ECiSiOI] (1['0}155 to 10em if =2.5m and 50cm if =4m. IntnTool2 2.6 2008 Carolina Vegelation Survey, evs.biounc.edu  Form PWSI12, ver 8.3
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Planted Woody Stem Data: CVS Level |
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Source: Teansplant, Live stake, Ball and butlap, Pot, Vigor: d=excellent, 3=good. 2=fair, ~L
Tubling, Bare Root, Mechanically planted, Unknown 1=unlikely to survive vear, 0=Dead, Missing,

Damage: Removal, Cut. Mowing, Beayer, Decr, Rodents, Iusects, Gume, Livestock, Other/Unknown Animal, Human Irampled,
Site Too Wet. Site Too Dy, Flood, Drought, Stornt, Hurricane, Discased, Vine Strangulation, Unknown, specily other.
¥Height precision drops to 10cm if >2.5m and 50cm if =4m, EnryTool2.26 2008 Carolina Vegetation Survey. evs.biounc.edu Form PWS12, ver 83
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Planted Woody Stem Data: CVS Level 1
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Source: Transplant, Live stake, Ball and burlap. Pot, Vigor: d=excellent, 3=good, 2=fair, Jf
Tubling. Bare Root, Mechanically planted, Unknown [ =unlikely to survive year, 0=Dead, Missing.

Damage: Removal, Cut, Mowing, Beaver, Deer. Rodents, Insects, Game, Livestock, Other/Unknown Animal, Human Trampled,

Site Too Wet, Site Too Dy, Fload. Drought. Storm. Hurricans, Discased, Vine Strangulation, Unknown, speeify other.

#Height precision drops to 10em if >2.5m and 50cm if =4m.
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Appendix E (see attached As-Built Plans)



Appendix F:
Photo ID Log



South Muddy Creek Photos

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5
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South Muddy Creek PID 1 — J-Hook near upstream end South Muddy Creek PID 2 —Constructed Riffle,
of project
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South Muddy Creek PID 5 — Log Vane in Meander

South Muddy Creek PID 6 — Constructed Riffle

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5




South Muddy Creek PID 10 — Stream Crossing

South Muddy Creek PID 11 — Constructed Riffle South Muddy Creek PID 12 Log Vane and Root Wad
in Meander

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551

SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5



South Muddy Creek PID 14 — Immediately upstream of
Sain Road crossing

South Muddy Creek PID 15 — Constructed Riffle
downstream of Sain Road crossing
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South Muddy Creek PID 17 — Log Vane in Meander South Muddy Creek PID 18 — Constructed Riffle

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5
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South Muddy Creek PID 20 — J-Hook near downstream

Creek PID 19
end of project

South Muddy

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5



South Fork Hoppers Creek (SFHC) Photos

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



SFHC PID 4 - Constructed Riffle

! !_

SFHC PID 5 - Constructed Riffle

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5
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SFHC PID 11 - Constructed Riffle SFHC PID 12 — Double Drop Cross Vane below
crossing

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT

JUNE 2011, MONITORING YEAR 0 OF 5




SFHC PID 13 - Log Sills &
Root Wad

SFHC PID 16 — Log Vane & Matted Bank

SFHC PID 17 — Constructed Riffle at downstream
terminus of project

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



UT1 to South Fork Hoppers Creek Photos

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT

FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
JUNE 2011, MONITORING YEAR 0 OF 5



UT1 PID 5 - Constructed Riffle UTL1PID 6 - Log Sills

MICHAEL BAKER ENGINEERING, INC., EEP PROJECT NOS. — 737 AND 92551
SOUTH MUDDY CREEK STREAM RESTORATION PROJECT
FINAL BASELINE MONITORING DOCUMENT AND AS-BUILT BASELINE REPORT
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UT1 PID 10 - Log Sills

UT1 PID 11 - Constructed Riffle UT1 PID 12 — Ephemeral Pool in Right Floodplain
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UT1 PID 13 — Constructed Riffle

UT1 PID 15 — Constructed Riffle below stream
crossing

UT1PID 17 - Log Sills UT1 PID 18 - Constructed Riffle
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UT?2 to South Fork Hoppers Creek Photos
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UT2 PID 2 - Constructed Riffles & Log Sills

UT2 PID 3 — Stream crossing
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