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EXECUTIVE SUMMARY

For this project, the restoration goal is to restore the physical and biological integrity beyond current
stream conditions. Current conditions consist of modified or impaired stream channels, exacerbated
by cattle intrusion. Restoration of the streams will provide the desired habitat and stability features
necessary to improve the quality of the streams. Objectives to meet the goal of restoring the stream
channels are listed below.

e Provide a stable stream channel with features characteristic of a biologically diverse
environment

o Restore the connection between the bankfull width and floodprone width of the channels by
improving the floodplain area

e Stabilize eroding streambanks

e Provide a functional, native riparian corridor where deficient, and preserve any existing
forested corridor

e Improve the physical aquatic habitat features

e  Minimize land development impacts to the streams

e Provide long-term protection of the stream corridors, including preservation of existing
wooded corridors

The restoration techniques proposed for Beaverdam Creek mainstem and the unnamed tributary
streams (UT1 and UT2) will provide the attributes described above by incorporating a variety of
features recognized to support stability and biological diversity essential to ecosystem
enhancement. Presently, these features are not present or are diminished within the project stream
reaches.

The restoration of the Beaverdam Creek mainstem, UT1 and UT2 includes assessing and
quantifying stable geomorphologic reference reach conditions that is the foundation for the design
and construction of stable natural channels. Considerations that have been applied to the design of
this project are listed below.

e Channels designed with appropriate bankfull dimensions, cross-sectional areas and profile
slopes to convey predicted bankfull flows and to entrain bedload readily available to the
streams, without aggrading or degrading.

o Channel pattern, profile and dimension extrapolated from data collected at a stable
reference reach within the same physiographic province, ecoregion, geologic setting and
valley type as the Beaverdam Creek watershed.

e Grade control and bank stabilization structures to enhance environmental and ecological
attributes of the stream channels through the use of natural materials and indigenous,
native revetment.

e In-stream habitat features, such as pool/riffle complexes, and re-establishment of the
appropriate substrate material will be applied consistently. In-stream structures, such as
cross-vanes, bank stabilization structures, or combinations thereof, will be utilized where
needed to alleviate near-bank shear stress, provide grade control, stabilize streambanks and
create aquatic habitat.

e Reconnection of the stream channels to functional floodplains by making improvements to
the stream channels, floodprone areas and riparian zones that restores dimension, pattern
and profile based on reference reach conditions.

e Indigenous instream, overbank and riparian herbaceous ground cover, shrub, understory
and canopy species will be planted throughout the project riparian corridors, where
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deficient. Existing woody vegetation present along the streams will be preserved to the
maximum extent practicable.

e Bankfull channels designed with the appropriate dimension and cross-sectional area to
convey anticipated bankfull flows and to entrain bedload material.

Proven natural geometry relationships, as described by Newbury, Leopold, Wolman, Miller, Rosgen
and others, provide the basis for designing stable, self-maintaining stream channels. Empirical and
quantitative relationships between drainage area, discharge, channel pattern, profile and dimension
form the foundation for restoring the physical and biological functions of streams. An evaluation of
stream mitigation approaches including preservation, enhancement, and full-scale restoration was
conducted for each of the project reaches. An Enhancement Level I approach, as defined in the multi-
agency April 2003 Stream Mitigation Guidelines, was evaluated in terms of meeting project goals for
the impaired project reaches. Due to historical stream modifications (channelization) and existing
agricultural land use impacts (livestock encroachment), restoring dimension and profile only would
not achieve the required level of ecological enhancement needed to return the impaired project
reaches to a stable, natural condition. Restoring profile and dimension alone will not create in-stream
conditions critical to support aquatic diversity and ecological functions inherent of high quality,
healthy, headwater streams. To achieve the most beneficial outcome, from an ecosystem
enhancement perspective, the inclusion of sinuous pattern, together with restored profile and
dimension is required to reverse prior hydo-modifications along the project reaches. In doing so, the
ecological function of these headwater streams, will achieve project goals and objectives, and in turn,
support and enhance ecological function in the downstream watershed.

Priority Level I and II restoration is therefore proposed for Beaverdam Creek mainstem and the
tributaries. Restoration work will focus on Beaverdam mainstem, UT1 and UT2. Approximatety 449
linear feet of channel will be restored on the mainstem, approximately 2,282 linear feet on UT1, and
approximately 282 feet on UT2. The sum of the total stream lengths designated in the restoration
plan is approximately 3,013 linear feet. Pre-existing and proposed stream lengths and restoration
approach are summarized in the following table, including proposed Stream Mitigation Units
(SMUs):

Beaverdam Creek and Unnamed Tributary Restoration Summary
Project Number D06054-C (Beaverdam Creek and Unnamed Tributaries)

Reach/Approach | Existing Length | Proposed Length Credit Ratio SMUs
Beaverdam Creek 416 ft 449 ft* 1 449
Priority Level 1
Restoration
UT1 Priority 1867 ft 2,282 ft* 1 2,282
Level I/ II
Restoration
UT?2 Priority 203 ft 282 ft 1 282
Level I/ 11
Restoration
Totals 2,486 ft 3,013 ft - 3,013

*Proposed channel lengths are for only the length within the permanent conservation easement.

The stream restoration project will be monitored for a period of five consecutive years or until the
required success criteria has been met as determined by the North Carolina Division of Water
Quality (DWQ) and the U.S. Army Corps of Engineers (USACE), Wilmington District. Parameters
that will be documented during annual stream monitoring, to ensure the success of the stream
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restoration project, will include stream channel surveys (longitudinal profiles and cross-sections),

analysis of streambed particle distributions, photographs, and vegetation surveys along the streams
and riparian buffer zones.
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1.0 PROJECT SITE IDENTIFICATION AND LOCATION

1.1 Directions to Project Site

The proposed project is located northwest of the intersection of White Store Road (SR 1003) and
Snyder Store Road (SR 1945), 3.8 miles south of the town of Wingate, Union County, North
Carolina. The site location and vicinity map is presented on Figure 1. The project is located on
properties owned by Mr. and Mrs. William Earl and Betty H. Parker. The project includes restoration
activities along Beaverdam Creek mainstem and two unnamed tributaries, designated UT1 and UT?2.

1.2 USGS Hydrologic Unit Code and NCDWQ River Basin Designations

The Beaverdam Creek watershed is located within the North Carolina Wetland Restoration Program
(NCWRP) targeted USGS 14-digit HUC watershed 03040105081030 (Beaverdam Creek), in the
Lower Yadkin River Basin. Beaverdam Creek is a tributary to Lanes Creek, of the Rocky River in
the Yadkin River Basin as shown on Figure 2. The project stream reaches are mapped on North
Carolina Department of Transportation Light Detection and Ranging (LiDAR) coverage of Union
County, North Carolina as shown on Figure 3.
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2.0 WATERSHED CHARACTERIZATION

2.1 Drainage Area

The drainage area tributary to the downstream limits of the project on Beaverdam Creek mainstem is
0.4910 square miles or 314.27 acres. UT1 and UT2 have contribution drainage areas of 0.2375
square miles (151.74 acres) and 0.0765 square miles (48.95 acres), respectively. The project
contribution drainage areas watershed map is presented on Figure 3. Drainage areas for the project
reaches are summarized in Table 1.

TABLE 1
Drainage Areas
Project Number D06054-C (Beaverdam Creek and Unnamed Tributaries)
Reach Drainage Area (Acres)

Beaverdam Creek Mainstem (downstream 314
project limits)

UT1 to Beaverdam Creek* 152
UT2 to Beaverdam Creek* 49
Total 314

*UT1 includes the drainage area of UT2. The total contribution drainage area for the Beaverdam
Creek stream restoration project is 314 acres. (See Figure 3)

2.2 Surface Water Classification/ Water Quality

The Upper Lanes Creek watersheds (03040105-081010, -081020, and -081030) are three of 43
watersheds in the Yadkin-Pee Dee River basin that have been identified by the NCWRP as areas with
the greatest need and opportunity for stream and wetland restoration efforts. The Beaverdam Creek
restoration project is located within USGS 14-digit HUC watershed 03040105-081030, and has been
given higher priority than non-targeted watersheds for the implementation of NCWRP restoration
projects. Portions of Lanes Creek are currently listed on the state’s draft 303(d) list. (Yadkin Pee -
Dee River Basin Watershed Restoration Plan, December 2003). The restoration and protection of the
project streams and riparian corridors will help improve instream water quality in the Lower Yadkin
— Pee Dee basins by reducing streambank erosion, excluding livestock from the riparian corridors,
providing sediment and nutrient storage along the restored streams and revegetated riparian corridors,
and perpetual protection of the restored stream project. -

2.3 Physiosraphy, Geology, and Soils

Physiography

The Beaverdam Creek watershed is located in the Piedmont Physiographic Province of south central
North Carolina in the Carolina Slate Belt Ecoregion (Draft Level IIl and Level IV Ecoregions of
North Carolina, USEPA, USDA-NRCS & NCDENR, August 17, 2000). Valley Type VIII (Rosgen,
1996) is most readily identified landform along the mainstem and unnamed tributaries corridors, with
subtle terraces positioned laterally along the broad valleys with gentle, down-valley elevation relief
in the project vicinity. Alluvial terraces and floodplains are the predominant depositional features in
this fluvial geomorphologic system and produce a high sediment supply. As shown on Figure 2 and
Figure 3 the first and second order project stream reaches are located in the headwaters of the

5



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Beaverdam Creek and Unnamed Tributaries EEP Contract # D06054-C

Beaverdam Creek watershed. Existing valley slopes for the project reaches range from 0.0068 ft/ft to
0.0300 ft/ft with elevations from the upstream watershed boundary to the downstream limits of the
project ranging from 640 feet to 571 feet (NAVD 88), with total site vertical relief of 69 feet.

Geology

In the project vicinity, bedrock consists of heated and deformed sedimentary and volcanic rock. The
Carolina Slate Belt was the site of a series of oceanic volcanic islands about 550 — 650 million years
ago. Metamorphic rocks that occur in this region include meta-mudstone and meta-argillite (slate),
thin to thick bedded, bedding planes and axial-planar cleavage common, interbedded with meta-
sandstone, meta-conglomerate and meta-volcanic rock. The project site geology map is presented on
Figure 4 (general bedrock descriptions and mapped extent are from the Geologic Map of North
Carolina, NCGS, 1985).

The site is located on the southeast limb of the northeast-southwest trending Troy Anticlinorium. The
axial plane strikes N49°E (fold crest orientation), with a regional bedding plane dip angle of 29° to
the southeast. Across the axial plane to the west, the regional bedding plane dip angle is somewhat
steeper, 37° to the northwest. The Troy Anticlinorium represents a series of local anticlines (upward
folded arches) and synclines (downward folded troughs) that regionally form a large anticline. The
local folds are open and predominantly asymmetric, mimicking the asymmetric bedding plane
geometries of the parent fold. Axial plane cleavage (rock splitting planes essentially parallel to the
axial plane of the fold) is best developed where only argillites (i.e., slate - metamorphosed, fine-
grained mudstone and clay) are involved in the folding.

Four formations are recognized in the Union County portion of the Carolina Slate Belt — from oldest
to youngest, the Uwharrie Formation, Tillery Formation, McManus Formation and Yadkin
Formation, that together comprise over 16,500 feet of the Lower Paleozoic Section in south-central
North Carolina. The Uwharrie Formation represents a period of extensive volcanism with the
formation of crystal lithic and devitrified tuffs, a rock formed from compacted volcanic fragments,
generally smaller than four millimeters in diameter, incorporated in a micro-crystalline groundmass.
The Tillery Formation consists of thin bedded, laminated argillite with some interbedded non-
laminated argillite and sandstone. Thick bedded, tuffaceous argillite characterizes the McManus
Formation which also contains an appreciable amount of crystal tuff and very fine-grained sandstone.
The youngest unit is the is the Yadkin Graywacke which consists of thick bedded graywacke and
laminated argillite. Quartz and igneous intrusions are found in all of the units. The age of the rocks
studied is Early Paleozoic, probably Cambrian or Ordovician.

Locally, the site is underlain by the McManus Formation which comprises approximately 11,600
feet, or approximately 70 percent of the Union County portion of the Carolina Slate Belt. (Detailed
local structure and stratigraphy from Randazzo, A.F., Petrography and Stratigraphy of the Carolina
Slate Belt, Union County, North Carolina, Ph.D. Thesis, University of North Carolina at Chapel Hill,
1968). The following map is published in the cited thesis.
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Soils

Figure 5 shows the boundaries of mapped soil units within the project site and vicinity. Soils
mapping and taxonomic descriptions are from the USDA NRCS, Soil Survey of Union County, North
Carolina (USDA NRCS, January 1996). The soils along the mainstem of Beaverdam Creek and
along the lower 300-feet reach of UT1 within the project area have been derived from and developed
over these metamorphic rock formations and include the Chewacla silt loam, 0 to 2 percent slopes,
frequently flooded. This map unit consists mainly of very deep, nearly level, somewhat poorly
drained soils developed on floodplains. It is mostly present on broad flats along major streams and
rivers and on narrow flats along minor creeks and drainageways. Typically the surface layer is brown
silt loam approximately seven inches thick. The subsoil is 45 inches thick. On site, the Chewacla unit
is mapped adjacent to the Goldston soils. Where the Chewacla unit occurs adjacent to areas of
Goldston soils, small areas of soils encounter bedrock at a depth of less than 60 inches below ground
surface. Contrasting inclusions make up about 15 percent of this mapped unit.

The upper reach of UT1 and the entire length of UT2 is mapped Cid channery silt loam, 1 to 5
percent slopes. This map unit consists mainly of moderately deep, moderately well drained and
somewhat poorly drained, nearly level and gently sloping Cid and similar soils on flats, on ridges in
the uplands, in depressions and in headwater drainageways. Typically, the surface layer is light
brownish gray channery silt loam four inches thick. The subsurface layer is a pale yellow channery
silt loam 5 inches thick. The subsoil is 18 inches thick. Weathered, fractured bedrock is encountered
at a depth of about 27 inches. Hard, fractured bedrock is encountered at a depth of about 32 inches.
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Permeability is slow in the Cid soil. Available water capacity is low to moderate. The shrink-swell
potential is moderate. A seasonal high water table is perched between depths of 1.5 to 2.5 feet below
ground surface from December through May. The depth to hard bedrock ranges from 20 to 40 inches.
The hazard of erosion is moderate on construction sites if the ground cover is removed.

2.4 Historical Land Use and Development Trends

The land surrounding the restoration project is cattle pasture land. Cattle have direct access to the
project stream reaches for drinking water, and is areas where established riparian canopy corridors
exist, cattle access the project reaches for shade. Presently, the cattle access the stream randomly
and, in doing so, have denuded and destabilized the channel banks due to grazing, browsing and hoof
shear. The unstable streambanks contribute significant quantities of sediment to the project stream
reaches. Sediment eroded from the unstable streambanks is transported downstream and off site into
the larger Beaverdam Creek watershed. Runoff from cattle intrusion along the project corridors
provides direct nutrient pathways into the streams. Currently, the upper reach of UT1 and the entire
UT2 reach have sparse riparian vegetation along their stream corridors. Vegetation along the existing
stream corridors is nonfunctional with respect to bank stabilization, nutrient uptake and sediment
removal from overland flow (i.e., non-point source pollutants). The approximate lower third of UT1
and Beaverdam Creek mainstem reaches have established hardwood forested riparian corridors.
However, cattle intrusion has denuded herbaceous groundcover, and adversely impaired shrub and
mid-story canopy vegetation. Cattle intrusion is the primary cause of stream instability on site. The
photographs on the following page show the adverse effects of browsing and grazing of shrub and
herbaceous vegetation, hoof shear, and resulting nutrient loading, streambank destabilization and
erosion, respectively.

5 G

Lower UT1 Cattle Intrusion - Denuded understory within
forested riparian corridor (July 12, 2006).
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¢ ey 3 \
Lower UT1 Cattle Intrusion — Nutrient loading, hoof shear and
evident vegetative denuding (April 11, 2007).

Table 2 presents a breakdown of land use within the local watershed and is based upon USGS
National Land Cover Dataset (NLCD, 2001). Land cover within the watershed is presented spatially
on Figure 6.

TABLE 2
Beaverdam Creek and Unnamed Tributaries Watershed Land Use Summary
Project Number D06054-C (Beaverdam Creek and Unnamed Tributaries)
Description Count Sq Meters Acres SqMi | Percent
Developed, open space 63 56,700 14.0 0.022 4.46
Deciduous Forest 345 310,500 76.7 0.120 24.45
Evergreen Forest 68 61,200 15.1 0.024 4.82
Mixed Forest 35 31,500 7.8 0.012 2.48
Grassland/Herbaceous 13 11,700 2.9 0.005 0.92
Pasture/Hay 880 792,000 195.9 0.306 62.37
Cultivated Crops 7 6,300 1.6 0.002 0.50
Totals 1,269,900 314 0.491 100.00

2.5 Endangered/ Threatened Species

The species listed in Table 3 are Federally-listed Threatened or Endangered Species in Union
County, North Carolina, according to the U.S. Fish and Wildlife Service (FWS) website (http://nc-
es.fws.gov/es/countyfr.html):
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TABLE 3
Federal Threatened and Endangered Species in Union County
Project Number D06054-C (Beaverdam Creek and Unnamed Tributaries)

Common Name Scientific Name Federal Status Known
Occurrences

Schweinitz’s Sunflower Helianthus schweinitzii Endangered Current

Carolina heelsplitter Lasmigona decorata Endangered Current

Michaux’s Sumac Rhus michauxii Endangered Current

The “Known Occurrences” column refers to the last time the species was observed in a particular
county, according to the species distribution maps from the North Carolina Natural Heritage Program
dataset. “Current” means that the species was seen in the county within the last 20 years.

As part of the National Environmental Policy Act (NEPA) compliance procedure for the project, a
scoping letter was submitted to the US Fish and Wildlife Service on July 11, 2006 to request
information on these species and any comments with respect to endangered species that may arise as
a result of this project. This scoping letter included language specifying that a lack of response
within 30 days would be assumed to mean the USFWS had no comments or recommendations
regarding this project. No response was received within the 30 day period ending August 14, 2006.

A scoping letter was also sent to the National Oceanic and Atmospheric Administration (NOAA)-
Fisheries Service, Beaufort Field Office, on July 18, 2006 for comments on any issues related to
endangered species of essential fish habitat. During a telephone conversation on July 31, 2006, Mr.
Ron Sechler of the NOAA-Fisheries Office stated that he had no comments related to this project.

A request for a site-specific search of the North Carolina Natural Heritage Program Database was
made to the North Carolina Department of Environmental and Natural Resources (NCDENR). The
search results returned on July 12, 2006 indicated that the database had no record of rare species,
significant natural communities, or priority natural areas at the site nor within 1 mile of the project
area.

Based on a review of available information, including a site visit, no habitat for any of species listed
in Table 3 is apparent on the site. Due to a lack of available habitat, the Beaverdam Creek project is
not likely to have an adverse effect on any Federally-listed threatened or endangered species. This
information was presented in the Categorical Exclusion report submitted to and accepted by the
Federal Highway Administration and State of North Carolina on September 18, 2006.

2.6 Cultural Resources

A scoping letter was submitted to the North Carolina Department of Cultural Resources, State
Historic Preservation Office (SHPO) for review. In correspondence dated July 27, 2006, the SHPO
indicated that they were aware of no historic resources that would be affected by the project. The
SHPO had no comments on the undertaking as proposed.

2.7 Potential Constraints

There are no constraints that have potential to adversely impact or limit improvements associated
with the restoration of Beaverdam Creek and its associated unnamed tributaries.
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2.7.1 Property Ownership History and Boundary

The project site lies entirely within lands owned by Mr. and Mrs. William Earl and Betty H. Parker
(1822 Snyder Store Road, Wingate, North Carolina 28174). The project, in its entirety, is located
northwest of the intersection of White Store Road and Snyder Store Road, 3.8 miles south of the
town of Wingate, Union County, North Carolina.

2.7.2 Site Access

Access to the site is provided from Snyder Store Road and White Store Road as shown the various
figures provided within this report. The upstream and downstream limits of stream restoration work
on Beaverdam Creek mainstem terminate 30-feet outside the right-of-ways of these state routes. A
temporary, stabilized construction entrance will be built onto the site from White Store Road as
shown on Restoration Plan Sheet RP-13/17. The detail for this construction egress/ingress entrance
is shown on Restoration Plan Sheet RP-14/17. Restoration Plan design sheets are presented in
Appendix 1. The publicly dedicated right-of-ways of these roads provide direct access to the
Conservation Easements for both Beaverdam Creek and the unnamed tributaries. No independent
ingress/egress is provided as part of the Conservation Easement.

2.7.3 Utilities

Underground utilities are known to exist within the right-of-ways of Snyder Store Road and White
Store Road. No overhead utilities exist on site. The contractor will contact Miss Utility of North
Carolina at (800) 632-4949 at least 72 hours prior to any disturbance in this area. The contractor will
avoid all underground utilities at this location during land disturbance associated with constructing
the temporary project egress/ingress entrance. As shown on the construction detail, a mountable berm
will be constructed if installing a temporary culvert to convey surface water is impracticable. To the
best of our knowledge, the project stream reaches and perpetual conservation easement areas are
neither encumbered nor encroached upon by either overhead or underground utilities.

11
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3.0 PROJECT SITE STREAMS

3.1 Channel Classification

Beaverdam Creek Mainstem

North Carolina Division of Water Quality (DWQ) Stream Classification Form was completed for the
Beaverdam Creek mainstem and is included in Appendix 2. The mainstem received a score of 31,
classifying it as a perennial channel. The stable, natural channel form for Beaverdam Creek
mainstem is a Rosgen E4 stream type, based on detailed, quantitative analysis of a stable reference
reach located off site, upstream from the confluence of Davis Branch with Gourdvine Creek, together
with a detailed analysis of the impaired mainstem reach. ’

A number of anthropogenic factors have impacted the stream channel and riparian corridor along the
impaired mainstem reach, resulting in its present unstable deeply incised condition. Existing bank
height ratios (BHR) measured at impaired pool cross-section 1+98.5 and impaired riffle cross-section
1+44, located 107 feet and 161 feet upstream of from the mainstem’s confluence with UT1 is 1.56
and 1.60, respectively. The deeply incised nature of the channel is attributed to uncontrolled cattle
intrusion (herbaceous groundcover grazing, shrub vegetation browsing and hoof shear) resulting in a
denuded riparian corridor and destabilized, eroding streambanks. (Rosgen, D.L., Degree of Channel
Incision, River Restoration and Natural Channel Design [Rosgen Level 4] Course Field Manual,
2006).
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Beaverdam Creek (Upper) Impaired Riffle Cross-Section
1+44, looking downstream from left to right (July 17, 2007).
Photo taken after extended drought period.

e

In its existing impaired state, Beaverdam Creek has maintained E channel dimensions, albeit under
incised conditions. In addition to cattle intrusion, channelization (impaired conditions sinuosity =
1.08) has increased erosive forces acting on the streambed and channel banks during seasonal
precipitation events, and bankfull and greater flows. Tables 4a — 4b provide baseline morphologic
and hydraulic summaries for reference, existing and proposed channel dimension, pattern, profile and
substrate, along with additional reach parameters. The following screenshot from RiverMorph v.
4.0.1, shows impaired project reach Rosgen stream channel classification, dominant substrate
materials readily available to the mainstem reach, and morphologic and hydraulic conditions for
Beaverdam Creek upstream from its confluence with UT1.
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UT1 to Beaverdam Creek

The North Carolina DWQ Stream Classification Form was completed for UT1 and is included in
Appendix 2. UT1 received a score of 45, classifying it as a perennial channel. The stable, natural
channel form for UT1 is Rosgen E4 stream type, based on detailed, quantitative analysis of a stable
reference reach located off site, upstream from the confluence of Davis Branch with Gourdvine
Creek, and detailed analysis of the impaired UT1 reach.

A number of anthropogenic factors have impacted the stream channel and riparian corridor along the
UT]1 reach, resulting in its present unstable deeply incised condition. Existing BHRs calculated at
impaired riffle cross-section 0+73.2 and impaired pool cross-section 0+88.5, located 227 feet and
212 feet upstream from the confluence of UT1 with Beaverdam Creek mainstem are 1.76 and 1.41,
respectively. The deeply incised nature of the channel is attributed to uncontrolled cattle intrusion
(herbaceous groundcover grazing, shrub vegetation browsing and streambank hoof shear) resulting in
a denuded riparian corridor and destabilized, eroding streambanks.
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UT1 Impaired Riffle Cross-Section 0+73.2, looking downstream.
Hoof shear streambank destabilization and herbaceous and shrub
vegetative denuding are evident (April 11, 2007).
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In its existing impaired state, UT1, along its final 300 feet reach, has C4 channel morphology, based
on dimensions measured at the selected impaired reach riffle cross-section, albeit under incised
conditions. Tables 4¢ — 4d provide baseline morphologic and hydraulic summary of reference,
existing and proposed channel dimension, pattern and profile, along with addition reach parameters.
The preceding screenshot from RiverMorph v. 4.0.1, shows impaired project reach Rosgen stream
channel classification, dominant substrate materials, morphologic and hydraulic conditions for UT1.

UT2 to Beaverdam Creek

The North Carolina DWQ Stream Classification Form was completed for Unnamed Tributary 2 and
is included in Appendix 2. Unnamed Tributary 2 received a score of 32.25, classifying it as a
perennial channel. The stable, natural channel form for UT1 is a Rosgen E4 stream type, based on
detailed, quantitative analysis of a stable reference reach located off site, upstream from the
confluence of Davis Branch with Gourdvine Creek, and detailed analysis of the impaired UT2 reach.

A number of anthropogenic factors have impacted the stream channel and riparian corridor along the
UT?2 reach, resulting in its present unstable deeply incised condition. Existing BHRs calculated at
impaired riffle cross-section 0+73.2 and impaired pool cross-section 0+88.5, located 227 feet and
212 feet upstream from the confluence of UT2 with UT1 are 1.76 and 1.41, respectively. The deeply
incised nature of the channel is attributed to uncontrolled cattle intrusion, herbaceous groundcover
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grazing, shrub vegetation browsing and streambank hoof shear, resulting in a denuded riparian
corridor and destabilized, eroding streambanks.
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In its existing impaired state, UT2, along its final 200 feet reach, has E4 channel morphology, based
on dimensions measured at the selected impaired reach riffle cross-section, albeit under incised
conditions. In addition to cattle intrusion, channelization (impaired conditions sinuosity = 1.02) has
increased erosive forces acting on the streambed and channel banks during seasonal precipitation
events, bankfull and greater flows. Table 4e provides baseline morphologic and hydraulic summary
of reference, existing and proposed channel dimension, pattern and profile, along with addition reach
parameters. The preceding screenshot from RiverMorph v. 4.0.1, shows impaired project reach
Rosgen stream channel classification, dominant substrate materials, morphologic and hydraulic
conditions for UT2.

3.2 Discharge

Bankfull discharge for the project stream reaches was quantified and verified from measured
reference reach boundary conditions and compared to empirical relationships using regression
equations published with the Bankfull Hydraulic Relationships for North Carolina Streams, Rural
Piedmont Regional Curve Database (Multi-Agency Stream Mitigation Guidelines, April 2003). The
rural Piedmont regional curve database includes data for streams with drainage areas ranging from
0.2 to 128 square miles. The regression equations developed from the regional curve database were
used to empirically evaluate hydraulic geometry relationships at bankfull stage for each of the project
reaches. Based on detailed quantitative analysis of reference reach conditions at a selected stable
riffle section Jocated on Davis Branch 43 feet upstream from its confluence Gourdvine Creek, it was
determined the rural Piedmont regional curve dataset underestimates bankfull discharge and
18
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geometric relationships for project reach streams. Appendix 3 presents quantified and verified data
analyses from the Davis Branch Reference Reach, Rosgen Level III assessment. This may be due, in
part, to scarcity of data from the south-central region of the North Carolina rural Piedmont
Physiographic Province in developing the regional curve database. Tables 4a — 4e present hydraulic
geometries, based on empirical relationships between drainage area, discharge and bankfull
dimensions, in comparison to the same relationships based on quantified and verified reference reach
conditions. Tables 4a — 4e on the following pages also present regional curve, reference reach, pre-
existing and design bankfull discharges for each of the project reaches.

3.3 Channel Morphology

See Section 3.1 and 3.4 for discussion of existing stream reaches channel morphology. Tables 4a —
4e on the following pages present baseline morphologic and hydraulic dimension, pattern and profile
data for reference reach, existing and proposed conditions. Regional curve empirical relationships to
reference and impaired reach conditions is summarized in Tables 4a — 4e and interpreted in Section
3.5.

Some fields are left blank within Tables 4a — 4e where historic project documentation necessary to
provide these data were unavailable at the time of this report submission. Where no min/max values
are provided within the tables, and only one value was measured or computed, that value is presented
as the mean or median value. Where only two measurements were measured or computed, no mean
or median value is presented. Reference reach dimensionless ratios used to size project reach
channels included in Appendix 3.
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3.4 Channel Stability Assessment

Beaverdam Creek Mainstem

In its present state, the stream’s high degree of channel incision, expressed as the ratio of low bank
height to maximum bankfull depth, or Bank Height Ratio (BHR range 1.56 - 1.60), low sinuosity (K
= 1.08), denuded and destabilized streambanks composed of stratified sandy soils, relatively steep
profile slope (0.0169 ft/ft, or 89.2 ft/mi) has resulted in a deeply incised, unstable channel with a high
potential for erosion. The incised, vertical to undercut streambanks, accelerate streambank erosion
rates. Utilizing the ratio of near-bank maximum bankfull depth to mean bankfull depth bank erosion
hazard index (BEHI) algorithm in RiverMorph® v.4.0.1, it is estimated 21 cubic yards per year (or 28
tons per year) of sediment is being eroded from the unstable, vertical to undercut streambanks along
the mainstem impaired reach. This estimate was calculated using the bank height (2.97 ft) measured
at impaired pool cross-section 1+98.5 and the total mainstem impaired reach length (386 ft), and
represents a bank erosion rate of 0.5 ft/yr. BEHI and sediment export, bank erosion rate estimates,
together with bank stability evaluation, BHR calculations, with RiverMorph® model inputs and
results are presented in Appendix 4.

UT1

In its present state along its forested reach, the stream’s high degree of channel incision (BHR range
1.41 - 1.76), low sinuosity (K = 1.16), denuded and destabilized streambanks, profile slope (0.0058
ft/ft, or 30.6 ft/mi) has resulted in a deeply incised, unstable channel with a high streambank and bed
erosion potential. The incised vertical to undercut denuded streambanks, accelerate erosion rates.
Utilizing the ratio of near-bank maximum bankfull depth to mean bankfull depth BEHI algorithm in
RiverMorph® v.4.1, it is estimated 67 cubic yards per year (or 87 tons per year) of sediment is being
eroded from the unstable streambanks along the forested segment of UT1 impaired reach. This
estimate was calculated using the bank height (2.68 ft) measured at impaired pool cross-section
0+88.5 and the lower impaired reach length from the point where the existing channel enters the
forested corridor to its confluence with Beaverdam Creek (1351 ft), and represents a bank erosion
rate of 0.5 ft/yr. BEHI and sediment export, bank erosion rate estimates, together with bank stability
evaluation, BHR calculations, with RiverMorph® model inputs and results are presented in Appendix
4.

Upstream of the forested corridor on UT1, a separate BEHI was not calculated. This segment of the
impaired reach is significantly different from the forested reach. Aggradation is the dominant
depositional process as the land use is open pasture with non-uniform channel geometry modified by
hoof shear togéther with low profile gradient. In its existing state, the upper UT1 stream segment
lacks suitable features for aquatic habitat.

ur2

In its present state, the stream’s high degree of channel incision (BHR range 1.80 — 2.12), low
sinuosity (K = 1.01), denuded and destabilized streambanks, relatively steep profile slope (0.0192
ft/ft, or 101.4 ft/mi) has resulted in a deeply incised, unstable channel with a high sediment supply.
The incised steep to near vertical denuded streambanks, accelerate erosion rates. Utilizing the ratio of
near-bank maximum bankfull depth to mean bankfull depth BEHI algorithm in RiverMorph® v.4.0.1,
it is estimated 4 cubic yards per year (or 5 tons per year) of sediment is being eroded from the
unstable streambanks along the UT2 impaired reach. This estimate was calculated using the bank
height (2.14 ft) measured at impaired pool cross-section 0+18.8 and the total UT2 impaired reach
length (203 ft), and represents a bank erosion rate of 0.25 ft/yr. BEHI and sediment export, bank
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erosion rate estimates, together with bank stability evaluation, BHR calculations, with RiverMorph®
model inputs and results are presented in Appendix 4.

Channel Stability Summary

Summing the sediment export estimates for each of the project reaches, the impaired streams have
the potential to contribute approximate 92 cubic yards (or 120 tons) of nutrient loaded sediment off
site into the larger Beaverdam Creek watershed on an annual basis. The rate of erosion, expressed in
feet per year per linear foot, is based on estimates from field observations for each of the impaired
project reaches and their potential for mass loading of nutrients and sediment due to channel
instability from uncontrolled cattle intrusion, agricultural land use and channelization.

Given the impaired condition of project reaches, the estimated annual rates of streambank erosion are
reasonable. High, sustained flows typical of heavy rainfall events associated with stalled or slow
moving tropical depressions, associated with hurricanes, come close enough to North Carolina to
influence weather about twice during an average year. Once in 10 years, on average, hurricanes strike
a part of the State with sufficient force to cause severe damage to inland property. The average
annual rainfall east of the Blue Ridge Mountains generally ranges between 40 and 55 inches. In
North Carolina the most severe weather is due to summer thunderstorms, with July being the wettest
month. These storms usually affect localized areas, with hail, high winds and lightning occurring
with some of them, accounting for an average yearly loss of over $5 million in property damage. At
any given locality, 40 or 50 thunderstorms can be expected in a given year. (Source: State Climate
Office of North Carolina). Under prevailing regional climatic patterns, the existing conditions of
impaired site streams will continue to deteriorate and contribute significantly to offsite sedimentation
and nutrient loading without intervention.

The consequence of channelization, cattle intrusion, confinement (lateral containment), major floods,
changes in sediment regime, and loss of riparian vegetation are attributed causes and effects for
existing conditions along the impaired project reaches. The effects of these anthropogenic changes
are accelerated streambank erosion, channel incision, land loss, aquatic habitat loss, lowering of the
water table, land productivity reduction and in-stream and downstream sedimentation and nutrient
loading. Weighting each of the mitigation types and categories against stated projected goals, only
full-scale restoration can achieve stabilization and the establishment of fully functional aquatic
habitat in these streams.

3.5 Bankfull Verification

As noted in Section 3.2, for project stream reaches, bankfull discharge was evaluated through
quantitative analysis of stable reference reach data and comparison of predicted bankfull discharge
through a stable riffle section located on Davis Branch 43 feet upstream from its confluence with
Gourdvine Creek as shown on Figure 3A and Figure 7. Discharge versus drainage area relationships
for the reference reach riffle cross-section were compared to Bankfull Hydraulic Geometry
Relationships for North Carolina Streams (Rural Piedmont) regional curve dataset. Through this
analysis, it was determined the rural Piedmont regional curves underestimate bankfull discharge and
geometric relationships for project reach streams. This may be due, in part, to scarcity of data
collected from the south-central region of the North Carolina rural Piedmont Physiographic Province
in developing the regional curves.

The calculated discharge, using quantified reference reach bankfull riffle geometry, profile slope, and
bed roughness yielded a bankfull discharge of 77.6 cubic feet per second (cfs). The regression
equations developed from the rural Piedmont regional curve database predicted bankfull discharge
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based on the empirical relationship between reference reach drainage area (365.55 acres or 0.571
square miles) and discharge at the same position in the watershed at 40.4 cfs. To investigate the 37.2
cfs difference between the quantified and the empirically derived bankfull discharge, the USGS
Water Resources Investigations Report 01-4207, Estimating the Magnitude and Frequency of Floods
in Rural Basins of North Carolina (Pope, B.F., Tasker, G.D, and Robbins, J.C., 2001) provides some
insight into the poor correlation.

The North Carolina rural flood-frequency peak discharge versus drainage area regression equation,
published in Table 5, on page 11 of the cited report for the 2-year flood recurrence interval for the
rural Blue Ridge — Piedmont follows:

Q2_Yr — 135DA0,702

Where Q..y; is the estimated peak discharge with a 2-year recurrence interval and DA is the drainage
area in square miles. Inputting the Davis Branch Reference Reach drainage area (0.571 square miles)
into this equation yields the following result:

Quv: =135 x0.571%7% =91.1 cfs

The bankfull discharge return interval published with the Bankfull Hydraulic Geometry Relationships
for North Carolina Streams (Rural Piedmont) regional curve dataset and the Log-Pearson Type III
distributions used to develop the rural Piedmont bankfull regression equations ranged from 1.1 to 1.8
years, with a mean return interval of 1.4 years. The coefficient of determination (R?) for bankfull
discharge power function regression equation is 0.97 for the dataset, using best fit regression
equations for the upper and lower 95% confidence limit for this relationship.

However, the wide range of values included in within the 95% confidence limits indicates the need
for caution when using these empirical relationships. For example, the bankfull cross-sectional area
for a 10-square mile watershed ranges from approximately 60 to 180 square feet with a predicted
value of 103 square feet. This natural variability results from variations in average annual runoff,
stream type (Rosgen, 1994), land use, and the natural variability of stream hydrology (Leopold,
1994).

The Bankfull Hydraulic Geometry Relationships for North Carolina Streams (Rural Piedmont)
power function regression equation for bankfull discharge is:

Qe = 66.57A,>%

where Q¢ = bankfull discharge (cfs) and A,, = watershed drainage area (mi°). Inputting the Davis
Branch Reference Reach drainage area into the power function regression equation yields the
following result:

Qb= 66.57 x 0.571%% = 40.4 cfs.
Since the quantitatively derived discharge of 77.6 cfs, based on carefully measured field parameters
falls between the predictions using the two cited references, and given the variability of the estimates

themselves, the quantitatively derived discharge, extrapolated proportionally to project sub-
watershed drainage areas, has been carried forward into the design.
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Refer to Tables 4a — 4e for reach specific estimates of bankfull discharge and hydraulic geometries
from the regional curve database, reference reach, pre-existing conditions and proposed design
conditions.

3.6 Vegetation

A relatively narrow wooded corridor is currently present along most of the Beaverdam Creek
mainstem on site and the downstream half of UT1. These corridors exhibit some denuding of the
understory due to cattle disturbance. Typical species observed with the corridor included Ulmus
alata (winged elm), Quercus phellos (willow oak), Quercus velutina (black oak), Acer negundo
(boxelder), Asimina triloba (pawpaw), Lonicera species (honeysuckle), Bignonia capreolata
(crossvine), Carex species (sedge), Mitchella repens (partridgeberry), and Geranium species (wild
geranium). Little to no riparian corridor is present along the upstream half of UT1, and the entire
reach along UT2 is denuded within the project area. Active pasturelands surround the project
streams, and cattle have unrestricted access to the streams. This has resulted in significant damage to
the stream banks in some areas. No potential wetlands were observed along the project corridor.

29



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Beaverdam Creek and Unnamed Tributaries EEP Contract # D06054-C

4.0 REFERENCE STREAMS

4.1 Watershed Characterization

Davis Branch Reference Reach

For Beaverdam Creek, bankfull discharge was determined through a quantitative assessment and
analysis of reference reach boundary conditions and comparison of predicted bankfull discharge
through a stable riffle cross-section located on Davis Branch 43 feet upstream from its confluence
with Gourdvine Creek. The reference reach is a Rosgen Valley Type VIII, E3/1b stream type (i.e., E
channel morphology, large cobble substrate with strong bedrock control, profile gradient greater than
2 percent). The reference reach is located within a healthy, deciduous hardwood forested riparian
corridor. A complete Rosgen Level III watershed assessment and analysis of the reference reach
conditions was conducted during August 8 and 9, 2006. The longitudinal profile that follows,
analyzed using RiverMorph® version 4.0.1, shows the best fit trend lines of the streambed, water
surface and bankfull indicators:

Davis Branch Reference Reach Longitudinal Profile - August 2008
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The healthy, robust vegetation and root mass along the reference reach riparian corridor, extending
overbank into the channel, is extremely stable and resistant to streambank erosion. The streambed is
stable due to hard bedrock control. Large cobble deposited on top of the bedrock is a secondary
substrate, resulting from physical weathering of the highly fractured, steeply dipping, thick- to thin-
bedded slate bedrock (dominant bedding plane orientation strikes N65°E, with a mean dip angle of
55° to the northwest, average protrusion height 0.57 feet or 174 mm based on field measurements).
Due to extremely thick riparian vegetation during August 2006, it was possible to collect profile and
cross-section data along a relatively short length of the stable reach. The following photographs
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depict field conditions at the time of the field survey and reference reach Rosgen Level III
assessment.

Thick vegetative cover, Davis Branch Reference Reach,
Rosgen Level III Assessment (August 8, 2006).

Riffle Cross-Section Station 2+57
Davis Branch Reference Reach, looking upstream (August 8§, 2006).
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EMH&T staff were able to clear line of site 151 feet deep into the overgrown Davis Branch
Reference Reach, accessing the stream from its confluence with Gourdvine Creek. Due to backwater
from Gourdvine Creek at the mouth of Davis Branch, 118 linear feet of profile, capturing three pool
and four riffle sequences, with one representative riffle and pool cross-section being surveyed in the
field. Geologic structural controls and lithology, fluvial geomorphologic processes, depositional
materials, climatic influence, riparian vegetation, deposition pattern, debris occurrence, meander
pattern, channel stability rating, sediment supply, streambed stability and width/depth ratio state were
evaluated following Rosgen Level Il stream assessment protocols. Visibility was limited in the field
to dense vegetative cover along the Davis Branch Reference Reach; therefore, Union County
orthoimagery (2/2004) was used to verify stream pattern. The high-resolution (1 pixel = 6 inches)
orthoimagery is included on Figures 3A and 7. A total of 1129 linear feet of the reach was assessed
for each Level III stream state and condition parameter consistent with a Rosgen Level III
methodologies. The assessment included GPS data spatial analysis to evaluate channel pattern
upstream from the surveyed reach, beyond the point where additional differential level surveying was
impracticable and channel pattern could not be discerned from recent aerial imagery.

The Davis Branch Reference Reach is located 12.8 miles northeast of the Beaverdam Creek and
Unnamed Tributaries Restoration Project. The reference reach is located along the same geologic
structural feature, the Troy Anticlinorium (northwest limb near the axial plane of an unnamed
syncline), in the same geologic formation, the McManus Formation, is mapped on the same soil
series (Chewacla silt loam, Goldston soils and Cid channery silt loam), and is located in the same
physiographic province and ecoregion as the Beaverdam Creek project impaired reaches. The
reference reach is shown at watershed scale on Figure 3A and at reach scale on Figure 7. The
included geologic map of Union County, North Carolina (Randazzo, A.F., 1968) indicates the
reference reach location relative to the site:
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Calculated bankfull discharge for the surveyed reference reach riffle cross-section, was computed
using hydraulic radius, wetted perimeter, channel slope and a relative roughness (u/u*) method based
on the average protrusion height of the steeply dipping bedrock (Rosgen, 1998). Additionally, a
particle distribution was collected from the large angular cobble deposited along the reference reach
riffle bed. Based on an average protrusion height of 0.57 feet (or 174 mm), bankfull discharge is
quantified at 77.6 cfs. The D84 particle size from the stable riffle particle distribution is 140.1 mm
and is consistent with the observed bed thickness and axial splitting planes and observed joint sets in
the folded and deformed slate bedrock, as shown on the photographs that follow.
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Steeply dipping argillaceous slate bedrock, Davis Branch
Reference Reach, looking upstream (August 8, 2006).

Small boulder and large cobble substrate, weathered from
fractured bedrock streambed on Davis Branch Reference
Reach (August 9, 2006). Note 4-inch scale on boulder.

SN

The following screen shot from RiverMorph® shows the boundary conditions and calculated bankfull
discharge and mean flow velocity through the reference reach riffle cross-section:
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Reference Reach Pool Cross-Section, Profile
Station 1+83 looking upstream (August 8, 2006).

Davis Branch Reference Reach - Pool X-S Profile Station 1+83
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The Davis Branch reference reach classification, data summary reports and supporting
documentation are presented in Appendix 3.

4.2 Channel Stability Assessment

Reference reach channel stability was analyzed using the vertical velocity near-bank stress method
algorithm in RiverMorph® v.4.0.1 and reach streambank observations and channel morphology from
reference reach Pool Cross-Section 1+83, located on Davis Branch 117 feet upstream from its
confluence with Gourdvine Creek. The predicted annual erosion rate estimate was calculated for the
entire 1129 linear feet of stream evaluated as part of the Rosgen Level III reference reach study.
Based on reference reach conditions, the predicted sediment loss is 3.23 cubic yards or 4.2 tons per
year. This equates to 0.0043 tons/year per foot of reach, or two one hundredths of a foot (0.02 ft)
streambank erosion on an annual basis. The near-bank adjective rating (0.35) is very low for the
reference reach, indicating extremely stable channel conditions. The quantitative inputs and
analytical results from the reference reach channel stability assessment are included with the
information in Appendix 3.

4.3 Discharge

Reference reach quantified and verified discharge estimates are presented in Sections 3.2, 3.5 and
4.1. Detailed data analysis and the quantified results from that data are presented in Appendix 3.

4.4 Channel Morphology

Reference reach channel morphology is discussed in detail in Section 4.1. Detailed data analysis is
included within Appendix 3. Morphologic and hydraulic summary data for the reference reach is
presented in Tables 4a — 4e.

4.5 Bankfull Verification

See Section 3.2, 3.5 and 4.1 for reference reach bankfull verification details and supporting
documentation in Appendix 3.

4.6 Vegetation

Davis Branch Reference Reach

The Davis Branch reference reach flows through a deciduous hardwood forest area, which provides a
wide riparian corridor. The canopy layer is dominated by native tree species including Plantanus
occidentalis (American sycamore), Carya species (hickory), and Acer negundo (boxelder). The
shrub/ sapling and herbaceous understory is extremely thick and provides significant protection
against bank erosion. Species such as Rosa multiflora (multiflora rose), Alnus serrulata (hazel
alder), Bignonia capreolata (crossvine), Viola sp. (violet), and Convolvulus species (bindweed) are
present within the understory. Photographs of the reference reach are provided within Section 4.1.
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5.0 PROJECT SITE RESTORATION PLAN

5.1 Restoration Project Goals and Objectives

The primary goal and objective for the project reaches is to restore stable pattern, profile and
dimension along Beaverdam Creek mainstem, UT1 and UT2. This will be accomplished using both
on-line and off-line, Priority I and I approaches to improve the connection of the laterally confined
and incised existing channel with its floodplain. Grade control structures will be used to reduce
critical shear stress in the near-bank region while maintaining flow velocities and critical depths
required to entrain coarse gravel (D84 particle size = 17.2 mm), based on analysis of riffle bed
particle distributions collected from the impaired mainstem reach riffle conditions.

The restoration plan for Beaverdam Creek mainstem utilizes proven geomorphologic approaches
developed by understanding and implementing stable channel dimension, pattern and profile, based
on quantified and verified reference reach boundary conditions and then superimposing the stable
dimension, pattern and profile on the unstable form. An evaluation of stream mitigation approaches
including preservation, enhancement, and full-scale restoration was conducted for each of the project
reaches. An Enhancement Level I approach, as defined in the multi-agency April 2003 Stream
Mitigation Guidelines, was evaluated in terms of meeting project goals for the impaired project
reaches. Due to historical stream modifications (channelization) and existing agricultural land use
impacts (livestock encroachment), restoring dimension and profile only would not achieve the
required level of ecological enhancement needed to return the impaired project reaches to a stable,
natural condition. Restoring profile and dimension alone will not create in-stream conditions critical
to support aquatic diversity and ecologic functions inherent of high quality, healthy headwater
streams. To achieve the most beneficial outcome, from an ecosystem enhancement perspective, the
inclusion of sinuous pattern, together with restored profile and dimension is required to reverse prior
hydo-modifications along the project reaches. In doing so, the ecological function of these headwater
streams, will achieve project goals and objectives, and in turn, support and enhance ecological
function in the downstream watershed.

The restoration approach for the impaired mainstem reach entails improving the realigned channel’s
connection with its existing forested riparian corridor and floodplain with appropriate elevation,
width, valley slope and channel dimensions to maintain entrainment velocities required to move
coarse gravel-size particles, readily available to the stream during bankfull flow conditions while
maintaining competency to mobilize silt and sand size particles at normal stage. The proposed
channel is an E4 stream type designed with stable dimension, pattern and profile to entrain its
bedload without aggrading or degrading at bankfull stage. In-stream structures will be utilized to
reduce shear stress in the near-bank region and provide grade control at the locations shown on the
Restoration Plan Sheets in Appendix 1.

In-stream structures proposed include cross-vanes, constructed riffle and pool sequences, and
streambank channel reinforcement. The in-stream structures have the added benefit of creating
aquatic habitat and preventing the development of deleterious mid-channel sand and gravel bars that
increase flow velocities and shear stress in the near-bank region. The plan sheets and design details
for the Beaverdam Creek mainstem are presented in Appendix 1.

Channel reinforcement materials will be used in high shear stress regions (i.e., along outside meander
bends). Reinforcement materials will consist of a combination of: rock toe, coir log, coconut fiber
geotextile matting held in place with hardwood stakes and soil nails; live branch plantings; and
aggressive seeding, mulching and revetment of streambanks and the riparian corridor. Channel
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reinforcement methods are indicated as Detail ‘C’ on Restoration Plan Sheet RP-10/17 and Planting
Plan on RP-17/17 in Appendix 1.

The existing forested riparian corridor will be protected and augmented along the realigned
Beaverdam Creek mainstem reach and UT1 to enhance streambank stability, provide sediment and
nutrient storage, and enhance terrestrial and aquatic habitat. Along the remainder of Beaverdam
Creek and UT1, and for the entire project reach of UT2, a native riparian corridor will be established
and protected. The stream corridors will be protected by the installation of livestock exclusion
fencing placed at the edge of the conservation easement boundary.

5.1.1 Designed Channel Classification

The proposed designed Beaverdam Creek mainstem, UT1 and UT2 channels are stable E4 channels,
with restored pattern, profile and dimension to entrain bedload readily available to the reaches. Table
5 summarizes the restoration structure and objectives for Beaverdam Creek mainstem, UT1 and UT2.

TABLE 5
Restoration Structure and Objectives
Project Number D06054-C (Beaverdam Creek and Unnamed Tributaries)

Reach/Approach Existing Proposed Stationing Comment
Length Length
Mainstem Priority 416 1f 464 1f 0+00 — 4+64
Level I Restore stable channel pattern
Restoration profile, dimension, substrate
UT1 1,806 1f 2,3271f 0+00 —23+27 | Improve connection to existing
Priority Level I/ IT floodplain
Restoration : o _
UT2 203 1f 282 1f 0+00 — 2+82 Riparian plantings
Priority Level I/ II Livestock exclusion fencing
Restoration

Note: Proposed stream lengths include lengths within the permanent conservation easement. Refer to
the Restoration Summary Table in the Executive Summary for stream lengths adjusted for breaks in
the perpetual NC EEP Conservation Easement on record for the project shown on Restoration Plan
Sheet RP-02/17.

5.1.2 Target Buffer Communities

The target buffer community for both riparian planting areas along Beaverdam Creek, UT1 and UT2
is of the Piedmont/Low Mountian Alluvial Forest community type, as described in Classification of
the Natural Communities of North Carolina (Schafale and Weakley, 1990). According to the
Schafale and Weakley publication, hydrology of these areas is palustrine, seasonally or intermittently
flooded on various alluvial soils. Important characteristics regarding the Piedmont/Low Mountain
Alluvial forest Community according to Schafale and Weakley, 1990 include the following:

- Flood carried sediment provides nutrient input to these communities, as well as serving as a
natural disturbance factor.

- Variation is probably most related to frequency and recentness of destructive flooding. Sites
may vary due to different alluvial material and its effect on soil fertility but almost all alluvial
sites are more fertile than surrounding uplands.
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- Piedmont/Low Mountain alluvial forests may be distinguished from mesic communities by
location in a floodplain and by the presence of alluvial species such as Platanus occidentalis,
Betula nigra, and Acer negundo.

- Piedmont Alluvial Forests may be distinguished from Montane Alluvial Forests by the presence
of low elevation alluvial species such as Liquidambar styraciflua, Acer negundo, Fraxinus
pennsylvanica, Ulmus americana, and Ulmus alata.

5.2 Sediment Transport Analysis

5.2.1 Methodology

The modified Shields Equation was used to calculate the largest entrainable particle size, based on
reach-specific design boundary conditions for the Beaverdam Creek mainstem, UT1 and UT2.
(Rosgen, 1994; Williams and Rosgen, 1989; Andrews, 1984).

5.2.2 Calculations and Discussion

Shields (1936) described shear stress as:
7=vRS
where:

T = shear stress (Ibs/sq. ft.)

y = specific weight of water (62.4 lbs/cu. ft.)
R = hydraulic radius (ft.), and

S = channel slope (ft./ft.).

To test the relationship between shear stress and mean stream velocity at multiple flow levels,
Rosgen (1994) used an aggregate data set for six stream types. By plotting discharge (cfs) vs. bedload
(Ibs/sec) it was demonstrated a significant relationship was not found for the aggregate data set.
Rosgen found, however, there is a significant empirical relationship when the same data set was
stratified by stream type and shear stress (Ibs/sq. ft.) was plotted vs. mean velocity (ft/sec) on a log-
log scale.

The associated critical dimensionless shear stress (t.*) was calculated based on the D50 particle
distribution collected at impaired individual reach riffle cross-sections and composite D50 particle
distributions approximated by combining particle distributions from both riffles and pools on each
reach, respectively.

The critical dimensionless shear stress, returned from RiverMorph®, is calculated using the following
equation (Williams & Rosgen, 1989):

Ti* = 0.0834(D50550/D50cone) 27

The following equation is used to predict the depth and slope needed to move the largest size of
sediment available to the channel:

d = (15*) (v5) (D50come)
S
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Where:

vs = submerged specific weight of sediment (2.65 gm/cm’)
D50coyp = median diameter of composite sample

d = mean depth

S = mean water surface slope at bankfull

The bankfull critical shear stress, under design conditions, using the Rosgen Modified Shields Curve,
and the entrainable particle diameter for each reach is summarized in the following table:

TABLE 6
Sediment Transport Analysis — Design Conditions
Project Number D06054-C (Beaverdam Creek Mainstem, UT1 and UT2)

Reach Critical Shear Stress (Ibs/sq. Particle Diameter (mm)
ft.)
Upper Beaverdam Creek 0.41 78.4
Lower Beaverdam Creek 1.86 239.6
Upper UT1 0.18 43.9
Lower UT1 0.27-0.34 58.5-69.1
UT2 0.21 48.6

The required bankfull surface slope, hydraulic geometries and critical depths are included within
Appendix 4. Design particle size by reach are presented in Tables 4a through 4e, and the information
used to determine these particle sizes are contained in the appendices.

5.3 Stormwater Best Management Practices

5.4.1 Site-Specific Stormwater Concerns

Properly installed and well maintained Best Management Practices (BMP) applications shall
adequately mitigate the impact of sediment laden stormwater flows within the project corridors. The
stormwater BMP erosion and sediment control narrative, practices, schedule, contractor
responsibilities, inspection, maintenance and soil stabilization measures are presented on restoration
plan sheets RP-12/17 through RP-16/17 in Appendix 1. All BMP applications will be inspected and
maintained throughout the construction process and until the site is stabilized per the planting plan
shown on sheets RP-17/18 and RP 18/18 in Appendix 1 and as described in Section 5.5.

5.5 Natural Plant Community Restoration

5.5.1 Plant Community Restoration Plan

The proposed riparian planting plan was developed by integrating the native plant species observed
on site, species recommended within the Guidelines for Riparian Buffer Restoration (NCDENR —
DWQ, 1/2001), as well selected species known to inhabit the Piedmont/Low Mountain alluvial forest
community type as described in Classification of the Natural Communities of North Carolina
(Schafale and Weakley, 1990) to institute species diversity. Table 7 presents the designed vegetative
communities by zone along the streams. Where there is no pre-existing riparian corridor, the restored
stream reaches will be fully replanted with the appropriate native species in the form of live stakes or
bare-root material, along with some larger specimens (1 gallon container size). Planting zones
(Zones 1 — 4) have been designated for the project as described in the tables on the following page.
Where a woody riparian corridor is already present along the reaches, the existing corridor will be
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preserved to the maximum extent practicable and only Zone 1 and 2 plantings will be installed to
provide vegetative cover immediately along the newly restored channel. In addition, it is anticipated
that the installation of cattle exclusion fence along the stream easement corridors will allow the
impaired understory to eventually redevelop within existing wooded areas. Sheet RP-18/18 in
Appendix 1 indicates the approximate extent of full riparian restoration plantings (Zones 1-4), versus
supplemental plantings (Zones 1-2).

Riparian plantings will be installed during the fall or spring season, as soon as possible after the
completion of the earthwork associated with the restoration effort. Supplemental shrub and tree
species will be planted if survival rates of previous plantings are below target densities. Final species
selection will be based upon availability. In addition to plantings described in Table 7, temporary
and permanent seeding will occur in Zones 2, 3 & 4. The planting plan is presented in the schematic
engineering drawings, included on design sheets RP-17/18 and RP-18/18 in Appendix 1.

TABLE 7
Designed Vegetative Communities by Zone
Project Number D06054-C (Beaverdam Creek Mainstem, UT1 and UT2)

o Zone 1 — Stream Edge

Live Branches, 3x3' centers

Common Name Scientific Name
Buttonbush Cephalanthus occidentalis

Silky dogwood Cornus amomum
Black willow Salix nigra

Silky willow Salix sericea
Elderberry Sambucus canadensis

e Zone 2 — Streamside Shrubs and Trees

Shrubs, Bareroot Material - 4x4' centers

Common Name

Scientific Name

Painted buckeye Aesculus sylvatica
Tag alder Alnus serrulata

Red chokeberry Aronia arbutifolia
Silky dogwood Cornus amomum
American holly Ilex opaca

Black willow Salix nigra
Elderberry Sambucus canadensis

Trees, 1 Gallon Containers - 100 foot spacing

Common Name Scientific Name

River birch Betula nigra
Sugarberry Celtis laevigata

Green ash Fraxinus pennsylvanica
Tulip poplar Liriodendron tulipifera

Sycamore

Platanus occidentalis
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Water oak Quercus nigra

Willow oak Quercus phellos

American elm Ulmus americana

e Zone 3 — Floodplain

Bareroot Material - 8x8' centers

Common Name Scientific Name

Red chokeberry Aronia arbutifolia

Pawpaw Asimina triloba

River birch Betula nigra

American hornbeam Carpinus caroliniana

Sugarberry Celtis laevigata

Green ash Fraxinus pennsylvanica

Tulip poplar Liriodendron tulipifera

Black gum Nyssa sylvatica

Sycamore Platanus occidentalis

American elm : Ulmus americana
TABLE 7

Designed Vegetative Communities by Zone
Project Number D06054-C (Beaverdam Creek Mainstem, UT1 and UT2)

e Zone 4 —30' Riparian Buffer

Bareroot Material - 10x10' centers

Common Name Scientific Name
Pignut hickory Carya glabra
Flowering dogwood Cornus florida
White ash Fraxinus americana
Black walnut -~ Juglans nigra

Tulip poplar Liriodendron tulipifera
Eastern hophombeam Ostrya virginiana
Black cherry Prunus serotina
White oak . Quercus alba
Smooth sumac Rhus glabra
Winged elm Ulmus alata

5.5.2 On-Site Invasive Species Management

This project proposes to treat and eradicate exotic woody vegetation by appropriate means. This will
help meet one of the overall goals of the restoration project by enhancing buffers and creating habitat
for birds and animals. By eradicating non-native vegetation, native vegetation will be allowed to
colonize and provide a better food source for the local fauna.

Before treatment, a vegetation assessment would be performed to determine the presence and extent
of invasive vegetation. The most appropriate treatment options will be determined after the
assessment. Invasive species that may colonize the site after construction will be 1dentified during
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post-construction monitoring events, and appropriate eradication methods will be employed. Possible
treatments for invasive exotic vegetation include application of appropriate herbicides either through
stem cut and spray or spraying of the actively photosynthesizing leaves. This work would most likely
be done in the fall or winter, during the dormant season of most native vegetation. The initial
treatment would likely take a week to complete. Follow up and maintenance is critical in order to
eradicate any root sprouts that may occur in the following seasons.
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6.0 PERFORMANCE CRITERIA
6.1 Streams

As discussed in the original proposal, the restoration goal for the stream is to restore the physical and
biological integrity beyond current stream conditions. Current conditions consist of modified or
impaired stream channels. Objectives to meet that goal of restoring these stream channels are listed
below:

e Provide a stable stream channel with features characteristic of a biologically diverse
environment

e Restore the connection between the bankfull width and floodprone width of the channels by
improving the floodplain area

e Stabilize eroding streambanks

e Provide a functional, native riparian corridor where deficient, and preserve any existing
forested corridor

s Improve the physical aquatic habitat features

e Minimize land development impacts to the streams

e Provide long-term protection of the stream corridors, including preservation of existing
wooded corridors

Restoration of the streams will provide desired habitat and stability features necessary to improve the
quality of the stream. There are many long-term benefits derived from the efforts to restore the
streams, such as:

Reversing the effects of channel incision

Stabilizing eroding streambanks

Development of instream habitat features

Revegetation of the riparian corridor with native vegetation that can be utilized by local
wildlife

e Improving connection to the floodplain, with the accompanying benefits of sediment
and nutrient storage

The restoration techniques proposed for the project stream reaches will provide the attributes
described above by incorporating a variety of features recognized to support the stability and
biological diversity that are essential to restoration and ecosystem enhancement. Presently, these
features are diminished within Beaverdam Creek and the associated Unnamed Tributaries.

The restoration of the streams includes assessing and predicting the morphological features that
will become the foundation for the construction of a stable natural channels. Considerations that
have been applied to the design of this project are listed below.

e Bankfull channels designed with the appropriate dimension and cross-sectional area to
convey anticipated bankfull flows and to entrain bedload material.

e Stable channel pattern (sinuosity) extrapolated from stable reference reach boundary
conditions.

o Grade control and bank stabilization structures to enhance the environmental and
ecological attributes of the stream channels though the use of natural materials and native
plantings.

46



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Beaverdam Creek and Unnamed Tributaries EEP Contract # D06054-C

e In-stream habitat features such as pool/riffle complexes, cross-vanes, bank stabilization
structures, and re-establishment of the appropriate substrate material.

e Improved connections between stream channels and functional floodplains.

¢ Installation of woody plantings where the riparian corridor is currently deficient, or where
it is disturbed for construction. Existing woody vegetation present along the streams will
be preserved to the maximum extent practicable.

Proven natural stream geometry relationships as described by Newbury, Leopold, Wolman, Miller,
Rosgen and others, is the basis for designing a stable, self-maintaining channel. These empirical
relationships between channel pattern, profile and dimension and stream flow form the foundation
for the restoration of the physical and biological functions of the stream.

6.2 Stormwater Management Devices

Properly installed and well maintained Best Management Practices (BMP) applications shall
adequately mitigate the impact of sediment laden stormwater flows within the project corridors. The
stormwater BMP erosion and sediment control narrative, practices, schedule, contractor
responsibilities, inspection, maintenance and soil stabilization measures are presented on restoration
plan sheet RP-12/17 through RP-16/17 in Appendix 1. All BMP applications as shown on restoration
plan sheets RP-12/17 through RP-16/17 will be inspected and maintained throughout the construction
process and until the site is stabilized per the planting plan shown on sheets RP-17/18 and RP-18/18
in Appendix 1.

6.3 Vegetation
The target density for the riparian buffer is to establish a minimum of 320 stems per acre after 3

years, with a minimum of 260 stems per acre at the end of the 5-year monitoring period within the
planted areas. This would represent a minimum survival rate of 80% of the plantings.

0.4 Monitoring Schedule and Reporting

The restoration site will be monitored for five consecutive years or until the required success criteria
have been met as determined by the EEP, NC DWQ, and USACE. As-built survey data will be
collected immediately after construction. Year 1 Monitoring activities will begin will be conducted
al least 6 months after the as-built survey. Planting will occur during the fall of 2008 or no later than
the spring of 2009; therefore, the riparian buffer restoration will be monitored the following growing
season (September 2009). Monitoring activities will follow the guidelines presented in the request
for proposal for this project.

Parameters that will be included in the annual stream monitoring to ensure the success of the
restoration activities will include stream channel surveys (longitudinal and cross-sectional profiles),
pebble counts, photographs, and vegetation surveys. Monitoring reports will be prepared following
the EEP Monitoring Report Format, Version 1.2 dated 11/16/06.

Following the submittal of the monitoring reports to the appropriate agency representatives, the
recipients of the report will be contacted for the purpose of discussing the monitoring data, required
success criteria and whether or not the site is functioning as expected. If the site is not functioning as
expected, a site visit will be scheduled with the review agencies so that consideration can be given to
whether a remediation plan should be created and implemented. The remediation plans, if required,
will directly reflect the requested alterations as discussed with the regulatory agencies, if it is
determined that such alterations will correct any identified deficiencies.
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Stream Channels

Stream channel stability will be physically monitored by establishing permanent cross-sections
located approximately every 500 feet along the restored channels (or no more than 2 per thousand
feet). This will include two cross-sections (1 riffle, 1 pool) each on Beaverdam Creek and UT2, as
well as six cross-sections (3 riffles, 3 pools) along UT1. Each cross-section will be monumented for
future identification and survey. All of these cross-sectional surveys will also be utilized as
photographic points. Cross-section locations to be monitored will be established immediately
following construction during the completion of the “as-built” survey. A longitudinal profile survey
will be conducted along the entire length of each restoration reach. The “as-built” mitigation plan
will include the constructed stream channel dimension, pattern, and longitudinal profile. This data
will be utilized as baseline to compare future monitoring surveys and subsequently to determine
channel stability and transition. Other data collected will include at least six pebble counts for the
project, stream pattern data, and riparian vegetation conditions. Annual inspection of in-stream
structures will also occur to verify proper function and channel stability. Stream channel monitoring
surveys will be completed annually for five consecutive years, starting on Year 1 after completion of
the project.

The performance standards for the restoration project are those mandated in the multi-agency Stream
Mitigation Guidelines (USACE Wilmington District, et al., April 2003). Performance goals for the
site are:

¢ Minimal or negligible development of instream bar deposits.

e Minimal or negligible change in channel pattern, profile and dimension in comparison to As-
Built conditions. Adjustments may occur and some may be indicative of stability, for
example moderate reductions in width/depth ratios as a result of slight channel narrowing,
natural sorting and shaping of bed materials and features, respectively.

s Maintenance of floodplain connectivity (only reductions or very small increases will be
considered acceptable).

o Target density of 320 stems per acre after 3 years and 260 stems per acre after 5 years for
planted woody vegetation (represents 80% survival after 5 years).

Subsequent monitoring reports will address the attainment of performance goals. If goals are not be
attained, then the monitoring reports will document any remedial actions taken during the monitoring

period and the success of these actions.

Riparian Buffers

Vegetation within the restored riparian buffer will be monitored for five consecutive years. A total of
8 ten by ten meter square plots will be permanently established within planted areas following
completion of the planting phase. At least two opposing comers will be marked and surveyed for
future location in the field.

Approximately 2.8% of the project area will be monitored following the CVS-EEP Level 1 Protocol
for Recording Vegetation, Version 4.0 (Lee et al., 2006). A stem count of planted species will be
performed within each monitoring plot. The species, location, size, density, survival rates, and cause
of mortality if identifiable will be reported for each planted species in each plot. Vegetation plots
will be sampled annually and reported every year along with the data collected during the physical
monitoring of the channel. The primary focus of the vegetative monitoring will be on the planted
individuals in the tree and shrub strata. Vegetation monitoring will occur during the month of
September. ‘
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Monitoring reports and discussions of remedial actions will take place with EEP. EEP will review the
monitoring documents and make them available to the agencies after the review period. Decision
making regarding remediation will be between EEP and WRC and its agents or representatives.
Agency interaction will take place through permit requests for maintenance should they become
necessary. Agency interaction will take place at the end of the monitoring period.

49




ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Beaverdam Creek and Unnamed Tributaries EEP Contract # D06054-C

7.0 REFERENCES

Andrews, E.D. 1984. Bed-material Entrainment and Hydraulic Geometry of Gravel-Bed Rivers in
Colorado, Geological Society of America, Bulletin 95, 371-378.

Fullagar, P.D., and Odom, A.L. 1973. Geochronology of Precambrian Gneisses in the Blue Ridge
Province of Northwestern North Carolina and Adjacent Parts of Virginia and Tennessee, Geological
Society America Bulletin, v. 84, p. 3065-3079.

Lee, Michael T. et al. 2006. CVS-EEP Protocol for Recording Vegetation — Level 1-2 Plot
Sampling Only, Version 4.0. Available Online: http://www.nceep.net/business/monitoring/veg/cvs-
eep-manual-v4_lev1-2.pdf.

Leopold, L.B., 1994. A View of the River, Harvard University Press, Cambridge, MA.

Leopold, L.B., Wolman, M.G., and Miller, J.B. 1964. Fluvial Processes in Geomorphology, W.H.
Freeman, San Francisco, CA.

Pfankuch, D.J., 1975. Stream Reach Inventory and Channel Stability Evaluation, USDA Forest
Service, R1-75-002. Government Printing Office #696-260/200, Washington, D.C., 26 pp.

Randazzo, Anthony F., 1968. Petrography and Stratigraphy of the Carolina Slate Belt, Union County,
North Carolina, Ph.D. Thesis, University of North Carolina at Chapel Hill, 80 pp.

Rosgen, D.L. and Silvey, H.L. 2005. The Reference Reach Field Book, Second Edition, Wildland
Hydrology, Inc., Fort Collins, CO.

Rosgen, D.L. 1998. The Reference Reach — A Blueprint for Natural Channel Design, ASCE
Conference on River Restoration in Denver Colorado — March 1988, Reston, VA.

Rosgen, D.L. and Silvey, H.L. 1998. Field Guide for Stream Classification, Second Edition,
Wildland Hydrology, Pagosa Springs, CO.

Rosgen, D.L. 1997. A Geomorphological Approach to Restoration of Incised Rivers, Proceedings of
the Conference on Management of Landscapes Disturbed by Channel Incision, Denver CO.

Rosgen, D.L., 1996. Applied River Morphology, Wildland Hydrology Books, Pagosa Springs, CO.

Rosgen, D.L. 2002. The Cross-Vane, W-Weir and J-Hook Vane Structures: Their Description,
Design and Application for Stream Stabilization and River Restoration, Wildland Hydrology, Inc.
Pagosa Springs, Colorado.

Schafale, Michael P. and Weakley, Alan S. 1990. Classification of the Natural Communities of
North Carolina Third Approximation, North Carolina Department of the Environment, Health and
Natural Resources

Schumm, S.A., Harvey, M.D., and Watson, C.C. 1984. Incised Channels: Morphology, Dynamics
and Control, Water Resource Publication, Littleton, CO.

50




ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Beaverdam Creek and Unnamed Tributaries EEP Contract # D06054-C

Shields, A. 1936. Application of Similarity Principles and Turbulence Research to Bedload
Movement, Mitt. Preuss. Verschsanst., Berlin. Wasserbau Schiffbau. In W.P. Ott and J.C. Uchelen
(translators), California Institute of Technology, Pasadena, CA. Report No. 167; 43 pp.

U.S. Army Corps of Engineers — Wilmington District, U.S. Environmental Protection Agency Region
4, North Carolina Wildlife Resources Commission, North Carolina Division of Water Quality,
USDA Natural Resources Conservation Service, April 2003. Stream Mitigation Guidelines, Raleigh,
North Carolina.

U.S. Department of Agriculture, Forest Service. 1994. Stream Channel Reference Sites: An
Illustrated Guide to Field Technique, General Technical Report RM-245, Rocky Mountain Forest
and Range Experiment Station, Fort Collins, CO.

U.S. Department of Agriculture, Natural Resources Conservation Service. January 3, 2006. NRCS
Soil Survey of Union County, North Carolina, NRCS, 1996.

U.S. Geological Survey, 2001. Water Resources Investigations Report 01-4207, Estimating the
Magnitude and Frequency of Floods in Rural Basins of North Carolina (Revised), Benjamin F. Pope,
Gary D. Tasker and Jeanne C. Robins.

U.S. Geological Survey. 2001. National Land Cover Dataset. Available for download at:
http://www.mrlc.gov/mrlc2k_nlcd.asp.

Williams, G.P. and Rosgen, D.L., 1989. Measured Total Sediment Loads (Suspended Loads and
Bedloads) for 93 United States Streams, U.S. Geological Survey Open File Report 89-67, Denver,
CO, 128 pp.

Wolman, M.G., 1954. A Method of Sampling Course River-Bed Material, Transactions of American
Geophysical Union 35: 951-956.

51




8.0 _ummc_.mm, 3




" - 3 2 A J - 3 /SR | ] - g r‘, i b =
ey itH { T Sn;-'r = & [_( é’é’ Mars N\ fesae = - \76 / \. - s SoeT MAIN
3 e Z o g =
& %—1-35 CRoELL CROW,; PN %, S o WILSON \ il . = =
z - > %, &) 4 us 74 usTa = o g le s
@ & SNC g uS 7AW )
'Q"N g 5- & SIMPSON, el HGHWALTS ?&ép e o % “i\’siﬂw % x{a"‘\ w :
o |8 HUDSON ™% ’% gg ;,’ ;) " 2 g X0 2 g $L LickBrneh
‘ I THIEE ,Vg“ G LT, A B 2 L
s tm s nlh = a JOR = ’ : .
gl S5 \/_Y el .o Lo 2 n )
& 3 x42181 N ™ x| yo! 3 H S p >
% W macnora=§S A P2y - oS £ )e comeraOARY 5\‘? A (4740 \ o] §
# > Y @"‘d T g ~ (g— < = / & § %
N % - %, MLy ’ a - 5 4 3
ROBM 3 [ ;; & i \951 A i s ville >V
~"§ So 3 . <= & 2
ke ns 'z =
] , u?srev ﬁj‘ﬁ“ “" £ 3 "'l it ﬁiv o %‘ l -
3 M ”l'a) % \ g %’T\ y <@ J : - i A i
—,, 1] s e % % 8 3 . J\® 3 i~
C WATKNS { S\E, 3 \& e - 3\
wARYY L 4 S 7 2 S, . 5 €
3 % Y '%_L Y Pt ¥ o ‘i .
T ‘ ) > ) % _v "’Ao %-g 3 P > > a
|l o : = 2l ooyl 7 N ) % =8 z & -
. 4 3} 2 o a .
L NG AN SV J SN, »
7 D S 28 ; BN & S\ AWM (|
&7 ; P L\ E 4@ “‘\f} g, o il ??: 3 P \/ ’\u? 3 <
l ~ R P X y = : s \e \/ " o
| R . ; AP | ' e /|
[ & <) | Q%‘ :.’ s 1 £ & R
| 4% g N y W\ £
g a - - = ¥ a ; ™ f
I g “*‘t‘f 15“ & 2" - 1 ' > & ] (R - - " 4 \"‘%ffse / ,\
. o A 7 ” N\ @ e ’ > Q e G, A
ooshd T fd\ - - 2 1 NN = | &)\ & i Nt
> A o 3 2 O\ AN Ak ey 5 &
o, o ~° = . S S & - A o = & e A
{ -4 7 4 7 \{ 9. z o
Y < \ y { § %! }éa&,_L & oy 4 S, (e ok, (8 =
;éf o )b o A__ %' o & 9 v s ) 4 r -~
2 % % C S 5 \ s/- (8§ | \
o ¢ N : : i 9@\9? ke, g » 2 - i i
o '5 ., | "’. > X ¥ 8’;7},"' h”ky &,
1y i J . )
I o e § b & / S 5 ™ | I REBEL
£ . 9 d o N\ . P 3
£ [2225%¢, 3 ‘{}‘ Bosverdam Cresk 4 d‘o' 5 “ % l v N AL 3 3
: \ N ; % » N TR EN)
\ ! WAL H { ~ k5 g z . . i ?;a Y-
! a () e " a o
l f " ° S 4 SITE : . 8 4 X 8 . ﬂpﬁ‘ d % 2f cisnme
\ S = BUFORD SHORT CuT = \:; L { ?}\ 193 5 Y Vi . Warl =2 ¢—§ 1239)
‘ e A3A = VN ‘ s . £ ) o
| E % 1% 0 & % ] . s 9
22 bt zan \-X - b L g ° 3
I 75} a N j? ‘\,, ,\ @ i( ‘6:’
/ 3 2 & & PN
e 3 T g o> N S)Y* %
£ 2 N~ " Y ? ] j s m%-k } 2
| ( g 4 v NS g ¢! S 5 \‘f/; <5 X
P > ¥ 3§ ¢ - & w
| NV ] : e % ; Legend
f { g "%co‘ [ X, { ,(i § 4 % % &*&\y é’;? ® E
& T E % v9 3 z
S X 131 ROY MEDLIN ] B3 ad 7, é 3 i
;‘ , 2150 ) - L “i - 053 Waxhaw Branch I :5 4 3 PPN Rallroad
i I 3 ) 0 5 Y - 1_:\5‘ ; f y & N P ; [ ? & » v
\(S‘“ o aQ % 'y
: A% X > > P —— Streams
. 7\ ' L g ’ $ 1 l/
- &/ . 3 (; g .
i J ; / B N~ . V1) - & o Loy, ~:/| === US Routes
2 D HELMS \ Y/ S N 2 8 &
9 = N o
° q 65 2 - g 4 il * 5 NG §
1 /775 H - T i Q %, N\ _‘,4»\*95( < s & ,./(‘g E State Routes
| \ /) Ak //j\ o 601 & i ) '
3 &, 2 ] s N .
i 2 § A R S N — Minor Roads
133 % S, P oo r' -
: s X A 3 2o o ) E B
ME 2 A 7. 2, 7 e [ N | | L
Josmooue (8 \ } ~ i ' Lakes \
& - 2 S
} & & 3 4939 L R o
W = S ) St Asavy SHURCyy ? \i‘ N \ / : -
s c : ' N1 o : / ’ . W A - Conservation Esmt.
3 : =ETC- 2 < e
E a° < I oM : ® &2 T
9 . s j 3 © - \
¢ i & acy g » h - z %
J . = D:“s 2 X v s /\ \ i B 5 ) & 4
)
5 UNION COUNTY, NORTH CAROLINA
i . BEAVERDAM CREEK & UNNAMED TRIBUTARIES (PARKER SITE)
| Vo, PEo et e T toe Scale: 1" = 5000' SITE VICINITY MAP Sources:
| Engineers » Surveyors « Planners » Scientists
5500 New Albany Road, Columbus, OH 43054

Phone: 614.775.4500
M

Fax: 614.775.4800
X

[0 M X v |

0 2,500 5,000

10,000

15.000 FIGURE 1

Feet

Lahv: (Q:\PROJECT\20061 399\shapeﬁle\Layouts\Fig_1_Site_\ﬁcinity_Map.mxd)

- Roads - NCDOT GIS Branch

- Streams and Lakes - National Hydrography Dataset (medium resoultion)
- Contours - NCDOT GIS Branch, based on the Flood Mapping LIDAR data Mar. 2005




BROAD .
CAPEFEAR : 5 b
Pla X
pr”’gsepfﬂnch 2
} YADKIN RIVER BASIN g%
0 250,000 500,000 750,000 2 N @
-::::Feet /;\ ’ :
'Oy,
Sep
i s”e""'% L}
Il , ; )
| - ,
Y il & Y o,
ch 3 9 S
‘p* R eedy pgran z N ix é
! XS, > ¥ o ¢ HUC #03040105081030
' I 03040101 \ 2o o= BE-,AVERDA;,M CREEK
0 2, ,500 8,250
' ‘ N\ =N - c-:L: Feet
J . Beaverdam Creelk : \ g

> 03040402

03040105020010

03043105010010,

I 02040103

03040108020050

03040108020040 X
03040105020020 053105020050,

0304010562000 Di0daioscsindo

03040105060610 0304005050030

030401050100 30,

03040104 RE g
304010501004 33 5 I
e 03040105010060, Anasge00en
T -
! i 03040105080020
YADKIN SUBBASINS Pelaliiid 23040105060060
03040105010070
[} 100,000 200,000 300,000 foltadely
T T Feet P o 1Do0s0020 et
03040201 N O
030401050500 10 0304610500026 S 600

03040105040030

3040105030020

03040105940025,

Q3040105040010

3040105081040

03040106070070

03040105070C 10

HUC# 03040105
0 37,500 75000 112,500

[ mmmm — Y

03040105031020

UNION COUNTY, NORTH CAROLINA

BEAVERDAM CREEK & UNNAMED TRIBUTARIES (PARKER SITE)
l TARGETED LOCAL WATERSHED SUBBASIN MAP
} Evans, Mechwart, Hambleton & Tilfon, Inc.

| Engineers = Surveyors « Planners » Scientists F|GURE 2
5500 New Albany Road, Columbus, OH 43054
Phone: 614.775.4500 Fax: 614.775.4800 SOURCE: )
I M c M X X v | - Hydrology subbasin data obtained from North Carolina Center for Geographic Information and Analysis
g J/: (Q:\PROJECT\20061399\shapeﬁle\Layouls\Fig_2_"' _Local_W |_Subbasin_Map.mxd)




/\| SUB-WATERSHED |
DRAINAGE AREA
0.0765 Sq. Mi.

(T~

| SUB-WATERSHED
| DRAINAGE AREA
0.2535 Sq. Mi.
or

WAL O ki
RGN !}l
2 \674/S

SUB-WATERSHED

1 0.1152 Sq. Mi.
or

73.70 Ac.
= g

o
Yz | DRAINAGE AREA
2
m

~/ SUB-WATERSHED )
DRAINAGE AREA
10.0458 Sq. Mi.

1Y
|

~F

WATERSHED DRAINAGE
== AREA 0.4910 Sq. Mi.

GPS Reference Point

Streams
Roads

2-ft contours
10-ft contours

20-ft contours
Lakes

- Sub-Watersheds
Conservation Esmt.

Watershed Boundary |7 /

WE MHT

- | | [ )
Evans, Mechwart, Hamblicton & Tilton, Inc. Scale: 1" = 800
Engineers » Surveyors « Planners » Scientists
5500 New Alb Road. Columbus, OH 43054
] Phone: m.ns.i’% 5 ’201(:5614.775.4800 0 400 800
M c M X X v I

UNION COUNTY, NORTH CAROLINA

BEAVERDAM CREEK & UNNAMED TRIBUTARIES (PARKER SITE)
WATERSHED MAP

FIGURE
1,600 2,400 s

IFeet

Sources:

- Contours - NCDOT GIS Branch, based on the Flood Mapping LIDAR data Mar 2005
Lakes, Streams, Road Centerlines, - Union County GIS Dept

- Stream Names - National Hydrography Dataset (medium resoultion)

- Ortho Imagery - Feb. 2004)

J\v: (Q:\PROJECT\20061 399\shapeﬁIe\Layouts\Fig_3_Watershed__Map.mxd)




REFERENCE REACH
DRAINAGE AREA
0.57 Sq. Mi.

ints

GPS Reference Po

-ft contours

10
e il

-ft contours

-ft contours

J?

wn
8
N
©
s
=
©
kel
R ~_~
S S
3 3
D
22§
n.Dm
Sos
073
sEE
HWt
238
§248
FRE
285
X i
OT o
1
0 OE
O R82
5e2
D - 1
2§t
rOE
Nou
HE
30384
N o
o
—
<
==
28
i
~27)
o
< [
)
'
n
Wy
s EE
s X
O =m0
§ 0%
<
e B3
c aouw
- Bsc
E Sx0
3 Zuk
z OF
s B
S X uw
i
W L
e
Or
2
Q<
X o
w o
meu
S
0n <
a
ra)
o &
S
o
N
o
o
©
. g
(=]
o
o (<o)
o
[~}
I o
= o
= -
%
S
N o
SE28
c5Ya
SR
2983
<85
BEE”
Qg%
250
§og
Zo8
eV,
2558
0ol
£53:3
Dz o
mmmW
o o3&
—
— |




-ft contours

-Watersheds

CAROLINA SLATE BELT
METAMORPHIC ROCKS

Thin to thick

planar cleavage common; |-~

metace

ETA-ARGILLITE
one,

>

METAMUDSTONE AND M|
_bedded; beddipg plane and axial

Col

Floyd Church Formation

| CZmd,- Cid Formation
Tillery Formation

metavolcanic rock

CZmd,
CZmd,

and

ﬁ

%)
3
=w
=
[1+]
=
28
a3
fx o
g8 $
E= 3
325§
o9
dD.Dm
mmm.u
N=0T
882
s2E
eMC&
ETsSw
2T >
5§85
=840
s oo
s 253
ESET
508F
gas g
a0 es
O @©
obErz
Nm -1
LOEY
TZ S E
E,L8
V.mSN
4834k
8cELS
520w
a0oawm
S. 1 LI §
w
=
n
14
L
X
=
o
A
(/2]
LS
(14
: <
4 =0
S O
14
-k
x TGE
o Q0
2 uWds5
£=200
z AEH
3 290
H
S XN
D 7
1T}
L
14
O
Z
[a)
4
L
= B
M o0
) Sk
~
o
=)
©
-
o
=]
o
(=)
8 o
n g
=
&
8 o
0
g538|”
g585 )~
BYLs
0w 3%
mmmhx
0356
x50
m.d. 3
O
53
2o
>
9cgg =
£ D Ow
8o <R
2033 (0
22y
oo
:v:_n._mmu

i }w: (Q:\PROJECT\20061 399\shapeﬁle\Layouts\Fig_4_S'rte_GeoIogy_Map.mxd)




Beaverdam Creek-

Streams
Roads
———— 2-ft contours
— 10-ft contours
— 20t contours
W Lakes
Sub-Watersheds

__ 1} Conservation Esmt.

UNION COUNTY, NORTH CAROLINA
BEAVERDAM CREEK & UNNAMED TRIBUTARIES (PARKER SITE)

. . Sources:
Evans, Mechwart, Hamblcton & Tilton, Inc. Scale: 1" = 800 SITE NRCS SOIL SURVEY MAP - Soil Data - NRCS SSURGO
Engineers » Surveyors » Planners » Scientists FIGURE 5 - Contours - NCDOT GIS Branch, based on the Flood Mapping LIDAR data Mar 2005

5500 New Alb Road. Columbus, OH 43054
Prone: 147754500 o e e o 0 400 800 1,600 2,400 - Lakes, Streams, Road Centerlines, - Union County GIS Dept
T T T SR e —— | - Stream Names - National Hydrography Dataset (medium resoultion)

| an: (Q:\PROJECT\20061399\shapefile\Layouts\F ig_S_Site_N RCS_Soil_Survey_Map.mxd)



National Land Cover
Dataset (NLCD, 2001)

Roads - Cultivated Crops
2-ft contours - Deciduous Forest

10-ft contours Developed, Open Space
— 20-ft contours - Evergreen Forest

ey

| Lakes [:l Hay/Pasture
Sub-Watersheds (:] Herbaceuous

Streams

_ Conservation Esmt. Mixed Forest

j Watershed Boundary

5854~
"

) UNION COUNTY, NORTH CAROLINA
v E M l I l BEAVERDAM CREEK & UNNAMED TRIBUTARIES (PARKER SITE) —
| Evons, Mechwar, Hambicton &Titon, Inc. Scale: 1" = 800' SITE NATIONAL LAND COVER DATASET MAP - National Land Cover Dataset (2001)
L Engineers » Surveyors s Planners » Scientists FIGURE 6 - Contours - NCDOT GIS Branch, based on the Flood Mapping LIDAR data Mar 2005

5500 Ne b ; 4 430!
Prone: a4 754300 o e e 0 400 800 1,600 2,400 - Lakes, Streams, Road Centeriines, - Union County GIS Dept
Mo c M x  x v h:h:t:%et _ - Stream Names - National Hydrography Dataset (medium resoultion)

i an: (Q:\PROJECT\20061 3%bhapeﬁIe\Layouts\Fig_S_Site_National_Land_Cover_Dataset_Map.mxd)




Davis Branch Reference Reach Pattern Summar
== al L REIelefite Reach Fattern summary

Sinuosity (K) = Stream Length/Valley Length Reach 1 Meander Lenth (Lm) Mean, Min and Max

| Mean | Min [ Mox |
| 992 | g0 [ 1165 |

Radius of Curvature (Rc) Mean, Min and Max

- 4 Davis Branch and UT Reference Reach Belt Width (Wbit) Mean, Min and Max
)8( Reference Reach GPS Data Points m I. :ﬂ " 5
38.0 27.8 53 0

UNION COUNTY, NORTH CAROLINA

DAVIS BRANCH & UNNAMED TRIBUTARY RESTORATION

(1 levcns, Mechwart, Hambleton & Tilton, Inc. Scale: 1" =100’
| Engineers = Surveyors « Planners » Scientists REFERENCE REACH PATTERN SUMMARY MAP _
& 5500 N Alb Road, Col , OH 43054 ‘
Phone: 33.775.25% °od ourrggzsém.ns,zzsgo FIGURE 7
Sre s v Il et

c M X X \ |

Date: October, 2007

Job No:  2006-1397




9.0 Appendices




Appendix “1”

Restoration Plan Design Sheets




Index Map. . . .. ... ... ..

Plan and Profile — Unnamed Tributary 1.
Plan and Profile — Unnamed Tributary 2.
Structure Details. . . .. ... ... ... . ... .. ... ... .. ... . ... ...
Storm Water Pollution Prevention Plan.
Planting Plan. . - . . . . .. . L e e

RP-12-16

UNION COUNTY, NORTH CAROLINA

STREAM RESTORATION PLAN
FOR

BEAVERDAM CREEK AND

UNNAMED TRIBUTARIES
2007

BRLLIAW EARL & BETTY H\
PARKER

©
pcd
2 hxy
8 =
| 3
2“'§ﬂ.
3 L 4
&
& 3
= 3
g > 4
= 2
5
2 o
b &

ITE

FAULKS CHURCH

SNYDERS STORE

08 433 PG, 667 \ Q?é‘\/f, e
PID 9022540204 ; O . AN
828 A i \40 ) P )/\ ‘
@ WELIAM EARL & BETTY K §)  JoE SuTH TR > ~
PARKER > 08 336 P& 230 @
08 372, PG. 55 PDS02254025 e S
FID#02254021 7.9 ACRES e \
1223 ACRES
@ HILLIAM EARL & BETTY H @ WILLIAM EARL PARKER WELIM EARL & BETTY H/ \
PARKER 05 138 PG. 05 PARKER
08 466 PG 568 POR02255022 o8 00 2. 38 1/
PO#022540224 27.9¢ ADRES PO#05%650064 /
Beaverdam m ) m 27¢ ACRES — 2¢ A ‘ ;
Parameters Creek Trbutary 1| Tributary 2 O (8) wamer s cox i
Drainage Area at Downstream Limits (mi2) 0.4910 0.2371 0.0765 = "% w565 Fo 80 08 377 Pa. 59 / /
A Sinuosit: 1.21 1.49 1.45 PICsO3EE0T P#02254020 S
Bankfull_Width (ft.) 1.2 9.0 6.3 37 ACRES 102 ACRES
Bankfull Mean Depth (ft.) 1.3 1.0 0.7 =
Bankfull Max Depth (ft.) 1.8 1.5 1.0 @ JOEL ERVIN & LINCA P. SMTH @ RALPY ROGER FUENTE &
Bankfull_Area (ft.2) 13.7 9.0 4.3 58 542 PG, 256 DENISE PARKER S
Width/Depth Ratio 8.62 9.00 9.00 F?:f.?‘:’é}fb’ﬂﬁ o8 5«&‘;;0 ,1’6‘.'_55{) /T
[ s G o — —— =as = £/
| Entrenchment Ratio 4.46 5.56 7.94 3 oo / /
Bankfull_Discharge (cfs) 66.7 32.2 10.4
Mean_Velocity (ft./sec) 4.9 3.6 2.4

Not To Scale

oo

=

ERRSSvEiiaht

UNION COUNTY, NORTH CAROLINA
STREAM RESTORATION PLAN
FOR
BEAVERDAM CREEK
AND UNNAMED TRIBUTARIES

STREAM RESTORATION PROJECT
TITLE SHEET

=
ae
>
Ll

P
L2
°
2
(=
5
T
]
Z
9]
e
z
e
5
&

REVISIONS

G

MARK

DATE




81/20-d¥ 103ro¥dd NOILYHOLSTY WyIHLS T st s
SAQUINI0D ‘PRO; U
— SAN™VYLNGIRIL AINVNNN ANV et oﬂ:.w_m“wwam_nm%w%wmm
MIFHD NVANIAVYIL

66€ - ‘Asenue b
1-9002 8002 r 04 NOILdI¥0S3d_| 31va | _suvit_|

_ NVId NOLLYNOLS3Y NVaNLS
on or YNITONYD HLHON ‘AINNOO NOINA e SNosATN ]

BANKFULL
CONSERVATION EASEMENT

EX. 1 FOOT CONTOURS
PROP. BELTWMIDTH

EX. TREE LINE

EX. RIGHT OF WAY

PROP. THALWEG

PROP.

PROP.

PROP. BANK REINFORCEMEN

/4] EIWOr A8 GEAVS - SEX666L9




 Prop.- Fence
Recorded Conservation Easement—:

2006-1399
RP-03/18

Job No.
Sheet

il 3 <)
- it LAkt EARL PARKER = " P 5|5
08138 PG, 107 o e — . ¥ | &i
- P02 25HBE2 20 g | 22
-7 owga Arpro 6/ Scale: 1° = 40
. - L2EF AG L_.v/ A 2 B
PP ** Approx. location of - 1 - °
I channel bank reinforcesfent. \/ See sheets 10—-11 for In—Stream Stuctures.
— 7/ (Refer to details./Sheet 10) X See sheets 12—16 for Erosion Control notes,

plan and details.

L \\L‘N‘\// (Typ_L - |
o

** Channel Reinforcement shall begin 5 feet
above the end of the upstream riffle and extend
3 feet below the beginning of the downstream

Ex. 60" St
(Do Not Disturb

of compacted cohesive clay soil and Plain
Riprap, Class 1. The existing stream outside the
Conservation Easement shall be plugged every
100’ to promote overland flow to the proposed
channel.

~) \—Prop. ——

BEAVERDAM CREEK |

BEGIN STREAM WORK x:. Peq
STA. 0+00.00 (Do Net,

08O e — = riffle. Refer to riffle stations on profile. 2
e ol
= _ ,J 0?‘58& Li@:g\ See sheet 10 for channel dimensions.
2 43} {3} % Beltwidth- # The Existing stream within the Conservation
A 12 & Easement shall be plugged with a combination

STREAM RESTORATION PROJECT

ELAN & EROFILE (BEAVERDAM CREEK)

STREAM RESTORATION PLAN
FOR
BEAVERDAM CREEK
AND UNNAMED TRIBUTARIES

1. All trees to be removed as a part of this
project have been marked on this plan with an
"X". Only those trees with an "X shall be
removed unless specific approval is granted by
the owner.

For Unnamed Tributary 1 (See Sheet RP—04)

3— ~ =g 1 T
: Recorded Conservation Easement ~576 }%’5‘53%& o 2. All trees within the work zone shall be
~ A < ~ —~ END\STREAN X flagged for removal or preservation. The trees *a
& ~5%r@,:>\. Fence ™ LA AR ENBETTY M 8 6. ST, 45-63%0R flagged for removal shall be approved by the E‘D
< et bl DARKER ™ — B "CR | owner prior to beginning any tree clearing 08
) - = LARKER 577 EAVERDQAM activities. )
S __580 ~ — 1~ ‘rt’]ﬁ‘g,‘y\u. I8 e s } 7510}
™ DN D TIREL] A » & N
T = I el o S )/(DEX' 7t2 D's : v 3. Any pruning of trees to be preserved shall be ag
N, e 4TS ~ {Do Not Di ¢ limited to the extent possible. Pruning shall be

performed in accordance with the International
N Society of Arboriculture pruning techniques, and
according to shape, size, and condition of the

ERES

585 * Approximate limits of Rock Riffle Material. (See sheet 10) individual tree. —_—
3 g 8 5 o2 g B g o3 2 o 2 3 =
= g8 2 g B} g2 BB g2 BY g% SR gy B -
.EO x|o Eo [vd Ead EF |~ 5;— | .EN | EN x| E")
5 °lg 5 o5 95 o ] ol 95 ol 95 °lg Ty ;
al% &l a|é * (5 alia * Gl a5 G BKB | o+ &6 ala G5 ali * ;
| | | 1 E o
580 /\ e ! 580 :
Co*)l('ijga?ed Pipe ] I l =
‘ﬁ =575.925770 Upper Beaverdam Creek | | Lower Beaverdam Creek
i Prop. Thalweg Ex. Ground Low Water Crossing So 43.1" Bankfull
: Rip Rpop. Claeska gg Bench Transistion 3EF Corruadtéd Pipe
A = A rop. Bankfull + €5 Inv.=571.1%\
\L e e =T / "1 Grade Break 2ES
o \ |/ ) — — —_|Slope = 0.70% 3| Sta. 4+02.49 €53 e
} — — e — Ao 574, NISSE 572/ 575
—_— "\‘ / ~ —_—— —_—
| p— — 1l i - o B === — —
A ol o \ r Slope < 5
/ — %261\
- / / g
o ® L p \ \
o s N8/ I~ \ \ 2
- 2 = 3 2 3 s | %[ -2 17 :
$8 K| B 3 o 9 X o 8 8| < 5 8| w| Y ¥ s 8 | ¥ |8 o - " 8 g
570 v ) Gl 0 S ) 4 ~ N N = ® ] ol ~ N wml o~ ®f | o 2 2
B2 o O+ S I B+ —uo] o] - S I 5 w0 28 ¥ F 5 ¥ g 570
x i © 2 + o © + -1 I + * +| o~ + o o I T I 3 & " I
s 5 © ol s S | - % = g & a g & ™ 8 ® 7| 8 € g + z
=35 & o g & o s & o 5 = s & - sl & oo sl & = 8l & 2 & o S 2
1 o - -] -~ 0 o P~ O - (2] o 2 2 o 2 " gl S 5 w ] = H
E783® ‘8 2338 g B e Pa| & ol JRER Pk a3 @ 218 3R “ls2183 i 3[Q ala |gRe i
S8t g JEeR g g 2 SRl 2f Bodld g | Bods gafdd|  gS tls gl [8%: -
Csegls Ew  Lis gl Z[o Tio go Ew | Lo =[P o glo Ep LS g F Lo glo e T g 5o Efw E|e |GIo k
c gl.. of.. = £l.. of.. - €l 6l & £l.. L. £l.. o]. = £l.. 9.. £l.. 9. e S|.. i ©
oo s JlE = Q|3 2 g3 ol S o B o3 235 g £ o s g5 o £ Qs £|3 35 |legd
- glasgs S &S &8 S S gls Sla | &S & SE&ls SiE Sass S8 | &8 &S SiE &8s St 2l Sl 88 -
0+00 1400 2+00 3+00 4+00 SI




~ - ’
’

2006-1399
RP-04/18

M i e e p s N
i B, WLLIAW EARL & BETTY.H P , : " |3
[3 o -7
N PARKER - g s
R - - DB 433 PG, 667 Prop. Fence e el
s} Y, V-] gz s 7
S, P> #022540204 Recorded Conservation Easement Z 2= i e . X o
— — ) —_ e X S 828 Arpro =g » walia EARL & BETTV WL 40 ° 0 g 2
B N ~ ; Gl ALC O . 0 ) SARKER o W
. » PARKER e — e | W I
e = > N pm 3o o0 53 z i ¥
1 . P 7 \ul?f Qre, P, o2 20 g e
-7 ~— »

- - Piow02254027 Scale: 1" = 40° s >

P23 ACRES . e s

[=] 2

BEGIN STREAM WORK
STA. 0+00.00
UNNAMED TRIBUTARY 1

Notes:
See sheets 10—11 for In—Stream Stuctures.

** Approx. location of

channel -bank reinforcement. )
/ __(Refer to details, Sheet 10). ="
(Typ.)

W
AN v
S =,
/ ~
\
I-EB(. Stream
(To ke filled after
Conﬁtruction)
\
X

See sheets 12—-16 for Erosion Control notes,
plan and details.

** Channel Reinforcement shall begin 5 feet
above the end of the upstream riffle and extend
3 feet below the beginning of the downstream
riffle. Refer to riffle stations on profile.

See sheet 10 for channel dimensions.

Iree Preservation Notes:

1. All trees to be removed as a part of this
project have been marked on this plan with an
"X". Only those trees with an “X” shall be
removed unless specific approval is granted by
the owner.

UNION COUNTY, NORTH CARGLINA

STREAM RESTORATION PROJECT
BLAN & PROFILE (UT1)

Matchline Sta. 5+00.00 (See Sheet RP-05)

STREAM RESTOORATION PLAN
FOR
BEAVERDAM CREEK
AND UNNAMED TRIBUTARIES

2. All trees within the work zone shall be
flagged for removal or preservation. The trees
flagged for removal shall be approved by the
owner prior to beginning any tree clearing
activities.

b “_ Unnamed Tkibutary 2
“~ Q . (See She\et 9)
N

3. Any pruning of trees to be preserved shall be
limited to the extent possible. Pruning shall be

™~ Ex. Fence N
(Do Not Disturb) § N \
~

S S N5 S performed in accordance with the International E‘:
- 5 N C%\\ Prop. Fénc Society of Arboriculture pruning techniques, and E‘D
ST LEILAAL 1 NP A D CAaTLy X e O e according to shape, size, and condition of the O
Jocl SR vey & LiNDA PS5V TH H N 6& - egorded—j individual tree. [ 5
DB 342 PG 258 - L )\ __ — — — —Conservation . 3 md)é
PIORG2285006 ~ \) g, “ : Easement gfé
b D0 AL =, 7
\ 220 ,-,\,/g\_:, R\ CP\\ f Ex. Furm.Pong o=
\ S, R (Do Not Disturb)
- * Approximate limits of Rock Riffle Material. (See sheet 10) _— R
N [Te] < [19] < 1] M -— < ~ ©O
: 3 o 2 3 o N e : o 3 o
E o o ° E o K & 9 £ 9 &
2 E[% E £[¥ £[¥ & = E =P £ % SR
c @|o o @x|o |~ c N | ['4 c ~ [4h 4 cl < 4l & c <
2|5 g o|§ o5 ik 2|5 ) Eikd o8 Qg 2|8 ik
-] &lén & &l % &lé @i " i * & als &|é ] - &ld -] -
590 I ! ! 8 590
Upper Unnamed Lower Unnamed DI.
‘ Tributary 1 Tributary 1 o oz
8 ~ 2 |l°) 2B - 2
o2 x| Ex e
7|3 FSES Grade B &
il m = EQ'-‘E 5€g~ 021 5070-’!’(0 Ex. Ground Prop. Thalweg
. |3 £|8 =& Elev. 584.07 ~— : P
o =
584.60 AT — — i . » 7/ e Prop. Bankfull
ot [~ 75" Bankfull e -
& (@]
585 \gc i o Slope = 0.40% S~ » Bench Transition % - ST = AN g .
o . iane P ek th - L —skpe = odox__ > b3
— N = —_— —
| [ e e .
= j/ 5 ’\'T — |4 2
= = o < © o \ = e (2 o)
= |2 s g 3 |3 3 3 | s 5 g z 5 3 ¢ 5 3/ R 3 3 k g :
= . . [+ rd < H 4 3 . : 4 k4 Xy . >
580 E— == B 2 G & o 3 s ¢ 8 3ft—s S B 3 X 580 g
E X ¥ + + x it - a + X & ¥ + + HOx + o I + o
=i 5 o . S os & - .. & - " " <+ <+ <+ + <+ <+ =
= = - 2 - S o b ° 5 5 . &5 - B o
= 8 8 b g s o g 8 o § g g 2 g g g g 8 g ] .- g
E— gg a)"'cg L S —8.2 o~ ‘n,‘; Tga i‘n"[‘; ﬁg §8 >,‘3 7338 ﬁ,; Nl go Hlo ﬁg 2 "',,"8 n §8 ;‘,,"3 3 g$ 3,"3 E
g 0% ols ol 3 ° ) ol o4 ol ol . 11 b o< ™ sl 8|~ ol sl 4 ol Sie 8 3 Y — & ol - %
= £v o S olei | 2w 8lai oy ofn Sl i aloi Qe 2a Slai 2|= o Sl= Slo ] Sl Qlo o= o Olo 3| Im
= [PBER =B R EB 2% 8 | £8 S8 gl 88 i@ £ o8 8 £ o U8 ER g ¢B  EB 8 o2 ER :
= = e .o k= I se .o =l oo 20 Ll.. oo .o o llze Sl Of se . £l.. se s LEll.e O 2o .o oo Of 2o e o
E s Js 9s Bz | s s %8 J® s s s BEs s Sls E|s s o s <@ S E|s Js s @ &
575 E Bul Ow du &lw | Jm da 8x | o dla &l Slu 8w Jlui dla &l Jlui fe 3 Sl R s s S8 575
0+00 1+00 2+00 3+00 4400 5+00 |§




:.n: uu _uamu ﬂ _u« _n_ V00U | A X X W w
81/50-dd R 103rO¥d NOILYHOLST WVIHLS Ju2uI ﬁﬁ%mm _
s I g S3V.LNEIRIL INVNNN ANV WSJSASO i o - Sofonn
. M33HI NVAH3IAVIL -
Festtte SageHsnuee o NOLLJIN0S3d_|_31va | omviv_|
Bl s duw_nn_uz<o_.v_ﬂ<mw._”mmvm E(m.mﬁ.m &rh SNOISIATY
© [
a b=
o t..m m § .W. 8o 35 .mm & ...m
; § %8 £s s 25§
i £ 8 223 2323 3772 2% 8 3 3 2 2
¢ 2 € 06E g OSc=20 2o ma.n b 8 o o
T 5 - §T5 TFS 2ScS
3 & .m.mdm g mm.ms ,mm.md s.mmmm
m b.neP B oY H - o etm
E S Sefs § 553 mm mm o050 (90—dd 399US 96S) 00°00+0L DI SUIIYOION 8
£ § .mmos £ 568 "8,> o2S5cE} T =]
? h g fo§ © cS T826 o3=E”d \ /. £6°84G M913
! t & §8EE T mm §o, 3839 88,8 85'G8+6 DIS \ B9"16}8 10iS 109d Winicl
T s 5 5 5 e.mu.... § JE58g5 g25%¢ mt §3° oy PU3 S£'6LS AOI3
m e & mmbme S rmmm Mmm.m. Hmmmm \ 85'Ge+6 0I5 [00d ujbeg
- ©0 Y ()
- 45 €OOT 5 & =00 O X O 0
& &% §uSg 2 Fo2gp £EE. o 834, x
=287 Ogie o gelRE REEs gplily |
(=] .
3 $o ..m..md.m 3 988355 3885, 2350, | / 65°6LS 913
.m Mm o, 2 2 5. 58§ w.uwp.,m ywmw}mm ot ty+6-0i5- VAR 9L25+6 DI S T/5]
o £ . @ =9 o = 5 e ® 5" —SShInT UBen——
g c 6284 32°.2°% Zoo8s Sl2soss Sl ubes
TR LT “ExB2 GEEET LERSEE /
86'8L5 913
. : | T1'6246 DIS 1004 woxnog
(90—d¥ 390y ©9S) 00°00+0L 'DIS OUIIYOIDN TL'Ee+6 018
N _ - T Sy Pu3 \ 6G'6LS A9I3
s~ \ KD _ _ a ZI'SZ+6 IS 1004 ujbeg
to \ (0 / , \
- ¢ | | ) \ 8
-
[}] * I
588 ! | | | 2 M
=" / ® | \ ¥2'6LS Ao[3
ﬁ.m ) J | e 8 I _ 6L'¥8+8 DIS 64°68+8 DIS oI /D
S°3 Y, 29| \ oIl ubeg
2 bnn (] \ o . i
.0 © A T 0 o \ \
82 ¢ 7 | S8 / £8'8/G AO[3
8T / c &/ \ c'10+8 D38 | CL°70+8 IS [00d WORog
N / - \ | i I 2'6L8 o3
¥ EX P g TL16+8 IS [ood ueg
5=~ | - ! —
o o/ | *
\ | F s [
\ / 3 # o , 90°08S ‘A9[3
| b B ﬂ £8'62+8 DIS §< \ TEYE+8 DIS o /0
\ / ( sl uibeg 2 N
i \ \ 4 | Se L0°6£G :A93
B \ | S e 1 Lo 01°22+8 IS [00d WOROE
@ / / L % 0L'9L+8 :P)S 5 .
g \ \ \ , SN Pu3 B§ 90085 93
8\ \ \ % || \ . ar | 019} +8 1§ 00d UBeg
\& * o8 S
o\ \ = \ _ Jz ?
v \ \ \ , / ! / tzogg o3 |®
\ \ \ , | 8C'L8+L IS o BEC6+L O oW 1/
SN / , _ _ oGy ulbeg g
\ \ ﬂ l/‘/_ _ m /
V / ) k ) | g_l | & _ M /
B * / Vo | |8 \ ‘ /
\ ! \ / \ | a
N \ | £ ‘ _ _ 6265 A9
\ | \ | _ BECYFL B el 7 68°15
Y \ | oIy pu3 2 L2085 :A9[3
\ / / ’ d : 68°Gh+L IS 100d uibeg
\ , ‘ g |\
\ \ . | , * g |\
Lo — # | I i , / | 2g'08s e
/ \ | ! | / | o1+, s L002+L S omig /9
\ , | / ) oIy ubed
v , SRR ST S _ 8
) o
AN N B L | T 5550 oG ood wenoal
E . ™ rﬂ | s R $1'26+9 OIS - o ¥1°86}9 IS [00d WGHOG
] ® [ | # 5 DS P Sl Pu3 - Z5°08g A9j3
Lo G , 9 ) AT ”wmm g ‘ V1'26+9 01S 004 UiBeg
N oe IYe) ﬁk R
S\ e, o A
g 9 ) | AN g /
8 0 \ | f w Q%7 S | s0ss g
§ / \ ~ <t 8| or9ghks :ms /_ [ 9L°19+9 B¥S oy /9
o \ \ J ) 3 % oIl uibeg /
Y = > -
o / o c < a2 ” _
83 / | \ 23\ Ko /J,- _ 2 / \ $L°6LS MOI3
2 g | \ Es \ (,:.m / 5| _evee+e s \ - £¥'6£+9 IS 1004 WoRog
Y- / , 4o N\ /A % | SL'085 AeI3
8 \ | A A - _ THEE+9 1S [00d Ulbeg
A . 7 =
o \ o 47
\ o (]
m _ —, L6°08S :A9[3
| _¥eeo+e _ ./ ¥2'80+9 015 oIy 1/ S
\ & m | &
&
. | 96'6£5 :A913
| - ] YL 7845 ™15 (004 wopog
£ oI pu3 £6°085 :AS[3
o | YL8[+G ™18 [004 uibeg
g |
£ * _
o _
8 — 12185 A8i3
<| _sezv+s s M B6Lv+S TS ol 7/
» Sy ubes [
/
02°085 %13
) B IZ¥2+G 35 100d Wopog
oIy Pu3 12°185 Ae[3
. __ IZ8I+G S 1004 ulbeg
\ )
(¥0—d¥ 199ys ©8S) 00°00+S ‘DIS OUl|Y9IDN b
(=) n (<]
) 8 3 3 5




/
/
/
/
\
2006-1399
RP-06/18

P
S I e — 7 $
s —~Prop. Fence™ ~ Lt - ¥
Recorded Conservation Easement / g | 3.
e B e 606* év,;‘ P 20 g E‘g
- & 2 77 < Ex. Fence Scale: 1° = 40’ N
Q -3 (To be Temeved within H i
S Conservation Easement)” / WHLIAM EARL PARKER —_—
s 138 Do ;'f?u?
& ¢ \ aﬁ D, ng;b‘?g;;af} P See sheets 10—11 for In—Stream Stuctures.
bt Q ;i RS, ¢Vé\ — - . Aoro .
] x. Fence W‘ & 27,94 ACRES / See sheets 12—16 for Erosion Control notes,
. . [ & ¥ o
& T e removed within : / z plan and details.
Conservation Easement) | a . 4]
‘§ S ** Channel Reinforcement shall begin 5 feet Ly
< / 5 above the end of the upstream riffle and extend xﬂg
S o 3 feet below the beginning of the downstream ;_% m<&,’:
d (7] riffle. Refer to riffle stations on profile. sz w5gy
8 e a % 3 Xmo ]
o O
b3 7 See sheet 10 for channel dimensions. e O
- > / + CLy ==
. . 200< I
S \ 8 Iree Preservation Notes: . >Hi80a6
»n 3 L 8 1. All trees to be removed as a part of this =k pda
o — ,;3;4\\\, 5109 project have been marked on this plan with an 9= "‘5“‘
= f;}fe'.\v}hﬁ;; i *X". Only those trees with an "X shall be zl >33
S &x?' e removed unless specific approval is granted by zt ﬁz%ﬂ-
o ® O N\RX the owner. m=>26
= L \ \\ 1% [a]
- ] 5= — P @ 2. Al trees within the work zone shall be z
Approx. Iocat.lon of _ —b5 — X._Fencex \é \ ot flagged for removal or preservation. The trees <
channel bank reinforcement. f ~ To.§ . Fence L emoved ~withim M flagged for removal shall be approved by the
(Refer to details, Sheet 10)— = %0/ regnoxgd\wn ! ton- ﬁ:ﬂﬁk NN & owner prior to beginning any tree clearing
(Typ.) S — - onservq%@h aseme 5 T £ R 2 activities.
yp.- — — Ay s TN O ~
g — B - & X S NN
| e e - - o S o \\ O WY 3. Any pruning of trees to be preserved shall be
e o e - NN O J limited to the extent possible. Pruning shall be
e = e e u =Xk A SN performed in accordance with the International ‘a‘
—— = - O 0 u =2 i ol o e o \{a\ Society of Arboriculture pruning techniques, and E‘D
g - Wikl fARL & BETTY H. N, i, according to shape, size, and condition of the OE
Recorded Conservation Easemefit — " PARKER § Tl “ ~ XY 5 individual tree. 3 =
— s D3 373 PG 53 s N\ nO!
_ —=Prep: Fence ~ — PIDR02254027 e o = e
_— / — “) N3 .4/\/_"')1:.:-? e N SR \\\ \ \ oq
— L P 1ele il ALINCO R *\\\\\ S L Q N \' Cc
. I o B ; NN \
500 * Approximate limits of Rock Riffle Material. (See sheet 10) 500 =
3 B 8 3 ] 2 & ] R R . 2 3 2 3 2 g
©|00 0 ©|0 © (=] © o[ o o[ [ (] 2] oM o|© ©|0 N =
£l o|¥ =|© o|9 b= L] o|® &[0 ol = o[ & o|¥ £~ o =|= o &|© o9 5
&l £ &JS g1t z|+ gt |t g8 =4 £d & £l E[5 £ E|¥ £ Z|3 E¥ :
c d Ll c - -— -~ . e - -~ - ad |~ g - — oz~ 5
2l 3 Zs 83 78 He gz e 2l %3 78 g 2l g5 =3 g 22 83 zile ;
ol ok * ui(n o’ * il o[% * uilip ol * il | * ui|th o * uiln o 4 & (] - I m|ih x wol I 1
585 a 4 585 5
2 2
b4 -
] S
o &
‘§ Ex. Ground 8
<44 - ‘/ Prop. Thalweg Prop. Bankfull A
e ~—~r—==_ ———_  _|Slope = 0.40% —_ —— /
— — ——
580 8 = = e e F e 8 —fse0
21— s |~ - Q0 Fe=—= g
s T /NN ~ S ) 8
= r\7\~/‘ /‘ ! 7 K Py i \ / *‘\ I B
8 =~V \ I g
e [2] © L] [ 2] o [ q N / i
2 0 < o - by 3 o 2
I 8 8 4 o 9 d 8 9 8 g = Rl g 2 = B Bd o ¥ g 8 |f
575 [ 0 £ ] 4 ) 8 + o S 4 gli o + 2] 2 + -] & e = S E o] 5 S 575 @
© + S P H = prd ¥ = T o + A i X 2 g ¥ I Y I I i + ® =
= o 2 o b ” = = d - 2 s o o~ o W) 2 - ) ! ] * b ; * As 2
y 8 § g, @ § 5 3 i s B s @ 4 5 3 ' s 3 s & :
0o 9 o » ® 5o Gl Dl | |m NNw 5 Gl DN 5|0 o ] slo 0= 0| & ol Lo Al (21 &
o2 32 dls e g B2 o2 ge &2 eS| 3l S en gls Sl 3 S o2 3R o R LS o2 P
eI N £ 0 ke ~ £ = ~ E ¥ £ S e
o t“:‘ 0 = EB £l5 tm 55 £ t £ £l ";B 55 o tnn 3 El5 tF; 26 :w'\) B 5 tB B
J 2 =, b - s 8l 3 oS B S | G |3 i S Bl b 93 £ | S J 3 o3 b J s =Y =
Ne o s B Se ol® ol® Ne @ o o ole Blo ] gle B N o|® o K o Ne gle i
L Oy _ | fri i Olui oy Qg Sl | il i Al i P ol Al ul ol Bl Ooli Rl
510 10+00 T1+00 12+00 13+00 14+00 15+00 A7D Ia;
=]




i ‘ < s e s g‘"&; & 344 -
L Y — = o v [~}
% S = = 3 Y A > @P N 2 =
. \%ggﬂﬁﬁtzﬁbt : G I ﬁ%« : | S
= . 2138 PG, I8~ ARG 5 ﬁz} s 81,
e S 2Da02R 02 ( AN \\ e 3 -
v S % S
Pro)/Fence ; 2794 ASRES N\ & e Prop. Plug ) {:
: p ;

- P Recorded Conse 40 0 40 - |
= e P—— ., g | 3o
20 ‘; o
Scale: 17 = 40° g TR
Notes: 5| =2

See sheets 10—11 for In—Stream Stuctures. s 3

o (2]

See sheets 12—16 for Erosion Control notes,
plan and details.
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above the end of the upstream riffle and extend
3 feet below the beginning of the downstream
riffle. Refer to riffle stations on profile.
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See sheet 10 for channel dimensions.
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cohesive clay soil and Plain Riprap, Class 1. The
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Notes:
See sheets 10—11 for In—Stream Stuctures.

See sheets 12—16 for Erosion Control notes,
plan and details.

** Channel Reinforcement shall begin 5 feet
above the end of the upstream riffle and extend
3 feet below the beginning of the downstream
riffle. Refer to riffle stations on profile.

See sheet 10 for channel dimensions.

# The Existing stream within the Conservation
Easement shall be plugged with a combination
of compacted cohesive clay soil and Plain
Riprap, Class 1. The existing stream outside the
Conservation Easement shall be plugged every
100° to promote overland flow to the proposed
channel.

Iree Preservation Notes:

1. All trees to be removed as a part of this
project have been marked on this plan with an
"X". Only those trees with an *X" shall be
removed unless specific approval is granted by
the owner.

2. All trees within the work zone shall be
flagged for removal or preservation. The trees
flagged for removal shall be approved by the
owner prior to beginning any tree clearing
activities.

3. Any pruning of trees to be preserved shall be
limited to the extent possible. Pruning shall be
performed in accordance with the International
Society of Arboriculture pruning techniques, and
according to shape, size, and condition of the
individual tree.
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Notes:
See sheets 10—11 for In—Stream Stuctures.

See sheets 12—16 for Erosion Control notes,
plan and details.

** Channel Reinforcement shall begin 5 feet
above the end of the upstream riffle and extend
3 feet below the beginning of the downstream
riffle. Refer to riffle stations on profile.

See sheet 10 for channel dimensions.

Iree Preservation Notes:

1. All trees to be removed as a part of this
project have been marked on this plan with an
"X". Only those trees with an "X” shall be
removed unless specific approval is granted by
the owner.

2. All trees within the work zone shall be
flagged for removal or preservation. The trees
flagged for removal shall be approved by the
owner prior to beginning any tree clearing
activities.

3. Any pruning of trees to be preserved shall be
limited to the extent possible. Pruning shall be
performed in accordance with the International
Society of Arboriculture pruning techniques, and
according to shape, size, and condition of the
individual tree.
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ROCK RIFFLES:

All support and crest stone will be quarried granite material. No construction
rubble is permissible. All other material used to construct the rock riffle (visible
rock) shall be river rock, consisting of rounded stone with natural hues. The
Contractor shall review samples of this material with the Engineer for approval
prior to installation. See Riffle Materials Table for descriptions and sizes of
materials.

1.0 CREST STONE

The crest height is determined in the field by measuring the elevation of the toe
of the proceeding upstream riffle. The crest elevation must pool water back to
the base of the upstream riffie/run.

Installation:

The crest height must be determined and the center weir stone installed first.
Trench into the stream bed approximately 1.5 feet and place the stone(s) so that
the center weir stone reaches the crest elevation. Trench and install the
remaining crest stones across the stream, elevating them into the banks the
specified distance.

2.0 SUPPORT STONE

Installation:

Support stone must be placed tightly on both sides of the crest stone paying
close attention to fit on the downstream side. Proper elevation of the support
stone must be maintained and must be as high as the crest stone. Ten (10)
feet downstream of the crest stone the support stone will be laid more loosely to
create turbulence of flow across the riffle. At this point, the stone should start
to b trenched into the str bed. At the end of the riffle, the support
stone will be trenched fully into the stream bed to a depth of approximately 1.5
feet. Finished elevations of the support stone must concentrate flows across the
riffle and create non—laminar (turbulent) flow. Support stones will continue up the
banks to the final elevation. Support stone will be trenched into the banks to
support the crest stone.

3.0 FILL STONE

Installation:

After the installation of the larger crest and support stones, fill all voids with fill
stone materials and pact with an tor bucket. Final grading and
transition with the upper bank area can be accomplished using this stone size.

BOULDER TOE:

1.0 Material:

The boulder toe material may consist of quarried stone (no construction rubble is
permissible). The Contractor shall review samples of this material with the

Engis for appi il prior to installati The size of this material shall be
consistent with the gradation of Class 2 riprap rock channel protection.

2.0 Installation:

The boulder toe material shall be imbedded into the i bottom and channel
bank to the minimum depths shown on Detail 'C’. Filter fabric material, shall be
included in the construction of the boulder toe reinforcement, as demonstrated on
Detail 'C'. Over tion of the ch | bank to install the boulder toe
reinforcement shall be back—filled with compactable material that is placed in lifts
and graded to i{ to the desig hy bank, and reinforced with the
geotextile material specified by this plan.

b

COIR ROLL:

1.0 Material:

Rolls shall consist of biodegradable material 12—inches in diameter with a density
of 7 Ibs./cu.ft. The coir roll outer netting shall consist of a bi e twine
0.24 inches in diometer with the breaking strength of 90 Ibs. Hardwood stakes to
anchor the coir rolls shall be 2°x2"°x36" in size. The specified length is a
minimum and may need to be adjusted to allow for sufficient anchoring.

The Contractor may RoLanka Products at 800—760-3215 (fox:
770-506—-0391) as a supplier of the specified coir roll material.

2.0 Installation:

Refer to Detail 'A’ for a of the coir roll material along
the channel and Detail °C’ for a tic of the location of the coir rolls with
respect to the other bank reinforcement materials.

The coir rolls shall be installed after the boulder toe is in place. The upstream
and downstream ends of the coir roll installation shall be bent back into the
channel bank to prevent stream flow from cutting behind the Rolls. The ends of
abutting coir rolls shall be tied together with twine. Hardwood stakes shall be
driven into the native, undisturbed soil behind the Rolls. The Rolis shall be tied to
the stakes with twine. Stakes shall be placed at the beginning and end of each
Roll and at a maximum spacing of 2 feet.

" e r

of the I

"

haad “‘(‘:’olr Rolls may be eliminated and replaced with additional Boulder Toe
mate .

LIVE BRANCHES:

1.0 Material:

Live branch material shall be dormant and

to the project site) or purchased from a rep cial 4

contractor may contact Emst Conservation Seeds at 814—336—5191 (fax:

800—873—3321) as a supplier of live branch material. This material shall be

gl;lntmly during its natural dormancy period, extending from late fall through
y 9.

Branches shall be 1/2 to 2—inches in diameter, 2 to 3 feet in length, and living
based on the presence of young buds and green bark. Prior to installation, the
branches shall be cut so that they are angled on the bottom and flush on the
top.

gathered locally (within or in proximity
ial i The

All harvested or purchased live branch material shall be preserved in a cool, moist
envir t until installati Plant material that has been allowed to dry out or
is not preserved in a dormant state prior to installation shall be discarded.

See Sheet 17 for Plant Material List.

2.0 Installation:
Refer to Detail A’ for a schematic of the location of the live branches along the
channel and Detail ‘C’ for a schematic of the location of the live branches with

respect to the other bank reinforcement materials.

Live br shall be d in two rows, with 2.0 foot spacing, between the
stakes. Three—fourths of the stake is to be imbedded within the channel bank.
The angle of the imbedded branch to the channel bank shall be between 30 and
60 When installed, at least two (2) buds should remain above the
ground surface and those buds shall be oriented upwards.

Live branches that split or become bent or broken during installation shall be
removed from the channel bank and discarded

STOCKPILE COBBLE MATERIAL:

R and stockpile any ilable cobble stream bed material through the reach
of the existing stream ch | to be ted/relocated. Stockpiled material
shall be replaced within ted /relocated st bed upon completion. Cost
of this work to be included in the price bid for the various related items.
GEOTEXTILES:

The specified geotextile shall meet the specifications identified on this plan, unless
otherwise approved by the Engineer.

Geotextile shall be placed in accordance with facturer's r d

The geotextile Rolls shall be furnished with suitable wrapping for protection against

isture and extended ultraviolet exp e prior to placement. Each Roll shall be
labeled or tagged to provide product identification sufficient for field inventory and
quality control purposes. Rolls shall be stored in a manner which provides
identification, as well as protection from the elements. If stored outdoors, the
Rolls shall be el d and protected with a f cover.

INSTALLATION:

—  Over—excavation of the channel bank may be necessary to accomplish
the installation of the rock toe protection. The rock toe protection
shall be imbedded into the bottom of the channel to the depth

on this detail.
The live branches shall be placed on top of the imbedded boulder toe
bmoc:‘taﬁal protruding into the native, undisturbed soil of the channel
k. —

Soill material, including the specified top soll, shall be placed to backfill
the over—excavted channel bank.

The specified
material.
The first (lowest) row of the geotextile material shall be anchored to
the restored soil material.

The coir roll material shall be installed and secured with the hardwood
stakes protruding into the native, undisturbed soil of the channel bank.

P

ding shall be applied to the disturbed/; d soil
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(Upper) (Lower) | (Upper) | (Lower) refer to Detail "C®, (This Sheet). equivalent.
From Station 0+00 4+02 0+00 | 2+07 0+00
To Station 4402 4+62 2407 | 23+27 2482 § Riffle—Run Complex
Bankfull max depth — Riffle] 1.5 1.8 1.2 15 1.0
Bankfull max depth — Pool| 2.6 31 2.0 2.6 17 Pool
Bankfull width — Riffle 2.0 1.2 7.2 9.0 6.3
Bankfull width — Pool 10.1 12.5 8.1 10.1 7.4
Limits of boulder toe,
coir roll & live branches.
Stake (Typ.)
imits of Seeding ching® Bankfull Width ,_Limits of Seeding & Mulching*
Mg /550
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Step Pool, Step Riffle and Cross Vane Construction Specifications:

Final location, extent, and nature of in stream bed features to be determined during construction with
consultation of designer.

Final placement of rocks in Cross Vane to be determined by stream restoration specialist in the field.
Dimension slopes and deflection angles of structures may be adjusted by designer based on field conditions
during construction.

Footer stone and crest stone shall be native stone or shot rock, cubical or rectangular in shape with a
minimum diometer of 2.0 feet.

Gaps between boulders shall be minimized by tightly fitting st toget and chinking bety structure
stones using No. 2 sized rock.

Slope of vane from arms shall be 2—-5%.

Crest stones in the center 1\3 of the channel shall have gaps between the stones. Gaps shall be 6° to 8".
A 4 oz. non—woven geotextile fabric shall be placed on the upstream side of the structure vane arms to
prevent piping of water through the structure. Fabric shall extend from the top of the footer stone, down
to the invert of the trench, and back up to the bankfull bench. Fabric shall be placed along the entire
length of the vane arms, as shown on the details.

A 4o0z. non—woven geotextile shall be placed under all embedded footer stone, as shown on the details.
Logs can be substituted for the vane arms, or sills as approved by the design Engineer.

Crest Stone
(Water will flow
between crest

Embaddad

Pool
I (See Profile for Length) ! Footer Stone

Not to Scale
Bankfull Ky
Stage 2 Crest.
I3 Stone

As—Built

Nonwoven Geotextile-

Fabric
Bankfull Bench Bankfull Bench
12’ Min. 12° Min.

5 T e S

S Eamdry HE R RO camara s
| BE=A 2 IS | A
Iz A4
Nonwoven woven
Geotextile Geotextile
Fabric Fabric
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EROSION AND SEDIMENT CONTROL NARRATIVE
PLAN DESIGNER:

Evans, Mechwart, Hambleton, & Tilton, Inc.
5500 New Albany Road

Columbus, Ohio 43054

Phone: (614)775—4500 Fax: (614)775—4800

PROJECT OWNER

Cal Miller

Wetlands Resource Center
3970 Bowen Rd

Canal Winchester, Ohio 43110
(614) 327-7034

SITE CONTACT

Bob Koone

South Mountain Forestry
6624 Roper Hollow Road
Morganton, NC 28655
(828) 432-7759

PROJECT LOCATION
The project is located within Union County.

PROJECT DESCRIPTION

The project consists of the restoration and stabilization of stream
channels, indicated as Beaverdam Creek and Unnamed tributary 1 and
2 on the restoration plan. The existing eroded stream banks and the
stream buffer corridors of the watercourse shall be planted with a
variety of trees, shrubs and seedings as indicated on the planting
plan.

AREA OF PROJECT SITE & AREAS OF DISTURBANCE
Project Area: 6.5 Acres
Estimated Area of Disturbance: 12.8 Acres

EXISTING SITE CONDITIONS

The Beaverdam Creek corridor predominantly consists of a narrow
riparian buffer with adjoining pasture lands to the south and a
wooded hillside to the north.

Unnamed tributary 1 contains a wooded corridor on the downstream
portion of the channel and an existing pasture on the upstream
portion of the channel. Impact to existing wooded areas will be
minimized.

Unnamed tributary 2 contains an existing pasture along both sides of
the stream corridor.

ADJACENT AREAS
The adjacent areas are predominately pasture or wooded areas. The
wooded areas will be protected to the extent possible.

DESCRIPTION OF SOILS

The soils along the mainstem of Beaverdam Creek and along the
lower 300—feet reach of UT1 within the project area include the
Chewacla silt loam, 0 to 2 percent slopes, frequently flooded.
Typically the surface layer is brown silt loam approximatley seven
inches thick. The subsoil is 45 inches thick.

The upper reach of UT1 and the entire length of UT2 is mapped Cid
channery silt loam, 1 to 5 percent slopes. Typically, the surface layer
is light brownish gray channery silt loam four inches thick. The
subsurface layer is a pale yellow channery silt loam 5 inches thick.
The subsoil is 18 inches thick.

RECEIVING STREAM/SURFACE WATER
Beaverdam Creek

EROSION AND SEDIMENT CONTROL PRACTICES

Sediment Fence:

Sediment fence will be placed before construction begins to prevent
s:diment from the borrow/spoil areas from entering the existing
stream.

Dewatering Sediment Trap:

Dewatering Sediment traps shall be used to dewater the existing
channel during the pump around process. Sediment laden water within
the work area will be trapped by a temporary plug and pumped into
the dewatering sediment trap. The trap shouid be located so that
filtered water flows through existing vegetation before re—entering the
existing stream downstream of the work area. These sediment traps
will be abandoned once the work area is stabilized. Any accumulated
sediment will be removed or stabilized in—place. Filter fabric
sediment bags can be used instead of sediment traps, if needed.

the location of these traps will be determined in the field by the
Contractor.

EROSION CONTROL SCHEDULE

This project shall be constructed in the dry using temporary earthen
plugs and pumps. With this method clean water shall be pumped around
the construction area and turbid water shall be pumped to a dewatering
sediment trap or filter bag. With this method the project shall be
constructed in sections small enough that the entire section can be
completed and stabilzed within 5 working days. The following sequence
describes the steps that will need to be repeated for each section.

1. Construct a temporary earthen plug at the upstream end of the
section to be constructed and begin pumping clean water around the
work area and to an outlet stabilization structure before it re—enters the
existing stream.

2. Construct a temporary earthen plug at the downstream end of the
section and pump any turbid water to a dewatering sediment trap or
filter bag.

3. Excavate the valley and channel, construct the in—stream structures.

4. Stabilize the valley with seed, fertilize, mulch and matting per the
seeding table and stabilization details.

CONTRACTOR RESPONSIBILITIES

Details have been provided on this plan in an effort to help the
Contractor provide erosion and sedimentation control. The details
shown on the plan shall be considered a minimum. Erosion and
sediment control features indicated on the relocation plan shall be
installed per the State of North Carolina Department of
Transportation details. The Contractor shall be solely responsibility for
providing necessary and adequate measures for proper control of
erosion and sediment runoff from the site along with proper
maintenance and inspection in compliance with with the North
Carolina Department of Environment and Natural Resources erosion
and sediment control regulations::

The Contractor shall provide a schedule of operations to the Owner.
The schedule should include a sequence of the placement of the
sedimentation and erosion control measures that provides for
continual protection of the site throughout the earth moving
activities.

Prior to Construction Operations in a particular area, all
sedimentation and erosion control features shall be in place. Field
adjustments with respect to locations and dimensions may be made
by the Engineer.

It may become necessary to remove portions of sedimentation
controls during construction to facilitate the grading operations in
certain areas. However, the controls shall be replaced upon
completion of grading or during any inclement weather.

The Contractor shall be responsible to have the current Erosion
Control Plan immediately available or posted on site.

The Contractor shall be responsible to ensure that off—site tracking
of sediments by vehicles and equipment is minimized. All such
off—site sediment shall be cleaned up daily.

The Contractor shall be responsible to ensure that no solid or liquid
waste is discharged into the stream tributaries. Untreated
sediment—laden runoff shall not flow off of site without being
directed through a sediment control practice.

INSPECTIONS

The Owner/Contractor shall provide qualified personnel to conduct

site inspections ensuring proper functionality of the erosion and
sedimentation controls. All erosion and sedimentation controls are to
be inspected once every seven (7) calendar days or within 24 hours of
a 1/2 inch storm event or greater. Records of the site inspections
shall be kept and made available to jurisdictional agencies if
requested.

MAINTENANCE

It is the Contractor’s responsibility to maintain the sedimentation and
erosion control features on this project. Any sediment or debris that
has reduced the efficiency of a control shall be removed immediately.
Upon conducting an erosion control inspection, the Contractor shall
repair or replace structures if it is determined that the structure is
damaged and/or overwhelmed with sediment.

SOIL STABILIZATION

The Contractor shall stabilize disturbed slopes within 15 working days
or 30 calendar days following completion of any phase of grading,
permanent ground cover shall be established for all disturbed areas
within 15 working days or 90 calendar days (whichever is shorter)
following completion of construction or development.

Disturbed areas within the conservation easement shall be stabilized per
deadline listed in the erosion control schedule on this sheet.

Disturbed slopes shall be stabilized per the stream channel bank
stabilization details and the planting plan.
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TEMPORARY STREAM CROSSING ROLLED EROSION CONTROL PRODUCTS

2006-1399

Stream Channel

Excavate channel to design
grade and cross-section

RP-14/18

Job No.
Sheet

T

Design depth

Longitudinal
anchor trench
QOvercut channel 2" to allo

during seedbed prepara

January, 2008
Not To Scale

2-3"
coarse aggregate

Date
Scale

Construction 1. Clear the entrance and exit area of all vegetation, roots, and
Specifications other objectionable material and properly grade it.

2. Piace the gravel to the specific grade and dimensions shown
the pians, and smooth It =

3. Provide to water to a sediment or other
drainage to carry trap

Typical installation
with erosion control
blankets or turf
reinforcement mats

4. Use gootextlie fabrics because they improve stabliity of the

b yergd o high Initial channel Intermittent Intermittent check slot Longitudinal anchor trench
table. anchor trench check slot <
4
Maintenonce  Maintain the In_a condition to prevent mud or sediment 5
from leaving W site. This may require periodic Shingle-lap spliced ends or begin new
topdressing with 2—inch stone. After each rainfall, inspect any roll in an intermittent check slot
used to trop and clean It out as necessary. >
remove all spliled, washed, or NOTE: ax
tracked onto public roadwaye. '

1. Check slots to be d per manuf peci
2. Staking or stapling layout per manufacturers specifications.

Prepare soil and apply seed b
installing blankets. mats g
temporary channel liner

STREAM RESTORATION PLAN
FOR
BEAVERDAM CREEK
AND UNNAMED TRIBUTARIES
STREAM RESTORATION PROJECT

Slope surface shall be smooth before If there is a berm at the top of 5
placement for proper soil contact. slope, anchor upslope of the berm.
iz
Stapling pattern as gl Anchor in 6°x6" min. Trench %
per manufacturers AP and staple at 12" intervals. S
recommendations,
/Mhb'whp
Staple overlaps
max. 5 spacing.
Fabric - i 7 Bring material down to a level area,
Do not stretch blankets/matting tight-allow mrn?’?umdmdafundstaplcmlé‘
the rolls to conform to any irregularities. Intervols.
i ili llation. Planti
For slopes less than 3H:1V, rolls Lime, fertilize, and seed before instal L ing
may be placed in horizontal strips. of shrubs, trees, etc. should occur after installation.
NOTES:
y 1. Design velocities ding 2 ft/sec ire temporary blankets. mats or similar liners to protect
las: & 4 =
NC DOT #5 or “ ’Ssn?:sm Installation seed and soil until veg: ion b established. N
#57 washed stone Installation for Slopes— Place the RECP 2-3 fest over the top of 2. 6rass-lined channels with design velocities exceeding 6 fi/sec should include turf reinforcement q
the slope and Into an excavated end trench measuring mats 80
mmuy1th‘:uby;wmmm.n§wa1 DE
Unroll the RECP down (or the slope maintaining direct Then pin the RECP (two layers) to the bottom of the trench, ! =
mmn--a:m:mmumtmu backfM, and compact. Continue up the channel (wrapping over the 7210}
minkmum of 3 inches. Pin the RECP to the ground using staples or top of the Intermittent trench) repeating this step at other Maintenance 1. Inspect Rolled Erosion Control Products at least weekly and >0
pins in a 3 foot center—to—center pattern. Lees frequent ittent trenches, untll reaching the torminal trench. after each significant (1/2 inch or ) rain fall event W
stapling/pinning ls acceptable on moderats siope. At the upper terminal trench, dliow the to conform to the Tepair " greater o)
brig e mat back ovr e 15p &1 the i o oo e o
n terminal (12 inches deep el 2. Good contact with the ground must be maintained, and
and 6 inches wide) across the channel at the upper and lower end edsting mat (2 to 3 fest overlap In the downstream direction), and erosion must not occur beneath the RECP.
\ of the lined channel sections. At 25—foot Intervais the pin at 1 foot intervais across the RECP. When starting instaliation
channel, anchor the RECP across the channel either in 6 inch by 6 ““""mm""mwgﬂ“b“d_“ 3. Any areas of the RECP that are damaged or not In closs
Inch trenches or by Installing two closely spaced rowe of anchore. minimum with upstream on top to prevent uplifting. contact with the ground shall be repaired and stapled. m
Excavate longitudinal trenches 6 Inches deep and wide along channel  Place the outside edges of the RECP(s) in longitudinal trenches,
edges (above water line) In which to bury the outside RECP edges. pin, backfl, and compact. 4. If erosion occurs due to poorly drainage, the
Place the first RECP at the downstream end of the channel. Place " ot ISt 8 e i bk problem shall be fixed and the eroded area protected.
amdhmrhmwmmmmnai ”W""|m|| T ol & I""ﬂ”'“"Yn e s - e
intervals along bottom of the trench. for anchoring the RECP to the ground. as established. u'ﬂzg B
Note: The RECP should be placed upside down in the trench with Drive stapies or pins 8o that the top of the or pin Is flush %%'3_
g::‘a:l the roll on the downstream side of the bench. with the 1 ourk i IWW';“I Ite References WGM.T:/M “Green Engineering, éng
Once pinned and backfMled, the RECP s deployed by wrapping over mﬁmmmnwhm products™ =~ (i
mmhmmmmummh praslh P ::'0 °"‘°Pb. Sl
o Capacity of pipe culverts wider the provided rolis, place ends of adjacent rolis in the 3 oy 1":& overlap length. Roll ends may Storm Water Manual for SES
washed stone together = barkfull flow terminal trench, overiapping the adjacent rolis @ minimum of 3 spliced by overiapping (in the direction of water flow), with Washington of Ecology, Water Program &53
" Clme B Erasis Inches. Pin at 1 foot Intervals, backfl, and compact. Unroll the the upstream/upelope mat piaced on top of the http: //www.ecy. /wa/ Eig
Sm::n mhrzﬂ‘w:bm::«mu'a" hzw W/m-q;.m.mmmumua1 fes
trench. RECP over on spacing across RECP. When instaling multiple width mats Erosion Control Technology Councl, http: //www.ectc.org %
downstream side of the trench, and aliowing the mat to conform to heat seamed In the factory, all factory ssams and fleld overiaps S 2 2
the trench. should be simllarly anchored. 2 %agg
“Iz"%z%
 diameter of pipe or 12" E‘g zZy
whichever is greater Filter Cloth g285
G8&
Construction 1. Keep clearing and excavation of the stream banks and bed and
Specifications ctions to a
2. Divert all surface water from the site onto
areas adjoining the stream.
3. Keep stream crossings at right angles to the stream flow.
4wmmmmwmdmmhc
minimum distance of 30 fest. Raise bridge abutments and culvert fliis a
md1mmmu§wmwmmm
erosion from surface runoff and to aliow flows to pass around the
structure.
5. Stabliize all disturbed areas subject to flowing water, including
planned overflow areas, with riprap or other suftable o [ 1)
velocity exceeds the aliowable for the in—place soll (Table 8.05q, z
Appendix 8.05). t%
6. Ensure that bypass channels to dewater the crossing site =
mmmmmm%mumm %
fil, compact, ond stabliize the bypass channel appropriately.
7. Remove stream gs when are no
wm%mmmummz&-m
and smooth and app stabliize all areas. g
8. Any in—stream control must be =
¥ dmg g e - i
Inspect gs off g rains to
Mhﬂoﬂu&hm-ﬂ;d o scour, "
riprap displacement, or Make all repairs immediately to prevent
further damage to the 2
. &
Note: Details on this sheet are from the North Carolina Erosion and Sediment Control Planning and Design Manual I;l




SEDIMENT FENCE

|8 max. standard strength fabric with wire fence |

Steel
post

Steel
post

6" max. extra strength fabric without wire fence

The Slicing Method

Y

height POST SPACING:
max . 24" &' M . on oper rns
D 2 max . on pooling aras
Attach fabic ©© I
upsteam side of post
FLOW —= ]
Drive over each side of silt POST DEPTH
fence 2 to 4 times with %
device exeiting 60 p.s.i. or 2 feet
greater
compacted soil compacted soil
N
VST A
AN
A
S N
DN
Z G
SRR SEN ™
% H 2N
R L 2N
Y H AN
2y NN
N RO
ST TR

No more than 24" ofa 36" fabric
is allowed above ground.

Y7
NS \?
S 24l

Y
b /\\

NN
“/§<f%>,\\"’¢ >
W% \f/é\\
S

7

SN GN
RO

Vibratory plow is not acceptable because of horizontal compaction

T

—

Natural
ground

polyolefins or polysster, which Is certified by the manufacturer or
as to the In ASTM D 68461,
which Is shown In part In Table 6.62b.

Table 6.62b Specifications For Sediment Fence Fabric

Temporary Silt Fence Material Property Requirements

un- Type of
Test Material Units Silt Fence Silt Fence Value
Grab Strength ASTM D 4832 N (lbs)
Machine Direction 400 550 MARV
90) (90)
X-Machine Direction 400 450 MARYV
(30} (90)
Permittivity* ASTM D 4481 sec-1 0.05 0.05 MARY
Apparent Opening Size® ASTM D 4751 mm 0.60 0.60 Max. ARV®
{US Sieve #) {30) (30)

%
Uttraviolet Stability ASTM D 4355 Retained

70% after 70% after Typical
500h of exposure 500h of exposure L

Strength

' Siit Fence support shall consist of 14 gage stee! wire with a mesh spacing of 150 mm {6 inches), or prefabricated poylmer mesh of
equivalent strength.
? These default values are based on

i with a variety of sedi For envit itive areas, a review of
specific ile tests in with Test Method D 5141 shouid be performed

previcus

by the agency to confirm suitability of these requirements.
* As measured in accordance with Test Method D 4632. -

Top of Fabric

Bet
top &'

Dingonci atiachment
doubles siength.

* Gaher fabric ot posts, if needed.

© Ufize thiee fesper post, all within fop 8°of fabrc.

a minimum of 1* apart.

© Hang each tie ona post nipple and fighten securely.
Use cable fes (501bs) or soff wie.

-

Ay
o S
Ry
Sicing blade
{ 077 widih)

6. Extra strength fiiter fabric with 6 feet spacing does not require wire
M-;portfmw.&u.iyﬁ-hm. fabric directly to posts. Wire or
plastic ties should have minimum 50 pound tenslie strength.

7. a trench 4 Inches wide and 8 inches deep along the
proposed line of posts and upsiope from the barrier (Figure 6.62a).

8. Place 12 inches of the fabric along the bottom and side of the trench.

9. Backfll the trench with soll placed the fiiter fabric and compact.
wmdmmbfmhmmm

10. Do not attach fiter fabric to exsting trees.
SEDIMENT FENCE INSTALLATION USING THE SLICING
instead of placing

6. Wrap approximately 6 Inches of fabric around the end posts and securs with
3 ties.

7. No more than 24 inches of a 38 inch fabric Is allowed above ground level.

9. Is vitally impor for effe results. soll
immediately next to the siit fence fabric with the front wheel of the tractor,
skid steer, or roller exerting at least 60 pounds per Compact the
upstream side first, and then each side twice for a of 4 trips.

0

-

2 -~

bl n

& -

= I

ENEO.

3 L 4
2 @
g8 | 3
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o 2
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STREAM RESTORATION PLAN
FOR
BEAVERDAM CREEK
AND UNNAMED TRIBUTARIES

STREAM RESTORATION PROJECT
e ROSION CONTROL DETAILS

ERRSeEitht

v |

Fox: 614.775.4800

X

M

EMHT

Evans, Mechwart, Hambleton & Tilton, Inc.

Engineers « Surveyors s Planners » Sclentists
5500 New Albany Road, Columbus, OH 43054

Phone: 614.775.4500
c

Note: Details on this sheet are from the North Carolina Erosion and Sediment Control Planning and Design Manual
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20061599\ DWG\ RESTORATION PLAN\B1399RP10~17.DWG<RP~16> — 1 XREF: 61399XBS — LAST SAVED BY JORAMER [1,

Notes:

— Limits of disturbance is approximately 15’ outside the conservation easement, unless shown and labeled
differantly on this sheet.

— The existing stream ch | and abandoned pond within the conservation easement shall be filled after the new
channel is active. This fill should be a bination of pacted clay soil and Plain Riprap, Class 1. The
area should be graded to drain into the new channel and stabilized with seed and mulch. The existing stream
outside the conservatian easement shall be plugged every 100’ to promote overland flow to the channel.

— When construction is complete the spoil areas shall be graded to drain to the new channel and stabilized with
seed and mulch.

— When construction is complete the borrow areas shall be restored to grade to the extent possible. After grading
the area shall be stabilized with seed and mulch.

— Locations of the temporary stream crossings are approximate and will be established in the field by the
Contractor throughout the course of constructing the project

OUTLET STABILIZATION STRUCTURE DETAIL

TEMPORARY DEWATERING SEDIMENT TRAP DETAIL

Outside Conservation Easement

Conservation
Easement

Notes:

detail on sheet 10.
—See sheet 12 for a detailed erosion control schedule.
—See plan view on sheet 13 for location of each erosion control feature.
—Matting shall be installed per NCDOT Item 1631.3 and detail, sheet 16.

mulch anchoring tool or other approved method.

nporary,/P Seeding and

—Typical Section B-B is from left to right looking downstream, see sheet 13 for location.
—Matting shall be placed along the outside of the meander bends, see channel reinforcement

—Straw mulch shall be applied at a ratio 1-2 tons per acre, and shall be anchored using a

P
—
Proposed Grade— //
//
— — —
____\\ —
<—Ex.0umd
(To Be Fiied)

SEEDING TABLE OUTSIDE CONSERVATION EASEMENT
TYPE APPLICATION RATES|APPLICATION DATES
TEMPORARY SEED:
Rye (Grain) (Secale cereais) 120 Ibe/acre dune—Auguet
PERMANENT SEED:
Big Biuestem (Andropogon gerardii) 15 Ibe/acre September — May
Tall Fescue arundihacea) of mixture
Kentucky Bluegrass (Poa pratensis)
Korean L
Sericea L (@ )
Redtop (Agrostis gigantea)
Indiongrass
—
CHANNEL STABILIZATION DETAIL — SECTION B-B
Permanent Seeding & Muiching | Zone Planting per Planting Plan | Seeding & Muk

Job No.

2006-1399

Sheet

RP-16/18

Date

January, 2008

Scale

Not To Scale

OLINA

UNION COUNTY, NORTH
STREAM RESTORATION PLAN
FOR

BEAVERDAM CREEK
AND UNNAMED TRIBUTARIES

STREAM RESTORATION PROJECT
EROSION CONTROL DETAILS
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STREAM CORRIDOR SEEDING TABLE

TYPE APPLICATION RATES APPLICATION DATES
TEMPORARY SEED: -
Rye (Grain) (Secale cereale) 40 Ibs/acre ne-August 5
PERMANENT SEED: é
Big Bluest: (Andropogon gerardii) 15 Ibs/acre September — May
B dg: (Andropog irginicus) of mixture
Deertongue (Panicum clandestinum) z
Little Bluestem (Schizachyrium scoparium) g
Indiangrass (Sorghastrum nutans) ?l
OVERSEED: "
Pearl Millet (Pennisetum glaucum) 15 Ibs/acre dune—August B

[
==
©
8 ~
- ]
s N 1. A
E ;K
Proposed Beaverdam Creck & UT Plantings* 8 L
e Zone [ - Stream Edge o &
Live Branches , 3x3' centers ;’ 2
3 -
£ <]
Common Name Scientific Name 3 z
Buttonbush Cephalanthus occidentalis °
Silky dogwood Cornus amonuum 2 8
Biack willow Suliv migra 2 @
Silky willow Salix sericea
Elderberry Sambucus canadensis
© Zone 2 - Streamside Shrubs and Trees
Shrubs, Bareroot Material - 4x4'centers
Common Name Scientific Name
Painted buckeye Aesculus sylvatica [72]
Tag alder Alnus serrudata Ll
Red chokeberry Aromiz arbutlolia E =
Silky dogwood Cornus amomium =z ¥ < (&)
American holly Lex gpaca 2 S L = %
Black willow Salix migra aa w 8
Elderberry Smbucius canadensis g 2=
$8 Em><
£ O E on
ES =
S o =30
-l
w [T
z 0 Z
Trees, 1 Gallon Containers - 100 foot spacing 8 ; ﬁ E E 5
(8]
Common Name Scientific Name z 5 > § =0
River birch Betula nigra o <<
Celiis taevigata S W Z E
Green ash Fraxinus pennsylvanica o =D [}
Tulip poplar Liriodendron tuljpifera (=]
Sycamore Platarns occidentalis >
Water oak Quercus migra
Willow oak Quercus phellos <
American elm Ullrus americana
e Zone 3 - Floodplain
g Bareroot Material - 8x8' centers
Common Name Scientific Name
Red chokeberry Aromia arbutsfolia
Paw paw Asimina triloba
River birch Betula njgra
h American hornbeam Carpinus caroliniana g o=
Sugarberry Celiis laevigata g
g Green ash Lraxinus pennsylvanica D
Tulip poplar Liriodendron aulipiera Qa
ﬁ Black gum Nyssa sylvatica 4=
Sycamore Platanus occidentalis } Q!
American elm Ullmus americana >0
7]
! o Zone 4 - 30' Riparian Buffer og
Bareroot Material - 10x10’ centers
Common Name Scientific Name ﬁ
o Prenut hickory Carya glabra LIJ
° Flowering dogwood Cormus florida
q White ash Lraxinus americana
Black walput Juglans nigra
Tulip poplar Liriodendron tuljpifera
- Eastern hophornbeam Oszrya virginiana oA
1 Black cherry Prunus serotina 22 8 §
White oak Owercus alba ]—- ceigl,
Q Smooth sumac Rius glatra E29S
b Winged elm s alata = ge é Bl
LES
In addition to planting described above, v and, I 223
seeding will occur in Zones 2, 3 & 4. See seeding table, this §ég’ *
| sheet. : S&
N $:58)=
I *Final species selection will be based upon availability. 5288
-~ 22 3o
2225
—  The existing wooded portions of Beaverdam Creek and Unnamed Tributary 1 will only
g‘l contain planting zones 1 and 2. See sheet 18.
g

MARK
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PLANTING ZONES 1 & 2 ONLY
ting List, Sheet 17.

PLANTING ZONES 1-4

See Planting Plan Zones and Plan
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Appendix «2”
Project Site NCDWQ Stream
Classification Form



North Carolina Division of Water Quality —

Stream Identification Form; Versiqn 3.1

County:

Stream is at least intermittent 5 ‘

Date: . Project: Latitude:
ate L‘\ ' \C)iO7 rojec Beon u-éc»m atitude
Evaluator: Site: « Longitude:
Vauaor o, PetEe Beoverdara Maingtem M9

Total Points: Other

e.g. Quad Name:

if 2 19 or perennjal if = 30 Ao
A. Geomorphology (Subtotal =30 ¢ &) Absent Weak Moderate Strong
1. Continuous bed and bank ) 0 1 2 [©)
2. Sinuosity 0 1 2 3D
3. In-channel structure: riffle-pool sequence 0 1 @ 3
4. Soil texture or stream substrate sortlng 0 1 (¢) 3
5. Activefrelic floodplain : 0 1 (&3] 3
6. Depositional bars or benches 0 M 2 3
7. Braided channel 0 1 2 3
8. Recent alluvial deposits 0 N 2 3
9% Natural levees -0 l©) 2 - 3
10. Headcuts 0 1 2 G)
11. Grade controls 0 0.5 1 a5
12. Natural valley or drainageway 0 0.5 m 1.5
13. Second or greater order channel on existing el
USGS or l\?RCS map or other documented Yes =3
~_evidence.
¥ Man-made ditches are not rated; see discussions in manual
B. Hydrology (Subtotal = ( 0O )
14. Groundwater flow/discharge 0 () 2 3
15. Water in channel and > 48 hrs _since rain, or 0 D 5 3
Water in channel -- dry or growing season
16. Leaflitter 1.5 . 65 0.5 0
17. Sediment on plants or debris 0 0.5 [€D) 1.5
18. Organic debris lines or piles (Wrack lines) 0 0D 1 15
19. Hydric soils (redoximorphic features) present? No=0 (%E =1. 5"3
C. Biology (Subtotal = LI v 6 :
20°. Fibrous roots in channel 3 &N 1 0
21°. Rooted plants in channel 3 [6) 1 0
22. Crayfish @ 0.5 1 1.5
23. Bivalves (®) 1 2 -3
24, Fish 0 ©.5 1 1.5
25. Amphibians (D) 0.5 1 1.5
26. Macrobenthos (note diversity and abundance) (Q) 0.5 1 1.5
27. Filamentous algae; periphyton @ 1 2 3
28. Iron oxidizing bacteria/fungus. ® 0.5 - 1 1.5
29°, Wetland plants in streambed FAC = 0.5; FACW =0.75; OBL=1.5 SAV = 2.0;(Other = (D

P items 20 and 21 focus on the presence of upland plants, Item 29 focuses on the presence of aquatic or wetland plants.

Notes: (use back side of this form for additional notes.)’

Sketch:

Greomer D\\r)\n:) of shceanmia tndicetive o€

f‘\e-,rt:\\r\cc\\ Tlow upstveam (S Seuea—c(* \mDC\W(’()

‘03 Scé\me-\*c:\‘\ O
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North Carolina Division of Water Quality - Stream Identification Form;

- Version 3.1

Date: Project: - Latitude:

° L\l.\0/07 Oject Reavecdam atffude
Evaluator: S . PeCCec Site: OUT1 Longitude:
Total Points: : c Other
Stream is at least intermittent ounty: .
if2 19 or perennialif230 Y4 S Unioa e.g. Quad Name:

A. Geomorphology (Subtotal= @7 )

1% Continuous bed and bank 0 1 2 (©)
2. Sinuosity 0 1 2 [©)
3. In-channel structure: riffle-pool sequence 0 1 @) .3
4. Soil texture or stream substrate sorting 0 1 2 (©)
5. Active/relic floodplain 0 1 (€5 3
6. Depositional bars or benches 0 1 GT 3
7. Braided channel © 1 2 3
8. Recent alluvial deposits 0 1 J2s) 3
| 9% Natural levees 0 1 (@) 3
10. Headcuts 0 1 &) 3
11. Grade controls . 0 0.5 1 as
12. Natural valley or drainageway 0 0.5 1 (15)
13. Second or greater order channel on existing
USGS or NRCS map or other documente No=0
evidence, : :
“ Man-made ditches are not rated; see discussions in manual
B. Hydrology (Subtotal= & )
14. Groundwater flow/discharge 0 1 [3) 3
15. Water in channel and > 48 hrs since rain, or 0 1 @
Water in channel — dry or growing season
16. Leaflitter 1.5 [©) 0.5
17. Sediment on plants or debris 0 05 [O) 1.5
18. Organic debris lines or piles (Wrack lines) 0 [(1>) 1 - 15
19. Hydric soils (redoximorphic features) present? No=0 (es=15)
- C. Biology (Subtotal=_ { O )
20°. Fibrous roots in channel [6) 2 1 0
21°. Rooted plants in channel [©) 2 1 0
22. Crayfish 0 ‘ 1 15
23. Bivalves o 1 2 3
24. Fish _ 0 0.5 [O) 1.5
25. Amphibians () 0.5 1 1.5
26. Macrobenthos (note diversity and abundance) 0 0.5 M 1.5
27. Filamentous algae; periphyton 0 @ 2 3
28. Iron oxidizing bacteria/fungus. 0 () 1

29° Wetland plants in streambed

15
FAC =0.5; FACW =0.75; OBL=1.5_SAV = 2.0: Other = 0) _

Pltems 20 and 21 focus on the presence of upland plants, Ite

Notes: (use back side of this form for additional notes.)

m 29 focuses on the presence of aquatic or wetland plants.

Sketch:
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North Carolina Divisioh of Water Quality — Stream Identification Form;

Versi_on 3.1

USGS or NRCS map or other documented
evidence. :

Date: L\ ‘ @ l o7 Project: Recwe PC\} C\V\"\‘ Latitude:
Evaluator: 5 . \De _(: ,Q ec Site: U T';\ Longitude:
Total Points: ) : Countv: Other
sueemisdeest et 32 .25 ©™ Dio
A. Geomorphology (Subtotal = Vi S ) Absent Weak Moderate Strong
12, Continuous bed and bank 0 1 () 3
2. Sinuosity 0 1 [@) 3
3. In-channel structure: riffle-pool sequence 0 1 @ 3
4. Soil texture or stream substrate sorting 0 1. @ 3
5. Active/relic floodplain : 0 1 @ '3
6. Depositional bars or benches o M 2 3
7. Braided channel @ 1 2 3
8. Recent alluvial deposits 0 D) 2 3
92 Natural levees 0 @ 2 . 3
10. Headcuts 0 i @ 3.
11. Grade controls 0 0.5 () 1.5 -
12. Natural valley or drainageway 0 0.5 1 (.9
13. Second or greater order channel on existing

Yes =3

@ Man-made ditches are not rated; see discussions in manual

B. Hydrology (Subtotal = % )

14. Groundwater flow/discharge

15. Water in channel and > 48 hrs since rain, or
Water in channel - dry or growing season

® |~

@
1
1

0

16. Leaflitter @(.5) 0.5
17. Sediment on plants or debris 0 0.5 [} 1.5
18. Organic debris lines or piles (Wrack lines) 0 0.5 [©) 1.5
19. Hydric soils (redoximorphic features) present? No Yes=1.5)

S
C. Biology (Subtotal= @. 19 ) -
20°. Fibrous roots in channel 3 (@) 1 0
21°. Rooted plants in channel [€D) 2 1 0
22. Crayfish [O)] 0.5 1 1.5
23. Bivalves Q 1 2 -3
24. Fish 0.5 1 1.5
25. Amphibians [ 0.5 1 1.5
26. Macrobenthos (note diversity and abundance) 0 @ 1 15
27. Filamentous algae; periphyton NG 1 2 3
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5

29° Wetland plants in streambed

FAC = 0.5, FACW =0.75)0BL = 1.5_SAV = 2.0; Other =0

PItems 20 and 21 focus on the presence of upland plants, ltem 29 focuses on the presence of aquatic or wetland plants.

Notes: (use back side of this form for additional notes.)

Sketch:




Appendix “3”
Davis Branch Reference Reach,
Rosgen Level Ill Assessment
Documentation



Stream Classification Form

Stream NAME: Beaverdam Creek Reach - Davis Branch Reference Reach

Basin NAME: Yadkin River Drainage AREA:  365.44 acre
Location: Davis Branch Near Marshville, N.C.

0.571 mi®

Twp: Rge: ‘ Sec:

Observers: - Warren E. Knotts, PG & Sean Peffer, Env. Sc.

Bankfull WIDTH (wbkg

WIDTH of the stream channel, at bankfull stage elevation, in a riffle section.

WIDTH / DEPTH RATIO (W bkf /dbkf) »
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section.

T

Max1mum DEPTH (dm"f)

Maximum depth of the bankfull channel cross-section, or elevation between the bankfull stage and

Entrenchment RATIO (ER) »
| The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Whpe/ Weo) in a riffle

sectlon

Channel Matenals (Partlcle Slze Index) D50
The 50th percentile, or less than, from a pebble count frequency distribution of channel particles

representmg the median or dommant pamcle size.

Sinuosity: an index of channel pattern, determined from stream length / valley length, i.e. (SL/VL),

| or estimated from aratio of valley slope divided by channel slope (VS/ S).

Qtr: ‘ Lat:35.0914

Long: 80.334

8/8/2006

12.91 Feet

1.21 Feet

3.87 Ft/Ft

For Reference, see page 5-5, 5-6:
Rosgen, 1996. Applied River Morphology.

© 2005 Wildland Hydrology
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Reference Reach Summary Data Ferm_

Mean Riffle Area (Abkf)

AR S

Pomt Bar Slope

s

Channel Dimension

: Streamﬂow. Estlmated Mean Velocrty at Bankfull Stage (ubk).

R R SR

Meander Length (Lm) i 9921 80.1} 116.5feet Meander Length Ratlo (Lm/kaa

T e A R

A T IR A S,

Belt Width (W,,h) i 38l 278

o

RS

Pool to Pool Spacmg 38 561 33.42] 43. 7 feet

0 0387 /et Average Water Surface Slope (S) 0 03256 If/f 1nuos1ty (VS/S) 1.19 .

R S N T B S

! 1138 'feet Valley Leng’ch (VL) ifeet Smuosrty (SL/VL) 1.168

Channel Pattern

Max Riffle Bank Height Ratio
Depth . (LBH/Max Riffle Depth)

-

Channel Materlale

S S S N I

a. The range of "feature mld-pomt maximum bankfull depths, mcludmg the minimum, maximum and average values

(Pool depths are obtained.from the deepest portion of the feature.)
b. A composite sample of materials from riffle and pool featutes taken within the designated reach.
c. Sample obtained within the "active” bed of a riffle feature at the location of the cross section.

© 2005 Wildland Hydrology
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RIVERMORPH PARTICLE SUMMARY

- River Name: Beaverdam Creek
| Reach Name: Davis Branch Reference Reach
" SampTle Name: Riffle Bed Sample
Survey Date: 08/J8/06
i Size (mm) TOT # ITEM % CUM_%
0 - 0.062 0 0.00 0.00
0.062 - 0.125 0 0.00 - 0.00
0.125 - 0.25 0 0.00 0.00
0.25 - 0.50 0 0.00 0.00
0.50 - 1.0 0 0.00 - 0.00
1.0 - 2.0 0 0.00 0.00
2.0 - 4.0 0 0.00 0.00
. 4.0 - 5.7 0 0.00 0.00
i 5.7 - 8.0 1 1.67 - 1.67
8.0 - 11.3 0 0.00 1.67
11.3 - 16.0 1 1.67 3.33
16.0 - 22.6 3 5.00 8.33
22.6 - 32.0 7 11.67 20.00
32 - 45 5 8.33 28.33
45 - 64 10 16.67 - 45.00
64 - 90 15 25.00 70.00
90 - 128 7 11.67 81.67
~128 - 180 6 10.00 91.67
180 - 256 2 3.33 95.00
256 - 362 3 5.00 100.00
362 - 512 0 0.00 100.00
-~ 512 - 1024 0 0.00 100.00
v 1024 - 2048 0 0.00 100.00
Bedrock -0 0.00 100.00
-/ D16 (mm) 28.78
" D35 (mm) 52.6
. D50 (mm) . 69.2
. D84 (mm) 140.12
1 D95 (mm) 256
D100 (mm) 362
I Silt/Clay (%) . 0
. Sand (%) 0
" Ggravel (%) 45
. Cobble (%) 50
| Boulder (%) 5
' Bedrock (%) _ 0

"1 Total Particles = 60.
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RIVERMORPH CROSS SECTION SUMMARY

" River Name: Beaverdam Creek

‘\Reach Name: : Davjs Branch Reference Reach
Cross Section Name: Davis Branch Pool X-S Profile Station 1+83

Survey Date: 08/08/06

Cross Section Data Entry

BM Elevation: 392.74 ft
Backsight Rod Reading: 10 ft

TAPE FS ELEV NOTE
29.5 6.75 395.99 RB
25 7.44 395.3 BKF
21.5 8.8 - 393.94 PB
18 9.28 393.46 REW
15 9.51 393.23 ™
12 9.36 393.38 LEW
11 7.94 394.8 ON LB
8 - 4.89 397.85 LB
0 3.93 398.81 FP

Cross Sectional Geometry

N\ e e e e e e e e e e = = =

;

n . Channel Left Right
Floodprone Elevation (ft) 397.37 = ----—- = ——e—-
Bankfull Elevation (ft) 395.3 = ————— o=
Floodprone width (ft) Y0 T
Bankfull width (ft) 14.49 == o=

v Entrenchment Ratio 3.45 =00 o—eeee e

- Mean Depth (ft) 1.46 Cmmmee ol

’ Maximum Depth (ft) 2.07  ——eee e

. width/Depth Ratio 9.92 ————mmee

. Bankfull Area (sq ft) 21.16 = —-————  —eee-

. Wetted Perimeter (ft) 15.74 = ————— -
Hydraulic Radius (ft)- 1.34 - e

) Begin BKF Station. , 225 mmeee ameee

. End BKF Station 10.51 - === e

'\MEntrainment Formula: Rosgen Modified Shields Curve

’ | channel Left Side Right Side
§S1o e - 0.03256 0 0

hear Stress (lb/sq ft)  2.72
/}vab]e Part1c1e (mm) 317.6
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RIVERMORPH CROSS SECTION SUMMARY

- River Name: Beaverdam Creek
) Reach Name; Davis Branch Reference Reach
“Cross Section Name: Davis Branch Riffle X-S Profile Station 2+57

Survey Date: 08/08/06

Cross Section Data Entry

"' BM Elevation: 390 ft
Backsight Rod Reading: 9.48 ft
TAPE FS ELEV NOTE
27.8 5.3 394.18 FP
26 5.65 393.83 RB
23.5 7.73 391.75
. 21.7 8.58 390.9 REW
L 19 8.56 390.92 TW
./ 15.7 8.34 391.14 LEW
13 7.98 391.5 SB
\ 11.5 6.97 392.51 BKF
9 - 5.35 394.13 LB
5 4.92 394.56 FP
0 4.51 394.97 FP

g ' Channel Left Right
| Floodprone Elevation (ft) 394.12  -----= = ————-
Bankfull Elevation (ft) 392.51 @ === -

v Floodprone width (ft) -~~~ 50 = ——==x  ccee-
| Bankfull width (ft) 12.91 e mmeeo
- Entrenchment Ratio K I . 22—
__ Mean Depth (ft) o 1.21 == aoe-
; Maximum Depth (ft) 1.61 @ ——m-— e
| width/pepth Ratio 10.67 = —-——= oo
Bankfull Area (sq ft) 15.65 = ————— -

;| Wetted Perimeter (ft) 13.72 = e e
| Hydraulic Radius (ft) 1.14 - e
" Begin BKF Station 24.41 @ - e
End BKF Station 11.5 = == e

" Entrainment Formula: Rosgen Modified shields Curve

¥ . channel Left side Right Side
Jope 0.03256 . 0O 0

. o
shear Stress (1b/sq ft) 2.32
%Movab1e Particle (mm) 282.0

[—



[———

Ref Reach visual Assessment Protocol.txt
RIVERMORPH STREAM VISUAL ASSESSMENT PROTOCOL SUMMARY -

River Name: Beayérdam Creek
Reach Name: Davis Branch Reference Reach
Survey Date: 08/20/80 '

Channel cCondition: 10
Hydrologic Alteration: 9
Riparian Zone: : 10
Bank Stability: 9
water Appearance: 3
Nutrient Enrichment: 1
Barriers to Fish Movement: 10
Instream Fish Cover: C 10
Pools: 7
Invertebrate Habitat: 8
Canopy Cover: 10
Manure Presence: : 1
salinity: 5
Riffle Embeddedness: 10
Macroinvertebrates: 6

warmwater Fishery

Rating Criteria:
Poor < 6.0
Fair 6.1-7.4
Good 7.5-8.9
Excellent > 9.0

overall Score (total divided by number scored) = 7.27

Ssuspected Cause of Observed Problems:
Nutrient Toading & bank instability from uncontrolled 11vestock

intrusion upstream.
Recommendat1on5'

Restore stable pattern, ?rof11e dimension & native riparian buffers
along impaired reaches; livestock exclusion.

Page 1
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Ref Reach CH Stability Analysis Summary Rpt.txt
RIVERMORPH BANK EROSION HARZARD INDEX (BEHI)

River Name: Beaverdam Creek

Redach Name: pavis Branch Reference Reach
BEHI Name: Pool XS 1+83

survey Date: 08/08/06

Bankfull Height: 2.07 ft
Bank Height: 4.47 ft
Root Depth: 4 ft

Root Density: 95 %

Bank Angle: 47 Degrees:
surface Protection: 98 %

Bank Material Adjustment: silt/Clay 0
Bank Stratification Adjustment: None 0

Erosion Loss Curve: Yellowstone

NBS Method #7: Vertical velocity Near-Bank Shear Stress Method

velocity at Surface: 4.96 fps velocity at‘Bed: 3.5 fps
Depth: 2.07 ft HKdrau1ic Radius: 1.34 ft
Bankfull STope: 0.03256 Shear Stress: 2.72 1b/sq/ft

NB Shear Stress: 0.97 1b/sq/ft shear Ratio: 0.35

BEHI Numerical Rating: 16.1

BEHI Adjective Rating: Low

NBS Numerical Rating: 0.35

NBS Adjective Rating: very Low

Total Bank Length: 974 ft

Estimated Sediment Loss: 3.23 Cu Yvds per Year
Estimated Sediment Loss: 4.2 Tons per Year

Page 1



Ref Reach Rapid Bioassessment Protocol.txt
RIVERMORPH RAPID BIOASSESSMENT PROTOCOL SUMMARY

River Name: Beaverdam Creek
Reach Name: Davis Branch Reference Reach

Epifaunal Substrate/Avail Cover: 17

Embeddedness: 20
velocity/Depth Regime: 20
Sediment Deposition: : 17
Channel Flow Status: 9
channel Alteration: 18
Frequencg of Riffles: 18
Bank stability (LB): o 9
Bank stability (RB): 9
Vegetative Protection (LB): 10
vegetative Protection (RB): 10
Riparian Veg. zone width (LB): 8
Riparian Veg. Zone width (RB): 8

High Gradient Stream
Rating Criteria:
0-50 poor

51-100 Marginal
101-150 Suboptimal
151-200 optimal

score - 173

SN

Page 1
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Ref Reach Bank Erosion Rate Summary Rpt.txt
RIVERMORPH BEHI SUMMARY REPORT

River Name: Beaverdam Creek
Reach Name: Davis Branch Reference Reach

Table 1. Bank Identification Summary

Bank Name
1 Pool XS 1+83

Table 2. Predicted Annual Bank Erosion Rates

BEHI BEHI NBS o

Numeric Adjective Adjective Length Loss Loss
Bank Rating Rating Rating ft cu yds/yr tons/yr
1 16.1  Low very Low 974 3.23 4.2
Totals = | 974 3.23 4.2
Total Reach Ln: 974 Total Loss (tons/yr) per»ft of Reach:

Page 1
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Appendix “4”

Project Site Design
Calculations, Spreadsheets and

Summary Reports
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Stream Classification Form

QI ..

S,

Stream NAM Beaverdam Creek, Reach - Beaverdam Ck Impaired Mainstem

Basin NAME: Yadkin River Drainage AREA:  162.24 acre
Location: Davis Branch Near Marshville, N.C.

0.2535 mi’

Twp: Rge: Sec: Qtr: Lat: 34.9278
Observers: Warren E. Knotts, PG & Sean Peffer, Env. Sc.

Long: 80.436
7/17/2007

R

|Mean DEPTH of the ‘stream channel cross-section, at bankfull stage elevation, in a riffle section.

| Ao And Wi

INFRY % A R TN
Bankfull Cross Section Area (Ayy,)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

Y ) SN T T,
WIDTH / DEPTH RATIO (W, /dyp)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section.

m DEPTH (d,,.)

{Maximum depth of the bankfull channel cross-section, or elevation between the bankfull stage and
thalweg in a riffle section.

Entrenchment RATIO (ER

The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wepe/ W) in a riffle
section.

RS

|Channel Materials (Particle Size Index) D50

_ |The 50th percentile, or less than, from a pebble count frequency distribution of channel particles

representing the median or dominant particle size.
S T e

Water Surface SLOPE (S)
Average water surface slope as measured between the same position of bed features in the profile
over two meander wave lengths. This is similar to average bankfull slope.

I

55 A R i N T
Channel SINUOSITY (K)
| Sinuosity: an index of channel pattern, determined from stream length / valley length, i.e. (SL/VL);
or estimated from a ratio of valley slope divided by channel slope (VS/ S).

o A R @

R

0.81 Feet

R

7 ;
For Reference, see page 5-5, 5-6:

Rosgen, 1996. Applied River Morphology.

© 2005 Wildland Hydrology
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Reference Reach Summary Data Form

Mean leﬂe Depth (dbkf)

T

Mean Pool Area (Abkfp)

SRR TR % R R S R O N Y R x&*s&\w\*:s\\m\\\:wv# RN

SRR e N S

Max Pool Depth (dmpool) | Max nfﬂe depth/Mean rlfﬂe depth' 1 03

Channel Dimension

e L T
Channel Pattern

R \\

Valley Slope (V S) 0. 0182 ﬁ/ft

S R

Low Bank Helght start i i 4' Bank Helght Rano start- ##### i
(LBH/Max Riffle Depth)  end! ##sis

Channel Profile

R

% Gravel

R RS R T T R % %
% Cobble o [ ] - jmm

S B R R T R T TR

CHPNR N N e P e SRR B R SR RN RLRTE
a. The range of "feature" mid-point maximum bankfull depths, including the minimum, maximum and average values
(Pool depths are obtained from the deepest portion of the feature. )

b. A composite sample of materials from riffle and pool featutes taken within the designated reach.

¢. Sample obtained within the "active” bed of a riffle feature at the location of the cross section.

© 2005 Wildland Hydrology
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RIVERMORPH CROSS SECTION SUMMARY

Beaverdam Creek

Beaverdam Ck Impaired Mainstem
Riffle (Upper) Design XS
09/21/07

River Name:
Reach Name:
-, Cross Section Name:
) Survey Date:

Cross Section Data Entry

BM Elevation: 95 ft

Backsight Rod Reading: 5 ft

TAPE FS ELEV NOTE
0 0 100

20.5 1 99 BKF
23.5 2.5 97.5

26.5 2.5 97.5

29.5 1 99

50 0 100

Channel Left Right
Floodprone Elevation (ft) 100.5 100.5 100.5
Bankfull Elevation (ft) 99 99 99
Floodprone width (ft) 50 0 - s
Bankfull width (ft) 9 4.5 4.5
Entrenchment Ratio 5.56  ---——
Mean Depth (ft) 1 1 1
Maximum Depth (ft) 1.5 1.5 1.5
width/Depth Ratio 9 4.5 4.5
Bankfull Area (sq ft) 9 4.5 4.5
Wetted Perimeter (ft) 9.71 6.35 6.35
Hydraulic Radius (ft) 0.93 0.71 0.71
Begin BKF Station 20.5 20.5 25
End BKF Station 29.5 25 29.5

Entrainment Formula: Rosgen Modified Shields Curve

Channel Left Side Right Side
Slope 0.007 0 0
Shear Stress (1b/sq ft) 0.41
Movable Particle (mm) 78.4
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek '
Reach Name: Beaverdam Ck Impaired Mainstem
. Cross Section Name: Beaverdam (Lower) Design XS

Survey Date: 09/24/07

Cross Section Data Entry

BM Elevation: 95 ft

Backsight Rod Reading: 5 ft

TAPE FS ELEV NOTE
0 0 100

19.4 1 99 BKF
23 2.8 97.2

27 2.8 97.2 T™W
30.6 1 99 RB
50 0 100

Channel Left Right
Floodprone Elevation (ft) 100.8 100.8 100.8
Bankfull Elevation (ft) 99 99 99
Floodprone width (ft) L et ———
Bankfull width (ft) 11.2 5 6.2
Entrenchment Ratio 4.46 --——— e
Mean Depth (ft) 1.22 1.15 1.28
Maximum Depth (ft) 1.8 1.8 1.8
width/Depth Ratio 9.18 4.35 4.84
Bankfull Area (sq ft) 13.68 5.76 7.92
Wetted Perimeter (ft) 12.05 7.22 8.42
Hydraulic Radius (ft) 1.14 0.8 0.94
Begin BKF Station 19.4 19.4 24 .4
End BKF Station 30.6 24.4 30.6

Entrainment Formula: Rosgen Modified Shields curve

Channel Left Side Right Side
Slope 0.0261 0 0
Shear Stress (1b/sq ft) 1.86

—

;e . . R
e/
S /

Movable Particle (mm)

239.6
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek

Reach Name: Beaverdam Ck Impaired Mainstem
-, Cross Section Name: Pool XS - Sta 1+98.5
) Survey Date: 07/17/07

Cross Section Data Entry

» BM Elevation: 95 ft
‘ Backsight Rod Reading: 5 ft
| TAPE FS ELEV NOTE
L e
0 5.63 94 .37
| 4 6.23 93.77
. 5.7 5.99 94.01
9 6.23 93.77 BKF
1 12 6.54 93.46
| 14.3 6.98 93.02 LB
15 8 92 LEW
15.7 8§.13 91.87 TW
] 18.4 8.1 91.9 REW
| 189 5.6 94.4 RB
20.8 5.32 94.68 FP
. 26.4 5.16 94.84 FP

3 ' Channel Left Right

4 Floodprone Elevation (ft) 95.67 95.67 95.67
Bankfull Elevation (ft) 93.77 93.77 93.77
Floodprone width (ft) 26.4 o -————
Bankfull width (ft) 9.77 4.89 4.88
Entrenchment Ratio 2.7 —————
Mean Depth (ft) 0.95 0.28 1.62
Maximum Depth (ft) 1.9 0.67 1.9
width/Depth Ratio 10.28 17.46 3.01
Bankfull Area (sq ft) 9.29 1.39 7.9
Wetted Perimeter (ft) 11.91 5.61 7.64
Hydraulic Radius (ft) 0.78 0.25 1.03
Begin BKF Station 9 9 13.89
End BKF Station 18.77 13.89 18.77
Entrainment Calculations

-

Entrainment Formula: Rosgen Modified Shields curve

f1~ Channel Left Side Right Side
. J)Slope 0.01691 0 0

.77 Shear stress (1b/sq ft) 0.82

J Movable Particle (mm) 131.7

1
{
wd




RIVERMORPH PARTICLE SUMMARY

River Name:
Reach Name:

. Sample Name:

survey Date:

Beaverdam Creek ] _
Beaverdam Ck Impaired Mainstem
Riffle XS - Sta 1+44

90 128
128 - 180
180 - 256
256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

D16 (mm)
D35 (mm)
D50 (mm)
D84 (mm)
D95 (mm)
D100 (mm)
Silt/Clay (%)
sand (%)
Gravel (%)
Cobble (%)
Boulder (%)
Bedrock (%)

Total Particles

07/17/07
TOT # ITEM % Cum %
6 10.00 10.00
0 0.00 10.00
0 0.00 10.00
0 0.00 10.00
0 0.00 10.00
0 0.00 10.00
3 5.00 15.00
7 11.67 26.67
9 15.00 41.67
11 18.33 60.00
13 21.67 81.67
8 13.33 95.00
2 3.33 98.33
1 1.67 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
4.15
6.98
9.5
17.15
22.6
45
10
0
90
0
0
0

60.




L
Y
/
-
i
]
o
[

it
N

Percent Finer

Riffle XS - Sta 1+44
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N

River Name:
Reach Name:
Sample Name:
Survey Date:

0

0

0.125 - 0.25
0.25 - 0.50
0.50 - 1.0
1
2
4
5
8

256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

D16 (mm)
D35 (mm)
D50 (mm)
D84 (mm)
D95 (mm)
D100 (mm)
Silt/Clay (%)
Sand (%)
Gravel (%)
Cobble (%)
Boulder (%)
Bedrock (%)

RIVERMORPH PARTICLE SUMMARY

Beaverdam Creek _
Beaverdam Ck Impaired Mainstem
Pool XS - sta 1+98.5

07/17/07
TOT # ITEM % CUM %
13 20.00 20.00
0 0.00 20.00
0 0.00 20.00
0 0.00 20.00
0 0.00 20.00
6 9.23 29.23
15 23.08 52.31
13 20.00 72.31
6 9.23 81.54
6 9.23 90.77
5 7.69 98.46
1 1.54 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0 0.00 100.00
0.05
2.5
3.8
8.88
13.89
22.6
20
9.23
70.77
0
0
0

Total Particles = 65.
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RIVERMORPH BANK EROSION HARZARD INDEX (BEHI)

River Name: Beaverdam Creek

Reach Name: Beaverdam Ck Impaired Mainstem
BEHI Name: XS 1+98.5

Survey Date: 07/17/2007

Bankfull Height: 0.95 ft
Bank Height: 2.97 ft
Root Depth: 0.25 ft

Root Density: 3 %

Bank Angle: 90 Degrees
surface Protection: 0 %

Bank Material Adjustment: Sand 10
Bank Stratification Adjustment: Yes 3

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 1.9 ft Mean Depth: 0.95 ft
Ratio: 2.00

BEHI Numerical Rating: 59.6

BEHI Adjective Rating: Extreme

NBS Numerical Rating: 2.00

NBS Adjective Rating: High

Total Bank Length: 386 ft

Estimated Sediment Loss: 21.23 Cu Yds per Year
Estimated Sediment Loss: 27.6 Tons per Year




RIVERMORPH BEHI SUMMARY REPORT

River Name: Beaverdam Creek _
Reach Name: Beaverdam Ck Impaired Mainstem

Table 1. Bank Identification Summary

Bank Name
1 XS 1+98.5

Table 2. Predicted Annual Bank Erosion Rates

BEHI BEHT NBS

Numeric Adjective Adjective Length LOSS Loss
Bank Rating Rating Rating ft cu yds/yr tons/yr
1 59.6 Extreme High 386 21.23 27.6
Totals 386 21.23 27.6

Total Reach Ln: 386 Total Loss (tons/yr) per ft of Reach: 0.0715




Stream Classification Form

Stream NAME: Beaverdam Creek, Reach - UT1 (Lower) Impaired

Basin NAME: Drainage AREA: 151.744 acre 0.2371 mi’
Location:

Twp: : : : Lat: 349278  Long: 80.436

Observers: : 9/20/2007

e D

Mean DEPTH (d,,kf)

Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

' (dbkr‘Abk/W bkf)

O o 5 il RN R e O R e
Bankfull Cross Sectlon Area (Abkf)

AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

WIDTH / DEPTH RATIO (w,,kf /dbk[)
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section.

Maxnmum DEPTH (dm,,f) 1. 17 Feet

Maximum depth of the bankfull channel cross-section, or elevation between the bankfull stage and
thalweg in ariffle section.

2.74 Ft/Ft
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wape/ Whie) in a riffle
section.

Channel Materlals (Par ex) D50

| The 50th percentile, or less than, from a pebble count frequency distribution of channel particles
representing the medlan or dominant partlcle size.

Water Surface SLOPE (S) 0.0058 Ft/Ft

Average water surface slope as measured between the same position of bed features in the proﬁle
over two meander wave lengths. This is similar to average bankfull slope.

S N N R R T TR TG
Channel SINUOSITY &)

Sinuosity: an index of channel pattern, determined from stream length / valley length, i.e. (SL/VL);

or estimated from a ratio of valley slope d1v1ded by channel slope (VS/ S).

e

C4 Fo} Reference see page 5 5 5 6
- i Rosgen, 1996. Applted R/verMorphoIogy
. 7

R S s

© 2005 Wildland Hydrology




Reference Reach Summary Data Form

ST

> ) Mean leﬂe Depth (dbkf) 1. lllfeet

SRR R T R

% Mean Pool Depth (dbkfp) O'feet Mean Pool Area (Abkfp) )

e S B T % 5 S R T

R S

S A S N e By &\%&mmw%&m&waW\MW/ B T T P

1 54-feet Max Pool Depth (dmmpoct) i Oifeet Max nfﬂe depth/Mean rlfﬂe depthl 1 387

Channel Dlmensmn

Channel Pattern

'ﬁ:/ﬂ Slnuos1ty(VS/S) IoL16)

(LBH) . (LBH/Max Riffle Depth)

leﬂe Slope (Snf) 10. 0151 10. 01 1710. 0185-ﬁ:/ﬁ leﬂe Slope/Average Water Sutface Slope (SsfS)

) ) Low Bank Height 2 H Bank Height Ratlo

: _ Run Depth (mur) ] 0.000] 0. ooo. 0.000]feet

R

Glide Max DepthyRiffle Mean Depth g/dkf)

RN

R

a. The range of "feature" m1d—p01nt maximum bankfull depths, mcludmg the m1mmum, maximum and average values
} (Pool depths are obtained from the deepest portion of the feature.)
_j b. A composite sample of materials from riffle and pool featutes taken within the designated reach.

¢. Sample obtained within the "active" bed of a riffle feature at the location of the cross section.

j © 2005 Wildland Hydrology
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RIVERMORPH CROSS SECTION SUMMARY _

o e o o e o o o o o o o o e ot e o T = > = "  — — — — — ———— ot = . = = = — - — —

River Name: Beaverdam Creek
_ Reach Name: UT1 (Lower) Impaired
j Cross Section Name: Riffle XS -~ Sta 0+73.2
/ Survey Date: 07/17/07

T T T T e e e R o e ot e o o =t % o o 0 it o e o e e o e o o o e e e — —— ——— — ——— - —— — —

Cross Section Data Entry

.| BM Elevation: 95 ft
Backsight Rod Reading: 5 ft
, TAPE FS ELEV NOTE
0 6.01 93.99 FP
. 5.8 5.96 94.04 FP
8.9 6.14 93.86 FP
11.3 6.01 93.99 LB
11.8 6.7 93.3 BKF
12.6 7.06 92.94
14.2° 7.58 92.42 LEW
| 16.3 - 7.87 92.13 ™
. 18.4 7.56 92.44 SB
20.8 7.55 92.45 REW
L 23.1 6.67 93.33 RB
E 25.3 6.21 93.79
- 30.7 5.81 94.19 FP
I
e
Cross Sectional Geometry
T s
- _ : - ~ Channel Left Right
. Floodprone Elevation (ft) 94.47 94.47 94.47
,} Bankfull Elevation (ft) 93.3 93.3 93.3
-1 Floodprone width (ft) 30.7 = ————= e
Bankfull width (ft) - 11.22 5.62 5.6
"| Entrenchment Ratio 2.74  —==— e
| Mean Depth (ft) v 0.75 0.8 0.7
~ Maximum Deﬁth (fo) 1.17 1.17 1
width/Depth Ratio . 14.96 7.03 8 -
Bankfull Area (sq ft) 8.42 4.51 3.91
Wetted Perimeter (ft) 11.58 6.82 6.77
Hydraulic Radius (ft) 0.73 0.66 0.58
Begin BKF Station 11.8 11.8 17.42
| End BKF Station , 23.02 17.42 23.02
Entrainment Calculations

Y

j?Entrainment Formula: Rosgen Modified shields curve
Channel Left Side Right Side
0

“1Slope 0.0058 0
;}Shear Stress (lb/sq ft) - 0.26

~ Movable Particle (mm) ~ 57.1

1
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RIVERMORPH CROSS SECTION SUMMARY

-~ River Name: Beaverdam Creek

- Reach Name: UT1 (Lower) Impaired

) Cross Section Name: Pool XS - Sta 0+88.5

-/ survey Date: 07/17/07

b e e e e e

Cross Section Data Entry

BM Elevation: 95 ft
Backsight Rod Reading: 5 ft
| TAPE FS ELEV NOTE
0 6.02 93.98 FP
L6 5.93 94.07 FP
' 10.3 5.82 94.18 FP
11.6 6.79 93,21 FP CH
13 6.88 93.12 FP CH TW
| 14.4 6.62 93.38 FP CH
15.9 6.15 93.85 FP
. 17.5  6.16 93.84 LB
| 18.1 6.88 93.12 BKF
18.6 8.21 91.79 LEW
20 8.6 91.4 SB
- 21.5 8.78 91.22 SB
23 8.64 91.36 T™W
~24.4 8.17 91.83 REW
5.7  6.53 93.47 RB
- 1729.6 6.02 93.98 FP
35.9 5.96 94.04 FP

Channel Left Right
"1 Floodprone Elevation (ft) 95.02 95.02 95.02
.| Bankfull Elevation (ft) 93.12 93.12 93.12
" Floodprone width (ft) 35.9 = === —ee
-, Bankfull width (ft) 7.32 3.66 3.66
Entrenchment Ratio 4.9 e
»»»»»» Mean Depth (ft) 1.46 1.55 1.38
_Maximum Depth (ft) 1.9 1.9 - 1.88
1 width/Depth Ratio 5.01 2.36 2.65
- Bankfull Area (sq ft) 10.72 5.67 5.05
Wetted Perimeter (ft) 9.01 6.52 6.24
1 Hydraulic Radius (ft) 1.19 0.87 0.81
Begin BKF Station 18.1 18.1 21.76
" End BKF Stat1on 25.42 21.76 25.42

;JEntrainment Formula: Rosgen Modified Shields curve

Channel Left Side Right Side
S1o e 0.0058 0. 0 :
Shear Stress (1b/sq ft) 0.43




Movable Particle (mm) 81.8

\\\.._, /
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek
. Reach Name: - UTl (Lower) Impaired ,
¢ ) Cross section Name: UT1l (Upper) Design Riffle XS
-, 7~ survey Date: 09/24/07

[
L N

_ Cross Section Data Entry
o

BM Elevation: 95 ft
Backsight Rod Reading: 5 ft
| TAPE FS ELEV NOTE
.0 0 100 i
- 21.4 1 99 BKF
b 23.8 2.2 97.8
26.2 2.2 97.8 TW
| 28.6 1 99 RB
I 50 0 100

S

Channel Left Right
~Floodprone_tlevation (ft) 100.2 100.2 100.2
JBankfull Elevation (Ft) = 99 99 99
1" Floodprone width (ft) 50 —meem e
Bankfull width (ft) 7.2 3.6 : 3.6
Entrenchment Ratio 6.94 = --—-- e :
Mean Depth (ft) 0.8 0.8 0.8
Maximum Depth (ft) 1.2 1.2 1.2
width/Depth Ratio -9 4.5 4.5
Bankfull Area (sq ft) 5.76 2.88 2.88
Wetted Perimeter (ft) 7.77 5.08 5.08
Hydraulic Radius (ft) 0.74 0.57 0.57
Begin BKF Station ‘ 21.4 21.4 25
End BKF Station - 28.6 25 28.6

Entrainment Formula: Rosgen Modified Shields curve

: Channel Left Side Right Side
1 Slope 0.004 0 -0
.| Shear_stress (1b/sq ft) 0.18
~ Movable Particle (mm) 43.9
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek

Reach Name: , UT1 (Lower) Impaired

Cross Section Name: UT1 (Lower) Design Riffle XS
Survey Date: - 09/24/07

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS | ELEV NOTE

0 0 100 )
20.5 1 99 BKF

23.5 2.5 97.5

26.5 2.5 97.5

29.5 1 99

50 0 100

‘ . Channel Left Right
~Floodprone_Elevation (ft) 100.5 100.5 100.5
TBankfu11 Elevation (ft) = 99 ' 99 99
“Floodprone width (ft) 50 0 —e—-- e
Bankfull width (ft) 9 4.5 \ 4.5
Entrenchment Ratio 5.5 —---= e
Mean Depth (ft) 1 1 1
Maximum Deﬁth_(ft) 1.5 1.5 1.5
width/Depth Ratio 9 4.5 4.5
Bankfull Area (sq ft) 9 4.5 4.5
.l wetted Perimeter (ft) 9.71 6.35 6.35
‘Hydraulic Radius (ft) 0.93 0.71 0.71
Begin BKF Station 20.5 20.5 25
End BKF Station 29.5 25 - 29.5

Entrainment Formula: Rosgen Modified Shields Curve
channel Left Side Right Side

Slope 0.0047 0 -0
Shear Sstress (1lb/sq ft) 0.27
Movable Particle (mm) 58.5

O
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek
Reach Name: UT1 (Lower) Impaired
Cross Section Name: Pool XS - Sta 0+88.5
Survey Date: 07/17/07

Cross Section Data Entry

BM Elevation: 95 ft

Backsight Rod Reading: 5 ft

TAPE FS ELEV NOTE
0 6.02 93.98 FP

6 5.93 94.07 FP
10.3 5.82 94.18 FP
11.6 6.79 93.21 FP CH
13 6.88 93.12 FP CH TW
14.4 6.62 93.38 FP CH
15.9 6.15 93.85 FP
17.5 6.16 93.84 LB
18.1 6.88 93.12 BKF
18.6 8.21 91.79 LEW
20 8.6 91.4 SB
21.5 8.78 91.22 SB

23 8.64 91.36 ™
24.4 8.17 91.83 REW
25.7 6.53 93.47 RB
29.6 6.02 93.98 FP
35.9 5.96 94.04 FP

Channel Left Right
Floodprone Elevation (ft) 95.02 95.02 95.02
Bankfull Elevation (ft) 93.12 93.12 93.12
Floodprone width (ft) 35.9 ===
Bankfull width (ft) 7.32 3.66 3.66
Entrenchment Ratio 4.9 - e
Mean Depth (ft) 1.46 1.55 1.38
Maximum Depth (ft) 1.9 1.9 1.88
width/Depth Ratio 5.01 2.36 2.65
Bankfull Area (sq ft) 10.72 5.67 5.05
Wetted Perimeter (ft) 9.01 6.52 6.24
Hydraulic Radius (ft) 1.19 0.87 0.81
Begin BKF Station 18.1 18.1 21.76
End BKF Station 25.42 21.76 25.42

Entrainment Formula: Rosgen Modified Shields Curve

Channel Left Side Right Side
Slope 0.0058 0 0
Shear Stress (lb/sq ft) 0.43




Movable Particle (mm)

L ;
S

81.8
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek

Reach Name: UT1l (Lower) Impaired

Cross Section Name: UT1l (Upper) Design Riffle Xxs
Survey Date: 09/24/07

Cross Section Data Entry

BM Elevation: 95 ft

Backsight Rod Reading: 5 ft

TAPE FS ELEV NOTE
0 0 100

21.4 1 99 BKF
23.8 2.2 97.8

26.2 2.2 97.8 TW
28.6 1 99 RB
50 0 100

Channel Left Right
Floodprone Elevation (ft) 100.2 100.2 100.2
Bankfull ETevation (ft) 99 99 99
Floodprone width (ft) 50 0 --——— e
Bankfull width (ft) 7.2 3.6 3.6
Entrenchment Ratio 6.94 --—-—-
Mean Depth (ft) 0.8 0.8 0.8
Maximum Depth (ft) 1.2 1.2 1.2
width/Depth Ratio 9 4.5 4.5
Bankfull Area (sq ft) 5.76 2.88 2.88
Wetted Perimeter (ft) 7.77 5.08 5.08
Hydraulic Radius (ft) 0.74 0.57 0.57
Begin BKF Station 21.4 21.4 25
End BKF Station 28.6 25 28.6

Entrainment Formula: Rosgen Modified shields curve

Channel Left Side Right Side
Slope 0.004 0 0

Shear Stress (1lb/sq ft) 0.18

Movable Particle (mm) 43.9
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RIVERMORPH CROSS SECTION SUMMARY

o River Name: Beaverdam Creek

o Reach Name: UT1l (Lower) Impaired

', Cross Section Name: UTL (Lower) Design Riffle XS
/ Survey Date: 09/24/07

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 100

20.5 1 99 BKF
23.5 2.5 97.5

26.5 2.5 97.5

29.5 1 99

50 0 100

3 ChanneT Left Right
-~ Floodprone Elevation (ft) 100.5 100.5 100.5
) Bankfull Elevation (ft) 99 99 99
= Floodprone width (ft) 50 —e——= e
: Bankfull width (ft) 9 4.5 4.5
Entrenchment Ratio 5.56 == e
Mean Depth (ft) 1 1 1
Maximum Depth (ft) 1.5 1.5 1.5
width/Depth Ratio 9 4.5 4.5
Bankfull Area (sq ft) 9 4.5 4.5
Wetted Perimeter (ft) 9.71 6.35 6.35
Hydraulic Radius (ft) 0.93 0.71 0.71
Begin BKF Station 20.5 20.5 25
End BKF Station 29.5 25 29.5

Entrainment Formula: Rosgen Modified Shields curve

- Channel Left Side Right Side
Slope 0.0047 0 0

1 Shear Stress (1b/sq ft) 0.27

.4 Movable Particle (mm) 58.5
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RIVERMORPH PROFILE SUMMARY

River Name: Beaverdam Creek
Reach Name: UT1 (Lower) Impaired
Profile Name: UT1 Impaired Reach
survey Date: 07/24/07

DIST CH WS BKF P1 p2 P3 P4
0 92.21

11 91.55

36 91.14

57 92.04 92.65
73.2 92.15

88.5 - 91.22

98.2 - 92.08

101 92.76
123 91

135 91.67

158 91.69 92.46
182 91.25

200 90.47

211 90.59

240 90.88 91.72
259 90.55

277.5 90.44

300 90.64 91.42

Cross Section / Bank Profile Locations

Name Type Profile Station
Riffle XS - Sta 0+73.2 Riffle XS 73.2

Pool XS - sta 0+88.5 Riffle XS 88.5

UT1 (Upper) Design Riffle XS Riffle XS 0

UT1 (Lower) Design Riffle XS Riffle XS 0

Confluence with Beaverdam Creek oOther Xs 300

Measurements from Graph

Bankfull STope: 0.0058

variable Min Avg Max

S riffle 0.01174 0.01511 0.01847
S pool 0 0.00075 0.00129
S run 0 0 0

S glide 0 0 0

P-P 35.38 54.66 76.6

P Tength 24.61 31.23 39.38
Dmax riffle 0.89 1.02 1.15
Dmax pool 1.46 1.59 1.84
Dmax run 0 0 0

Dmax glide 0 0 0

Low Bank Ht 2.06 2.37 2.

8
Length and depth measurements in feet, slopes in ft/ft.
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RIVERMORPH PROFILE SUMMARY

Notes

River Name: Beaverdam Creek
L Reach Name: UT1 (Lower) Impaired
| Profile Name: UT1 Impaired Reach

Survey Date: 07/24/07
DIST Note
0 ]
11 P

36 P
57 R

! 73.2 Riffle @ Xs

. 88.5 Pool @ XS
98.2 R
101 BKF
123 P
135 G
158 R
182 R
200 P
211 G
240 R
259 R

_277.5 R
) 300 Riffle @ conf w BDC
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RIVERMORPH PARTICLE SUMMARY

River Name: Beaverdam Creek

Reach Name: UT1 (Lower) Impaired

Sample Name: Riffle XS 0+73.2

Survey Date: 07/17/07

Size (mm) TOT # ITEM % CUM %

0 - 0.062 11 17.74 17.74

0.062 - 0.125 0 0.00 17.74

0.125 - 0.25 0 0.00 17.74

0.25 - 0.50 0 0.00 17.74

0.50 - 1.0 0 0.00 17.74

1.0 - 2.0 0 0.00 17.74

2.0 - 4.0 8 12.90 30.65

4.0 - 5.7 14 22.58 53.23

5.7 - 8.0 11 17.74 70.97

8.0 - 11.3 4 6.45 77 .42

11.3 - 16.0 4 6.45 83.87

16.0 - 22.6 4 6.45 90.32

22.6 - 32.0 5 8.06 98.39

32 - 45 1 1.61 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.06

D35 (mm) 4.33

D50 (mm) 5.46

D84 (mm) 16.13

D95 (mm) 28.05

D100 (mm) 45

Silt/Clay (%) 17.74

sand (%) 0

Gravel (%) 82.26

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 62.




River Name:
Reach Name:
Sample Name:
Survey Date:

0 - 0.062
0.062 - 0.125
.125 - 0.25
.25 - 0.50
.50 - 1.0

128 - 180

) 180 - 256

256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

D16 (mm)
D35 (mm)
D50 (mm)
D84 (mm)
D95 (mm)
D100 (mm)
Silt/Clay (%)
Sand (%)
Gravel (%)
Cobble (%)
Boulder (%)
Bedrock (%)

RIVERMORPH PARTICLE SUMMARY

Beaverdam Creek
UT1 (Lower) Impaired
Pool XS 0+88.5

07/17/07
TOT # ITEM %
20 36.36
4 7.27
0 0.00
0 0.00
0 0.00
0 0.00
10 18.18
4 7.27
4 7.27
3 5.45
7 12.73
1 1.82
2 3.64
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0.03
0.06
2.7
12.1
17.64
32
36.36
7.28
56.36
0
0
0

Total Particles = 55 (need at Teast 60).




RIVERMORPH PARTICLE SUMMARY

River Name: Beaverdam Creek

Reach Name: UT1 (Lower) Impaired

Sample Name: Reach UT1 (Lower)

Survey Date: 07/17/07

Size (mm) TOT # ITEM % CUM %

0 - 0.062 31 26.27 26.27

0.062 - 0.125 4 3.39 29.66

0.125 - 0.25 0 0.00 29.66

0.25 - 0.50 0 0.00 29.66

0.50 - 1.0 0 0.00 29.66

1.0 - 2.0 0 0.00 29.66

2.0 - 4.0 18 15.25 44.92

4.0 - 5.7 18 15.25 60.17

5.7 - 8.0 15 12.71 72.88

8.0 - 11.3 7 5.93 78.81

11.3 - 16.0 11 9.32 88.14

16.0 - 22.6 5 4.24 92.37

22.6 - 32.0 7 5.93 98.31

32 - 45 1 0.85 99.15

45 - 64 1 0.85 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.04

D35 (mm) 2.7

D50 (mm) 4.57

D84 (mm) 13.91

D95 (mm) 26.76

D100 (mm) 64

Silt/Clay (%) 26.27

Sand (%) 3.39

Gravel (%) 70.34

CobbTle (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 118.




RIVERMORPH BANK EROSION HARZARD INDEX (BEHI)

River Name: Beaverdam Creek
Reach Name: UT1l (Lower) Impaired
BEHI Name: XS 0+88.5

survey Date: 07/17/2007

Bankfull Height: 1.46 ft
Bank Height: 2.68 ft
Root Depth: 0.25 ft
Root Density: 3 %

Bank Angle: 90 Degrees
surface Protection: 0 %

Bank Material Adjustment: Sand 10
Bank Stratification Adjustment: Yes 5

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 1.9 ft Mean Depth: 1.46 ft
" Ratio: 1.30

BEHI Numerical Rating: 58.6

BEHI Adjective Rating: Extreme

NBS Numerical Rating: 1.30

NBS Adjective Rating: Low

Total Bank Length: 1351 ft

Estimated Sediment Loss: 67.05 Cu Yds per Year
Estimated Sediment Loss: 87.17 Tons per Year




RIVERMORPH BEHI SUMMARY REPORT

River Name: Beaverdam Creek
Reach Name: UT1l (Lower) Impaired

Table 1. Bank Identification Summary

Bank Name
1 XS 0+88.5

Table 2. Predicted Annual Bank Erosion Rates

BEHI BEHI NBS

Numeric Adjective Adjective Length Loss Loss
Bank Rating Rating Rating ft cu yds/yr tons/yr
1 58.6 Extreme Low 1351 67.05 87.17
Totals 1351 67.05 87.17

Total Reach Ln: 1351 Total Loss (tons/yr) per ft of Reach: 0.0645



Movable Particle (mm)

130.9
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek

Reach Name: UT2 Impaired

Cross Section Name: UT2 Design Riffle XS

Survey Date: 09/25/07

Cross Section Data Entry

BM Elevation: 95 ft

Backsight Rod Reading: 5 ft

TAPE FS ELEV NOTE
0 0 100

21.85 1 99 BKF
23.85 2 98

26.15 2 98 TW
28.15 1 99 RB
50 0 100

Channel Left Right
~. Floodprone Elevation (ft) 100 100 100
Bankfull Elevation (ft) 99 99 99
~ Floodprone width (ft) 50  ————=
Bankfull width (ft) 6.3 3.15 3.15
Entrenchment Ratio 7.94 -——ee
Mean Depth (ft) 0.68 0.68 0.68
Maximum Depth (ft) 1 1 1
width/Depth Ratio 9.26 4.63 4.63
Bankfull Area (sq ft) 4.3 2.15 2.15
Wetted Perimeter (ft) 6.77 4.39 4.39
Hydraulic Radius (ft) 0.63 0.49 0.49
Begin BKF Station 21.85 21.85 25
End BKF Station 28.15 25 28.15

Entrainment Formula: Rosgen Modified shields cCurve

Channel Left Side Right Side
Slope 0.0054 0 0
Shear Stress (1b/sq ft) 0.21

Movable Particle (mm)

48.6
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RIVERMORPH PROFILE SUMMARY

River Name: Beaverdam Creek
| Reach Name: yt?2 Impaired
‘‘‘‘ N Profile Name: yT? Impaired Conditions Profile
/' Survey Date: 09/20/07

Y DIST CH ws BKF P1 P2 P3 P4
L T L
0 94
4 94.04
' 8.2 94.1
| 18.8 93.9
26.9 94.54
. 38.7  94.61
] 51 ' 94.82
’ 63.8 94.05
. 93.5 93.08
{ 111 92.39 93.07
f 141 92.22
156 92.68
. 160 91.51
| 166 91.81
S 177 92.33
) 189 91.29
199 91.24

Cross Section / Bank Profile Locations

| Name L Type Profile Station
. P00l Xs 0+18.8 Poo1 Xs 188 T
. Riffle Xs 1441. Riffle xs 141.2

UT2 Design Riffle xs Riffle xs 0
,  Confluence with uT1 Other xs 199

Measurements from Graph

| Bankfull Slope: 0.01924
| Variable Min Avg Max
" S riffle 0.01731 0.02398 0.03064
S pool 0.00063 0.00075 0.00086
| S run 0 0 0
I s glide 0 0 0
P-P 141.23 141.23 141.23
' P length 24,98 25.94 26.9
3y Dmax riffle 0.68 0.7 0.72
) bmax pooT 1.02 1.18 1.34
. Dmax run 0 0 0
. Dmax glide 0 ' 0 0
' Low Bank Ht 2.1 2.56 3.01

Length and depth-measurements in feet, slopes 4n ft/ft.
0

| RIVERMORPH PROFILE SUMMARY




. River Name: Beaverdam Creek

7 Reach Name: UT2 Impaired

\ ) Profile Name: UT2 Impaired Conditions Profile
N survey Date: 09/20/07

DIST Note
e T
0 p
4 P
, 8.2 P
b 18.8 Pool @ XS
1 26.9 G
- 38.7 R
151 BKF
) 63.8 R
93.5 R
oy 111 . R
y 141 - Riffle @ xs
- 156 BKF
. 160 P
| 166 G
o 177 BKF
189 R
] 199 Riffle Confluence w UT1

L
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RIVERMORPH PARTICLE SUMMARY

River Name: Beaverdam Creek
Reach Name: UT2 Impaired
. Sample Name: Reach uT2
- Survey Date: 07/17/07
Size (mm) TOT # ITEM % CUM %
0 - 0.062 27 22.88 22.88
! 0.062 - 0.125 0 0.00 22.88
§ 0.125 - 0.25 0 0.00 22.88
f 0.25 - 0.50 0 0.00 22.88
0.50 - 1.0 .0 0.00 22.88
1.0 - 2.0 0 0.00 22.88
2.0 - 4.0 13 11.02 33.90
4.0 - 5.7 12 10.17 44 .07
) 5.7 - 8.0 28 23.73 67.80
] 8.0 - 11.3 16 13.56 81.36
‘ 11.3 - 16.0 10 8.47 89.83
16.0 - 22.6 3 2.54 92.37
22.6 - 32.0 0 0.00 92.37
32 - 45 1 0.85 93.22
45 - 64 2 1.69 94.92
} 64 - 90 5 4.24 99.15
., 90 - 128 1 0.85 100.00
. 128 - 180 0 0.00 100.00
) 180 - 256 0 0.00 100.00
- 256 - 362 0 0.00 100.00
B 362 - 512 0 0.00 100.00
. 512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
| Bedrock 0 0.00 100.00
1 D16 (mm) 0.04
D35 (mm) 4.18
- D50 (mm) 6.27
., D84 (mm) 12.76
- D95 (mm) 64.49
-~ D100 (mm) 128
Silt/Clay (%) 22.88
Sand (%) 0
Gravel (%) 72.04
Cobble (%) 5.08
B Boulder (%) 0
. Bedrock (%) 0

Total Particles = 118.




RIVERMORPH PARTICLE SUMMARY

River Name: Beaverdam Creek
. Reach Name: UT2 Impaired
™ Sample Name: . Riffle XS 1+41.2

/ Survey Date: 07/17/07

Size (mm) TOT # ITEM % CuM %

0 - 0.062 7 11.86 11.86

0.062 - 0.125 0 0.00 11.86

0.125 - 0.25 0 0.00 11.86

0.25 - 0.50 0 0.00 11.86

0.50 - 1.0 0 0.00 11.86

1.0 - 2.0 0 0.00 11.86

2.0 - 4.0 4 6.78 18.64

4.0 - 5.7 6 10.17 28.81

5.7 - 8.0 14 23.73 52.54

8.0 - 11.3 10 16.95 69.49

11.3 - 16.0 6 10.17 79.66

16.0 - 22.6 3 5.08 84.75

22.6 - 32.0 0 0.00 84.75

32 - 45 1 1.69 86.44

45 - 64 2 3.39 89.83

64 - 90 5 8.47 98.31

90 - 128 1 1.69 100.00

128 - 180 0 0.00 100.00

180 - 256 0 0.00 100.00
© 256 - 362 0 0.00 100.00

362 - 512 0 0.00 100.00

512 - 1024 0 0.00 100.00

1024 - 2048 0 0.00 100.00

Bedrock 0 0.00 100.00

D16 (mm) 3.22

D35 (mm) 6.3

D50 (mm) 7.75

D84 (mm) 21.63

D95 (mm) 79.85

D100 (mm) 128

Silt/Clay (%) 11.86

Sand (%) 0

Gravel (%) 77.97

Cobble (%) 10.17

Boulder (%) 0

Bedrock (%) 0]

Total Particles = 59 (need at least 60).
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River Name:
Reach Name:
Sample Name:

RIVERMORPH PARTICLE SUMMARY

Beaverdam Creek

UT2 Impaired
Pool XS 0+18.8

survey Date: 07/17/07

Size (mm) TOT # ITEM % CUM %

0 - 0.062 20 34.48 34.48

0.062 - 0.125 0 0.00 34.48

0.125 - 0.25 0 0.00 34.48

0.25 - 0.50 0 0.00 34.48

0.50 - 1.0 0 0.00 34.48

1.0 - 2.0 0 0.00 34.48

2.0 - 4.0 9 15.52 50.00

4.0 - 5.7 6 10.34 60.34

5.7 - 8.0 13 22.41 82.76

8§.0 - 11.3 6 10.34 93.10

11.3 - 16.0 4 6.90 100.00
16.0 - 22.6 0 0.00 100.00
22.6 - 32.0 0 0.00 100.00
32 - 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.03

D35 (mm) 2.07

D50 (mm) 4

D84 (mm) 8.4

D95 (mm) 12.59

D100 (mm) 16

Silt/Clay (%) 34.48

Sand (%) 0

Gravel (%) 65.52

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 58 (need at least 60).




Stream Classification Form’

) Stream NAME: Beaverdam Creek, Reach UT2 Impalred
* |  Basin NAME: Drainage AREA:  48.96 acre 0.0765 mi®

Location:

_ f Twp: Rge: : : Lat:_34.9278  Long: 80.436
; é Observers: ' Date: 8/17/2007
‘ 4.91 Feet
J NN T
| 0.59 Feet
E ‘ _ {Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

(Aek=Avd W)
N RN R TN \&&W" R S SRR R RN T

Bankfull Cross Sectlon Area (Apko)
/ AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle section.
; WIDTH / DEPTH RATIO (kaf /dbk[)
' Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section.
|Maximum DEPTH (d,,,;) 0.99 Feet

) Maximum depth of the bankfull channel cross-section, or elevation between the bankfull stage and

> . |thalweg in ariffle section.
i

' 4.33 Ft/Ft
| The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wee/ Weiee) in a riffle
i sectlon

1
I The 50th percentile, or less than, from a pebble count frequency distribution of channel particles
= " representmg the median or dominant pamcle size.

Water Surface SLOPE (S)

A Average water surface slope as measured between the same position of bed features in the profile
over two meander wave lengths This is s1m1lar to average bankfull slope

Smuos1ty an index of channel pattern, determined from stream length / valley length, i.e. (SL/VL);

) |or estimated from a ratio of valley slope divided by channel slope (V S/ S)
N e - -

iy

A . , - For Reference see page 5 5, 5-6:
: : Rosgen 1 996 Applled Rlver Morphology

© 2005 Wildland Hydrology
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Reference Reach Summary Data Form

Mean leﬂe Area (Abkf) 2 88l feet

AT R S

7.32ifeet Mean Pool Area (Abkfp) 5 36 feet

e e S S e S

N e T

B w/wemw& R N S T T

0.99Efeet Max Pool Depth (dmpogl) 1 19 ifeet Max nfﬂe depth/Mean nfﬂe depth- 1. 678

mwmx\\m e

T O
E stimation Method |

A S

Drainage Area

S R R RS

)

Meander Length Ratro (Lm/kaa 0. OOO: 0. 000- 0 00

2z S »W,;W J,‘/
Radrus ofC

25 94} 24 98' 26 9'feet

0r0194 'ﬁ:/ﬁ Average Water Surface Slope (S)

Stream Length (SL) i 0 lfeet

start; 2. Max Riffle ! _; Bank Height Ratro starti ##### %
Depth (LBH/Max Riffle Depth) endi #HaH

1 246! 0. 900- 1.593¢

T

i 0.000} 0.000f

‘ Pool Slope (Sp) i0. 0008 10.000610. 0009'ft/ﬁ Pool Slope/Average Water Surface Slope (SP/S) | 0.039! 0.033] 0.045!

i 0.000; 0.000}

{ 0.000} 0.000}

2017§

T e

21 63

a. The range of "feature" m1d-pomt maximum bankfull depths mcludmg the minimum, maximum and average values
(Pool depths are obtained from the deepest portion of the feature.)

b. A composite sample of materials from riffle and pool featutes taken within the designated reach.

c. Sample obtained within the "active” bed of a riffle feature at the location of the cross section.

© 2005 Wildiand Hydrology
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek
Reach Name: UT2 Impaired
Cross Section Name: Riffle XS 1+41.2
Survey Date: 09/19/07

Cross Section Data Entry

BM Elevation: 95 ft

Backsight Rod Reading: 5 ft

TAPE FS ELEV NOTE
0 5.88 94.12

5.3 6.7 93.3

6.6 6.9 93.1 LB
10 6.94 93.06 BKF
10.8 7.51 92.49

12.1 7.73 92.27

13.2 7.46 92.54

14 7.93 92.07 W
15.5 6.29 93.71 RB
19.3 6.1 93.9 FP
23.6 5.83 94.17

Channel Left Right
Floodprone Elevation (ft) 94.05 94.05 94.05
Bankfull Elevation (ft) 93.06 93.06 93.06
Floodprone width (ft) 21.24 == e
Bankfull width (ft) 4.91 2.45 2.46
Entrenchment Ratio 4.33 ————= e
Mean Depth (ft) 0.59 0.56 0.62
Maximum Depth (ft) 0.99 0.79 0.99
width/Depth Ratio 8.32 4.38 3.97
Bankfull Area (sq ft) 2.88 1.37 1.51
Wetted Perimeter (ft) 5.7 3.37 3.75
Hydraulic Radius (ft) 0.51 0.41 0.4
Begin BKF Station 10 10 12.45
End BKF Station 14.91 12.45 14.91

Entrainment Formula: Rosgen Modified Shields curve

, Channel Left Side Right Side
N Slope 0.01924 0 0
m;>shear Stress (1lb/sq ft) 0.61

Movable Particle (mm) 106.0
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RIVERMORPH CROSS SECTION SUMMARY

River Name: Beaverdam Creek
Reach Name: UT2 Impaired
Cross Section Name: Pool XS 0+18.8
Survey Date: 09/19/07

Cross Section Data Entry

BM Elevation: 95 ft
Backsight Rod Reading: 5 ft

TAPE FS ELEV

0 3.96 96.04
4.3 4.14 95.86
7 4.16 95.84
10.3 4.36 95.64
11.9 4.57 95.43
12.8 4.96 95.04
13.6 5.46 94.54
14.8 6.1 93.9

15.9 6.1 93.9

17.1 5.75 94.25
18.1 5.7 94.3

19 5.31 94.69
20 4.91 95.09
20.4 4.47 95.53
22 4.3 95.7

27.8 3.42 96.58
30.2 3.09 96.91

Channel Left
Floodprone Elevation (ft) 96.28 96.28
Bankfull Elevation (ft) 95.09 95.09
Floodprone width (ft) 25.82 -
Bankfull width (ft) 7.32 3.5
Entrenchment Ratio 3.53 -
Mean Depth (ft) 0.73 0.83
Maximum Depth (ft) 1.19 1.19
width/Depth Ratio 10.03 4.22
Bankfull Area (sq ft) 5.36 2.92
Wetted Perimeter (ft) 7.84 4.93
Hydraulic Radius (ft) 0.68 0.59
Begin BKF Station 12.68 12.68
End BKF Station 20 16.18

LB

BKF
RB
FP

Entrainment Formula: Rosgen Modified Shields Curve

Channel Left Side

Slope 0.01924 0
Shear Stress (1b/sq ft) 0.82

0

Right Side




RIVERMORPH BANK EROSION HARZARD INDEX (BEHI)

River Name: Beaverdam Creek
Reach Name: UT2 Impaired
BEHI Name: XS 0+18.8
Survey Date: 10/01/2007

Bankfull Height: 0.73 ft
Bank Height: 2.14 ft
Root Depth: 0.5 ft

Root Density: 50 %

Bank Angle: 75 Degrees
Surface Protection: 70 %

Bank Material Adjustment: Sand 10
Bank Stratification Adjustment: Yes 3

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 1.19 ft Mean Depth: 0.73 ft
- Ratio: 1.63

BEHI Numerical Rating: 46.2

BEHI Adjective Rating: Extreme

NBS Numerical Rating: 1.63

NBS Adjective Rating: Moderate

Total Bank Length: 203 ft

Estimated Sediment Loss: 4.02 Cu Yds per Year
Estimated Sediment Loss: 5.23 Tons per Year




RIVERMORPH BEHI SUMMARY REPORT

River Name: Beaverdam Creek
Reach Name: UT2 Impaired

Table 1. Bank Identification Summary

Bank Name
1 XS 0+18.8

Table 2. Predicted Annual Bank Erosion Rates

BEHI BEHI NBS

Numeric Adjective Adjective Length Loss Loss
Bank Rating Rating Rating ft cu yds/yr tons/yr
1 46.2 Extreme Moderate 203 4.02 5.23
Totals 203 4.02 5.23

Total Reach Ln: 203 Total Loss (tons/yr) per ft of Reach: 0.0258
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