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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. Restoration
of the streams will provide the desired habitat and stability features necessary to improve the quality
of the stream. Objectives to meet that goal of restoring these stream channels are listed below.

1. Provide a stable stream channel with features indicative of a biologically diverse
environment.

2. Restore the connection between the bankfull width and floodprone width of the channels by
restoring the floodplain area.

3. Stabilize eroding banks

4. Provide a functional, native riparian floodplain corridor where deficient, and preserve any
existing forested corridor.

5. Improve the physical aquatic habitat features.

6. Minimize land development impacts to the stream.

7. Provide long-term protection of the stream corridor.

The restoration techniques proposed for the Unnamed Tributary stream will provide the attributes
described above by incorporating a variety of features recognized to support the stability and
biological diversity that are essential to ecosystem enhancement. Presently, these features are non-
existent or diminished within Silver Creek and the associated Unnamed Tributary.

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

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

e A stable channel pattern extrapolated from data collected from a stable reference reach
within the Silver Creek watershed.

e Grade control and bank stabilization structures that enhance the environmental and
ecological attributes of the stream channel though the use of natural materials and native
plantings.

e In-stream habitat features, such as sand/gravel bars, pool/riffle complexes, rock vanes,
cross-vanes, J-hook vanes, log vanes, root wad bank stabilization structures, step-pools and
re-establishment of the appropriate substrate material.

e Reconnection of the stream channel to a functional floodplain by making improvements to
the stream channel and riparian zone that restores dimension and profile based on reference
reach conditions.

e Inclusion of indigenous instream and riparian plantings.

Proven natural stream geometry relationships, as described by Newbury, Leopold, Wolman, Miller,
Rosgen and others, are 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. The restoration work
focuses on the main channel of Silver Creek and an associated Unnamed Tributary. Full-scale
restoration is proposed for the Unnamed Tributary, as well as Silver Creek’s main stem.
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Approximately 2,959 linear feet of channel will be restored on the main stem, and approximately
1,533 feet on the Unnamed Tributary. The total stream length designated in the restoration plan is
approximately 4,492 linear feet, which is consistent with the anticipated restoration length of 4,520
linear feet of stream from the original proposal.

The restoration site 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 Department of Water Quality and
the US Army Corps of Engineers. 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 along the riparian
buffer.

1
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1.0 PROJECT SITE IDENTIFICATION AND LOCATION

1.1 Directions to Project Site

The proposed project is located approximately 3,000 feet east of Dysartsville Road and
approximately 2,500 feet south of Patton Road, west of the City of Morganton, Burke County, North
Carolina as shown on Figure 1. The project spans properties owned separately by Mr. and Mrs. Frank
Queen and Mr. and Mrs. Richard Conway (Seven Springs Farms, Inc.).

1.2 USGS Hydrologic Unit Code and NCDWQ River Basin Designations

The Silver Creek watershed is located within the Catawba River Basin. The project stream reaches
are mapped on North Carolina Department of Transportation Light Detection and Ranging (LiDAR)
coverage and are located within USGS Catalog Unit Number 03050101 and Local Watershed 14-
digit basin 03050101050050, as shown on Figure 2. Silver Creek restoration project is located in a
wide, Rosgen Valley Type VIII, approximately 8.25 miles upstream from the confluence of Silver
Creek with the Catawba River.

1.3 Project Vicinity Map

Figure 1 presents the project Site Vicinity Map.
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2.0 WATERSHED CHARACTERIZATION

2.1 Drainage Area

The drainage area tributary to the downstream limits of the project on the main stem of Silver Creek
is 8.26 square miles or 5,287 acres. The associated Unnamed Tributary has a contribution drainage
area of 0.08 square miles or 48 acres. These watershed areas are shown on Figure 2. Drainage areas
for the project site are summarized in Table 1.

TABLE 1
Drainage Areas
PI’O_] ect Number D05016-1 (Silver Creek and Unnamed Tributary)

_ : Reach Bivan Drainage Area (Acres)
Refcrence Reach Brindle Creek* 746

Silver Creek Main Stem 5,287
Unnamed Trib to Silver Creek* 48
ottt Ll - 5,287

*The reference reach (Brindle Creek) and Unnamed Tributary drainage areas are included in the total
drainage area for the Silver Creek Main Stem (See Figure 2).

2.2 Surface Water Classification/ Water Quality

Silver Creek is currently rated as fully supporting High Quality Water and is located within a
watershed that was targeted based on resource features rather than degraded water quality. Along the
portion of Silver Creek within the Queen/Conway properties, Silver Creek has undergone significant
bank erosion and downcutting, resulting in a disconnection from the floodplain and deposition of
sediment in the stream bed. This project will restore the connection between the bankfull width and
floodprone width of the channel by restoring the floodplain area. Pattern, dimension and profile will
be improved through a combination of meander restoration and stabilization, instream structures
installed to stabilize the streambanks, the streambed and enhance aquatic and riparian habitat.

2.3 Physiography. Geology. and Soils

The Silver Creek watershed is located in the Eastern Blue Ridge Foothills on the boundary between
the Southern Inner Piedmont and Blue Ridge Mountains Physiographic Province of Western North
Carolina. Soils are developed over fault-emplaced metamorphic and intrusive igneous rocks
associated with the Smith River Allochthon and Sauratown Mountains Anticlinorium, uplifted and
displaced during tectonic continental plate collision during the Alleghenian Orogeny about 356
million years (my) ago (Fullager and Odom, 1973).

Metamorphic rocks that outcrop within the Silver Creek watershed include biotite gneiss and schist,
amphibolite, megacrystic biotite gneiss, and inequigranular biotite gneiss. The plutonic igneous rock
formation that underlies the stream restoration project along the main stem and the majority of the
Unnamed Tributary is a migmatic granite gneiss (foliated to massive, granitic to quartz dioritic,
biotite gneiss and amphibolite common). The spring that defines the top of the Unnamed Tributary
emerges from an outcropping of metamorphosed plutonic granitic rock, radioactive dated to
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approximately 455-540 my. The exposed rock is equigranular to megacrystic, foliated to massive and
includes the Toluca Granite (Fullager and Odom, 1973).

The soils along the main stem of Silver Creek that have been derived from and developed over these
metamorphic and plutonic igneous rock formations include the Colvard Series consisting of loamy
sediments ranging from 40 to 60 inches or more in thickness over deposits of sandy, loamy gravelly
to cobbly sediments. Rock fragments range from 0 to 15 percent to a depth of 40 inches, and from 0
to 80 percent below 40 inches. Flakes of mica range from a few to common (USDA NRCS, 1/3/06).

Along the Unnamed Tributary the Rhodhiss Series is present and is residuum from the underlying
felsic crystalline bedrock. The Rhodhiss sandy to sandy-clay loam is found on 25 to 40 percent
hillside slopes with a depth to bedrock greater than 60 inches. The depth to the top of the argillaceous
(clayey) horizon ranges from 2 to 20 inches. The depth to the base of the argillaceous horizon is 20 to
60 inches or more. The pedon contains 0 to 20 percent mica flakes throughout, with mica content
ranging up to 35 percent below a depth of 40 inches when the C horizon is present. Soils mapping
and taxonomic descriptions are from the NRCS Soil Survey of Burke County, North Carolina (USDA
NRCS, 1/3/06), and were provided by the Burke County Soil & Water Conservation District. Figure
3 shows the boundaries of mapped soil units within the project site and vicinity.

Valley Type VIII (Rosgen, 1996) is most readily identified landform along the main stem corridor,
with the presence of river terraces positioned laterally along the broad valley with gentle, down-
valley elevation relief in the project vicinity. Alluvial terraces and floodplains are the predominant
depositional features and produce a high sediment supply.

First-order, Rosgen Type I v-shaped valleys and Type II narrow colluvial valleys, with their
associated A and B type stream channels, respectively, dominate the upper reaches of the watershed.
Second- and third-order streams within the watershed are attributed to alluvial riverine depositional
processes where Rosgen Type VIII valleys with classic C3 to C5 channel types are the natural
endpoints of landform evolution. Elevations within the watershed range from 2,818 feet above mean
sea level (MSL) at Silver Creek Knob at the headwaters at the Burke County/Rutherford County line
to below 1,120 feet MSL at the downstream limits of the stream restoration project. The resulting
relief is 1,698 feet, from the headwaters to the downstream limits of the project, located
approximately 5.3 miles downstream (north) from the watershed divide.

2.4 Historical L.and Use and Development Trends

Within the watershed boundaries of the project, land use is predominantly agricultural, including row
crop production and pasture/hay land with wooded and cleared hillsides. Land use in the vicinity of
the project is not expected to change in the foreseeable future. Table 2 presents a breakdown of land
use with the local watershed based upon USGS National Land Cover Data (NLCD, 2001).
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TABLE 2
Silver Creek Watershed Land Use Summary
Project Number D05016-1 (Silver Creek and Unnamed Tributary)
Description | Count SqMeters | Acres | SqMi | Percent
Open water 33 29700 7.34 0.011 0.1%
Developed, open space 1222 1099800 271.77 0.425 5.4%
Developed, low intensity 25 22500 5.56 0.009 0.1%
Developed, medium intensity 7 6300 1.56 0.002 0.0%
Barren land (rock/sand/clay) 27 24300 6.00 0.009 0.1%
Deciduous Forest 13871 12483900 | 3084.84 4.822 60.7%
Evergreen Forest 1566 1409400 348.27 0.544 6.9%
Mixed Forest 5 4500 1.11 0.002 0.0%
Shrub/Scrub 1334 1200600 296.67 0.464 5.8%
Grassland/Herbaceous 1117 1005300 248.41 0.388 4.9%
Pasture/Hay 3360 3024000 747.25 1.168 14.7%
Cultivated Crops 79 71100 17.57 0.027 0.3%
Woody Wetlands 187 168300 41.59 0.065 0.8%
' : Totals 20,549,700 5,287 8.26 | 100.0%

The following map identifies the distribution of land uses within the local watershed.
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2.5 Endangered/ Threatened Species

Table 3 presents the Federally-listed Threatened or Endangered Species in Burke County, NC
according to the US Fish and Wildlife Service website (http://nc-es.fws.gov/es/countyfr.html; last
update 3/7/2002).

TABLE 3
Federal Threatened and Endangered Species in Burke County
Project Number D05016-1 (Silver Creek and Unnamed Tributary)

Common Name Scientific Name _Federal Status Known Occurrences
Bald Eagle Hetlieaims Threatened Current
leucocephalus
Bog Turtle Clenmys " Threatened Current
muhlenbergii
Dwarf-flowered ) . .
Heartleaf Hexastylis naniflora Threatened Current
Heller’s Blazing Star Liatris helleri Threatened Current
Mountain Goldes Hudsonia montana Threatened Current
Heather
Sl phorlsd Isotria medeoloides Threatened Current
pogonia
Spreading Avens Geum radiatum Endangered Historical

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, and
“Historical” means that the species was last observed in the county more than 20 years ago.

Species accounts for each of these Threatened and Endangered species were obtained from the US
Fish and Wildlife Service website to determine whether suitable habitat exists within the project
area. A request for a site-specific search of the North Carolina Natural Heritage Program Database
was made to the North Carolina Department of Environment and Natural Resources (NCDENR).
The search revealed no records of any rare species, significant natural communities, or priority areas
within the Silver Creek project area, nor within a mile of the site.

Based on a review of all available information, including a site visit, no habitat for any of the listed
species is present on the site. Due to a lack of available habitat, the Silver 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.

2.6 Cultural Resources

A literature review was prepared by EMH&T and submitted to the North Carolina Department of
Cultural Resources, State Historic Preservation Office (SHPO) for review. In correspondence dated
August 9, 2005, the SHPO recommended that the project area be surveyed for the presence of
prehistoric and historic archaeological sites. Phase I Cultural Resources Management investigations
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were conducted by the Archaeological Division of EMH&T, Inc. for the project area during the
month of August, 2005 (ER-05-1636). No historic buildings or structures were identified in the area
of potential effect, and documentation of the survey methods and findings were provided to SHPO
for review. EMH&T recommended no further archaeological investigation be conducted for the
project site. In correspondence dated November 15, 2005, Mr. Peter Sandbeck, the SHPO
Administrator, concurred with this determination.

2.7 Potential Constraints

There are no constraints that have potential to adversely impact or limit improvements associated
with the Restoration Plan for Silver Creek and the associated Unnamed Tributary.

2.7.1 Property Ownership History and Boundary

The project site lies entirely within two tracts of land. The first tract is owned by Frank H. Queen and
Sarah M. Queen (Map: 89 Page: 38, Blk. Lot: 4 7U, Deed Reference: Book 222 Page 654) containing
approximately 156.25 acres; the second tract is owned by Seven Springs Farms, Inc., Richard P.
Conway, President, Elizabeth B. Conway, Secretary, (Map: 89 Page: 38, Blk. Lot: 4 10U, Deed
Reference: Book 1083 Page 924) containing approximately 324.37 acres. Both tracts are located in
Silver Creek Township, Burke County, North Carolina.

2.7.2 Site Access

Access to the site is provided from Dysartsville Road across Seven Springs Lane as shown on Figure
1.

2.7.3 Utilities

To the best of our knowledge, there is only one utility located within the project corridor. An
overhead electric line owned by Rutherford Electric Membership Corporation is present along the
Unnamed Tributary to Silver Creek. The project will not disturb this existing utility, nor will the
electric line hinder the construction of the project. The location and designation of that utility are
shown on the Restoration Plan design sheets contained in Appendix 1.
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3.0 PROJECT SITE STREAMS

3.1 Channel Classification

Silver Creek Main Stem

The North Carolina DWQ Stream Classification Form was completed for the Silver Creek reach and
is included in Appendix 2. The stable, natural channel form for the main stem of Silver Creek is a
Rosgen C4 stream type, based on detailed, quantitative analysis of a stable reference reach located
approximately 2.4 miles upstream from the top of the altered reach within the Silver Creek
watershed. Agricultural land use and channel incision have altered the channel throughout the project
reach, resulting in its present unstable F4 type. The incised nature of the cannel is attributed to
channelization and isolated areas of cattle intrusion, which resulted in vegetative denuding and bank
destabilization from hoof shear.

The restoration plan for Silver Creek utilizes proven geomorphological approaches developed by
understanding and implementing stable channel dimension, pattern and profile, based on data
extrapolated from reference reach boundary conditions and superimposing stable dimension, pattern
and profile on the unstable form. The approach will incorporate re-establishing a floodplain with
appropriate elevation, width and valley slope, emulated from stable attributes measured, quantified
and extrapolated from the reference reach boundary conditions.

Unnamed Tributary to Silver Creek

The North Carolina DWQ Stream Classification Form was completed for the Unnamed Tributary to
Silver Creek and is included in Appendix 2. At the top of the Unnamed Tributary the stream
emerges from a granite bedrock spring at altered profile survey station 15+10. From profile station
15+10 to station 5+00, the channel form is a classic Type I valley-confined, A1-A2 stream type with
some bedrock control. In-stream boulders and flood-placed woody debris from leaning or fallen trees
are present along the reach. The banks are unstable and steep to undercut. The vegetated riparian
corridor along the Unnamed Tributary is visibly impaired. Cattle intrusion has adversely impacted
the entire tributary as evidenced by vegetative denuding and bank failure attributed to hoof shear.
Agricultural land use (pastureland) adjacent to the stream corridor and uncontrolled cattle access to
the stream for drinking water and shade has resulted in unstable, steep to undercut stream banks,
accelerated down-slope movement of colluvium into the stream channel and severe to extreme
streambank erosion. The denuded, unstable streambanks are contributing large volumes of sediment
and suspended solids to the larger Silver Creek watershed.

The Unnamed Tributary, in its natural form, is a Rosgen A1-A2, transitioning to a B4-B5 stream type
with bed materials ranging in size from silt and sand to large cobbles and boulders from the bottom to
the top of the stream reach. The transition from a v-shaped, Type I Valley confined “A” channel to a
Type II colluvial valley “B4-B5” stream type occurs at approximate altered profile station 5+00
along the lower one-third of the impaired reach. Along this final 500 linear feet stream segment, the
thalweg profile gradient flattens to less than four percent (0.04 ft/ft) and the floodplain widens
enough to allow small meanders to form across the width of the stream’s narrow floodplain. Since
the terrain is less rugged along this stream segment, it is the preferred watering location for cattle
grazing in the adjacent pastureland within the small, 48-acre watershed. An abandoned terrace exists
adjacent to and along the right bank from altered profile station 2+00 to the bottom of the reach at
altered profile station 0+00, where the stream emerges onto Silver Creek’s Valley Type VII
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floodplain, upstream from its confluence with another Unnamed Tributary. Approximately 250 feet
downstream from the confluence of the two unnamed tributaries is the confluence point with the
main stem of Silver Creek.

3.2 Discharge

Silver Creek Main Stem

For Silver Creek, bankfull discharge was determined through quantitative analysis of stable reference
reach boundary conditions and comparison of predicted bankfull discharge through a stable riffle
section located approximately 2.4 miles upstream from the impaired reach (project area). The
reference reach is a stable, Rosgen C4 stream type with excellent connection to its healthy, deciduous
hardwood forest floodplain. Calculated discharge for the reference reach riffle section was compared
to stratified C-type streams data from Bankfull Regional Curves for North Carolina Mountain
Streams data set, as included in the appendices of the multi-agency Stream Mitigation Guidelines
document (USACE Wilmington District et al., 4/03). The calculated discharge using quantified
reference reach data provided a very close match to the stratified data set. Bankfull characteristics for
the altered main stem reach were extrapolated from the stratified dataset. Bankfull discharge at the
top of the impaired reach, with a drainage area of 8.01 square miles and interpolated from the
regional curve data set, is 460 cubic feet per second (cfs). Independent HEC-RAS modeling predicted
the same flow for this position in the watershed, verifying the bankfull discharge for a 1.7-year return
interval flow, extrapolated from the stratified dataset.

Unnamed Tributary

Bankfull discharge for the Unnamed Tributary was interpreted directly from regression equations
published with the Bankfull Regional Curves for North Carolina Mountain Streams. The mountain
streams regional curves data sets do not include data for A and B stream types with drainage areas
less than one square mile. Therefore the regression equations developed from the regional curves
data sets were used to extrapolate beyond the lower limits of verified bankfull dimensions, discharge
and drainage area relationships. The area of a surveyed riffle cross-section near the bottom of the
Unnamed Tributary reach, however, very closely matches the empirical relationship between
drainage area and bankfull cross-sectional area extrapolated from the published regional curve data
for North Carolina mountain streams. The predicted bankfull discharge for the Unnamed Tributary is
14.4 cfs.

3.3 Channel Morphology

As previously noted, existing morphology along the Silver Creek main stem altered reach is Rosgen
Valley Type VIII. The pre-restoration channel is an unstable F4 stream type. The restoration goal is
to re-establish pattern, profile and dimension consistent with the stable C4 reference reach boundary
conditions. Table 4 summarizes the morphological data for Silver Creek and the reference reach.

Evans, Mechwart, Hambleton & Tilton, Inc. Page 9
Engineers, Surveyors, Planners, Scientists



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract # D05016-1

TABLE 4
Morphological Data For Silver Creek and Reference Reach
Project Number D05016-1 (Silver Creek and Unnamed Tributary )

Item Existing Designed Designed Reference Reach
Conditions Conditions Conditions
LOCATION Silver Creek Silver Creek Unnamed Brindle Creek, Trib
Main Stem Main Stem Tributary to Silver Ck

STREAMS TYPE F4 C4 Al-A2 to B4-BS C4
DRAINAGE AREA, Ac-Sq 5127.15 Ac - 5127.15 Ac - 48 Ac -0.08 Sq 745.75 Ac—1.16
Mi 8.01 Sq Mi 8.01 Sq Mi Mi Sq Mi
BANKFULL WIDTH (kat), 30.0 ft 30.0 ft 8.0 ft 24.0 ft
ft
BANKFULL MEAN DEPTH 79 ft 30ft 0.5 1.28 ft
(dbh), ft
WIDTH/DEPTH RATIO 33-43 9.0 16 18.77
W /d

bkf b 2 ’ > P
BANKFULL X,SECTION 210-270 ft 90 ft 35ft 30.77 ft
AREA (A ld), ft

b
BANKFULL MEAN 1.7-2.2 fps 5.1 fps 4.2 fps 3.19 fps
VELOCITY, fps
BANKFULL DISCHARGE, 2300 cfs* 460 cfs 14.7 cfs 98.16 cfs
cfs p
BANKFULL MAX DEPTH 9 ft 4.2 ft /0/5 o 1.86 ft
@d ) ft a
max

WIDTH Flood-Prone Area 40 ft 80-145 ft Valley Confined 232 ft
(W ), ft to 15 ft

fpa
ENTRENCHMENT RATIO 1.3 2.7-48 1.0-1.9 9.66
(ER)
MEANDER LENGTH (Lm), 0- 550 180 - 190 0-80 90-120
ft

*Flow rate representative of the 5-year return interval event based on HEC-RAS analysis. Based on
existing conditions, the 5-year peak discharge storm event will fill the existing channel (i.e., bankfull
discharge) and flow out onto the existing floodplain.

The Unnamed Tributary is a Rosgen A1-A2, transitioning to a B4-B5 stream type in the lower third
of the reach and has been impaired by agricultural impacts (mainly clearing of native deciduous
hardwood forest to create pastureland and impacts associated with cattle intrusion, as previously
noted).

3.4 Channel Stability Assessment

Silver Creek Main Stem

In its present state, the stream channel’s unstable width to depth ratio (3.3 — 4.3), entrenchment ratio
(flood prone width/bankfull width = 1.3), relatively flat profile slope (0.0027 ft/ft) and poorly
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defined active streambed has resulted in a deeply incised channel disconnected from its floodplain.
Mid-channel, lateral, and transverse sand and gravel bar deposits are present at locations throughout
the entire reach, demonstrating the stream lacks stable pattern, profile and dimension to entrain its
bedload. The locations of these depositional features in the near bank region deflects flows from the
center of the channel toward the incised vertical banks, accelerating streambank erosion. Near bank
stress at a critical riffle cross-section, located at altered reach profile station 12+52.50, is
approximately 2.24 lbs/square foot, based on design calculations. The near vertical, denuded 8-feet
streambanks at this location are typical of the existing impaired stream reach within the main stem
project corridor. Utilizing the near bank stress method algorithm included in RiverMorph® v.4.0, it is
estimated 5,570 cubic yards per year (or 6,980 tons per year) of sediment is being eroded from the
unstable stream banks along the main stem. Bank Erosion Hazard Index (BEHI) and sediment export
estimates are included with the information in Appendix 3.

Silver Creek is a vertically contained stream that has abandoned its floodplain due to a lowering of
base level and is characterized by 7 to 9 feet high, near vertical stream banks. 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 altered reach. The effects of these anthropogenic changes are accelerated streambank erosion,
land loss, aquatic habitat loss, lowering of the water table, land productivity reduction and in-stream
and downstream sedimentation.

Unnamed Tributary to Silver Creek

The Unnamed Tributary channel is a classic Type I valley confined, A1-A2 stream type transitioning
to a Type II colluvial valley, B4-B5 stream type in the lower third of the altered reach. The upper
two-thirds of the reach exhibits some bedrock control, in-stream boulders together with flood placed
woody debris from leaning or fallen trees along the unstable, steep to undercut streambanks. The
impaired riparian vegetative communities exacerbate streambank erosion rates and down-slope
movement of colluvium. Cattle intrusion has adversely impacted the entire tributary as evidenced by
vegetative denuding and bank failure attributed to hoof shear. Agricultural land use (pastureland)
adjacent to the stream corridor and uncontrolled cattle access to the stream for drinking water and
shade has resulted in unstable, steep to undercut streambanks, and accelerated severe to extreme
streambank erosion. The unstable streambanks are contributing large volumes of suspended sediment
and bedload material to the larger Silver Creek watershed. Utilizing the near bank stress method,
adjusted for channel pattern and depositional features algorithm included in RiverMorph® v.4.0, it is
estimated 290 cubic yards per year (or 375 tons per year) of sediment is being eroded from the
unstable stream banks along the Unnamed Tributary. BEHI and sediment export estimates are
presented in Appendix 3. Representative photographs of the Unnamed Tributary are presented in
Appendix 4.

3.5 Bankfull Verification

Silver Creek Main Stem

As noted in Section 3.2, for Silver Creek main stem, bankfull discharge was determined through
quantitative analysis of stable reference reach data and comparison of predicted bankfull discharge
through a stable riffle section located approximately 2.4 miles upstream from the impaired reach
(project area). Drainage area discharge relationships for the reference reach riffle section were
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compared to stratified C-type streams data from Bankfull Regional Curves for North Carolina
Mountain Streams data set. The calculated discharge using quantified reference reach data provided a
very close match to the discharge extrapolated from the stratified data set. Bankfull discharge at the
top of the impaired reach, with a drainage area of 8.01 square miles was extrapolated from the from
stable reference reach boundary conditions, with adjusted drainage area tributary to the altered reach
(8.01 mi®) with a calculated bankfull discharge of 461 cubic feet per second (cfs). Independent HEC-
RAS modeling predicted the same flow for this position in the watershed, verifying the bankfull
discharge for a 1.7-year return interval flow.

Unnamed Tributary

Bankfull characteristics for the Unnamed Tributary were interpreted directly from regression
equations published with the Bankfull Regional Curves for North Carolina Mountain Streams. The
mountain streams regional curves data sets do not include data for A and B stream types with
drainage areas less than one square mile. Therefore the regression equations developed from the
regional curves data sets were used to extrapolate beyond the lower limits of verified bankfull
discharge, dimension and drainage area empirical relationships. The area of a surveyed riffle cross-
section at altered profile station 1+15 near the bottom of the Unnamed Tributary reach, however,
very closely matches the empirical relationship between drainage area and bankfull cross-sectional
area extrapolated from the regression equations published regional curve data for North Carolina
mountain streams. The surveyed bankfull cross-sectional area (Agkr) is 3.9 ft>. The Aggr derived
from the published power function regression equation, Aggg = 22. 1A,%9, where A, is the watershed
area in square miles (for the Unnamed Tributary, the drainage area is 0.08 square miles). This
equation yields a bankfull cross-sectional area of 3.7 ft*. The survey verification of the required
cross-sectional area needed to carry the estimated bankfull discharge of 14.4 cfs from the
contribution drainage area, with a predicted return interval of 1.25 years, has therefore been carried
forward into the design for the impaired Unnamed Tributary reach.

3.6 Vegetation

The existing riparian corridor along Silver Creek varies from wide to denuded within the project
area. The wide portion consists of a mature forested corridor, while narrow and denuded areas are
the result of a pine beetle infestation. A narrow forested corridor is present along the majority of the
Unnamed Tributary. Typical species observed along the streams and adjancent forested areas
include Pinus taeda (loblolly pine), Platanus occidentalis (sycamore) and Ilex opaca (American
holly). Active cattle pasture land is present outside of the riparian corridors along both streams.
Photographs of the Silver Creek corridor are included within Appendix 3, and Appendix 4 presents
photographs of the Unnamed Tributary.
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4.0 REFERENCE STREAMS

4.1 Watershed Characterization

A stable reference reach was selected using recent aerial photography (February 2005) and NCDOT
LiDAR contour data coverages for the drainage area tributary to the restoration project in the Silver
Creek watershed. Two complete meander wavelengths along the reference reach were evaluated
using accepted stream classification techniques and procedures (D.L. Rosgen, 1994).

The location of the reference reach in relation to the project is shown on Figure 2. The top of the
reference reach begins at 35°37°07” North Latitude and 81°48°58” West Longitude (NAD 83, UTM
Zone 17 Coordinates 691,930.8729 N, 1,163,198.3476 E GPS Reference Point). The drainage area
tributary to the reference reach is 1.16 square miles.

Dimension, pattern, profile and substrate data were collected along the reference reach and
quantitatively evaluated using RiverMorph® v.3.1 software application.  Reference reach
geomorphologic summary reports, dimensionless ratios, longitudinal profile, cross-sections,
including photos taken at stable riffle and pool cross-section locations, are included in Appendix 5.
Figure 4 presents the pattern summary for the reference reach.

4.2 Channel Classification

The reference reach is a stable, Rosgen C4 stream type with excellent connection to its healthy,
deciduous hardwood forest floodplain. Calculated discharge for a stable reference reach riffle cross-
section was compared to stratified C Type streams data from Bankfull Regional Curves for North
Carolina Mountain Streams data set. The calculated discharge using quantified reference reach data
is a very close match to the stratified data’s empirical relationships.

4.3 Discharge

The calculated bankfull discharge, using quantified and verified reference reach data collected at a
stable riffle cross-section is 96.1 cfs. The calculations are included in the information within
Appendix 5.

4.4 Channel Morpholegy

The reference reach channel morphology summary report is presented in Appendix 5. Stream channel
morphology data for the reference reach, the Silver Creek main steam, and the Unnamed Tributary is
presented in tabular format on Table 4.

4.5 Channel Stability Assessment

As shown on the photographs in Appendix 5, the plant community exists over the streambanks into
the active channel along the reference reach. High root densities and depths were observed at both
stable riffle and pool locations throughout the reference reach, with healthy communities of canopy,
shrub and herbaceous species present. Best-fit trend lines drawn through the bankfull indicator
points, water surface and thalweg points, respectively, on the longitudinal profile are essentially
parallel. There is no indication of head cutting, downcutting, aggradation or degradation. The
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reference reach is an extremely stable, second-order C4 stream channel, with a large gravel to small
cobble streambed substrate, based on quantitative analysis of reference reach boundary conditions
measured in the field.

4.6 Bankfull Verification

See Section 4.2 for reference reach bankfull verification details.

4.7 Vegetation

The reference reach exists within a second-growth, forested floodplain containing mature trees,
saplings, and some shrubs. Tree species observed along the reference reach include Pinus taeda,
Platanus occidentalis, Quercus rubra (red oak), and Fagus grandifolia (American beech). Scattered
Symplocos tinctoria (common sweetleaf) shrubs were also present. Vegetative cover along the
reference reach is much more dense and intact than that along Silver Creek and the Unnamed
Tributary. The reference reach flows through a wide forested area, rather than a narrow riparian
corridor. Vegetation along the reference reach is undisturbed, and tree roots along the channel are
providing stability along the reach. Photographs of the reference reach are provided within Appendix
5.
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5.0 PROJECT SITE RESTORATION PLAN

5.1 Restoration Project Goals and Objectives

Silver Creek Main Stem

The ultimate goal and objective for the restoration project is to restore stable pattern, profile and
dimension along the main stem of Silver Creek. This will be accomplished by raising the streambed
using grade control structures (cross-vanes) to reduce critical shear stress in the near bank region
while maintaining flow velocities required to entrain large gravel, based upon streambed particle size
distributions collected from both the stable reference reach and the altered main stem reach. To
establish the bankfull channel dimension, a floodprone bench will be constructed with appropriate
elevation, width and slope, thereby restoring the floodplain area.

A combination of cross-vanes, J-hook vanes and rock vane deflector weirs will be constructed at
appropriate locations throughout the reach to alleviate near bank stress and associated streambank
erosion. Streambed structures, constructed using strategically placed boulder dual winged jetties, root
wad bank stabilization structures, and log vanes will be utilized, where needed, to achieve
entrainment velocities required to move silt and sand size particles through the system during normal
and low-flow conditions. The streambed structures have the added benefit of creating aquatic habitat
and preventing the development of deleterious depositional sand and gravel bars features within the
active channel. The plan sheets detailing the design for the Silver Creek main stem (RP-3/19 through
RP-8/19) are included in Appendix 1.

Unnamed Tributary to Silver Creek

The fundamental goal to stabilize the Unnamed Tributary within its valley confined stream channel is
to stabilize steep to undercut banks with heavy coir fabric jute matting, combined with implementing
an aggressive native revetment plan and excluding cattle from the riparian corridor. Step-pools will
be constructed at appropriate spacing to dissipate energy during bankfull discharge events along
stream segments in the upper two-thirds of the reach. The plan sheets presenting the design for the
Unnamed Tributary stream (RP-9/19 through RP-11/19) are included in Appendix 1. Design details
are provided in sheets RP-12/19 through RP-14/19 in Appendix 1.

5.1.1 Designed Channel Classification

The designed main stem channel is a stable C4 channel, with restored pattern, profile and dimension
to entrain its bedload. The designed Unnamed Tributary stream will be restored to a stable A1-A2
stream, transitioning to a stable B4-B5 stream. Table 5 summarizes the restoration structure and
objectives for Silver Creek and the Unnamed Tributary.
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Restoration Plan — Silver Creek and Unnamed Tributary

TABLE 5

Project Restoration Structure and Objectives

Project Number D05016-1 (Silver Creek and Unnamed Tributary )

Restoration | Station | Restoration | Priority | Existing | Designed | Comment
Segment/ | Range Type Approach | Linear Linear cA L
.~ ReachID | ' | | Footage | Footage !
Reach I: 00+00 — Restoration P1 pIL- 3,039 1f 2959 If Reach I
Silver Creek | 29+59.12 includes
Main Stem restoration
of stable
pattern,
profile,
dimension,
substrate
and
floodprone
area
Reach II: 0-+00 — Restoration P1 {1 1,510 If 1,533 1f Reach II
Unnamed 15+32.70 consist of
Tributary to restoration
Silver Creek of stable
profile,
pattern,
dimension
and
substrate

5.1.2 Target Buffer Communities

The target buffer community for both the Silver Creek main stem and the Unnamed Tributary 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 characteristices 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 move fertile than surrounding uplands.

- 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.
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- 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
site-specific stable and altered boundary conditions for the Silver Creek main stem and the Unnamed
Tributary. (Rosgen, 1994; Williams and Rosgen, 1989; Andrews, 1984).

5.2.2 Calculations and Discussion

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

T = shear stress (1bs/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 magnitude of shear stress required to entrain the design particle diameter (31 mm) is 0.524
Ibs/sq. ft. with a required hydraulic radius of 2.35 feet, bankfull mean depth of 2.67 feet, and a mean
bankfull velocity of 4.5 ft/sec.

The associated critical dimensionless shear stress (T.;*) was calculated based on the D50 particle
distribution at altered main stem riffle section 12+52.5 and composite D50 particle distribution from
the reference reach is 0.0098. When a composite particle distribution has been assembled for stable
reference reach boundary conditions, the need for a bar sample particle distribution is negated
(Wolman, 1954). Therefore the reference reach composite D50 particle size was used in the
computation of t.;*).

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

T = 0.0834(D50ppn/D50gar) 57
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The following equation is used to predict the depth and slope needed to move the largest size of
sediment available to the channel:

d = (z*) (vs) (D50paR)
S

Where:

vs = submerged specific weight of sediment
D50gsr = median diameter of bar sample

d = mean depth

S = mean water surface slope at bankfull

The required bankfull water surface slope, based on boundary conditions as noted, is 0.0037 ft./ft.
The design thalweg average slope is 0.0027 ft/ft. To maintain stable geomorphic geometry
relationships, streambed structures, constructed using strategically placed dual-winged boulder
jetties, root wad bank stabilization structures, and log vanes will be utilized, where needed, to
constrict flow and increase entrainment velocities needed to move silt and sand size particles through
the system during normal and low-flow conditions and ensure critical entrainment velocity required
to move the D50 design particle through the system at bankfull discharge is maintained. The
streambed structures have the added benefit of creating additional aquatic habitat and will prevent
the development of deleterious depositional sand and gravel bars features within the active
streambed. Entrainment calculations are included in the RiverMorph design summary reports in
Appendix 3.

5.3 HEC-RAS Analysis

An analysis of the floodplain of the project reach of both streams was undertaken to determine the
elevations and extents of the existing floodprone areas of the channel valleys. Peak discharge values
for both Silver Creek and its Unnamed Tributary were calculated using regional equations contained
within Estimating the Magnitude and Frequency of Floods in Rural Basins of North Carolina-
Revised, published by the U.S. Geological Survey (U.S.G.S.) as Report 01-4207 in 2001. This
publication contains equations to calculate peak discharge rates for multiple storm events as
summarized in Table 6.

TABLE 6
Peak Discharge Rates
Project Number D05016-1 (Silver Creek and Unnamed Tributary )
5 . e Silver Creek
 Storm Event Umamggfmbmm Upstream Project | Downstream Project
| Aa) Limits (cfs)  Limits (cf)

2-year 23 578 594

S-year 44 983 1010

10-year 63 1315 1351

25-year 93 1810 1858

50-year 121 2245 2301

100-year 154 2718 2788

500-year 252 4060 4161
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The peak discharge values summarized above were plotted on semi-log paper to extrapolate a 1.7-
year flow event to confirm the bankfull discharge calculated independently. This plot can be found
in Appendix 6 and verifies that the bankfull discharge at the upstream project limits on Silver Creek
main stem is 460 cfs.

The peak discharge values summarized above were entered into the U.S. Army Corps of Engineers
Hydrologic Engineering Centers River Analysis System (HEC-RAS) computer program to determine
the elevations of each of the various flood events. Topographic information used within the HEC-
RAS analysis was taken from both aerial orthophotography and field survey information of the two
project areas. The results of this analysis were utilized to confirm the extent of the floodplain for the
two project areas and are included in Appendix 6. Along Silver Creek it was determined that a storm
greater than a 5-year event would leave the channel and enter the floodplain. Based on the results of
the HEC-RAS analysis of the Unnamed Tributary to Silver Creek, the channel is capable of
conveying events larger than the 25-year event, with several locations conveying the 100-year event.

The project area is shown on the Flood Insurance Rate Map (FIRM) for Burke County, Number
370034, panel 0200C, dated June 17, 1991. The FIRM depicts no special flood hazard areas along
Silver Creek or the Unnamed Tributary within the project area.

The proposed project increases the flood carrying capacity of Silver Creek by providing an excavated
floodprone bench. A hydraulic backwater analysis has been performed using the U.S. Army Corps of
Engineers HEC-RAS computer model and verifies that the proposed project will not increase the
flood hazard potential of Silver Creek on adjoining properties. Regarding the improvements to the
Unnamed Tributary, the entire watercourse is contained to the property owners participating in the
project, who understand and accept the nature of the improvements. Furthermore, the watercourse
and any associated flooding are also contained within a narrow and deep valley on these properties.

5.4 Stormwater Best Management Practices

5.4.1 Site-Specific Stormwater Concerns

Silver Creek Main Stem

The watershed area for Silver Creek within the project corridor is more than 8 square miles. As such,
conventional methods for channel de-watering during construction of in-stream features are not
practical for use on this project. All stormwater best management practices (BMP’s) will be
confined to areas outside and adjacent to the stream channel, reducing the possibility of sediment
from denuded lands getting into the channel.

Unnamed Tributary to Silver Creek

Due to the small watershed area for this channel, stormwater BMP’s will be applied that intercept
and treat all stormwater flows from the watershed prior to their release to the downstream receiving
channel.
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5.4.2 BMP Device Description and Application

Design sheets RP-15/19 and RP-16/19 contained in Appendix 1 of this document detail the various
BMP applications and provide an indication of their location along the project corridor, for both the
main stem of Silver Creek and the Unnamed Tributary. The design sheets also includes notes and
references for the installation and maintenance of these features. There are also notes specific to
construction sequence, intended to reduce the impact of sedimentation within the project corridor.
Further discussion of the two different scenarios is provided below.

Silver Creek Main Stem

As described previously, all BMP applications will be outside of the channel.  Essentially, it is
proposed that sediment barrier fencing or straw waddles be applied as a buffer between the stream
channel and adjoining denuded areas. Where there are areas of concentrated flow coming to the
stream channel from the adjoining areas, then a method will be applied to convey that flow directly
to the stream channel without passing through the denuded areas. This may include temporary
culverts, or rock or fabric lined drainage swales. The determination of these locations and the
appropriate application will be coordinated with the contractor prior to and during construction.

Unnamed Tributary to Silver Creek

As described previously, the approach to stormwater BMP along this watercourse is to capture and
treat sediment laden flows prior to reaching the downstream channel. That can be accomplished
using a sediment trap at the downstream end of the project corridor. Maintenance of that feature will
be important to ensure that it provides the required storage volume for the capture of sediment for the
duration of the project. Furthermore, the contractor may choose to use conventional de-watering
practices to facilitate construction of the many in-stream features included along the project corridor.

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 along with 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. According to the Schafale and Weakley
publication, hydrology of these areas is palustrine, seasonally or intermittently flooded on various
alluvial soils. Important characteristices 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...

Silver Creek Mainstem

Along the mainstem of Silver Creek, the majority of the restored riparian zone will be located within
the created bankfull bench and toe slope areas. The restored streams 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 have been designated for Silver Creek as
described in the tables below. The bare root seedlings will be planted during the fall or early spring
seasons, as soon as possible after the completion of the earthwork associated with constructing the
new stream channels. During the following fall, supplemental shrub and tree species will be planted
if survival rates of previously planted seedlings are below target densities as determined in late
summer (August-September). Final species selection will be based upon availability. In addition to
planting described below, temporary and permanent seeding will occur in Zones 2, 3 & 4. The
planting plan is presented in the schematic engineering drawings, included on design sheet RP-17/19
in Appendix 1.

Proposed Silver Creek Plantings

e Zone 1 — Qutside Meander bends
Live branches, 2x2' centers

Common Name Scientific Name
Silky dogwood Cornus amomum
Southern arrowwood viburnum Viburnum dentatum
Elderberry Sambucus canadensis
Black willow Salix nigra

Zone 2 — Streamside Shrubs and Trees

Shrubs - 4x4' centers

Common Name Scientific Name
Painted buckeye Aesculus sylvatica
Silky dogwood Cornus amomum

Tag alder Alnus serrulata
Black willow Salix nigra
Elderberry Sambucus canadensis
Southern arrowwood viburnum Viburnum dentatum
American hazelnut Corylus americana

Evans, Mechwart, Hambleton & Tilton, Inc.

Engineers, Surveyors, Planners, Scientists

Page 21



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract # D05016-1

e Zone 2 — Streamside Shrubs and Trees (cont.)

Trees — 100 foot spacing (1 gallon container size)

Common Name Scientific Name

Box elder Acer negundo

River birch Betula nigra

Sycamore Platanus occidentalis
Sweet gum Liquidambar styraciflua
Green ash Fraxinus pennsylvanica
Tulip poplar Liriodendron tulipifera
American elm Ulmus americana
Bitternut hickory Carya cordiformis

e Zone 3 - Floodplain
8x8' centers

Common Name Scientific Name

Box elder Acer negundo

River birch Betula nigra

Sycamore Platanus occidentalis
Sweet gum Liquidambar styraciflua
Green ash Fraxinus pennsylvanica
Tulip poplar Liriodendron tulipifera
American elm Ulmus americana
Bitternut hickory Carya cordiformis

e Zone 4 —30' Riparian Buffer
10x10' centers

Common Name Scientific Name

White ash Fraxinus alba

Black walnut Juglans nigra

Tulip poplar Liriodendron tulipifera
Black gum Nyssa sylvatica

Black cherry Prunus serotina

White oak Quercus alba

Unnamed Tributary to Silver Creek

Along the majority of the Unnamed Tributary to Silver Creek, a narrow riparian corridor is present.
The existing riparian vegetation will be preserved to the extent possible and will be enhanced
through the installation of supplemental plantings as indicated on design sheets RP-18/19 through
RP-19/19 in Appendix 1. A mixture of bare-root tree material including Fraxinus alba, Juglans
nigra, Liriodendron tulipifera, Nyssa sylvatica, Prunus serotina, and Quercus alba will be planted on
10" by 10’ centers. Some additional larger caliper trees will also be incorporated into the plantings.
In areas where cattle intrusion has caused the most damage to the corridor, bare-root material will be
installed on 8' by 8' centers in addition to some larger caliper container trees. A full replanting of the
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riparian corridor will be performed for areas along the stream that are cleared for restoration
construction, including the excavated floodplain bench and construction access points. This full
replanting will follow the ‘zone” methodology prescribed for the mainstem of Silver Creek.

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 extent of invasive
vegetation. The most appropriate treatment options will be determined after the assessment. 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 include the

following:
1. Provide a stable stream channel with features indicative of a biologically diverse
environment.

2. Restore the connection between the bankfull width and floodprone width of the channels by
restoring the floodplain area.

3. Stabilize eroding banks.

4. Provide a functional, native riparian floodplain corridor where deficient, and preserve any
existing forested corridor.

5. Improve the physical aquatic habitat features.

6. Minimize land development impacts to the stream.

7. Provide long-term protection of the stream corridor.

Restoration of the streams will provide all the 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 channel banks

development of instream habitat features

re-vegetation of the riparian corridor with native, wildlife friendly plants

construction of a floodplain with the accompanying benefits of sediment and nutrient
storage

The restoration techniques proposed for the Unnamed Tributary stream will provide the attributes
described above by incorporating a variety of features recognized to support the stability and
biological diversity that are essential to ecosystem enhancement. Presently, these features are non-
existent or diminished within Sliver Creek and the associated Unnamed Tributary.

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

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

e A stable channel pattern (sinuosity) extrapolated from data collected from a stable
reference reach within the Silver Creek watershed.

e QGrade control and bank stabilization structures that enhance the environmental and
ecological attributes of the stream channel though the use of natural materials and native
plantings.
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e In-stream habitat features, such as sand/gravel bars, pool/riffle complexes, rock vanes,
cross-vanes, J-hook vanes, log vanes, root wad bank stabilization structures, step-pools
(where appropriate) and re-establishment of the appropriate substrate material.

* Reconnection of the stream channel to a functional floodplain, to be accomplished using a
combination of Priority 1 (raising the stream channel) and Priority 2 (lowering the
floodplain) restoration.

¢ Inclusion of extensive instream and riparian plantings.

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 BMP applications should adequately mitigate the impact of
sediment laden stormwater flows within the project corridor. Stormwater BMP’s for the project are
discussed in Section 5.4. All BMP applications will be inspected and maintained throughout the
construction process and until the site is stabilized.

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. This would
represent a minimum survival rate of 80% of the plantings.

6.4 Monitoring Schedule and Reporting

The restoration site will be monitored for five consecutive years or until the required success criteria
has been met as determined by the EEP, NC DWQ, and USACE. Monitoring activities will begin
immediately following completion of the stream construction in order to alleviate any potential
problems as they occur. Planting will occur during the fall of 2006 and possibly spring of 2007;
therefore, the riparian buffer restoration will be monitored the following growing season projected to
be summer of 2007. 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.

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). Each cross-section will be monumented for future identity 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 restoration reach of the
Silver Creek main stem as well as the entire Unnamed Tributary. The “as-built” report 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 stream side plant 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.

Riparian Buffers

Vegetation within the restored riparian buffer will be monitored for five consecutive years. Ten by
ten meter square plots will be permanently established following completion of the planting phase
and at least two opposing corners will be permanently installed and surveyed for future use.
Approximately 5% of the project area will be monitored. A stem count of planted species will be
performed within each monitoring plot. The species, density, survival rates, and the 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, although herbaceous species encountered may also be
recorded. Vegetation monitoring will occur between August and October.
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Final location, extent, and nature of in stream bed
features to be determined during construction with
consultation of designer.

2. All embedded footer stone and crest boulders should have

a minimum diameter of 2.6 feet.

3.  Final placement of rocks in J-Hook Vane, Cross—Vane,

Submerged Cover Log and Root Wad Structures to be
determined by stream restoration specialist in the field.

4. A Nonwoven Geotextile/Geogrid Composite with a tensile

strength = 560 Ibs./in. (ocross width & length) &
elongation breok < 5% (test method ASTM D 4595) will
be placed as shown on plan details where structures will
be constructed in sand or silt clay channel beds.
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ROCK RIFFLES:

1.0 CREST STONE

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

Instailation:

The crest height must be determined and the center weir stone installed first.

Trenich Into the stream bed approximately 1.0 feet and place the stone(s) so that

the center weir stone reaches the crest elevation. Trench ond install the
*maining crest stones across the stream, elevating thern into the banks the
wcified distance.

2.0 SUPPORT STONE

Installation: b ight o .

Support stone must be placed y on bo es of the crest stone paying
close ottention to fit on the downstreom side. Proper elevation of the support
stone musl be maintined and must be os high os the crest stone. Four (4)
feet downstream of the crest stone the sy stone will be loid more loosely to
create turbulence of flow ocross the riffle. At this point, the stone should stort
to become trenched into the streambed. At the end of the riffle, the support
stone will be trenched fully into the stream bed to a depth of opproximately 1.0
feet. Finished elevations of the support stone must concentrote flows across the
riffie and create non—lominar (turbulent) flow. Support stones will continue up the
barks to the final elevotion. 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 compact with an excavator 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 conslst of quorried material (no construction rubble
is permissible). The Contractor shall review somples of this material with the
Engineer for approval prior to installation.

2.0 installation:

The boulder tos terial shall be § d into the ch bott ond ck

bank to the minimum depths shown on Channel Reinforcement Detail, This Sheet.

Fiiter fabric maleriol per NCDOT Item 1056, Type 2, shall be Included in the
truction of the boulder toe reinfi t, os d ated on Ch |

Reinforcement Detall, This Sheet. Over tion of the ch | bank to install

the boulder toe reinforcement shall be back—filled with eompactable moterial that

Is ploced in lifts and graded to conform to the designed channel bank, and

inf d with the g clile material specified by this plan.

STOCKPILE SUBSTRATE MATERIAL:

Remove and stockpile any avallable stream bed material through the reoch of the
existing stream channel to be ted/relocated. Stockpiled materiol shall be
replaced within ted frelocated stream bed upon completion. Cost of this
work to be included in the price bid for the wvarious reloted items, Also, see
"Cobble” note, this sheet.

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

“eotextile shall be placed in accordance with m er's T jon:

2 geotextile Rolls shall be furnished with suitable wrapping for protection agoinst
aoisture and extends t exp @ prior to pl L. Eoch Roll sholl be
labeled or tagged to provide product identificotion sufficient for feld inventory and
qudlity control purposes. Rolls shall be stored in o manner which provides
identification, as well as p from the el ts. If stored outdoors, the
Rolls shall be elevated and protected with o waterproof cover.

COIR ROLL:

1.0 Material:

Rolls shall consist of biodegradable materiol with o density of 7 Ibs./cu.ft. The
coir roll outer netting shall conaist of o biodegradoble twine 0.24 inches in
diameter with the breoking strength of 80 Ibs. Hordwood stakes to anchor the
coir rolls shall be 2°x2"x36” In size. The specified length is a minimum and may
need to be odjusted to allow for sufficient anchoring.

2.0 Installation:

Refer to Typicol Plon View of Riffie—Run—Bend/Pool Complex for a schematic of
the location of the coir roll moterial along the channel and Channel Relnforcement
Detail, This Sheet for o schematic of the location of the coir rolls with respect to
the other bank reinforcement maoteriols,

The coir rolls sholl be installed after the boulder toe material Is in place. The

uj and downstream ends of the cair roll instaliotion shall be bent back
into the channel bank to prevent streom flow from cutting behind the rolls. The
ends of abutting coir rolls shall be lied together with twine. Hordwood stokes
shall be driven into the undisturbed notive soil behind the rolls. The rolls shall be
tied to the stokes with twine. Stokes shall be placed ot the beginning and end of
eoch roll and on ot 0 moximum spocing of 2 fest.

UVE BRANCHES:

1.0 Material:

Live branch material shall be dormant and gathered locally (within or in proximity
to the project site) or purchased from a reputable commercial supplier. This
material shall be planted only during its natural dormancy period, extending from
late fall through early spring.

Branches shall be 1/2 to 2—inches in diometer, 3 to 4 feet in length, and living
based on the presence of young buds ond green bark. Prior to installation, the
branches shall be cut so that they are angiad on the bottom and flush on the
top. See Planting Plon for list of required material.

All harvested or purchased live branch material shall be preserved in a cool, moist
environment until installation. Plont materlal that has been gliowed to dry out
or is not preserved in a dormant state prior to installation shall be discarded.

2.0 Installation:

Refer to Typical Plen View of Riffie—Run—Bend/Pool Complex for a schematic of
the iocation of the live branches along the channel and Channel Reinforcement
‘afl, This Sheet for @ schematic of the location of the live branches with

‘ect lo the other bonk reinforcement materials.

Live branches shall be Installed at 1/2—foot spacing and two-thirds of tho stoke
is to be imbedded within the channel bank. The angle of the imbedded stake to
the chonnel bank shall be between 45 and 90 degrees. When installed, ol leost
two (2) buds should remain above the ground surface ond those buds shall be
orfented upwards.

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

3.0 Payment:

The cost of all labor and materials associated with the instaliation of five
branches shall be included in the price bid for Item, Spec., Live Branches, as per
plan.

Installation Sequence for Channel Reinforcement Materials:

— Dver—excovation of the channel bank may be necessary to accomplish
the instaliation of the rock toe protection. The rock toe protection
shall be imbedded into the bottom of the channel to the depth specified
on this detail.

— The live branches shall be placed on top of the imbedded boulder toe
materiol, protruding into the native, undisturbed soil of the channel bank.

— Soil material, including the specified topsoil, shall be placed to backfill
the over—excavated channel bank,

— The specified seeding shall be applied to the disturbed /restored soil
material.

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

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

— Any rernaining rows of geotextile materiol sholl be installed and anchored to
the channet bank, with the last (highest) row "trenched” into the bank.

>

~

z

_Controlled Cattia’
" Access'Pgint *

L~

Hot to Scole

Fence (Typ.)

Reinforcement
Materlal ploced at
grode of Existing
Streom Channel

Thalweg
Not to Scale
Beltwidth
§
2 _— Fleodprone Depth

Geo—coir
Live Branch -

Rock—Toe Protection ="
w/ fiter fabric

Not to Scale

Soll Nail (Typ.)

Top—of—Riffle

Support
Stg:e Fill Ston
il

Fill Stone

Imbedded Crest and Support
Stone
(Depth=1"-2" Into banks)

Not to Scale

Elevation of Bankfull Width

Fill ‘St Crest Support Fill
uw——\ Seut PP /r— Stone
e

IL

6" Max

E&Exuﬁlmm Crest and

Not to Seale Support Stone
(Depth=1.0" into
channei bed)
l W

Cresl Height (varies

profile, sheets 4-5.

Imbedded Crest and from bank to bank,
Support Stone
b L= Length of Riffle; adj
(Depth=1.0" into field conditions to af
channel bed) energy dissipation in
Refer to streamn prol

Not to Scale

Not to Scale

per field

conditions). Refer to notes
on this sheet and stream

W= Bankfull Width= width of channel

usted per

llow for
flow.

file.

Coir Roll Placement —————
(Refer to Channel
Reinforcement Detail)

Sec A-A
Typical Riffle Section
(Refer to Rock Riffle

End of Run
(Cobble Substrate)

Thalweg

“Sec B-B
Typical =

Bend/Pool Section PR E

MOT FO

Not to Scale

Lwid

LIMINARY

R CONSTRUCTION

2005-1448

RP-14/19

May, 2006
Rev, June 2006

As Noted

BURKE COUNTY, NORTH CAROLINA

STREAM RESTORATION PLAN
FOR

SILVER CREEK AND UNNAMED TRIBUTARY [m

UNNAMED TRIBUTARY

DETAILS

-

B

t

en

ELf28

M

& Thon, inc.
+Sumveyoe « Piannon « Scionflsty

Evant, &
SEOD How Albany

et 4147700000

Hood. Columibue, COH £054

o Sl4TTEASY

REVISIONS




SEQUENCE OF EROSION
& SEDIMENT CONTROL IMPLEMENTATION
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Silver Creek
1. Install runoff control features as shown on the detall. (this sheet)
2. Excavate for the floodprone area.
3. As the fioodp! ared is it control features should

be installed clong the bankfll chonnel, (see detod, this sheet)

Stabllize the orea

Construct the in streom control structures such as cross vanea, root wads, etc

- Stoblize any excovated or disturboed

areas.
«. Remove the runoff control features and stablize the arsa.

Unnamed Tributary

1. Construct the temporary sediment trap as shown on the detal. (this sheet)

2. Plug the existing stream with an “earthen plug™ and begin diverting water to the
temporary sediment trap.
Ci stream

g Pi
4. Install the stablized cattle access

S. Stabiize any excavated or disturbed areas.

6. Remove the earthen plug.

7. Fil In and stablize the temporary sediment trap.

Runoff Control\:x

Limits of

| 30 |

b
:
>
g
Limita of

Beltwidth

2% Min. Slope

Bankfull Width

~Sediment Fence

=

Runoff shall be controlled by a proposed diversion
berm/swale. The runoff shail be diverted to o location

where the flow can
swale or temporary

enter Silver Creek through a stabliized
pipe.

e 2%

Ex. Ground 1%
remp e ;7/—{317

F S P

= —
Bankfull Depth = 3'
SILVER CREEK EROSION
CONTROL._DETAIL

Not to Scale

Sediment Control:
Sediment shall be;‘qn!mllad by sediment fence

or Fillrexx Filterso:
the bon

aced f
k on eoch uideP'of the &ng_"tltée g

TEMPORARY SEDIMENT TRAP ENCLOSURE DETAILS

Temporary & Permanent Seeding —  See Table

TYPE APPLUICATION RATES |[APPLICATION DATES
TEMFORARY SEED: r "
Winter Rye (Secale cereale) 40 Ibs/acre une—August
PERMANENT SEED:
Big Bluestem (Andropogon gerardii) 15 Ibs/acre September — May
Broomsedge (Andropogon virginicus} of mixture
Deestmmigue (Ponicum dandestinum)
Little (Schi: i urm)
Indiangrass (Sorghastrum nutans)
OVERSEED: T
Pearl Millet  (Pennisetum glavcum) 15 Ibs/acre June—Augus

(No Scale)

trocior by to enesre

Scale: 1/8” = 1
This detad to be used as
temporary sediment basin

during construction.

Wutsr Flow
4 Arroes
) ?
S
-
}.’I
Side Siopa
Dewatering within excavated aregs, if required, shall be performed in accordance with
the detolls shown on this plan. Alt th of g moay requlre prior
Ex E approval of the Engineer.
—p Sedenmnl
Ega: (fea 4= Conbraclor Is to pump from the stream to the sediment trap enclosure to provide
E sediment control during construction of the stream.
Al sedimentotion and erosion control devices shall be inspected immediately after ecch
roinfall and ot leas! dally during p ged rolnfall, C shall utbize
trap enclosure prior to dischorge from site for ofl excovation dewatering acthitles,
Ouiial shail De inrougn native ground cover. No untreated stormwater wiil
N L J be released from the site. diment shall be and properly
y and properly as

v "\ disposed of In an area beyond the
r;r - ¥

\ = Specific Application:

Dommﬁ.gmm-prmmkpmwmhwmmmpadlyam
mhichever m\

fiter lobric enclosure, s lesx  Filler fobric sholl howe on L opening

J size (E0S) of 40 — BO aieve (0.3 gol/min/sf maximum). Fiter fobric ond wire mesh
o bocking sholl extend 18" bolow grode ond shall be covered with boekfil,
em Shivam Temporary sediment storoge shafl ba provided within the excovated portion of the

sediment trop. Excowolod side siopes shall not be steeper thon 2 horkz 31 vert Depth
of excovolion shall be 4—feet below notural shall be
re—excavated when the holding areo becomes hulf—hll of sedimont

2005-1446
RP-15/19

May, 2006
Riv. Juna 2008
Noted

e

-

FRter fabric fence shall be a minimum of 36° In width and shall be fostened adequately as directed by the Engineer.

Vlovmﬁterfcbdcbeusednhemsﬂtfennehtorunuhforapedod of more than 30 days.

“

Steel posis shall be 5—0" in heighl and be of the self—fuslenar angle stesl type. Wood posts shall be 6 long and 3" in
diameter.

Wire fencing shall be at least $10 gouge with o minimum of & line wires with 12 stay spacing.
Tum et fence up slope at ends.

Wire mesh ehall be min. 13 gouge with moximum 12° openings.

Wire and washed stone will be required and noted on plans when:

a At toe of slopes greater than 10 feet vertical (21 eiope)
b. At denuded limits where an undisturbed buffer Is 50 feet or lesa away

Ne v o

B.  Orange safety fence is required at back of it fence(within 5 fL) when grading i3 adjpcent to swim buffers (refer to swim buffer
guidelines).
MAINTENANCE NOTES

1. Fliter barriers shall be insp by the P party or his agent immediately ofter ooch rainfall and at least daily
during prolonged rainfall. ~ Any repalrs needed shall be made immediately.

2 Should the fabric d or become prior to the end of the expected usable life and the barier stil is n o
the fabric sholl be reploced promplly. Sediment deposits should be removed when deposits reach approx. half the height of the
barrier.

3. Any sediment deposile remoaining in place ofter the s3t fence is removed shall be dressed to
conform to the existing grade, prepared and seeded.

(No Scale)

BURKE COUNTY, NORTH CAROLINA
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PLAN DESIGNER: SITE CONTACT
Evans, Mechwart, Hambleton, & Titen, Inc. Bob Koone

5500 New Albany Road (828) 432-7759
Columbus, Ohio 43054

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

PROJECT OWNER:
Cal MBler
Wetiands Resource Center
3970 Bowen Rd
nal Winchester, OH 43110
4) 327-7034

PROJECT LOCATION:
The project Is located within Burke County, south of Interstate 40.

PROJECT DESCRIPTION:

The project ista of the and of stream channels, indicated os Siver
Crock and ¥ on the plan. The existing eroded stream banks of the
streom buffer corridors of the watercourse shall be planted with a variety of trees, shrubs and
seedings oz indicaled on the planting plan.

AREA OF PROJECT SITE & AREAS OF DISTURBANCE:

Project Area: 11.2 Acres
Area of Di: 6.7 Acres

EXISTING SITE CONDITIONS:

The Shiver Creek corridor predominantly consists of a narrow riparian buffer with adjoining posture
lands. Some portions of the project comridor (near the downstreom end) have a wider forested area,
which wil not be disturbed

The unamed tributary Is contained within a wooded ruvine, dlso with adjoining pasture lands. Impact
to existing wooded areas wHl be minimized

ADJACENT AREAS:

The areas are pr fields (Pasture).

DESCRIPTION OF SOILS:

SILMVER CREFK

Colvard (CvA) Colvard sofis are on flood plains of mountain valleys In the southern

Appol Mountaine. Slopes range from O to 4 percent. The soRs consist of In loamy and sondy
sedim

Below 40 Inches are sandy or loamy sediments contain 0 to B0 percent graval to cobble size rock
fragments,

UNNAMED TRIBUTARY
Rhodhiss sandy loam (RhD), 2 to 95 percent slopes

Details have been provided on this plan in an effort to help the Contractor provide
erosion and sedimentation control. The details shown on the pian shall be
considered a minimum. Erosion and sediment control features indicated on the
relocation plan sholl be instolied per the State of North Carolina Department of
Transportation details. The Controctor shall be solely responsibility for providing
r y and ad t: es 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 Environmenta!, and Natural Resources
ssion and sediment contro! regulations.

2 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 holder provide qualified personnel to conduct site inspections
ensuring proper functiondlity of the erosion and sedimentation controls. All erosion
ond 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 avallable to jurisdict I agencies if requested

MAINTENANCE

It is the Contractor’'s responsibility to ! the i tion ond erosion control
features on this project. Any sediment or debris that has reduced the efficiency of
o control shall be r d i diotely. Upon ducting on 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 groding, permanent ground cover shall be

stablished for all disturbed oreas within 15 working days or 90 calendar days
‘chever is shorter) following completion of construction or development.

sturbed slopes shall be stobilized per the stream channel bank stabilization details
uid the planting plan.
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Not ta Scole

PLANTING ZONES — SILVER CREEK

—Zone 1 — Quiside Meonder

Live branches (See Chonnel Reinforcement Delall, Shest RP-9)

Scientific Name
Silky dogwood Cormuis amomum
Southern arrowwood viburnum Viburritm d“""““m’.
Elderberry cus canadensis
Salix nigra
Block willow

—Zone 2 - Streamside Shrubs & Trees

Shrubs
Scientific N
Painted buckeye Aesculuy sylvatica
Silky dogwood Cornus amaonm
Taq older Alnus serrulata
Block willaw Salix nigra
Elderberry Sambmmmdmm
Southern arrowwood viburnum V;lbumm:&:a_wm:
Americen hazelnut Corylus americans
Irees *
Box elder Acer negundio
River birch Betuls nigra
Sycomore Platanus occidentalis
Sweel gum Liquidambar styraciflua
Green ash Fraxinus pennsylvanica
Tulip poplar Lirfodendron tulipifera
Americon elm lmus americans
Bitternul hickory Carya cordifprmis

* Trees should be 1 gollon pots on 100" spacing, unless otherwise indicated,

—Zone 3~ Floodprone Area

Common Name Scientific Name
Box elder Acer negundo
River birch Betuia nigra
Sycamuore Platanus oceidentalis
Sweet gum Liguidambar styraciflua
Green ash Fraxinus pennsylvanics
Tullp poplar Liriodendron tulipifers
Americon elm Ullmus emericana
Bitlernul hickory Carya cardifarmis
—Zone 4 - Riparian Buffer
Common_ Name Scientific Name
White ash Fraxinus alba
Black walnut Juglans nigra
Tulip poplar Lirfodendron tulipifery
Block gum Nyssa sylvatica
Black cherry Prunus seroting
White oak Quercas alba
— Notes

= Finol species selection will be bosed upon availability

- Planting densities:
Zone 1 — 2x2° cenlers

Zone 2 — 4x4’ centers (Shrubs Oniy)

Zone 3 — 8xB' centers
Zone 4 — 10:10" centers

=  Temporory and permonent seeding to occur in Zones 2, 3 & 4 —

See Toble
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TYPE APPLICATION RATES |APPLICATION DATES
TEMPORARY SEED:
Winter Rye (Secale cercale) 40 Ibs/acre June=August
PERMANENT SEED:
Blg Bluestern (Andropagon gerardii) 15 Ibs/acra Seplember — May
Broomsedge (Andrapogon virginicus) of mixture
Deertongue (Panicum clandestinum)
Little Bluestem (Schizachyrium scoparium)
Indiangrass (Sorghasirum nutans)
OVERSEED:
Pearl Miltet (Penmisetum gluncun) 15 Ibs/acre Junie=Auguat

IMINARY |
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- — Zone 1 — Qutside Meander (2'x2" centers) § g o
Live branches (See Channel Reinforcement Detail, Sheet RP-9) o
Common Name Scientific Name
Silky dagwood CorRUS GIROTUIN
Southern arrowwood viburmurmn Viburnum dentatum
Elderberry Sembucus canedensis g
Black willow Saliz nigra % g 5
H ~ Zone 2 — Streumside Shrubs & Trees z é :
Shrubs (4'x4’ ters
Common_Name Scientific Name 3
Painted buckeye Aescrdus sylvatica
Silky dogwood Cornus amomum
Tag alder Alnus serrulata
Black willow Saliz nigrm
Elderberry Sambucus canadensts
Southern arrowwood viburnum Viburnum dentatum
American hazelnut Corylus emericana
Trees *
Common Name Scientific Name
Box elder Acer rnegundo
River birch Betule nigra
Sycamore Aatanus occidentalis
Sweet gum Liguidambar styracifiuc
Green ash Frezi: y- L e
Tulip poplar Liriodendran fwlipirera
American elm Ulmus americanc
Bitternut hickory Caryaz cordiformies

* Trees should be 1 gallon pots on 100" spacing, unless otherwise indicated.

~ Zone 3 — Floodprone Areq (8'x8" centors)

UNNAMED TRIBUTARY

Common_ Name Scientific Name

Box elder Acer negunrdo

River birch Letule nigra

Sycamore Flatanus accidentalis
Sweet gum Liguidembar styrocifiua
Green ash Frezinus pennsylvenica
Tulip poplar Liriodendron luipijfera
American elm Uimus americana
Bitternut hickory Carya cordiformis

BURKE COUNTY, NORTH CAROLINA
STREAM RESTORATION PLAN
FOR
SILVER CREEK AND UNNAMED TRIBUTARY [ ..

PLANTING PLAN

/ e — Zone 4 - Riparian Buffer (10'x10" centers)
Common me Scientific Name
White ash Frazinus albe
Black walnut Juglarns nigra
Tulip poplor Liriodendron (ulipijera
Black gum Nyssa sylvatica
Black cherry Prunus seroline

White oak Quercus alba

7/
/ — Supplementat Plantin

Most existing vegetation will remain and will be supplemented by a mixture of bare—
root and larger tree maoterial to improve the riparian corridar.

E anxg}%gllnt

=

N\

PROGRAM

Common Name Scientific Name
White ash Frazinus alba
Block walnut Juglans nigra .
’ Tulip poplar Liriodendron twlipifera
‘ Black qum Nysse sylvatica
# Black cherry Prunus serofina
i‘i’ White oak Quercus alba
"‘ — Cattle Intrusion Areg
‘j Current vegetation is sparse due to heavy cattle intrusion. Areas will be improved by g g
' : planting of bare—root trees on 8 centers, in oddition to same larger material. E N
i B0
5 Common Name Scientific Nome 333
‘ White ash Frazinus alba 228
'* Black walnut Suglans nigra Eeg
‘0 Tulip poplar Liriodendron tulipifera o8
" Block gum Nyssa sylvatica (]
‘ Black cherry Prunus serotina 283
“ White oak Quercus albe é;g
. =827
1’ —  Full planting (utilizing Zone 1—4 approach) will occur in areas cleared fmBe
‘ for construction access
" —  Final species selection will be based upon availability
/ —  Temporary and permanent seeding to occur in Zones 2, 3 & 4 — See
/ Table
% TYPE APPLICATION RATES APPLICATION DATES
{ TEMPORARY SEED:
\‘* Winter Rye (Secale cersale) 40 Ibs/acre June—August
o
/ K PERMANENT SEED:
\9 Big Bluestem (Ardropogon gerardis) 15 Ibs/acre September — May
0“ Broomsedge (Andropogon virginicus) of mixture 2
a Deertongue (Fanicumn clandestinum) g
7 Little Bluestem (Schizachyrium scoparium) E
% Indiangrass {Sorghastrum nutans)
‘:‘ OVERSEED:
/“% Pearl Millet (Pennisetum glaucum) 15 Ibs/acre June—August E
Matchline Sta. 8+50.00 (See Sheet RP—19) NOT FOR CONSTRUGT H




Matchiine Sta. 8+50.00 (See Sheet RP—18)
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NTING 7 — UNNAMED TRIBUTARY

~ Zone 1 =

Live branches (See Channel Reinforcement Detail, Sheet RP—9)

Common Name

Silky dogwood

Southern arrowwood viburnum
Elderberry

Black willow

- Zone 2 — Gircomside Shrubs & Trees

Shrubs (4'x4" centers)
Common Name

Painted buckeye

Silky dogwood

Tag alder

Black willow

Blderberry

Southern arrowwood viburnum
American hazelnut

Trees *
Common_Name
Box elder

River birch
Sycamore

Sweet gum
Green ash

Tulip poplar
American elm
Bitternut hickory

* Trees should be 1 gallon pots on 100’

Scientific Name

Cornus amomum
Viburnum deniatum
Sambucus cenadensis
Saliz nigra

Scientific Name
Aesculus sylvatica
Cornus amomum
Alnus serrulate

Saliz nigra
Sambucus canadensis
Vidburnum dentatum
Comyplus americana

Scientific Name

Acer mne

Betula nigra

Platanus occidentalis
Ligquidambar styracifiua

Fr Y
Liriodendran tulipirera
Ulmus americana
Carya cordiformis

spacing, unless otherwise indicated.

~ Zone 3 — FEloodprone Aren ('x8' centers)
Common Nome Scientific Name
Box elder Acer negurdo
River birch Betula nigre
Sycamore Platanus accidenialis
Sweet gum Ligquidambar styrocifiue
Green ash Frazi P yl ica
Tulip poplar Liriodendron tulipifera

American elm
Bitternut hickory

Ulmus americane
Carya cordiformis

- Zone 4 — Riparion Buffer (10'x10" centers)

Common Name
White ash
Black walnut
Tulip poplar
Black gum
Black cherry
White oak

— Supplemental Plantings

Scientific Name
FPrazinus alba

Juglans nigra
Liriedendron tulipifere
Nyssa sylvatica
Prunus serotina
Quercus alba

Most existing vegetation will remain and will be supplemented by a mixture of bare—
root and larger tree material to improve the riparian corridar.

Common Name
White ash
Black walnut
Tulip poplar
Black gum
Black cherry
White oak

- ttle Intrusi eg

Scientific Name
Frazinus alba

Juglans nigra
Liriodendron tulipifera
Nyssa sylvatica
Prunus serotina
Quercus alda

Current vegetation is sparse due to heavy cattle intrusion. Areas will be improved by
planting of bare—root trees on 8' centers, in addition to same larger material.

Common_Name
White ash
Black walnut
Tulip poplar
Black gum
Black cherry
White oak

— Notes

Scientific Name
Frazinus albe

Juglans nigra
Liriodendron tulipifera
Nyssa sylvatica
Prunus serotina
Quercus alba
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- Full planting (utilizing Zone 1—4 approach) will occur in areas cleared

for construction access

Final species selection will be based upon availability

Temporary and permanent seeding to occur in Zones 2, 3 & 4 — See
Table
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TYPE APPLICATION RATES APPLICATION DATES
TEMPORARY SEED: ’ o i
Winter Rye (Secale cereale) 40 Ibs/acre Hne—Augus
PERMANENT SEED:
Big Bluestem (Andropogor: gerardsi) 15 Ibs/acre Septemnber — May
Broomsedge (4rdropogor virginicus) of mixture
Deertongue (Pantcumn clandestinum)
Little Bluestem (Schizackyrium scoparium)
Indiangrass (Sorghastrum nwians)
OVERSEED: i J A ¢
Peorl Millet (FPennisetum glaucum) 15 Ibg/acre une=Augus
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ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract #D05016-1

APPENDIX 2

Project Site NCDWQ Stream Classification Forms



(uapuLIul 3SU7T IV ST Wva4s YL S1i1od 61 oL jonby 40 uvy] L&u»..Eramgumh F AvLig) SINIOd TV.LO.

S°7° ‘SUNIOd m@h VOIGNI hbbmﬂ.hm AAVANOIH!

0 0

19 7 1

Hd A
l %uaseuhm. uy sjuvyd E\.G mc:&.ﬁ\ NSQ.N\N ‘H7

TdN APSOI  NOVAABSOIN  DVAADSOIN  MOVI ABSON  TO ABsO AVS (pequiean§ U Sjue[d PUBIOM o-, (
T T S Q)
ST T 5 {YUSSAI] SUBUN,]/eTIa)o8 e SUIZIPIX
(i i B @ JIasa1] SOUaqOIdEJA oIy (
S T mWw 0" {WRSaI USTART) 31V (
<1 T ) 0 {IUSSAI SS[HNONEndY 31y (
T1 I Ww 0 {YUSSaIq SURIqIIAury a1y (
ST T ’ 0 JALERSR RN T ERAY
ouoqs JJEIPOIA HEIAA JuIsqQy Asoford ‘11
e 1. SINIOd YOLIVIIANI A90TOYAXH AYVANOD!
/0=9\) CT=52% {MOPESH U] JO) [PUUey) JO SIPIS U] 3Uasa1d S[I0S OHPAH 91V (
e — J(WOSESG SUIMOID) U] J() SuonIpuo;
D) I S 0 A3q Supm( fouuey) U J0Ke M B10YT
L a1 TP NG J] -AL0Ns) jutey Aoy
@) iE g 0 90ULg 'SIH §p< pup [SUURYD U] 132 M ST (
ST E < 0 Evmo._m SSUT] ORI a1V (
Sil I 5 0
0 [ 1 nmrc Jpequeang Uy EumEm
onigeaT (5,35 30) s 3es X s, ST (
SUuoI}S 9JEISPOIA] MEIA\ JUISqQy ASO[OIPAH T
i 7 SINIO JOLVIIANI AD0TOHIYOWOTO AdVANOIT!
f@ I [ 0 GRER\ S5eureI(] [eJmef
P v areorpu] AydesBodo], ssoq (
ST T 5 0) ¢[PUTET) U] UT0J [OXTU0)) 9perD V S5 [ ST (
(9% T S 0 JRUURY) U JUSSSI I PeaH V 939U L ST (
su0.3§ JJEIIPOIA MEBIAA JURSqY Aso[oydIoumoar) -
(2ur] 42 42quin\ 340 212413) S TOJBITPU] PIOTY ATEPU0IIS
mw *SINIOd YOLVIIANI 5071019 AYVIIY .
€ z T ) U531 SIATBATE 31V (
€ (€4) T 0 YUISaI UOIATAIISd ST (
0 I Fé C Jpequiean§ U] Juasald Sjue]d p100y oIy (
0 I Z C JPRqUIBa}§ UT JUSSAIJ S100Y] SnoIqLy a1y |
RGBT JEIIPOTA NEIAN uasq ASo[oig 11
. | SINIOd JOLVIIANI AD0TOYUIH A4V N1
€ z G 0 (JU9S3IJ SBIR(OSI(/AO0],
IojeMPUNOIL) Y 219 T, ST (
Su0I)S JEISPOIA MB3IAA JUSqQVy ASO[OIPAH T
“ LI SENTOJ YOIVIIANI 90 TOHJYONOTD XAV«
0=0N @ Uasald (P[eTd U] (/P dejy odoT U0
. poyeoIpu] m$ s&ﬁo 1o1ea1n) 10 19pI0 ,,Z V S1 (0
(«(=2400% WSY] AJISONul I TIILON:
mw). z I 0 %85 Sueq 29 pag snonunuo) Vv s (.
3 D) I 0 (IIaseI] [Puay [[Opjued v o101 L ST (
3 C M\ T bl; ZIUSSAI SISOda(J [BTAN[[Y U0y 21V (.
€ e T C0) Zpaprerg [autet) oy L ST (
€ © T 0 {IUSsaIJ UTe[dpoo,
o~ (o199 10) oAnPY Uy 219y, ST (
3 I 0 GSTONUIS [oute) 34 L ST (
o ( i 0 JIU9Sa1] SI0AY] [EAJEN o4y [
@ T 0 JUTBIIS ] SUIpUNOLNS W0l ] JUSIoI(]
% N\ : pequIesng uJ aIXs 1, VSN YL SI (
€ T (1) 0 $S0USTbSS T00J-3[JTd V 9394 L ST (
E{TONITY JEIRPOTA TESAA JUASqY Aso[oqdIounoas)

\Nr..ﬂ« A3 LDQUINAT 3UO) N..-Q..._._U\- HMH oﬂﬂugnh HU,—OMPH >l~“gmhﬁ
xPsn 24 10u pinoys wopsds Suw

SIYI~—D24)S [DANDU PIIIPOUL D JOU PUD YIIP IPDUI-UDW D S1 24MIpaf Y3 U0Ipnpad ays fo jusumaSpnf jpuoissafoad 1saq oy up fi
Aipssaoau 10u S1 uidof Spy1 fo asn Uz} ‘Yopp apvu-uvUL D S 24mID2f 38 3pY1 2248D doumopup] pup J03wmpad J1 I LON ASVI Ld:

:SUOTIO0JI(J/UONB00 ] :opnyiduo] :avnO sosn 1018(
:2rgeusdig :opmne {WEBONS PSWEN ISIIBIN JToquunp 199[013 O M
JoyeneAq :Ayuno) uiseq JoATY :owreN 10901,

ULI0,] UONBIGISSE]) WeanS OAMADN

VaR



(UPBIASIUL 1SV 1Y ST MDA YT Ssurod §T OL 1wnb 40 uvyL 430249 J) Nm ={mpu02s + T SINIOd TV.LOI

ﬁ :SINIOd YOLVIIANI A90T0Id AIdVANODIH!

Guasald Fs SSH 1. 215 ST dIjg JA0GF P .62 57
0 0 @N SL 1 z poquivaas uf- siuold 11y JO 2ouasqy 1010L 1 4L~
TN APSOIN  NOVAADSOIN  OVIABSON  MOVA ApsoW 190 ApSOW _ AVS (paquieang uj sjue[d PUBRROM <

T I S (0) ZassaIq €8]y Snojueure(Td ST {

Sl [« K] JJuasal] susunjjenajoeq sulZIprXQ UoI[ a1y {

T a 5 0 {USSaIT SOqUSOIBIN TV

Sl T [ 0 JiuasaIg YsgAeI) a1y (

[ I S 0 ISSAI So[HN [oRenby a1y (

T ! € 0 (IUSSIIg SURIqIAWy 31V

i1 T T (0) ESSIIg UST 91V (

{IGRETS )BIPOJA Hea M JusQV Asojorg 1

s ‘G T :SINIOd YOLVIIANI A90TOYAAH AUV ANOIT,

(=) CT=59% Z(MOPESH U] 10) [PUUET) JO SIPIS U] JUSSAIT S[I0S IMPAH 31V

S Z(U0SESS BUTMOID) U] 4() SUORIPUO;

bQ mESQ ﬁnqmao uf .HBa 3 2197 .H ST (.

20UIS "SIFT < PHY [OUIER) U 378 S (

_;)c:cvo =
£

¢
<1 T @‘ JIUa5a1g SaUT] SOBIAL 30 (
ST I cs)
0 5 I {PqUIESTS U TSI
Top1gea] (53527 10) S Ted & ST ST (
suons JJEIOPOIA MEIAN Juosqy ASO[0IPAH 1

W m “SINIOd NQ.:\DNQZN AD0TOHJdYON OO LYV ANOIA,

ST 7 I (ABAM S0BUIRI(] [BITUR}
P " v aeorpuy Aydeiodo] sao( (

>
m.H ﬁ m. o auccﬂ_bu:ﬁom_ohnooovﬁojwuhoﬁmﬁ
ST . m. o aoﬁamoﬁﬁﬁmﬂm:dﬁmom,mﬁuﬂﬂm_H
su0NnS ACAIPOIA NEIAL JUISqY A50[01d10TH0d%) *

(PUITT 42 A3QuInN 2UQ 31241D) * 8 h@wﬂ@%.—mh m...-—@..— ._..H NﬂuﬂOOQm

a V *SINIOd YOLVIIANI AD0T0Id A4V INIY

o, [USSaT] SIATEATE 31V

0 (IUIsald ﬂogﬁmamﬂ. d 5] (

3 JPaquizang U] Judselq Siue[q parooy 31y

S| o oy
€

3 ZpoquITang U] JUasalq 5100y SA0Iqiy a1 (

3U0S 3JBI9POIA FUEG Asoforg ‘11

N W \ %HZM Od JOLVIIANI ADO0TOYUIH AUV N .«

U521 9BIeYoSI(]/MO],
I0JeMpUNOIn) 7 9197 T, ST (

& 4

.
=
B ?@Er‘“

BU0AS 3JCIOPOIAl SRR JUasSqy ASO[0APAH ‘T

%m | :SINIOd YOLVIIANI A90TOHdYONWOHO AdV NI«

@ =y JiUasal] (Petd Ul 40/PWY QeI 040 U0
paeOIpu] 5v) 19UUEYD) 1219910 10 19PIO paT V ST (0

«fai ...Qb.w‘ TEITY, -< 7 ___ \ _._“\

anmEm M:am u% vom msosasaoo v mH A

DeSa1g oY TgIIed v 9394 L SI (

0
0

\Ql/ LRSI SHSOda(] [BIAN[[Y U209y Ay (

& ~JPapTeIg [PUUE) SULSI(
0

cnl enl enf en| N

GIUBS3I] Ure[dpoo,
(o119 10) 2410V UY 19y ST (

[ SSNONULS [SUUe)) 3y [, ST L

JIUS531] SO8AY ] [eAeN o1V (

GUIBIIR [ SUTPUNOLING WO JUIJI
paqurean)§ uJ aXmXa] ¥ASN 4L 8] (

i
&/

N
(=) R’ e

0 7oouanbag [004-20JTd V %YL SI (

[4
sUonS

MeoA JUIsSqy Aso[odIouioar) -

(21T 424 42quiny 240 21241D) S0 BIIPU] PO ATCUILI¢
£ Posn 2 you ppmoys uisds Suyn

SI}— V2 43S [DANIDU PIYIPOUL D JOU PUD YOJP SPVMI-UDIL D S1 24mIV2f 243 U0JONDAS 24} Jo yuowiaSpnl ppuoissafoad 3s3q ayp up fi
“L1pSS200U 10U ST WLIOS SIY3fO 95N UIYY YORP IPDUI-UDU D S 2AMIDf Y} 30Y} 2048D daumopuv] pup 401mpad JT (Y TLON ASVH ,....

:SUOTODII(J/UONBI0] :opmyiduo] :avnO SDsn 1978(
:aImeusis :opmne] TIBON)S POWeN] 1S9J83N :Joquump] 302fo1d OMC
:JojenjeAq :Ajuno)d useq IoAry :omeN 199[01,

Jrv] - e TLI0 UoneanIsse)) weats OALAOM



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract # D05016-1

APPENDIX 3

Project Site Design Calculations, Plots, Photographs and Summary Reports



Stream Classification Form

: [ Stream Channel CIass:flcatlon (Level Il) ... ] .

Stream NAME: S11ver Creek & Trib Restoration, Reach - Reach 2 (Absndoned Oxbow)

Basin NAME: CATAWBA RIVER_

Drainage AREA: _ 5126.4 acre ___8or mi*

Location: fOIEFELE XS STA 12459 . 5 SILyEL C‘-EEEK z?c/.él(é‘ CO.. NG

Twp: Rge: Sec: Qtr: Lat: 0 Long 0
Observers: WA € REL’—:I\\ E. KNG?TS P(;} Date: 2/8/2006
* [Bankfull WIDTH (W,,) 1225 Feet

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

.~ [Mean DEPTH (d,,)

2.56 Feet )
g - |[Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a riffle section. 3
754 (dbkt—Abkz/W bkf) e
Ze Bankfull Cross Sectlon Area (Abkf) 315.9 Feet’ _;féin
- |AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle section. ::ré
' ."- WIDTH / DEPTH RATIO (kaf /dbkf) 47.85 Ft/Ft ;:
| Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. g
4!
Maximum DEPTH (d,,;() 8.31 Feet
i Maximum depth of the bankfull channel cross-section, or elevation between the bankfull stage and ~ .
thalweg in a riffle section. |
|Flood-Prone Area WIDTH (Wy,,) 1234 Feet |
The stage/elevation at which flood-prone area WIDTH is determined in a riffle section at twice |
maximum DEPTH, or (2 X dmm)
: W Entrenchment RATIO (ER) 1.01 Ft/Ft
. | The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH {(Wapa/ Weiep) in a riffle
i 1 sectlon
Channel Materlals (Partlcle Slze Index) D50 38.5 mm

* | The 50th percentile, or less than, from a pebble count frequency distribution of channel particles
representmg the median or dominant part1cle size.

L]

S

Y e ==
0

‘|Water Surface S

LOPE (S)

0.00218 Ft/Ft

~ | Average water surface slope as measured between the same position of bed features in the profile

i ~ |over two meander wave lengths This is similar to average bankfull slope.

' [Channel SINUO

SITY (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)

Stream Type

F4

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

© 2005 Wildland Hydrology



Alteved Reach Summary Data Form
5. IVQrCmelL/?bandmea( kbowd Biffle Section

4 [ -.and 4/{@2‘( Reach Summary Data ] i B A
RE lMean R1fﬂe Depth (dbkf) P ssifeet |Mean Riffle Width (wbkf) | 123.4]fect ]Mean Riffle Area (Abkf) 225.55feei|
I sl ]Mean Pool Depth (dpisp) E - O'feet |Mean Pool W1dth (kafp) O:feet |lVIear1 Pool Area (Apg,) i difeetz |

% /|Ratio Mean Pool 0.000 dbkfp/ Ratlo Pool W1dth/R1fﬂe 0.000 Wi/ Ratio Pool Area/ 0.000 At/
€ |||PeptlvMean Riffle Depth doxs Wldth Wy |Riffle Area Abkf
% Max Ril;fle_Depm (dmr;f)- E_ 8‘ feet |Max Pool Depth (dmpool) ! _ O.rfeet |Max r1fﬂe depth/Mean nfﬂe depthI 4. 142|
E I Max pool depth/Mean riffle depth' 0 I . ' 2 . rnb i "{'y IPomt Bar Slcpc E 0 l
© IStreamﬂow Estlmated Mean Velo<::,tty":1tw Dankfull Stage (ubk) é 1 46 ft/s lEstlmanon Method E - ]
.: }-i ‘:“I Strea.mﬂow Estnnated D1scharge at Bankfull Stage (Qbk) i 461 chs |Drainage Area i 8.01 Emiz l
_ : ’.ﬁ’ﬁﬁwlﬁelry e _ Min _ ! Dimensionless Geometry, A hn M
£ IMeandcr Length (Lm) E 0; Og Ulf'eet lMeander Length Ratio (mewbka i 0000- 0. 000- 0. D(]OI
’E‘ |Radius ofCunrat_u;c (Rctl E O_E . Ué - 0 feet IRad1us of Curvature/R1fﬂe Wldth (Rc/kaf) ! OOOCII 0. 000- 0.000f
% gclt_Wldth -(Wm)__ T l - _0. : t):_ O‘fcct |Meattd_ter_W1dth Rat1o (th/kaf) E_O 000' 0000' 0000
| g fIh=%1:C1dual Pool Lfrlgth_ _ ] 31 95 is 75} 36. us‘fee: ] Poo] Lengwmme Wldth | 0259' 0209, o.zgz]_'
= ;Pool to Pool Spacmg E 119 1; 10[ li 137 2:fcet Pool to Pool Spacmg/R1fﬂe W1dth ; 0965: 0. 819- 1.1 lZl
B ﬁ Valley Slope (VS) [ 00051 [WA JAverage Wa}ér Surface Slope (S) | _ 0.00218 VR [Sinuosity wss) 1]
lStream ];ength (SL)' "0 feet [Valley Length (VL) T o0 .fcet [Sinuosity (SL/VL) | #####]
3| Low Bank Height start 0ifeet Max Riffle start Oifeet Bank Height Ratio start
S| (LBH) Depth end 0ifeet (LBH/Max Riffle Depth) end

K Tﬁ?gg?hslﬁpes " "';-\i!b"-";h.' in .: ‘ ST ek Dlmmsmnless SloPeRatios" D R

|Riffle Slope Sqp 0. 0028-0 0028-0 0028 ftfﬁ |R1fﬂe Slope/Average Water Surface Slope (S {S) i 1.303- 1303} l,303"
% '.Run Slope (Sn:n) 0. 0014'0 0006-0 OOZS-I'u’ﬁ_‘_ l;uh“Slope/Average Water Stlrface Slope S /S) 10619 0 257I 1.l38§I:
% Poo[ Slope (Sp) _ .0 0026‘0 0004'0 0080 ft/ft |Pool Slope/Average Water Surface Slope (SPIS) E I 1‘;‘0 0 202' 3 683|
% '_ G‘ildc Slope (Sx) \EO 011 9!0 0000:0 0?20 ﬂfﬁ [Ghde Slope/Average Water Surface Slope {Sg(S) l 5 440‘ 0. 000 14, 661'

i_.’ : : j ol : bOL j:Dlmenslonless Dep_ __.‘____'ups-.'ln 11:"# A

[ 7 58{). 7 ‘:‘SOIfem IRlﬁle Max Depth/R1fﬂe Mean Depth (d {dbkf)

s 9401 4.940} 4. 940ifeet _[Run Max Depth/Riffle Mean Depth (dmm,,/dbkt) ; 2.699; 2.599; 2,699
o oom 0 oco- 0. ooo fect |Pool Max Depth/R1fﬂe Mean Depth (dmp/d,,ka 1 0.000} 0.000} o,oooi
[Gnde Depth (d,,,g) i o 000; 0.000{ o OOU'feet |Ghde Ma\r Deplth:mc Mean  Depth (d,,@/d,,kf) ! 0.000{ 0.000} 0.000}

% Cobblc

[ Channel Materials ] ".

% Boulder

T
|
% Gravel |
[
|
[

|% Bedrock

a. The range of "feature” m1d-pomt 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.

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

© 2005 Wildland Hydrology



Silver Creek Main Stem NCD Report
RIVERMORPH NATURAL CHANNEL DESIGN REPORT

River Name: Silver Creek
Reach Name: Main Stem

--Reference Reach--
Silver Creek & Trib Restoration; Reach 1 (Reference Reach) ( C 4)

--Boundary Conditions--

Drainage Area: 8.01 sq mi
valley Slope: .0051 ft/ft
Bankfull Discharge: 461 cfs
Bankfull Cross Sectional Area: 103 sq ft
Mean Depth Calculation Tolerance: 0.2 ft

--Sediment Data--

Riffle Bed Material ID:

Riffle Bed Material D84: 60.2 mm
Riffle Bed Material D50: 38.5 mm
Bar Sample ID:

Bar Sample Dmax: 180 mm
Bar Sample D50: 27.3 mm

--Entrainment Options--

shields Entrainment Function

--Alignment--

Meander wavelength: 191.8 ft
Channel Length: 264.03 ft
Sinuosity: 1.38
Radius of Curvature: 32.3 ft
Bankfull Slope: 0.0037
Meander Belt width: 82.8 ft
Meander width Ratio: 2.06
Deflection Angle: 0 rad

--Riffle Cross Sectional Properties--

width to Depth Ratio: 15.67
Entrenchment Ratio: 9.66
Floodprone width: 388.04 ft
Bankfull width: 40.17 ft
Bankfull Mean Depth: 2.56 ft
Bankfull velocity: 4.48 ft/s
Bankfull Hydraulic Radius: 2.27 ft
Bankfull shear Stress: 0.524 1bs/sq ft
Required Roughness (n): 0.0349 ftA(1l/6)
Entrainable Particle Size: 30.6 mm

Page 1



Silver Creek Main Stem NCD Report

--Rosgen Stream Classification--

Reference Reach :
Proposed Reach :
Existing Reach :

ulalke!
Lo

--Sediment Transport Competency--
Ratio - Riffle Slope / Bankfull Slope:

Ratio - D50bed / D50bar:
Critical Dimensionless Shear Stress (1):
Required Mean Depth (1):
Ratio - Di bar / D50bed:
critical Dimensionless Shear Stress (2):
Required Mean Depth (2):

Minimum Required Mean Depth: 2.57 ft

Page 2

2.14

1.410
0.0618
16.27 ft
4.675
0.0098
2.57 ft



Cross-vane Design Summary
RIVERMORPH VANE DESIGN REPORT

River Name: Silver Creek
Reach Name: Main Stem
Vane Name: Cross-vane

Input Data
Bank Height: 7.0 ft
Bankfull Height: 3.0 ft

Shear stress: 0.55 1bs/sq ft
Near Bank Stress: 2.24 1bs/sq ft
Bankfull Slope: 0.0027 ft/ft
Bankfull width: 30.0 ft

Radius of Curvature: 30.0 ft

Plan view vane Angle: 10-17 deg
Results

Ratio - Rc/wbkf:

Vane Spacing: 1.00 ft

vane Length: 250 ft
Minimum Rock Size (Diameter): 2.6 ft
Protrusion Height: 0.25 ft
Footing Depth: 4.75 ft

Layers of Footing Stones: 2

vane Slope: 5.0 %

Page 1
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RIVERMorph Cross Section Detail

- Riffle -
Bankfull Elevation: 100.00 ft
Cross Sectional Area: 103.04 sq ft
wetted Perimeter: 43.22 ft
Bankfull width: 40.17 ft
Floodprone width: 388.04 ft
Bankfull Mean Depth: 2.57 ft
Bankfull Max Depth: 2.74 ft
Lt. Bank Tangent Slope: - ft/ft
Rt. Bank Tangent Slope: - ft/ft
X-Coord Y-Coord
0 103.44
173.93 100
173.98 99.15
174.28 98.5
175.07 98.02
176.59 97.68
179.11 97.46
182.84 97.34
188.05 97.28
194.96 97.26
201.66 97.29
206.59 97.35
210.02 97.47
212.21 97.69
213.45 98.02
213.99 98.5
214.12 99.15
214.1 100

388.04 103.44
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RIVERMorph Cross Section Detail

- Pool -
Bankfull Elevation: 100.00 ft
Cross Sectional Area: 209.03 sq ft
wetted Perimeter: 51.86 ft
Bankfull width: 45.1 ft
Floodprone width: 388.04 ft
Bankfull Mean Depth: 4.63 ft
Bankfull Max Depth: 6.12 ft
Lt. Bank Tangent Slope: - ft/ft
Rt. Bank Tangent Slope: - ft/ft
X-Coord Y-Coord
0 106.12
171.47 100
171.24 98.42
170.89 97.16
170.91 96.19
171.81 95.5
174.09 95.07
178.24 94,87
184.76 94.88
194.15 95.08
201.68 95.4
207.14 95.65
210.88 95.91
213.27 96.26
214.67 96.76
215.45 97.5
215.96 98.55
216.57 100
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NCD PROFILE - ONE MEANDER WAVELENGTH

River: Silver Creek & Trib Restoration
Reach: Reach 1 (Reference Reach)
X-Coord Y-Coord
0.00 93.88
32.85 94.94
65.69 96.32
98.54 95.03
131.38 93.39
164.23 94.45
197.07 95.83
229.92 94,54

262.77 92.90
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MEANDER WAVELENGTH

River: Silver Creek & Trib Restoration
Reach: Reach 1 (Reference Reach)
Sinuosity: 1.37

Meander wavelength: 191.8 ft

Channel Length: 262.83 ft

Meander Belt width: 82.8 ft
Radius of Curvature: 29.73 ft

Circular Curve Option Selected

Tangent Coordinates:

Pt. No. X-Coord Y-Coord
1 22.59 -31.00
2 73.31 31.00
3 118.49 31.00
4 169.21 -31.00

Thalweg Coordinates:

Pt. No. X-Coord Y-Coord
1 0.00 -41.40
2 0.26 -41.40
3 0.51 -41.40
4 0.77 -41.39
5 1.03 -41.38
6 1.28 -41.37
7 1.54 -41.36
8 1.80 -41.35
9 2.05 -41.33

10 2.31 -41.31
11 2.56 -41.29
12 2.82 -41.27
13 3.07 -41.24
14 3.33 -41.21
15 3.58 -41.18
16 3.84 -41.15
17 4.09 -41.12
18 4.35 -41.08
19 4.60 -41.04
20 4.85 -41.00
21 5.11 -40.96
22 5.36 -40.91
23 5.61 -40.87
24 5.86 -40.82
25 6.11 -40.76
26 6.37 -40.71
27 6.62 -40.65
28 6.87 -40.60
29 7.11 -40.54
30 7.36 -40.47
31 7.61 -40.41
32 7.86 -40.34
33 8.11 -40.27
34 8.35 -40.20
35 8.60 -40.13






100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

.42
.59
.48
.65
.82
.99
.17
.34

.70
.88
.06
.24
.43
.62
.80
.99
.19
.38
.57
77
.97
.16
.36
.57
77
.97
.18
.38
.59
.80
.01
.22

.65
.87
.08
.30
.52
.74
.96
.18
41
.63
.86
.08
.31
.77
.00
.23
.46
.70
.93
.17
.40
.64
.88
.12
.36
.60
.84
.08
.32
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175
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177
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180
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195
196
197
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199
200
201
202
203
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205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

223
224
225
226
227

= S
.81
.06
.30
.55
.79
.04
.29
.54
.79
.03
.28
.53
.79
.04
.29
.54
.79
.05
.30
.55
.81
.06
.32
.57
.83
.08
.34
.59
.85
.10
.36
.62
.87
.13
.39
.64
.90
.16
.41
.67
.93
.18
.44
.70
.95
.21
.46
.72
.97
.23
.48

.99
.25
.50
.75
.01
.26
51
.76
.01

.52
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238
239
240
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242
243
244
245
246
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248
249
250
251
252
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254
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259
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265
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273
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275
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277
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279
280
281
282
283
284
285
286
287
288
289
290
291

102.
103.
.26
103.
103.
104.
104.
104.
104.
104.
.23
105.
105.
.96
106.
106.
106.
106.
107.
107.
107.
107.
108.
108.
108.
108.
109.
109.
109.
109.
109.
110.
110.
110.
110.
111.
111.
111.
111.
111.

103

105

105

112

113

115
115
115

115

77
02

51
76
01
25
50
74
99

48
72

20
44
68
92
16
40
63
87
10
34
57
80
03
26
49

94
17
39
62
84
06
28
50
72
93

.15
112.
112.
112.
113.
113.
.42
113.
113.
114.
114.
114.
114.
114.
.03
.23
.42
115.
.81
116.
116.
116.
116.
116.

36
58
79
00
21

62
83
03
23
44
64
83

00
18
37
56
74



292
293
294
295
296
297
298
299
300
301
302
303
304
305
3006
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355

172
172

172

172
173

173

174.
.28
174.
174.
174.
.12
175.
175.
175.
.98
176.
176.
176.
176.
177.
177.
177.
177.
177.
178.
178.
178.
178.
179.
179.
179.
179.
180.
180.

174

175

175

.92
.10
.28
.46
.63
.81
.98
.15
.32
.38
.55
.72
.89
.07
.24
.42
.60
.78
.96
.14
171.
171.
171.
171.
.09
.28
172.
.67
.87
.06
173.
173.
173.
.87

52
70
89

26
47
67

08

49
70

34
55
77

20
42
64
86
08
31
53
76
98
21
44
67
90
13
36
60
83
07
30
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357
358
359
360
361
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363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400

180.
180.
181.
181.
181.
181.
181.
.22
.47
182.
182.
.20
183.
183.
183.
184.
184.
184.
184.
185.
.43
.69
185.
186.
186.
186.
186.
187.
187.
187.
187.
188.
188.
188.
188.
189.
189.
189.
190.
190.
190.
.77

182
182

183

185
185

190

191.
191.
191.

54
78
02
26
50
74
98

96

45
69
94
19
44
69
93
18

94
19
44
69
95
20
45

96
22
47
73
98
24

75
00
26
52

03
29
54

.19
.28
.38
.47
.56
.65
.73
.82
.90
.98
.05
.13
.20
.27
.34
.41
.47
.54
.60
.65
.71
.76
.82
.87
.91
.96
.00
.04
.08
.12
.15
.18
21
.24
.29
.31
.33
.35
.36
.37
.38
.39
.40
.40



Silver Creek BEHI Summary Report
RIVERMORPH BANK EROSION HARZARD INDEX (BEHI)

River Name: Silver Creek Main Stem

Reach Name: Abondoned Oxbow - Altered Profile Station 12+00 - 15+00
BEHI Name: Riffle Section 12+52.5

survey Date: 02/08/06

Bankfull Height: 3 ft
Bank Height: 7.9 ft

Root Depth: 1.5 ft

Root Density: 5 %

Bank Angle: 85 Degrees
surface Protection: 0.1 %

Bank Material Adjustment: Sand 10
Bank Stratification Adjustment: Yes 2

Erosion Loss Curve: Colorado

NBS Method #1: Channel Pattern and/or Depositional Features for
. Adjustments in Near-Bank Stress
Rating: Very High

BEHI Numerical Rating: 55.0

BEHI Adjective Rating: Extreme

NBS Numerical Rating: 0

NBS Adjective Rating: Very High

Total Bank Length: 3059 ft

Estimated Sediment Loss: 5370.24 Cu Yds per Year
Estimated Sediment Loss: 6981.31 Tons per Year

Page 1
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STA 29+73: Downstream View of Silver Creek
at Run Cross-Section near Top of Main Stem
Reach 02/09/2006
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Upstream View of Silver Creek at

Run Cross-Section near Top of Main Stem

STA 29+73

Reach 02/09/2006
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KLVEKMUKFH PFAKILCLLE SUMMARY

River Name: Silver Creek & Trib Restoratijon
Reach Name: Reach 3 (Over Tightened Meander)
Sample Name: Riffle X-S sta. 18+31

Survey Date: 02/08/06

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
5.7 - 8.0 0 0.00 0.00
8§.0 - 11.3 2 20.00 20.00
11.3 - 16.0 0 0.00 20.00
16.0 - 22.6 0 0.00 20.00
22.6 - 32.0 5 50.00 70.00
32 - 45 0 0.00 70.00
45 - 64 0 0.00 70.00
64 - 90 3 30.00 100.00
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) 10.64

D35 (mm) 25.42

D50 (mm) 28.24

D84 (mm) 76.13

D95 (mm) 85.67

D100 (mm) 90

Silt/Clay (%) 0

Sand (%) 0

Gravel (%) 70

Cobble (%) 30

Boulder (%) 0

Bedrock (%) 0

Total Particles = 10 (need at least 60).
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STA 18+31: Downstream View of Silver Creek
at Riffle Cross-Section at Over Tightened
Meander 02/09/2006



STA 18+31: Upstream View of Silver Creek at

Riffle Cross-Section at Over Tightened Meander

02/09/2006



STA 18+00 - 21+00: Panoramic View of Over
Tightened Meander
02/09/2006
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Abandoned oOxbow Profile 12+00-15+00 Summary Report
RIVERMORPH PROFILE SUMMARY

River Name: silver Creek & Trib Restoration

Reach Name: Reach 2 (Abondoned Oxbow)

Profile Name: Silver ck Altered Profile - Station 12+00 to 15+00
survey Date: 02/08/06

DIST CH WS BKF P1 P2 P3 P4
1206 12.9 11.91

1219 12.85 11.82

1220.2 13.52 11.83

1220.5 13.78 11.82

1241 13.46 11.57

1246 13.65 11.81

1259 12.82 11.75

1266 12.43 11.75

1292 12.43 11.69

1331 12.22 11.59

1337 13.65 12.59

1358 13.92 12.42

1367 13.11  12.39

1379.5 13.2 12.41

1388 13.22 12.34

1399 13.17 12.32

1403.5 13.3 12.32

1411 13.41 12.3

1421 13.33 12.33

1428 12.98 12.33

1436 12.67 12.32

1443 12.91 12.28

1449 13.58 12.3

1459 13.71  12.3

1470 13.1 12.31

1484 12.98 12.3

cross Section / Bank Profile Locations

Name Type Profile Station
Run Section 13+77 Run XS 1377
Riffle Section 12+52.5 Riffle XS 1252.5

Measurements from Graph

Bankfull STope: 0.00218

variable Min Avg Max

s riffle 0.00284 0.00284 0.00284
S pool 0.00044 0.00255 0.00803
S run 0.00056 0.00135 0.00248
S glide 0.00000 0.01186 0.03196
P-P 101.07 119.13 137.19

P length 25.75 31.95 36.05

Page 1



Abandoned oxbow Profile 12+00-15+00 Summary Report

pmax riffle 0.68 0.68 0.68
Dmax pool 1.41 1.63 1.97
Dmax run 0.74 0.91 1.11
Dmax glide 0.84 1.06 1.39
Low Bank Ht 0 0

0
Length and depth measurements in feet, slopes in ft/ft.
RIVERMORPH PROFILE SUMMARY

Notes

River Name: silver Creek & Trib Restoration

Reach Name: Reach 2 (Abondoned Oxbow)

Profile Name: Silver ck Altered Profile - Station 12+00 to 15+0
survey Date: 02/08/06

DIST Note

1206 RUN

1219 Run

1220.2 Glide

1220.5 Pool

1241 RuUn

1246 Riffle

1259 Riffle

1266 Run

1292 Run

1331 Run

1337 Glide Abandoned Oxbow
1358 Pool Immed. Upstream Debris-Log Jam
1367 Run

1379.5 Run

1388 Run

1399 RUnN

1403.5 RuUn

1411 Run

1421 Run

1428 Run

1436 Run Submerged Transverse Gravel Bar
1443 Glide

1449 Pool - Glide Transition
1459 Pool

1470 Run

1484 Run

Page 2
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KLVERKMUKFH FARKILULE DUMMAKY

River Name: Silver Creek & Trib Restoration
Reach Name: Reach 2 (Abondoned Oxbow)
Sample Name: Riffle X-S Sta. 12+52.5

Ssurvey Date: 02/09/06

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 2 20.00 20.00
4.0 - 5.7 0 0.00 20.00
5.7 - 8.0 2 20.00 40.00
8.0 - 11.3 0 0.00 40.00
11.3 - 16.0 3 30.00 70.00
16.0 - 22.6 2 20.00 90.00
22.6 - 32.0 1 10.00 100.00
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) 3.6

D35 (mm) 7.42

D50 (mm) 12.87

D84 (mm) 20.62

D95 (mm) 27.3

D100 (mm) 32

Silt/clay (%) 0

sand (%) 0

Gravel (%) 100

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 10 (need at least 60).



R1VERKMURPH PARI1CLE SUMMARY

River Name: Silver Creek & Trib Restoration
Reach Name: Reach 2 (Abondoned 0Oxbow)
Sample Name: Run X-S Sta. 13+77

Survey Date: 02/09/06

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 1 10.00 10.00
1.0 - 2.0 2 20.00 30.00
2.0 - 4.0 3 30.00 60.00
4.0 - 5.7 4 40.00 100.00
5.7 - 8.0 0 0.00 100.00
8.0 - 11.3 0 0.00 100.00
11.3 - 16.0 0 0.00 100.00
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) 1.3

D35 (mm) 2.33

D50 (mm) 3.33

D84 (mm) 5.02

D95 (mm) 5.49

D100 (mm) 5.7

Silt/Clay (%) 0

sand (%) 30

Gravel (%) 70

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 10 (need at least 60).



NLVLERPMIVURNIM FARDILULLC SUIMIMIARNT

River Name: Silver Creek & Trib Restoration
Reach Name: Reach 2 (Abondoned Oxbow)
Sample Name: Riffle X-S Sta. 15+00

Survey Date: 02/09/06

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
5.7 - 8.0 0 0.00 0.00
8.0 - 11.3 0 0.00 0.00
11.3 - 16.0 1 10.00 10.00
16.0 - 22.6 1 10.00 20.00
22.6 - 32.0 2 20.00 40.00
32 - 45 2 20.00 60.00
45 - 64 3 30.00 90.00
64 - 90 1 10.00 100.00
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) 19.96

D35 (mm) 29.65

D50 (mm) 38.5

D84 (mm) 60.2

D95 (mm) 77

D100 (mm) 90

Silt/Clay (%) 0

Sand (%) 0

Gravel (%) 90

Cobble (%) 10

Boulder (%) 0

Bedrock (%) 0

Total Particles = 10 (need at least 60).
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STA 13+77: Upstream View of Silver Creek at
Abandoned Oxbow Run Cross-Section
02/09/2006



02/09/2006

STA 13+77: Downstream View of Silver Creek
at Abandoned Oxbow Run Cross-Section
02/09/2006



STA 13+77: Across Channel View of Silver
Creek at Abandoned Oxbow Run Cross-Section
02/09/2006
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Across Channel View of Silver

Creek at Abandoned Oxbow Riffle
Cross-Sect

STA 12+52.5




Upstream View of Silver Creek at
Abandoned Oxbow Riffle Cross-Section

STA 12+52.5

02/08/2006
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RIVERMORPH BANK EROSION HARZARD INDEX (BEHI)

River Name: Silver Creek & Trib Restoration
Reach Name: Reach 5 (Unnamed Tributary)
BEHI Name: Unnamed Tributary

Survey Date: 01/14/06

Bankfull Height: 0.5 ft
Bank Height: 5 ft

Root Depth: 1.5 ft

Root Density: 5 %

Bank Angle: 85 Degrees
Surface Protection: 0 %

Bank Material Adjustment: Sand 10
Bank Stratification Adjustment: Yes 5
Erosion Loss Curve: Yellowstone

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

Velocity at Surface: 4.2 fps vVelocity at Bed: 3 fps
Depth: 0.5 ft Hydraulic Radius: 0.18 ft
Bankfull Slope: .04 Shear Stress: 0.45 1b/sq/ft
NB Shear Stress: 11.17 1b/sq/ft Shear Ratio: 24.87

BEHI Numerical Rating: 57.7

BEHI Adjective Rating: Extreme

NBS Numerical Rating: 24.87

NBS Adjective Rating: Extreme

Total Bank Length: 1200 ft

Estimated Sediment Loss: 288.89 Cu Yds per Year
Estimated Sediment Loss: 375.56 Tons per Year



Silver Ceeek - Unnamed —ﬁ—;bu-hua

Worksheet for Trapezoidal Channel - 1

Project Description
Flow Elemeﬁt: .
Friction Method:
Solve For:

Input Data

Roughness Coefficient:

Channel Slope:

Normal Depth:
Left Side Slope:
Right Side Slope:
Bottom Width:

bischarge: '
Flow Area:
Wetted Perimeter:
Top Width:
Critical Depth:
Critical Slope:
Velocity:

Velocity Head:
Specific Energy:
Froude Number:

Flow Type:

Downstream Depth:
Length:
Number Of Steps:

Upstream Depth:
Profile Description:
Headloss:
Downstream Velocity:
Upstream Velocity:
Normal Depth:
Critical Depth:
Channe! Slope:

Trapezoidal Channel

Manning Formula

Discharge

0.040

0.04000 ft/ft
0.50 ft
2.00 ft/ft (H:V)
2.00 /it (H:V)
6.00 ft
14.70 ft/s \
3.50 ft2
8.24 ft
8.00 ft
0.54 ft
0.03133 fi/ft
4.20 ft/s
0.27 ft
0.77 ft
1.12

Supercritical

0.50 ft
1210.00 ft

24

054 f

S2

48.44 ft
4.20 ft/s
3.87 ft/'s
0.50 ft
0.54 ft
0.04000 ft/ft



Worksheet for Trapezoidal Channel - 1
Critical Slope: 0.03133

fi/ft



Gradually Varied Flow Points for Trapezoidal Channel - 1

Project Déscription
Flow Element:
Input Data

Downstream Depth:
Upstream Depth:

Trapezoidal Channel

Length:

Number Of Steps:

Resilts

Profile If)escripti‘on:

Headloss:

Downstream Velocity:

Upstream Velocity:

Channel Slope:
Discharge:
Normal Depth:
Critical Depth:

Distance

0.00

1529.19
1530.99
1531.56
1531.89
153212
1532.28
1532:41
1532.52
1532.60
1532.67
1532.73
1532.78
1532.82
1532.86
1632.89
1532.91
1532.93
1532.95
1532.96
1532.98

Depth

0.50
0.50
0.50
0.50
0.50
0.51
0.51
0.51
0.51
0.51
0.51
0.52
0.52
0.562
0.52

062

0.52
0.52
0.53
0.53
0.53

0.50

0.54

1533.00

24

S§2

61.36

4.20

3.87

0.04000

14.70

0.50

0.54
Invert Elevation  Flow Area
0.00 3.50
61.17 3.50
61.24 3.51
61,26 3.52
61.28 3.54
61.28 3.55
61.29 3.56
61.30 3.57
61.30 3.59
61.30 3.60
61.31 3.61
61.31 382
61.31 3.83
81.31 3.65
61.31 3.66
61.32 3.67
61.32 3.68
61.32 3.70
61.32 37
61.32 3.72
81.32 3.73

ft/s
ft/s
ft/ft
fté/s

Wetted Perimeter Velocity

8.24
8.24
8.24
8.25
8.26
8.26
8.27
8.28
8.28
8.29
8.30
8.30
8.31
8.32
8.32
8.33
8.34
8.34
8.356
8.36
8.37

4.20
420
4.18
417
4.16
414
413
411
4.10
409
4.07
4.06
4.04
4.03
402
4.00
3.99
3.98
3.96
3.95
394

Specific Energy

0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
077
077
0.77
077
077
077
077
0.77
077
0.77
0.77
0.77
0.77



Gradually Varied Flow Points for Trapezoidal Channel - 1

Distance

1532.98
1532.99
1533.00
1533.00
1533.00

Depth

0.53
0.53
0.53
0.53
0.54

Invert Elevation

61.32
61.32
61.32
61.32
61.32

Fiow Area

3.75
3.76
3.77
3.78
3.51

Wetted Perimeter

8.37
8.38
8.39
8.39
8.24

Velocity

3.92
3.91
3.90
3.89
4.18

Specific Energy

0.77
0.77
0.77
0.77
0.81
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RM Step-Pool Calcs
RIVERMORPH VANE DESIGN REPORT

River Name: Silver Creek _
Reach Name: Reach 2 (Unnamed Tributary)
vane Name: Cross-Vane Step-Pool Desiign

Input Data

Bank Height: 0.5 ft
Bankfull Height: 0.5 ft

Shear Stress: 0.4 1bs/sq ft
Near Bank Stress: 1.5 1bs/sq ft
Bankfull Slope: 0.04 ft/ft
Bankfull width: 8 ft

Radius of Curvature: 600 ft

Plan view vane Angle: 20 deg
Results

Ratio - Rc/Whkf: 75

Vane Spacing: 50.0 ft

vane Length: 36.5 ft
Minimum Rock Size (Diameter): 2.0 ft
Protrusion Height: 0.05 ft
Footing Depth: 0.15 ft

Layers of Footing Stones: 1

vane Slope: 1.4 %

Page 1
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ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract #D05016-1

APPENDIX 4

Unnamed Tributary to Silver Creek Photographs
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01714/2006

1. Adjacent pastureland on Queen property, along west side of Unnamed Tributary to
Silver Creek.
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3. Deficient riparian corridor along Unnamed Tributary to Silver Creek. Cattle intrusion
is evident here.

4. Area of cattle intrusion and sparsely vegetated riparian corridor at downstream portion
of Unnamed Tributray project corridor.



5. Evidence of extreme cattle intrusion and bank failure attributed to hoof shear along
Unnamed Tributary at bottom of reach.

6. Pastureland is present to the west of the Unnamed Tributary, and a sparsely wooded
corridor is present to the east (downstream portion of project corridor).



8. Undercutting of banks along Unnamed Tributary is resulting in loss of trees in some
areas.



10. Unnamed Tributary, facing upstream. The channel is laterally contained within a
valley-confined ravine in this area.



11. Slumping bank along Unnamed Tributary attributed to hoof shear from cattle
intrusion.

12. Unnamed Tributary, facing downstream at the approximate midpoint of the project
corridor.



13. A dead cow was observed in the stream where denuded banks are steeper. This
reinforces the need for cattle exclusion fencing along the stream to prevent damage to
banks and channel, as well as loss of cattle.

TR TS, ]

! W

14. Fallen tree within Unnamed Tributary.



15. Cattle intrusion was also noted along the upstream portion of the Unnamed Tributary
in an area where the valley broadens, causing extreme degradation of the bed and banks
and denuding of vegetation.

16. Cattle intrusion and eroding banks along upstream portion of Unnamed Tributary.



17. Upstream project terminus along Unnamed Tributary. Stream emerges from a
granite bedrock spring within a steep ravine.



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract # D05016-1

Sec A? B
N N\\*'\‘*ﬁgo&{\m
P\ o

APPENDIX 5

Reference Reach Classification, Photographs and Data Summary Reports



Stream Classification Form

[ Stream Channel Classification (Level Il) ... |
Stream NAME: Silver Creek & Trib Restoration, Reach - Reach | (Reference Reach)
Basin NAME: (474 WRBA RIVEL R4S/N  Drainage AREA: 7424 acre 1.16 mi’

Location: /FEIND LE CLEEK ,TRIBITHREY 70 SiLVER cEEEl BURKE 0., NC.

Twp: Rge: Sec: Qtr: Lat: 35.61 86— Long: 81 .—817
Observers: MILES HE&EJ: Pe & WAReEN € KNoTTs .6 Date: 1/13/2006
Bankfull WIDTH (W) 24.02 Feet
WIDTH of the stream channel, at bankfull stage elevation, in a riffle section.

Mean DEPTH (d;) 1.28 Feet
Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

(doi=And W)

Bankfull Cross Section Area (A 30.77 Feet®
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle section.

WIDTH / DEPTH RATIO (W /dyip) 18,77 FU/Ft
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section.

Maximum DEPTH (d,,.;) 1.72 Feet
Maximum depth of the bankfull channel cross-section, or elevation between the bankfull stage and

thalweg in a riffle section.

Flood-Prone Area WIDTH (Wg,,) 232 Feet
The stage/elevation at which flood-prone area WIDTH is determined in a riffle section at twice

maximum DEPTH, or (2 x d;3

Entrenchment RATIO (ER) 9.66 Ft/Ft
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH (Wj,./W,,.¢) in a riffle

section.

Channel Materials (Particle Size Index) D50 38.5 mm
The 50th percentile, or less than, from a pebble count frequency distribution of channel particles

representing the median or dominant particle size.

Water Surface SLOPE (S) 0.01149 F/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.

Channel SINUOSITY (K) 1.2
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).

C4

For Reference, see page 5-5, 5-6:
Stf' eam Ty Pe > <Rosgan, 1996. Applied River Morphology.

© 2005 Wildland Hydrology




Reference Reach Summary Data Form

[ ... and Reference Reach Summary Data ]
|Mean Riffle Depth (dis) | 128{fect [Mean Riffle Width (Wi | 24.02ifect [Mean Riffle Area (A | 30.77}feet® |
s [Mean Pool Depth (dyg,) | 233ifeet [Mean Pool Width (Wyg)  26.97{feet [Mean Pool Area (Ay) | 62.77ifeet |
@ Ratio Mean Pool 370 dikey/ [Ratio Pool Width/Riffle 1193 Wi/ |Ratio Pool Area/ T Apig/
g Depth/Mean Riffle Depth § " Id, [Width T T iWye |Riffle Area T Ae
=)
B lMax Riffle Depth (d,50 | 2.41ifeet |M.ax Pool Depth (dppoet) | 3.761 feet IMax riffle depth/Mean riffle depth] 1.883]
gﬂ IMax pool depth/Mean riffle depth! 2.938| LPoint Bar Slope ! 0 —l
|Slrean1ﬂow: Estimated Mean Velocity at Bankfull Stage (_u,,k)i 3.19;&,-'5 IEstimalion Method i |
|Strcamﬂow: Estimated Discharge at Bankfull Stage (Qy) i 98.16§cfs lemngeArea ﬁi i.l();mf |
= Geometry Ave Min Max Dimensionless Geometry Ratios _Ave Min Max
c [Meander Length (Lm) | 104.8} 88.23] 115.7}feet [Meander Length Ratio (Lm/Wiy) { 43611 2.673] 4816
5]
% | [Radius of Curvature (Re) | 1767} 12.97] 24.44ifcet [Radius of Curvature/Riffle Width (Re/Wi) | 0.7361 0.5401 1.017|
o
e [Belt Width (Wy,) 4522} 44.17] 46.5{fect |Meander Width Ratio (Wy /Wy { 1883 1.839] 1.936|
c T I 1 ] ] ¥ 1
8 [Individual Pool Length | 1742} 11.01} 31.56}feet |Poo] Length/Riffle Width i 0.725] 0.458} 1_314]
U 1 - 'S L L
L_J[Pool to Pool Spacing | 71.36! 67.6] 775lfeet |Pool to Pool Spacing/Riffle Width | 29711 2.814} 3226
[Valley Slope (VS) | 00097 |/ft |Average Water Surface Slope (S) | 001149 {f/ft [Sinuosity (VS/S) | 12

] [
1 1
1 1
1 H
[ ']
i [
H 1

’Strcam Length (SL) 0 feet IVaIIey Length (VL) 0 ifec{ ISinuosity (SL/VL) iﬁ#ﬂ##l
Low Bank Height  start 0ifeet Max Riffle start Oifeet Bank Height Ratio starty #H###
(LBH) end 0!feet Depth end 0! feet (LBH/Max Riffle Depth) end| ##HHH
Facet Slopes Ave Min ‘Max : Dimensionless Slope Ratios Ave Min Max
IRime Slope (S 10.024610.017210.0346 f/ft |Rime Slope/Average Water Surface Slope (S,i£S) | 2.1441 1.5001 3.008}
% [Run Slope (S,.)  10.021110.0125%0.0362} /it [Run Slope/Average Water Surface Slope (Sp,/S) | 1.838) 1.088! 3.150,
% |Poo] Slope (S;,) ED.OO:I}E0.00II)%O‘OO‘JSEW& |Pool Slope/Average Water Surface Slope (S,/S) E 0.3?25 0.0865 0.8241
€ | [Glide Slope (S, 10.005310.002010.00751 /Rt |Glide Slope/Average Water Surface Slope (545) | 0.460] 0.173! 0.655]
L g
O | Feature Midpoint* Ave Min Max Dimensionless Depth Ratios Ave Min Max
[Riffle Depth (dq9 | 2.410] 2.410] 2410}fect [Riffle Max Depth/Riffle Mean Depth (drifdige) | 1,883 1883} 1.883}
[Run Depth (dn) | 2.300] 1.870f 2.560}fcet |[Run Max Depth/Riffle Mean Depth (dy/died | 1797} 1.461} 2.000}
[Pool Depth (d,,,) | 3.760} 3.760} 3.760}fect |Pool Max Depth/Riffle Mean Depth (dpy/did | 29381 2.938! 2,938}
|Glide Depth (dye) | 2470} 1640} 3.280}feet |Glide Max Depth/Riffle Mean Depth (dyy/dyee) | 1.930f 12811 2.563}
Catagories Reach® Riffle® Bar Indices  Reach” Riffle® Bar
(o )|% SilvClay [ o T o ] i [ps] o ] o ] imm_ |
©
5 ||% Sand [ o | o ] i [ps] o [ o ] imm_ |
I} : o
= |[% Gravel [0 T o ] b [pso] 271 T s ] imm_ |
[
E |[% Cobble | o [ o ] P [psa] 83 | 602 | tmm |
2 . f
O |[% Boulder J 0 ] 0 | ! | D95 l 0 | 0 I imm l
% Bedrock [ o T o ] b [proo] o ] o ] imm_ |

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.

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

©® 2005 Wildland Hydrology



ECOSYSTEM ENHANCEMENT PROGRAM
Restoration Plan — Silver Creek and Unnamed Tributary EEP Contract # D05016-1

APPENDIX 6

HEC-RAS Analysis



Frequency (Years)

1000

100

-
o

Silver Creek Stream Restoration

200

578

983

1315 1810
Discharge (CFS)

2245

2718

4060
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rAss &
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HEC-RAS Plan: existing River. SIverka Reacr: &
- Reach River Sta Q Total MinChEl | WS Elev | CAWS. | EG.Elev | EG. Slope | VelChnl | FlowArea | Top Width | Froude # Cni—)
E (cfs) m . () () wm_ () (sq 1) () b
Restoration (4451 2-year 578.00 1126.46 1131.96] 113228 0,002543 453 127.71 2929 038
|Restoralion  |4451 S-year 883.00 1126.46 1133.81 113425 0.002535 531 185.65| — 34 039
| Restoration  |4451 || 100-year 2718,00 1126.46 1136.85 1137.55 0.002876 7.48 545.91 15319 0.45
[ ~—
R _|4103 2-year 578.00 1124.88 113099 131.34 0.002602 479 120,68 27.10{ 040
Restoration  [4103 S-year 983 00 1124.88 1132.78 1133.29 0.003007 570 17251 30.72 0:42
Restoratio 4103 - | 100-year 2718.00 1124.88 1134.73 113473 1136.06 0.008287 9.98 41869 186.97 084
Resorabon 15763 2:yean 578.00 1124.10 113024 113045 0002127 397 145,62 37.89 0.35
Resloralion (3763 ASyear . 983,00 1124.10 1131.96 1132.26 0.002885 433 226.84| —> 6281 0.40
Restoration  |3763. 100-year 2718.00 1124.10 1134.01 113427 0.001919 4.59 w376 21 0.36
: —_—
[Reatoralion 3555 | 2-year 578.00 1123.95 1129.72 1130.02| 0.002321 435 13297 31.49 0.7
iR 3555 S-year 983.00]  112385] 113131 13IT1| 0002431 518 22112 13026 039
Resforation  |3555 100-yaar 2718.00 1123.85 1133.40 1133.80 0.002456 6.1 870.25 <311.083 0.41
Restoration . {3170 578.00 1122.70 112861 1128.94 0003414 462 125.21 3751 0.45
Resioration: 13171 983.00 1122.70 1130.32 1130.64 0,003066 4.54 23037 126. 0.43
2718.00 1122.70 1132.30 113275 0.003042 6,12 72767 “34857]) 046
=
P -
578.00 1127 1128.28 0.003320 477 121,17 2367 0.44
983,00 1121.97 1130,00 0.003314 534 184.23| = 57.00 046
2718.00 1121.87 113181 113222|  0.002000 5.62 045,47 ~4T028, _ 0.38
) _-_-F —_—
584.00 54 1127.46)) 112763 0.001435 3.36 176,96 4392] 020
1010.00 112054]  1120.08 1120.33 0.001510 356 261.93) —* 114.09 031
2788.00 1120.54 1131.63 1131.78 0000853 413 1361.62 53150 027
594.00 1120.00 1127.08 112728 0.001500| 365 163.81 45,16 031
101000 1120.00 1128.81 1129.03 0,001141 397 384.48 25052 028
2788,00 1120.00 113145 1131.58 0.000743 4.08 1501.42 50622 024
504,00 1120,02 112658 1126.83 0.003190 474 12632 W13 044
1010.00 1120.02 1128.37 1128.71 0.003362 463 22296 107.47 0.45
2788.00 112002 1131.09 1131.39 0.001803 5.00 B99.45 340,60/ 0.36
594,00 119,80 112572 112602 0.002401 447 135.68 33.37 038
1010.00 1119.80 1127.36 112778 0.002456 517 205,80 B3.A7 Q.40
2784.00 1118.80 1130.68 1130.90 0.001162 4,88 1071.40 318.42 030
554.00 1118.07 122,06 112205 112345 0,015005 951 6245 2229 1.00
1010.00 11168.07 112331 112334 112517 0,018138 10,84 9232 2517 1.04
2788.00 1118,07 1127.67 112767 1128.54 0,009280 11.47 30528 5511 078

7
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HEC-RAS Plan: tib River: silver cri torat !
Reach RiverSta |  Profile Q Total MinChEl | W.S Elev CilW.S. | EG.Elev. | EG.Siope | VelChnl | FlowAea Top Width | Frouds # Chi
: _lets) Ay _(m L) m Ay {vs) {qth) Ay
23.00 1194.30 1195.24 118524 118551 0.030675 420 5.48 1032 1.02
44.00 1164.30 1185.54 1195.54 1195.93 0.027520 498 883 11.72| 1.01
154.00 1194.30 1196.54 1196.54 1197.30 0.021808 7.05 22.08 15.20 1.00
23.00 1187.02 1188.71 1188.71 1189.15 0.032839 530 44 5.13 1.01
44.00 1187.02 1169.23 1189.23 1182.78 0,029672 5.9 7.38 6.80 1.01
154.00 1167.02 1190.67 150,67 1181.50 0021216 7.38 21.97 15.60 0.95
23.00 1182.19 118284 1182.84 118314 0033284 352 6.53 1737 1.01
44.00 1182.19 118317 118317 1183.42 0.030551 4.01 10.97 2251 1.01
154.00 118219 1183.78 1183.78 1184.27 0.024345 561 2754 2931 1.01
23,00 1173.00 1173.86 1173.88 1174.08 0.032061 398 6.12 1427 1.01
44.00 1173.00/ 1174.10 1174.10) 1174.40 0.028329 441 9.98 17.06 1.02
154.00 1173.00 1174.88 1174.88 17547 0023275 619 24.50 21.32 1.01
23.00 1157.36 1158.47 1158.47 1158.81 0,028451 470 480 7.30 1.01
44.00 1157.36 1158.86 1158.85 1158.33 0,026678 5.48 8.03 875 1.01
3 154,00 1157.36 1160.05 160,05 1160.88 0022572 7.3 21.07 13.30 1,01
23.00 1148.46 1149.37 1149.30) 1149.61 0021812 367 579 8.93 0.87
44,00 114846/ 114966 1149.63 1150.08 0.024654 517 B52 9.47 0.56
154.00 114846 1150.79 1150.79 1151.68 0.023623 7.58 2031 11.54 1.01
23.00 114239 1143,06 1143.06 1143.27 0.032608 365 630 15.62 1.01
44.00 114239 114330 114330 114358 0.029445 427 10,31 18.70 101
154.00 1142.39 1144.02 1144.02 114451 0024443 567 27.18 2831 1.01
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