STATE OF NORTH CAROLINA
DEPARTMENT OF TRANSPORTATION

BEVERLY EAVES PERDUE EUGENE A. CONTL, JR.

GOVERNOR SECRETARY

May 4, 2012

U. S. Army Corps of Engineers
Regulatory Field Office

3331 Heritage Trade Drive, Suite 105
Wake Forest, NC 27587

ATTN: Mr. John Thomas
NCDOT Coordinator

SUBJECT: Application for Section 404 Individual Permit and Section 401 Individual
Water Quality Certification for the proposed extension of SR 3000 (Idols Rd.)
from SR 2999 (Hampton Rd.) to US 158 (Clemmons Rd.), Forsyth County.

Federal Aid Project No. STP-3000 (1), State Project No. 8.2624101, T.L.P.
Project No. U-2707.

Debit $570.00 from WBS Element No. 34845.1.1.

Dear Sir:

The North Carolina Department of Transportation (NCDOT) proposes to extend SR 3000 (Idols
Rd.) from SR 2999 (Hampton Rd.) to US 158 (Clemmons Rd.) near Clemmons, Forsyth County.
This project involves the construction of a 2.0 mile roadway on new location, as well as the
replacement of bridge no. 109 over the Norfolk Southern Railroad and the reconfiguration of the
intersection of Idols and Hampton Roads. The cross section of the proposed new location

facility consists of two 12 ft. travel lanes, 4 ft. paved shoulders to accommodate bicycles, and 4
ft. grass shoulders.

In addition to this cover letter, the application packet for this project consists of the ENG Form
4345, Stream Mitigation Plan, North Carolina Ecosystem Enhancement Program (NCEEP)
acceptance letter, 4A Concurrence Point Merger Packet, Interagency Hydraulic Review Meeting

(4B) minutes, 4C Concurrence Point minutes, Stormwater Management Plan, permit drawings,
and half-size roadway plan sheets.

PROJECT SCHEDULE

This project calls for a review date of October 2, 2012 and a letting date of November 20, 2012.
However, these dates may advance as additional funds become available.

MAILING ADDRESS:

PHYSICAL ADDRESS:
N.C. DEPARTMENT OF TRANSPORTATION TELEPHONE: 919-707-6100 CENTURY CENTER - BUILDING B
PDEA - NATURAL ENVIRONMENT SECTION 1020 BIRCH RIDGE DR.
1598 MAIL SERVICE CENTER FAX: 919-212-5785 RALEIGH, NC 27610-4328

RALEIGH NC 27699-1598
WEBSITE: WWW.NCDOT.ORG



PURPOSE AND NEED

The stated purpose and need for this project is to:

e Improve the poor level of traffic service and connectivity between southern Clemmons
and Winston-Salem,;
Improve the poor sight distance and restricted turning mobility along Hampton Road; and
Provide an alternative route, other than Hampton Road (a residential street), to access a

proposed industrial park, which is expected to increase truck traffic on the existing
roadway network.

NEPA DOCUMENT STATUS

An Environmental Assessment (EA) was approved in February 2002 and distributed shortly
thereafter. A Finding of No Significant Impact (FONSI) was signed July 2004 and distributed
thereafter. These documents have been provided to the regulatory review agencies. Additional
copies will be provided upon request.

INDEPENDENT UTILITY

The subject project is in compliance with 23 CFR Part 771.111(f), which lists the Federal
Highway Administration (FHWA) characteristics of independent utility of a project:

(1) The project connects logical termini and is of sufficient length to address environmental
matters on a broad scope;

(2) The project is usable and a reasonable expenditure, even if no additional transportation
improvements are made in the area;

(3) The project does not restrict consideration of alternatives for other reasonably foreseeable
transportation improvements.

RESOURCE STATUS

Wetland delineations w ithin the U-2707 project area followed the field delineation method
outlined in the 1987 Corps of Engineers Wetland Delineation Manual (Environmental
Laboratory, 1987) and supplemented in the Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Eastern Mountains and Piedmont Region (U.S. Army Corps of
Engineers [USACE], 2010 [Interim]). Stream identification and classification followed the
Identification Methods for the Origins of Intermittent and Perennial Streams (North Carolina
Division of Water Quality [NCDWQ], 2005).

Within the U-2707 project area, nine streams and three wetlands were identified. Jurisdictional
areas were verified by USACE Regulatory Specialist John Thomas and NCDWQ Regulatory
Specialist Amy Euliss on April 20, 2011 and an approved Jurisdictional Determination (JD) was
received on September 15,2011 (USACE Action ID No. 199820439).
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IMPACTS TO WATERS OF THE UNITED STATES

The project is located in the Yadkin-Pee Dee River Basin in Forsyth County. (U.S. Geological
Survey [USGS] Hydrologic Unit [HUC] 03040101). A total of three jurisdictional streams will
be impacted by this project. These include Muddy Creek (Class C; NCDWQ Index No. 12-94-
[0.5]) and two unnamed tributaries of Muddy Creek (S-SE-C and S-JH-A). Additionally, two
riparian wetlands, Wetland A-JP and Wetland JHC, will be impacted by the project.

There are no designated Outstanding Resource Waters (ORW), High Quality Waters (HQW),
Water Supply I (WS-I), or Water Supply II (WS-II) waters within 1.0 mile of the project area.
Additionally, none of the streams located within the project study area support trout or
anadromous fish and no Primary Nursery Areas are present within the study area boundaries. In
the project area, Muddy Creek is listed on the 2010 Final 303(d) List of Impaired Waters. This

surface water is listed for increased levels of copper and zinc as well as compromised biological
integrity.

Surface Waters

Total surface water impacts for U-2707 include 903 linear feet of permanent jurisdictional
stream impacts, summarized below in Table 1.

Table 1. Impacts to Jurisdictional Stream

| StreamID” | StreamName | pesignation | "PAtTYPE | Ginear ) |
2 S-SE-C T UT to Muddy Intermittent Penn‘an ent 61
Creek Fill
UT to Muddy . Permanent
3 S-JH-A Creek Perennial Fill 831
6 | Muddy Creek | Muddy Creek | Perennial Bank 11
ey e Tenm&” | stabilization

? These names were assigned during the 2011 JD process
Wetlands

There will be a total of 0.81 acre of permanent riparian wetland impacts associated with this

project. Impacts are a result of mechanized clearing and permanent fill. Wetland impacts are
summarized below in Table 2.

T a_bl‘ev2. Inlpacts to Jurisdictional Wetlands»

~ Site | WetlandID* |  ImpactType | Impact (ac.)
1 Wetland A-JP | Mechanized Clearing 0.03
4 Wetland JHC Permanent Fill 0.78
_ Total Permanent Impacts 0.81

®These names were assigned during the 2011 JD process
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UTILITY IMPACTS
No impacts to Waters of the U.S. resulting from utilities are anticipated on this project.
FEDERALLY PROTECTED SPECIES

Plants and animals with a Federal classification of Endangered (E) or Threatened (T) are
protected under provisions of Section 7 and Section 9 of the Endangered Species Act (ESA) of
1973, as amended. As of September 22, 2010 the U.S. Fish and Wildlife Service (USFWS) lists
three federally protected species for Forsyth County: bog turtle (Clemmys muhlenburgii), red-
cockaded woodpecker (Picoides borealis), and small-anthered bittercress (Cardamine
micranthera). Biological conclusions of “No Effect” were stated in the EA for red-cockaded
woodpecker and small-anthered bittercress and remain valid. No biological conclusion is

required for bog turtle, as it is threatened due to the similarity of appearance to the threatened
northern population of bog turtle.

As stated in the EA, no habitat is present for red-cockaded woodpecker in the project area;
however habitat for the bittercress is listed as occurring in the project area, though no individuals
were found. Since the EA was written, it has been determined that small-anthered bittercress is
endemic to the Dan River drainage in the Roanoke River basin. Since this project is located in
the Yadkin-Pee Dee River basin, no habitat for the bittercress is present. A search of the North
Carolina Natural Heritage Database (NCNHP; updated February 2012) revealed no known
occurrences of any federally protected species within 1.0 mile of the project limits.

CULTURAL RESOURCES
Archaeological Resources

Seven archaeological sites were identified within the four initial alternative alignments.
However, none of these sites were deemed eligible for the National Register of Historic Places
nor did they warrant preservation as a public exhibit. In a letter dated August 2, 1999, the North
Carolina Department of Cultural Resources, State Historic Preservation Office (SHPO)
concurred with these findings (see Appendix B in the EA).

Architectural Resources

In a concurrence form dated November 29, 2001, SHPO stated that this project would have an
effect on Hanes House (Arden Farm), a National Register eligible property. However, it was
determined that there would not be an adverse effect on this property if NCDOT agreed to
minimize tree removal between the railroad right-of-way and the edge of pavement on the new
alignment (see Appendix B in the EA). This requirement to achieve no adverse effect was
incorporated into the project commitments in the EA.

U-2707 Individual Permit Application
4



FEMA COMPLIANCE

There are streams within the project limits that are within Federal Emergency Management
Agency (FEMA)-designated flood zones. Coordination between the NCDOT Hydraulics Unit
and FEMA will occur prior to Let to ensure that NCDOT is in full compliance with applicable
floodplain ordinances.

INDIRECT AND CUMULATIVE EFFECTS

Although STIP Project U-2707 is expected to impart moderate indirect effects along the
proposed project corridor northwest of the railroad at the planned industrial/employment site,
minimal indirect effects are anticipated throughout the majority of the Future Land Use Study
Area. The County planner indicated that although STIP Project U-2707 would provide industrial
and employment development opportunities in Clemmons along the project corridor, additional
growth or development other than along the project corridor as a result of STIP Project U-2707 is
not anticipated. In addition, City-County sewer service is not currently available in the portions
of the Future Land Use Study Area south of Idols Road, southeast of the proposed project
corridor, or within Davidson County (except for the Peppertree Subdivision off Loop Road). The
Winston-Salem County Utilities Commission does not have any plans to extend sewer service
lines at this time. However, the wastewater treatment system is expected to reach 80% capacity
in 2020.

The proposed partial control of access, in combination with the presence of the Norfolk Southern
Railroad corridor and the lack of City-County sewer service, would temper any residential or
commercial development southeast of the project corridor.

Although STIP Project U-2707 will be helpful in opening up industrial and employment
opportunities along the project corridor in Clemmons, the County planner noted that the
construction of the portion of the proposed Winston-Salem Northern Beltway between US 158
and 1-40 (STIP Project R-2247) would ultimately make the Clemmons and southwestern Forsyth
County area more accessible and attractive for industrial development. The project is only one of
many factors affecting growth potential or potential for land use change in the Future Land Use
Study Area (other factors include infrastructure, population growth and job growth, proximity to
employment centers, etc.). The STIP Project is not the determining factor in how much, how fast,
or how intense development is occurring or will occur in the study area. Taken in the context of

other past, present and future actions, STIP Project U-2707 should not result in substantial
cumulative effects.

Qualitative analyses of the probable development patterns in the Future Land Use Study Area
suggest that STIP Project U-2707 will have little effect on water quality or future stormwater
runoff in the watersheds encompassed by the project. Water quality concerns should be greatly
mitigated by regulations covering watershed protection, floodplain protection, stream and river
buffers and stormwater management.

No additional indirect and cumulative effects studies were recommended.
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WILD AND SCENIC RIVERS

This project will not impact any designated Wild and Scenic Rivers or any rivers included in the

list of study rivers (Public Law 90-542, as amended) or North Carolina Natural and Scenic
Rivers.

ESSENTIAL FISH HABITAT

The project will not impact any essential fish habitat afforded protection under the Magnuson —
Stevens Act of 1996 (16 U.S.C 1801 et seq.).

MITIGATION OPTIONS

The USACE has adopted, through the Council on Environmental Quality (CEQ), a wetland
mitigation policy that embraces the concept of “no net loss of wetlands” and sequencing. The
purpose of this policy is to restore and maintain the chemical, biological, and physical integrity
of the waters of the United States. CEQ has defined mitigation of wetland and surface water
impacts to include: avoiding impacts, minimizing impacts, rectifying impacts, reducing impacts
over time, and compensating for impacts (40 CFR 1508.20).

The NCDOT is committed to incorporating all reasonable and practicable design features to
avoid and minimize jurisdictional impacts, and to provide full compensatory mitigation of all
remaining, unavoidable jurisdictional impacts. Avoidance measures were taken during the
planning phase and minimization measures were incorporated as part of the project design.

Minimization includes the examination of appropriate and practicable steps to reduce the adverse
impacts.

Avoidance and Minimization

Avoidance and minimization has been employed in the project area to the maximum extent
practicable. It must be noted that, in the FONSI, as no wetlands had been identified on the
project, no wetland impacts were anticipated; however, wetlands were found during the re-
verification process, leading to previously unidentified impacts.

The following avoidance and minimization measures were implemented for this project:

e NCDOT’s Best Management Practices (BMPs) for the Protection of Surface Waters will be
enforced;

Stream impacts have been reduced from 1,362 linear feet in the EA to 903 linear feet;
2:1 fill slopes will be employed in areas where permanent fill will be placed in wetlands;
The bridge placed over Muddy Creek will not require bents in the water and no deck drains
will be allowed to discharge directly into the creek;

e Preformed scour holes will be placed throughout the project to diffuse storm drainage. See
the Stormwater Management Plan (SMP) for station locations;

e Rip rap pads will be installed at pipe and ditch outlets into wetlands and streams to dissipate
flow velocities throughout the project;
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Bank stabilization will reduce erosion without placing rip-rap in the streambed;
Grassed swales will be employed to reduce flow velocities and filter pollutants from highway
runoff. See the SMP for station locations; and

e Use of a corrugated aluminum arch pipe (CAAP) in the on-site stream mitigation to
encourage fish passage.

In addition to the avoidance and minimization measures listed above, the chosen alternative
(Alternative B) was preferred in part because it crosses Muddy Creek and its tributaries (S-JH-A

and S-JH-B) at one location and would therefore require fewer structures (see the mitigation
section below).

Compensatory Mitigation

NCDOT proposes mitigation for 892 linear feet of permanent stream impacts (not including bank
stabilization) and 0.81 acre of permanent riparian wetland impacts. On-site stream restoration
and enhancement will be performed by NCDOT to compensate for all 892 linear feet of
permanent stream impacts at a 1:1 ratio. The USACE is requiring all 892 feet of mitigation. The

remaining compensatory mitigation for 0.81 acre of permanent riparian wetland impacts will be
provided by NCEEP.

On-Site Stream Restoration

Per the NCDOT Stream Mitigation Plan for U-2707, NCDOT proposes restoration and
relocation of S-JH-A (‘Reach 1°) and enhancement of S-JH-B (‘Reach 2”). The mitigation area
will be constructed in conjunction with TIP U-2707. A total of 1,122 linear feet of S-JH-A will
be restored and 863 feet relocated resulting in a proposed channel length of 678 feet. Using a 1:1
ratio, 1,800 feet of stream mitigation units (SMUs) will be generated by work on S-JH-A. In
addition, a total of 153 linear feet of S-JH-B will receive enhancement, generating 76.5 feet of
SMUs at a 2:1 ratio. In sum, a total of 1,876.5 linear feet of SMU’s will be generated by this on-
site stream mitigation project. Therefore, minus the 892 linear feet of compensatory mitigation

required for U-2707, DOT will net 984.5 linear feet of bankable stream mitigation from this
project.

Construction activities resulting from natural stream design on S-JH-A involve excavation,
structure installation, pipe removal and replacement, utility marking, and vegetation installation.
Enhancement activities on S-JH-B will consist of replacing a degraded corrugated metal pipe
(CMP) with a corrugated aluminum arch pipe (CAAP) with a built in baffling system to
encourage fish passage. Please see the attached Stream Mitigation Plan for a comprehensive
description of the proposed mitigation activities.

REGULATORY APPROVALS

Application is hereby made for a Department of the Army Section 404 Individual Permit as
required for the above-described activities for the proposed T.I.P. Project No. U-2707. We are
also requesting a Section 401 Individual Water Quality Certification from NCDWQ. In
compliance with Section 143-215.3D(e) of the NCAC, we will provide $570.00 to act as
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payment for processing the Section 401 permit. We are providing five copies of this application
to NCDWQ for their review and approval.

A copy of this application and its distribution list will be posted on the NCDOT website at
http://www.ncdot.org/doh/preconstruct/pe/neu/Permit.html. Thank you for your time and
assistance with this project. Please contact Amy James at either aejames@ncdot.gov or (919)
707-6129 if you have any questions or need additional information.

Sincerel%

Gregory J. Thorpe, Ph.D., Manager
Project Development and Environmental Analysis Unit

Cc: NCDOT Permit Application Standard Distribution List
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U.S. ARMY CORPS OF ENGINEERS OMB APPROVAL NO. 0710-0003
APPLICATION FOR DEPARTMENT OF THE ARMY PERMIT EXPIRES: 31 AUGUST 2012
(33 CFR 325) _

Public reporting for this collection of information is estimated to average 11 hours per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding
this burden estimate or any other aspect of the collection of information, including suggestions for reducing this burden, to Department of Defense,
Washington Headquarters, Executive Services and Communications Directorate, Information Management Division and to the Office of Management and
Budget, Paperwork Reduction Project (0710-0003). Respondents should be aware that notwithstanding any other provision of law, no person shall be
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. Please DO NOT
RETURN your form to either of those addresses. Completed applications must be submitted to the District Engineer having jurisdiction over the location of
the proposed activity.

PRIVACY ACT STATEMENT

Authorities: Rivers and Harbors Act, Section 10, 33 USC 403; Clean Water Act, Section 404, 33 USC 1344; Marine Protection, Research, and Sanctuaries
Act, Section 103, 33 USC 1413; Regulatory Programs of the Corps of Engineers; Final Rule 33 CFR 320-332. Principal Purpose: Information provided on
this form will be used in evaluating the application for a permit. Routine Uses: This information may be shared with the Department of Justice and other
federal, state, and local government agencies, and the public and may be made available as part of a public notice as required by Federal law. Submission
of requested information is voluntary, however, if information is not provided the permit application cannot be evaluated nor can a permit be issued. One set
of original drawings or good reproducible copies which show the location and character of the proposed activity must be attached to this application (see
sample drawings and/or instructions) and be submitted to the District Engineer having jurisdiction over the location of the proposed activity. An application
that is not completed in full will be returned.

(ITEMS 1 THRU 4 TO BE FILLED BY THE CORPS)

1. APPLICATION NO. 2. FIELD OFFICE CODE 3. DATE RECEIVED 4. DATE APPLICATION COMPLETE
(ITEMS BELOW TO BE FILLED BY APPLICANT)
5. APPLICANT'S NAME 8. AUTHORIZED AGENT'S NAME AND TITLE (agent is not required)
First - Middle - Last - First - Middle - Last -
Company - North Carolina Department of Transportation, PDEA Company -
E-mail Address - aejames@ncdot.gov E-mail Address -
6. APPLICANT'S ADDRESS: 9. AGENT'S ADDRESS:
Address- 1598 Mail Service Center Address-
City - Raleigh State - NC Zip - 27699 Country -USA | City - State - Zip - Country -
7. APPLICANT'S PHONE NOs. w/AREA CODE 10. AGENTS PHONE NOs. w/AREA CODE
a. Residence b. Business c. Fax a. Residence b. Business c. Fax
919-707-6129 919-212-5785

STATEMENT OF AUTHORIZATION

11. | hereby authorize, to act in my behalf as my agent in the processing of this application and to furnish, upon request,
supplemental information in support of this permit application.

SIGNATURE OF APPLICANT DATE

NAME, LOCATION, AND DESCRIPTION OF PROJECT OR ACTIVITY

12. PROJECT NAME OR TITLE (see instructions)
U-2707, extension of SR 3000 (Idols Rd.) from SR 2999 (Hampton Rd.) to US 158 (Clemmons Rd.) near Clemmons, Forsyth Co.

13. NAME OF WATERBODY, IF KNOWN (if applicable) 14. PROJECT STREET ADDRESS (if applicable)

Muddy Creek and its unnamed tributaries Address

15. LOCATION OF PROJECT G ]
Latitude: N 36.014446 Longitude: <W -80.356643 ity - State- Zip-
16. OTHER LOCATION DESCRIPTIONS, IF KNOWN (see instructions)

State Tax Parcel ID Municipality Clemmons

Section - Township - Range -

ENG FORM 4345, OCT 2010 EDITION OF OCT 2004 IS OBSOLETE Proponent: CECW-OR



17. DIRECTIONS TO THE SITE
lease see attached vicinity map and cover letter.

18. Nature of Activity (Description of project, include all features)

This project involves the construction of a 2.0 mile roadway on new location, as well as the replacement of bridge no. 109 over the Norfolk
Southern Railroad and the re-configuration of the intersection of Idols and Hampton Roads. The cross section of the proposed new
location facility consists of two 12-ft. travel lanes, 4-ft. paved shoulders to accommodate bicycles, and 4-ft. grass shoulders. This project
will also involve a new bridge over Muddy Creek and on-site stream mitigation activities, which include excavation, structure installation,
pipe removal and replacement, utility marking, and vegetation installation.

19. Project Purpose (Describe the reason or purpose of the project, see instructions)

The main purpose of this project is to provide an improved connection from southern Clemmons and northern Davidson County to
Winston-Salem. In addition, it will serve to improve access to a planned industrial park, which currently relies solely on a residential street
(Hampton Rd.) as its main access point. To that end, the proposed project will route through- and truck traffic off Hampton Rd., which is
projected to have a failing level of service in the design year (2025) if no changes are made.

USE BLOCKS 20-23 IF DREDGED AND/OR FILL MATERIAL IS TO BE DISCHARGED

20. Reason(s) for Discharge
Both permanent stream and wetland impacts will result from the construction of the proposed project. Impacts will result from fill
associated with construction of the Idols Rd. extension.

21. Type(s) of Material Being Discharged and the Amount of Each Type in Cubic Yards:

Type Type Type
Amount in Cubic Yards Amount in Cubic Yards Amount in Cubic Yards

See attached cover letter.

22. Surface Area in Acres of Wetlands or Other Waters Filled (see instructions)

Acres See attached cover letter.
or

Linear Feet

23. Description of Avoidance, Minimization, and Compensation (see instructions)

Avoidance and Minimization: Please see attached permit application cover letter and permit packet.

Compensation: NCDOT proposes mitigation for 892 linear feet of permanent stream impacts and 0.81 acre of permanent riparian wetland
impacts. On-site stream restoration and enhancement will be performed by NCDOT to compensate for all 892 linear feet of permanent
stream impacts at a 1:1 ratio. The remaining compensatory mitigation for 0.81 acre of permanent riparian wetland impacts will be provided
by NCEEP.
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24. Is Any Portion of the Work Already Complete? DYes o IF YES, DESCRIBE THE COMPLETED WORK

25. Addresses of Adjoining Property Owners, Lessees, Etc., Whose Property Adjoins the Waterbodly (if more than can be entered here, please attach a supplemental list).

a. Address- See permit drawings

City - State - Zip-
b. Address-
City - State - Zip -
c. Address-
City - State - Zip -
d. Address-
City - State - Zip -
e. Address-
City - State - Zip -

26. List of Other Certificates or Approvals/Denials received from other Federal, State, or Local Agencies for Work Described in This Application.

AGENCY TYPE APPROVAL* 'DE':B:A'SEA;'ON DATE APPLIED DATE APPROVED DATE DENIED

* Would include but is not restricted to zoning, building, and flood plain permits

27. Application is hereby made for permit or permits to authorize the work described in this application. | certify that this information in this application is
complete and acgyrate. | further certify that | possess the authority to undertake the work described herein or am acting as the duly authorized agent of the

applicant.
: 5% 6;’23014,/ J. (/I/I% E[QQ oy U 2di2
IGNAJYURE OF APPLICANT 7 ATE / SIGNATURE OF AGENT DATE

The Application must be signed by the person who desires to undertake the proposed activity (applicant) or it may be signed by a duly
authorized agent if the statement in block 11 has been filled out and signed.

18 U.S.C. Section 1001 provides that: Whoever, in any manner within the jurisdiction of any department or agency of the United States
knowingly and willfully falsifies, conceals, or covers up any trick, scheme, or disguises a material fact or makes any false, fictitious or
fraudulent statements or representations or makes or uses any false writing or document knowing same to contain any false, fictitious or
fraudulent statements or entry, shall be fined not more than $10,000 or imprisoned not more than five years or both.
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U-2707 STREAM MITIGATION PLAN
FORSYTH COUNTY
WBS NO.: 34845.1.1
DECEMBER 22, 2011
1.0 BASELINE INFORMATION

1.1 Introduction

This U-2707 stream mitigation plan proposes improvements to be implemented by the North
Carolina Department of Transportation (NCDOT) along two unnamed tributaries (UT’s) to
Muddy Creek. The plan is being completed to provide on-site mitigation for unavoidable stream
impacts associated with the construction of Transportation Improvement Project (TIP) number
U-2707, or the Idols Road Extension (SR 3000) in Forsyth County, North Carolina near the town
of Clemmons. The project location is within the floodplain of Muddy Creek and consists of
approximately 1,800 linear feet of restoration along Reach 1 (R1) coupled with the enhancement
of bank conditions and reconnection of hydrology associated with the replacement of a culvert
along Reach 2 (R2) (Figure 1).

1.2 General Watershed Information

The two unnamed tributaries are situated within the Yadkin-Pee Dee River Basin within the US
Geological Survey (USGS) hydrological unit code (HUC) 03040101 and the NC Division of
Water Quality (NCDWQ) sub-basin 03-07-04. R1 has an existing drainage area of 0.42 square
miles (271 acres) at the culvert under Clouds Harbor Trail, the upstream limit of the project,
increasing to 0.49 square miles (316 acres) at the point where the road alignment will fill the
stream. R2 has an existing drainage area of 0.62 square miles (410 acres) at the culvert inlet.
Both of these drainage areas are predominantly woodland/pasture areas with residential and
commercial intermixed.

1.3 Project Site Description

1.3.1 Topography, Physiographic Providence, and Soils

The project site is situated entirely within the southwest portion of the Muddy Creek floodplain.
A railway embankment and the future SR 3000 (Idols Road) form the southeastern boundary of
the project site. The floodplain of Muddy Creek is relatively flat with minimal elevation change.
There is a large levee on the western bank of Muddy Creek that separates it from R2. Elevation
ranges on the project site from 700 feet above mean sea level (msl) along Clouds Harbor Trail to
679 feet msl at the confluence with Muddy Creek. The U-2707 mitigation site is within the
Piedmont physiographic province: specifically, the Southern Outer Piedmont Ecoregion (Griffith
et al., 2002). According to the Forsyth County Soil Survey. Chewacla soils dominate the project
area.
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1.3.2 Jurisdictional Wetlands

Jurisdictional wetland determinations were performed using the three-parameter approach as
prescribed in the 1987 Corps of Engineers Wetlands Delineation Manual (Environmental
Laboratory. 1987). NCDOT personnel performed wetland delineations between December 1998
and November 2001 and reconfirmed any changes in June 2011. Four small wetlands occur
within the entire U-2707 project area. Three of these areas were found to be non-jurisdictional
due to a lack of hydric soils and are not within the work limits of the mitigation site. The fourth
is contained within the stream banks of R1 approximately 165 feet downstream of Clouds Harbor
Trail. This fourth wetland was deemed to be unimportant and non-mitigable because it was
created by horses accessing the stream. The banks in this location are severely degraded and
almost nonexistent therefore creating an inline channel pool/wetland area (NCDOT, 2002).

1.3.3 Existing Plant Communities

The vegetative communities found within the project area can be characterized by two major
groupings. These groupings include pastureland (predominantly fescue) and the riparian fringe.
The riparian fringe is a narrow band of vegetation found along each unnamed tributary.
Common herbaceous species found include poison ivy (Toxicondendron radicans). jewelweed
(Impatiens capensis). common violet (Viola sp.), common greenbrier (Smilax rowndifolia).
Japanese honeysuckle (Lonicera japonica). multiflora rose (Rosa multiflora), and giant cane
(Arundinaria gigantea). Woody species located in the subcanopy primarily consist of silky
dogwood (Cornus amomum), Chinese privet (Ligustrum sinense), river birch (Betula nigra).
black willow (Salix nigra). and black cherry (Prunus serotina). Common tree species occupying
the canopy of the riparian fringe include boxelder (dcer negundoj, green ash (Fraxinus
pennsylvanica), and tulip poplar (Liriodendron wlipifera).

1.3.4 Threatened and Endangered Species

According to the US Fish and Wildlife Service (USFWS), two endangered and one threatened
species are known to occur in Forsyth County. The threatened species (bog turtle) is listed by
similarity of appearance (S/A), but is neither biologically threatened nor endangered. Therefore,
the bog turtle is not subject to Section 7 consultation (Endangered Species Act). Information
regarding these federally listed species can be found in Table 1.

Table 1, Federally Listed Species for Forsyth County
T

i
Commeon Scientific : Habitat § Biological
§ Name Name Federai Status Preferred Habitat Availability | Conclusion s
Red-cockaded Picoides Open park-like pine stands (Hve) w/ . ]
woodpecker borealis Endangered little undergrowth No No Effect
' . Near seeps and wet rock crevices,
Smg&!»antbereé (;“am‘amme Endangered * | moist woods near small streams, full No No Effect
bittercress microanthera :
10 partial sun
Clemmys  Threawened Shallow spring-fed fens, open and . Not
Bog Turtle muthlenbergii sa)® sunny muddy-bottomed streams | Ne Applicable

2 Denotes no specimen from Forsyth County found m the past twenty vears.
¥ Thremened due w similarny of appearance (8 A denotes a species that is threatened due 1o similarity of appearance with other rare species
and s Hsted for its protection. These species are not biologicallv endangered or threarened and are not subject to Section ™ consultation.
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2.0 SITE SELECTION

Both R1 and R2 were selected because of their proximity to the impact that they will offset and
due to their degraded condition. As a part of the U-2707 right-of-way, these unnamed tributaries
are part of the system being impacted by the construction of the Idols Road Extension. After
analyzing all the impacted systems affected by the U-2707 project. R1 and R2 were identified as
highly degraded svstems offering the most potential ecological uplift. Therefore. the proximity
to the impact being offset and the degraded nature of the streams offer an exemplary mitigation
site.

2.1 Reach 1 (R1) Existing Conditions

The headwaters of R1 originate in a residential neighborhood approximately 0.3 miles south of
the intersection of existing SR 3000 (Hampton Road) and US 158. The tributary flows in a
southerly direction for approximately 0.3 miles before turning to the eastnortheast and
eventually connecting with R2 just upstream of Muddy Creek. The drainage area associated
with R1 is 316 acres (0.49 mi®) and is predominantly woodland/pasture with residential
intermixed (Figure 2). The current location of the R1 stream channel (along the northeast toe of
the Norfolk Southern railroad embankment) is a product of agricultural operations and railroad
construction.  Agriculture practices over the last century have plaved a major role in the
destabilization of R1 by relocating, straightening, and channelizing the stream to provide for
more active and accessible pastureland. In addition, vegetation removal throughout what should
be the riparian buffer coupled with livestock access to the stream for watering purposes have
created unstable banks contributing more sediment to the system. In addition to bank instability,
Muddy Creek being actively dredged has increased the rate at which lower sections of R1 have
become incised and entrenched. To combat this incision and the instability along the railroad,
large boulders and concrete have been placed throughout the downstream section effectively
removing any aquatic passage or hydrologic connection to Muddy Creek.

The vertical longitudinal profile of R1 indicates an altered syvstem with fluctuating boundary
conditions that is on the border of instabilityv. Currently. the existing R1 channel flows
approximately 2,000 linear feet within the limits of the U-2707 project area. The existing
channel slope averages 0.00632 fVft over a representative 1100 feet of channel which is
characteristic of E and C channels typical for this valley type. However, the upper 300 feet of
the reach is characterized by a flat bed slope while the banks and bankfull channel are holding
the average bankfull slope. This section of channel is actively being accessed by livestock and
therefore the bed is being compressed into a uniform condition. The channel has also been
straightened and channelized which is visible in the plan view of the channel and through the
levees on both sides of the channel in cross sections 1 and 2. From station 300 to 600, the
channel is not actively being accessed by livestock and maintains the best riparian buffer. This
section of channel is the most stable with minimal incision occurring and consistent slope
features across the banks, bankfull, water surface and bed. The lower 500 feet (station 600 to
1100). however. show the beginnings of incision as the channel bed deepens relative to the
banks. This can be attributed to a downstream head cut moving through the channel as a result
of the active dredging occurring in Muddy Creek. This corresponds to cross section 5 having a
deep. narrow channel bottom as is the case with C streams moving towards G streams. These
three scenarios depict a stream with instability on the upper and lower ends and altering
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boundary conditions throughout. The tendency for streams in this situation is for the upper and
lower conditions to migrate through the center and alter the channel conditions until equilibrium
is reached. The complete data set for the existing profile information for R1 is presented in
Appendix A.

Table 2. Summary of Existing Cross Sections ~Reach 1 (R1)

Cross Station | Morph. | BKF BKF BK¥ Max | W/D Ent. LBH Stream
Section No. Feature | Area (f)) | Width (ft) | Depth (ft) | Ratio* | Ratio* | Ratio* | Class.*
1 88.5 Riffle 9.86 11.58 1.63 13.62 10.058 1.54 5

2 136.5 Pool 18.73 14.22 247 1077 | 946 - e

3 465.5 Riffle 8.93 13.66 1.68 21.02 13.18 1.31 C3

4 538 Pool 16.55 17.87 2.08 19.22 | B95 e e

5 1115 Riffle 14.00 8.86 237 561 14.66 | 1.33 ES

6 NA Riffle 13.35 14.82 141 1647 {329 1.73 C5

*Notes: Ent. Ratio 15 “Emrenchment Ratio”
WA Ratio s “Widih/Depth Rano”
LB Ratio1s “Low Bank Heght Ratio”
Stream classification 15 only viable along riffle sections.

The cross section data is summarized in Table 2 above but graphs and the associated data can
also be found in Appendix A. The cross section data suggests R1 is a stable C5 channel based on
the Rosgen stream classification system (Rosgen. 1994). However, upon closer inspection of the
riffle cross section graphs (pool cross sections are not used for evaluation). three trends toward
instability can be spotted. The first, typical of most stream channels and not an indication of
instability alone. is the bankfull area and width are both generally increasing as the riffle cross
sections move downstream. The second is the degree of incision (Low Bank Height Ratio)
remains consistent until cross section 6. where it increases slightly. And the third is the
entrenchment ratio remains above 10 until the last cross section where it drops significantly to
3.29. These trends together indicate channel conditions that result in the floodplain being
removed from the bankfull elevation as the bankfull elevation sinks lower into the stream
channel on the downstream end. This situation is indicative of altered boundary conditions
creating head cuts which travel upstream creating instability by producing steep, denuded,
undercut banks; excessive in channel velocities: and overly widened channels.

A reach-wide modified Wolman Pebble Count was conducted to determine the average dso (50%
of the sampled population is equal to or finer than the representative particle diameter) to be
approximately 0.13 mm for R1, which falls into the very fine sand size category. The wetted
perimeter dsg was approximately 2.5mm. The bar sample was predominantly sand and therefore
the dso could not be determined. The particle size distribution data is presented in Appendix B.
The results of the data suggest R1 is a sand dominated system with little grade control evidenced
by the absence of a true pavement/subpavement stratum. These tvpes of systems have a sensitive
response to the alteration of boundary conditions since the channel is not well armored.
Therefore these systems depend highly on bank vegetation and channel dimension, pattern and
profile to maintain equilibrium.

The vertical longitudinal profile. corresponding cross sections, and material substrate of R1
exhibit conditions in which the channel is on the beginning path of instability. Taking into
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account the tvpical stream types for this valley and the existing condition data, R1 is moving
from a C to a Ge on a stream successional path of E-—C—Ge-rF-+C-E (See Diagram 1
below). If allowed to fully develop. the channel’s instability will lead to increased sediment
supply through the mass wasting of banks. vertical instability, and channel widening.

Diagram 1. Stream Channel Succession

T S e

2.2 Reach 2 (R2) Existing Conditions

The R2 stream channel originates just north of the intersection of SR 3000 and US 158 and flows
in an easterly direction for approximately 1.0 mile before turning south. R2 then flows south
across the Muddy Creek floodplain for approximately 0.5 mile and eventually confluences with
R1 just upstream of Muddy Creek. The existing drainage area associated with R2 is 0.64 square
mile (410 acres.). R2 contains approximately 400 linear feet of existing channel within the
project area and classifies as a G5 stream type. The average slope of this channel is 0.0023 ft/ft
which is typical for streams in this valley type. The stream channel and banks associated with
this tributary have been principally altered through channelization evidenced by the linear
characteristics in the plan view (Figure | and 2). The stream section below the culvert has also
seen increased entrenchment due to the dredging of Muddy Creek.

Agricultural access through the installation of a farm path and the associated stream crossing has
exacerbated the degradation in R2. A high level analysis of R2 was not conducted because the
farm path culvert was identified as the major obstacle inhibiting aquatic passage. R2 displays
signs of stability upstream of the farm path culvert; however immediately downstream of the
culvert the stream is severely entrenched and incised. Erosion around the culvert is causing the
path to collapse into the stream channel. The severity in elevation drop from the inlet to the
outlet of the culvert does not allow fish passage and minimizes any hydrologic connection of the
upper part of R2 to Muddy Creek.

3.0 SITE PROTECTION INSTRUMENT

The Site will be located within the NCDOT right-of-way for the project and designated on the
plan sheets as a mitigation area. The Site will be managed to prohibit all use inconsistent with its
use as mitigation, including any activity that would materially alter the biological integrity or
functional and educational value of the site. consistent with the mitigation plan. The Site will be
recorded on the NEU mitigation geo-database (MGD). The MGD is distributed to the Divisions
to designate the location and protected status of all onsite mitigation. After closeout, the Site will
be placed in the NCDOT Stewardship Program for long term management and protection.

The Site will be managed according to the terms of this mitigation plan and the NCDOT
Stewardship Process.
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4.0 OBJECTIVES

The goal of the project is to improve water qualitv. to reduce bank erosion. to reestablish a
floodplain along R1. and to improve the aquatic and terrestrial wildlife habitat. The functional
restoration of the site will occur through a mixture of various treatments consistent with natural
channel design techniques for 1800 linear feet of R1 and 133 linear feet of R2. Along R1, these
techniques will include removing livestock from the stream through the implementation of a
conservation easement: establishing a floodplain or reconnecting the stream back to its historic
floodplain: increasing the amount of aquatic habitat through the addition of rock and wood
structures: and reestablishing native plant communities throughout the conservation easement,
whereby reintroducing shading, cover areas. and travel corridors. The restoration of R2 will be
limited to the replacement of the existing culvert with a new arched pipe with baffles to allow
functional fish passage. establish grade control. and minimize velocities therefore providing a
more stable stream system.

5.0 MITIGATION WORK PLAN

The mitigation work plan will consist of construction activities associated with the
implementation of the natural channel design set forth below.

5.1 Natural Channel Design

Natural channel design is the principle developed by Dave Rosgen of using stable reference
reach streams to develop and project dimensionless variables onto unstable reaches with similar
boundary conditions in order to superimpose a new stable system in low quality environments.
The following section outlines the parameters necessary to undertake natural channel design and
describes the fullv developed mitigation plan.

5.1.1 Introduction

Based on existing condition data, the restoration of the U-2707 project was broken into two
reaches. Reach 1 (R1) and Reach 2 (R2). R1 will undergo the most extensive restoration via
priority I and II restoration techniques. Due to the nature of the valley and changing channel
characteristics. explained further below, R1 was further divided into Rla (upstream 920ft) and
R1b (downstream 880ft). R2 restoration is comprised of the removal and replacement of a
nonfunctioning culvert and therefore some of the following analysis does not apply.

5.1.2 Reference Reach Analyses
One reference reach has been identified for use on the U-2707 stream restoration site. Spencer

Creek was chosen as it represents a stable, rural, piedmont stream type and shares the same
watershed size and characteristics as the project stream.

Spencer Creek is situated in Montgomery County, approximately 8.0 miles from Troy along the
west side of SR 1134 (Figure 3). Spencer Creek is characterized as a second order stream and
classifies as a rural E4/C4 stream type. Specific morphological data for this reference reach are
given within the morphological table found in Appendix B. Its watershed is approximately 0.55
square mile (355 acres) and encompasses large tracts of undeveloped woodland within the
Uwharrie National Forest. Common riparian species found along this stream corridor include
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American holly (Jlex opaca). red maple (Acer rubrum) . sweet gum (Ligiudambar styraciflua),
mountain laurel (Kalmia latifolia). flowering dogwood (Cornus florida), water oak (Quercus
nigra), willow oak (Quercus phellos). sourwood (Oxydendrum arboreum), and giant cane.

5.1.3 Sediment Transport Analysis

Sediment playvs a major role in the influence of channel stability and morphology (Rosgen.
1996). A stable stream has the capacity to move its sediment load without aggrading or
degrading.

The critical dimensionless shear stress (1* ;) is the measure of force required to initiate general
movement of particles in a bed of a given composition. Based on the d; of 2.7 mm obtained from
the active riffle sampling at cross section 3 and using a value of 0.1 mm for the bar sample ds
due to the composition of sand for R1. the critical dimensionless shear stress was calculated to be
approximately 0.019 Ibs/ft°. Evaluating R1a and R1b with a consistent bankfull slopes, the
differing channel geometries provide different bankfull shear stresses. Rla being classified a C5
channel has a smaller bankfull cross sectional area. but the geometry has a wider bankfull width
and shallower depth resulting in a bankfull shear stress of 0.225 Ibs/ft. R1b being classified an
ES channel has a larger bankfull area, but the smaller width and greater depth creates an
environment where velocities are extremely high resulting in higher bankfull shear stress of
0.496 Ibs/f". These shear stresses result in the entrainment of particles a minimum of 16 mm in
Rla and 38 mm in R1b. Entrainment and velocity calculation sheets used for this analysis are
presented in Appendices C and D, respectively.

The bankfull shear stress for the proposed channel has to be sufficient to move the Dg4 of the bed
material. The largest Dy particle determined within active riffles across the site was 4.87mm.
Based on the entrainment calculations for the proposed Rla and R1b. the calculated bankfull
shear stresses of 0.403 Ibs/ft* and 0.284 ibs;ﬁ? would move particles of 30 mm and 21 mm
respectively. The proposed design provides the correct C5 channel geometry for both Rla and
R1b, as seen in the design cross section overlays in Appendix E. However, due to valley
conditions. R1a has an increased slope of 0.0080 ft/ft. This increase in slope increases velocities
through the system with the same relative bankfull area and geometry which in turn creates a
higher shear stress. Being further downstream and to match the existing conditions, R1b has a
slightly larger bankfull cross sectional area than Rla but still retains the C5 channel geometry.
This change in geometry coupled with the flattening of the slope through this section due to
valley conditions allows the velocities and bankfull shear stress to be greatly reduced when
compared to the existing conditions.

This analysis proves the system contains more than adequate bankfull shear stress to move the
sediment through the system and raises concerns about degradation. The expected bankfull shear
stress would move particles ranging from 21 mm to 30 mm. The largest particle found on
depositional bars was 6 mm, while the Dgs and Djgo of the reach wide sampling of R1 was
determined to be 8 mm and 32 mm, respectively. Therefore, the proposed design has sufficient
shear stress to move the bedload associated with the project reach. However it will be extremely
important that vegetation. grade control structures, and design plan form tolerances are strictly
adhered to in construction as these will assist in maintaining the long term stability of the
proposed channel, in particular in R1a.
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5.1.4 Flood Analvses

The entire U-2707 mitigation site. including the channel of Muddy Creek and its immediate
floodplain are located within the Federal Emergency Management Association’s (FEMA) 100-
vear flood boundarv, as depicted on Figure 4 (FEMA. 1991). These areas are inundated by the
100-year flood of Muddy Creek. where Base Flood Elevations (BFE) have been determined and
a floodway established. However, the flood mapping onlv pertains to Muddy Creek proper. The

unnamed tributaries are not a part of the flood study and are inundated by the floodwaters of
Muddy Creek.

5.1.5 Proposed Design Reach 1 (R1)

The restoration of R1 has been divided into two sections. Rla and R1b, for design purposes.
R1a, the upstream portion of R1 from Station 0—00 to 9+20, is characterized by a steeper valley
slope and smaller bankfull channel. This area has been severely impacted by the agricultural
practices of channelization and through livestock access. The stream channel has been
straightened and deepened in locations while the banks have consistent levees on both sides of
the channel except for where livestock is actively accessing the stream as a water supply. In the
current condition. the channel classifies as a C5 stream, however as mentioned in Section 2
above, the system appears to be trending through the E—»C-»Ge-—F-C-E stream succession.
Therefore the design approach for Rla is to halt the succession at the first stage. E—C, through
the design of a stable C channel: then reverse the trend. effectively jumping to the C—E stage.
through the implementation of a vigorous vegetation plan.

Rla, being in the upstream steep valley scenario. will undergo Priority 1 restoration. This
consists of raising the bed elevation such that the corresponding bankfull elevation matches the
natural ground of the historic floodplain. In the case of Rla, performing this while keeping
within the design ranges of the horizontal plan form variables of sinuosity. meander length. belt
width, pool to pool spacing, and radius of curvature, the resulting bankfull slope was 0.0080 fi/ft
(See Aypendix F). The bankfull cross section was designed based on a cross sectional area of
10.0 ft* which matches the existing conditions and the NC Piedmont Regional Curve Data for a
drainage area of 0.46 mi~. The channel was then shaped based on a stable C5 dimension with a
width to depth ratio of 14.4. This results in a bankfull width of 12.0 feet and a maximum
bankfull depth of 1.37 feet. As depicted in the design overlays of cross section 1 and 3 in
Appendix E, this geometry closely matches the existing conditions geometry at the bankfull
stage therefore indicating a correct sizing. With the design of a stable CS channel, the
implementation of structures will provide vertical stability. Then a vigorous planting of the
stream banks will facilitate bank stabilization and encourage a tightening of the bankfull width
through sedimentation to form a stable E channel. This process will stabilize the system without
moving through the complete E—C-—Ge—F-—=C-E stream succession minimizing mass
wasting of banks and down cutting of the channel.

R1b. the downstream section of R1, is characterized by a flatter valley slope. larger bankfull area
and has the downstream elevation boundary condition at the confluence with R2. This channel
encompasses the 863 feet of R1 being relocated due to the construction of SR3000. The current
channel condition has been impacted by channelization and the creation of levees, but has also
experienced inappropriate stabilization techniques along the section that abuts the railroad
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alignment. In this area, concrete and large boulders have been introduced to the stream channel
as vertical grade control. However. this technique has removed any hvdrologic or aquatic
connection to Muddy Creek by hardening large drops throughout the lower 300 feet. The
disconnection to Muddy Creek coupled with the constraints imposed by the construction of
SR3000 required R1b to be diverted to connect with R2 prior to connecting with Muddy Creek.
This diversion resulted in a net loss of 185 linear feet of channel along R1 as R2 now makes the
185 foot connection to Muddy Creek.

Given the downstream elevation constraint imposed by the confluence with R2, R1b will
undergo Priority Il restoration. This type of restoration involves allowing the channel to drop
through the natural valley ground level in an effort to meet other constraints. However. to ensure
proper stability and flood capacity, a bankfull bench is excavated at the bankfull elevation to
create the necessary floodplain. To achieve the required floodplain for a C5 channel, the
entrenchment ratio (ratio of floodprone width to bankfull width) has to be greater than 2.2.
Based on the NC Piedmont Regional Curve Data for a drainage area of 0.49 mi~, the appropriate
bankfull cross sectional area is 15.0 f*. Using a width to depth ratio of 13.0 provided a bankfull
width of 14.0 feet and a maximum depth of 1.6 feet. Similar to Rla, design overlays of cross
sections 5 and 6 in Appendix E confirm this geometry is suitable in comparison to the bankfull
stage associated with the existing conditions. Using the entrenchment ratio of 2.2 and a bankfull
width of 14.0 feet, the minimum floodprone width was calculated to be 30.8 feet. The design
incorporates a 35.0 feet floodprone width to ensure this minimum is achieved. Adhering to the
design variable ranges associated with sinuosity. meander length, belt width, pool to pool
spacing, and radius of curvature (See Appendix F) while meeting the elevation constraints
imposed by connecting Rla to R2; the design bankfull slope for R1b was determined to be
0.0044 ft/ft. These channel modifications in slope and geometry significantly lower the shear
stress and velocities in this section creating a more stable system. As with Rla, the
implementation of structures for grade control and vegetation for bank stability and channel
tightening will significantly improve the long term stability of the channel. However, R1b was
closer to the second stage of the E—C-Ge-—F-+C-E stream succession as indicated by the
incision in cross section 5 and the entrenchment in cross section 6. The degradation processes in
the lower portion of the reach were most likely tied to the dredging operation in Muddy Creek.
Therefore, the decision to divert the channel to R2 now requires measures be taken to stabilize
R2 as it now provides the hydrologic and aquatic connection to Muddy Creek.

5.1.6 Proposed Design Reach 2 (R2)

The work along R2 will consist of the replacement of a degraded culvert causing restrictive
water passage effectively removing any hydrologic and aquatic connection to Muddy Creek
while increasing erosive forces immediately downstream of the crossing. The existing pipe is an
18 inch corrugated metal pipe (CMP) with a buried inlet and a perched outlet approximately 3
feet above bed elevation. The downstream section of R2 is extremely incised and entrenched as
a result of the perched pipe and active dredging occurring in Muddy Creek. Simply removing
the degraded culvert would remove agricultural access and create an unstable transition in
elevation which would result in a severe head cut moving upstream. Therefore the design must

maintain agricultural access. provide vertical stability. and reconnect the aquatic passage of the
upstream reach to Muddy Creek.
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A 112 inch by 75 inch corrugated aluminum arch pipe (CAAP) was selected based on stream
channel size and because this type of pipe can be easilv modified to incorporate a baffling
system. The baffling system is installed in such a manner as to create a sinuous low flow path
through the pipe that encourages fish passage. The 75 inch height of the pipe coupled with a
1.15 foot headwall matches the existing grades of the surrounding banks allowing for easy path
construction. The original drainage area of the culvert was 0.64 mi” before diverting R1 into R2
upstream of the culvert. Including R1, the new drainage area for the culvert is 1.13 mi-~ which
based on an ungauged station analysis of that size produces a 2 vear design discharge of 172 cfs
and a 5 vear design discharge of 319 c¢fs. Taking into account the baffling svstem. the flow path
of this pipe is reduced to an equivalent pipe size of an 87 inch by 63 inch CAAP. The baffling
svstem also effectively raised the invert elevation of the pipe to the invert of the first baffle.
Accounting for these hydraulic changes. an analysis of the pipe determined the 5 year return
interval caused the water to overtop the farm path by 2.41 feet whereas the 2 year return interval
placed the water 1.5 feet below the road. As the pipe is installed to provide agricultural access,
to allow for fish passage, and is completely contained within NCDOTs right of way: these
hydraulic conditions were deemed acceptable for the purpose. The baffled pipe system will
provide for the aquatic and hydrologic connection now missing throughout R1 and R2. Specific
details of the pipe design can be found in Appendix G and in Appendix H within the details of
the construction plans.

5.1.7 Stream Riparian Planting Plan

A protected riparian buffer will be established as part of the on-site mitigation and the entire
conservation easement will be fenced to restrict access to the restored areas and the SR 3000
right-of-way. The planting plan for the riparian and upland buffers of the U-2707 site will
provide post-construction erosion control and riparian habitat enhancement. The planting plan
will also attempt to blend existing vegetative communities into recently restored areas. Plantings
in the buffer areas will include native species appropriate for the Piedmont physiographic
province. Plants within the floodplain will be flood tolerant species, which can accommodate
periodic flooding events throughout the year. A variety of trees will be planted to provide cover
and habitat for wildlife as well as soil stabilization. NCDOT Roadside Environmental Unit will
develop the specific details and plant lists to be utilized on the U-2707 restoration site.

Trees with extensive, deep rooting systems will assist in stabilizing the banks in the long term.
Colonization of local herbaceous vegetation will inevitably occur. which will provide additional
soil stability. Tree species will be planted as bare root stock on random 8-foot centers at a
frequency of 680 stems per acre. Planting stock will be culled to remove inferior specimens, so
only healthy, viable stock will be planted at the U-2707 restoration site. Planting of species will
utilize cionnam plant stock and will be performed to the extent practicable between December 1%
and March 15™.

A complete Plan and Profile (Sheets MIT-03 and MIT-04) of the design described above along
with the Planting Plan (Sheets PLT-03 and PLT-04) can be found in Appendix I. Specific details
regarding construction and typicals of the stream can be found in Appendix H.
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5.2 Construction Implementation

Construction activities associated with the implementation of the natural channel design outlined
above will include excavation, structure installation. pipe removal and replacement. utility
marking, and vegetation installation. Prior to any work. the permittee will be responsible for the
knowledge and implementation of appropriate erosion control practices that meet all local.
county. and state regulations. The use of a pump around system will be incorporated and where
possible work will be conducted offline to minimize sediment input. Work will continue in a
fashion that allows for any land disturbance to be adequately treated by the end of each day.
Prior to any work beginning, the permittee will be responsible for marking all utilities on-site and
to confirm the elevations and locations shown on the plans. Excavation will be performed by
qualified personnel using equipment suitable for the conditions. Excavation will include cutting
the channel, bankfull bench. and any work necessary to remove the existing culvert. To stabilize
the banks. seed and straw will be immediately applied to the newly cut channel and covered with
coir fiber matting. Structure installation will include the installation of rock (or log if deemed
acceptable on site) cross vanes and constructed riffles. These structures are installed to provide
grade control and offer bank protection so it is important qualified personnel use equipment
outfitted for stream restoration. Similar to the structure installation. the pipe removal and
replacement will require specialized equipment and personnel familiar with the installation of
CAAPs and baffling systems. The last phase of construction will consist of planting the
conservation easement. As the vegetation is as important as the channel construction and
structure installation, the vegetation should be installed by a qualified landscaper or person of
similar background. This site will require the installation of bare root stock and live stake
material, each of which requires particular handling and installation for manual installation.

6.0 PERFORMANCE STANDARDS

The NCDOT shall monitor stream channel stability and buffer vegetation survival on the site.
Post-restoration monitoring will be conducted for a minimum of five years or until the success
criteria are met following the completion of construction to document project success.
Monitoring approaches follow those recommended by the Stream Mitigation Guidelines
(USACE and NCDWQ 2003). These approaches are described below in Section 7.0.

7.0 MONITORING REQUIREMENTS

The stream mitigation site will be monitored for five years or until success criteria is satisfied.
Monitoring protocols shall follow the Monitoring Level 1 outlined in the Stream Mitigation
Guidelines, April 2003. NCDOT will evaluate the success of the stream restoration project
based on guidance provided by the Stream Mitigation Guidelines disseminated by the United
States Army Corps of Engineers- Wilmington District. The survey of the channel dimension will
consist of permanent cross sections placed at equal number of pools and riffles. Annual
photographs showing both banks and upstream and downstream views will be taken from
permanent. mapped photo points. The survey of the longitudinal profile will represent distinct
areas of the stream and cover a cumulative total of approximately 1.800 linear feet LF of
channel. The entire restored length of stream will be investigated for channel stability and in-
stream structure functionality. Any evidence of channel instability will be identified. mapped
and photographed.
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8.0 OTHER INFORMATION

No other information is available.

9.0 DETERMINATION OF CREDITS

Restoration
Priority Existing Length | Proposed Length | Stream Mitigation
Stream Station Level Type of Channel (10 |  of Channel (D Uniits (SMU)
Reach | 0400 10 9420 i Perenmal PA 920 920
Reach 1 942010 11422 i Perennial 200 300 pitzl
Relocation
Priority Existing Length | Proposed Length | Stream Mitigation
Stream Station Level Type of Channel (i | of Channel (if Units (SMU)
Reach 1 11422 10 1800 j1i Perennial 863 678 678
Enhancement
Priority Existing Length | Proposed Length | Stream Mitigation
Stream Station Level Type of Channel () | _of Channel (if) Units (SMU)
Reach 2 O+000 10 1453 i Perennial 153 153 76.5
Tostal 2138 1953 1876.5

The site will be debited at the following ratios: 1:1 for stream restoration and 2:1 for stream
enhancement to mitigate for the 903 linear feet of stream impacts associated with U-2707. An
as-built report will be submitted within 60 days of completion of the project 1o verify final feet of
mitigation. The success of the mitigation areas and determination of final credits will be based
upon successful completion of the monitoring.

No wetland credit is currently proposed. However. there is potential for wetland restoration
within the floodplain of Reach 1. Any wetland restoration will be documented during the
monitoring phase and addressed with the agencies at a future time.

9.1 Credit Release Schedule
NCDOT proposes immediate. full release of the stream restoration and enhancement and the
wetland restoration as on-site mitigation for the impacts associated with U-2707. Any mitigation

not debited for U-2707 will be placed on the NCDOT debit ledger for future use on other
projects.

10.0 GEOGRAPHIC SERVICE AREA

The U-2707 Mitigation Plan has been developed to provide on-site mitigation for unavoidable
stream impacts associated with the construction of Transportation Improvement Project (TIP)
number U-2707, or the Idols Road Extension (SR 3000) in Forsyth County, North Carolina near
the town of Clemmons. The Site is situated within the Yadkin-Pee Dee River Basin within the
US Geological Survey (USGS) hydrological unit code (HUC) 03040101 and the NC Division of
Water Quality (NCDWQ) sub-basin 03-07-04. All stream and wetland mitigation assets not

U-2707 Mitigation Repont
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compensate for impacts bevond the GSA may be considered by the Corps or the permitting
agency on a case-by-case basis.

11.0 MAINTENANCE PLAN

The Site will be held by NCDOT and placed on the NEU mitigation geodatabase. If an
appropriate third party recipient is identified in the future. then the transfer of the property will

include a conservation easement or other measure to protect the natural features and mitigation
value of the site in perpetuity.

12.0 LONG TERM ADAPTIVE MANAGEMENT PLAN

The Site will be managed by the NCDOT according to the site plans. In the event that
unforeseen issues arise that affect the management of the site, any remediation will be addressed
by NCDOT in coordination with the Interagency Review Team.

13.0 FINANCIAL ASSURANCES

The Site is will be managed by NCDOT with its own distinct cost center number within the
NCDOT budgeting and financial tracking system. Therefore. all accounting for revenues,
contract encumbrances, fund transfers, and expenses will be performed and reported independent
from other capital budget or operating budget accounting.
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RIVERMORPH PROFILE SUMMARY
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River Name: UT to Muddy Creek
Reach Name: Existing Conditions
profile Name: Longitudinal profile
Survey Date: 06/29/2011
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DIST CH WS BKF LB RB BKF SL REW

0 693.86

0.625 695.585
0.795 695.353
6.222 695.661
11.832 695.451
15.196 695.501
15.91 695.508
23.074 692.516

23.074 695.545
35.993 695.56

36.912 694.001

39.507 695.59

44,881 695.587
47.663 695.034

50.396 695.575
50.837 695.603

54.722 695.233
63.645 694.927

63.749 695.075
73.117 694.928
73.2 694.716

73.794 696.585
74.078 697.024

81.249 696.974

82.706 694.882
82.877 694.668

83.024 696.285

88.5 694.665 696.299 696.869 694.87
99.124 696.086

99.525 694.727
99.892 694.174

99.892 696.881

106.129 694.688

106.979  693.842

111.923  693.713

111.923 694.588
111.923 696.35

114.753 695.735

116.742  693.546

120.095 694.643
120.095  693.327

120.095 696.526

123.141 694.746
124.212  693.447

127.768 695.745

128.982 696.468



136.
144,

145
145

172

242
252

253.
255,
258.
261.
261.
261.
267.
270.
271.
276.
276.
276.
281.
281.
282.
284,
291.
294.
300.
.661
.661

302
302

310.
310.
310.
313.
315.
317.
.478
323,
324.

322

5
428

.267
.848
146.
158.
158.
159.
16l.
169.
170.
170.
.134
188.
190.
191.
193.
205.
206.
207.
208.
218.
219.
227.
229.
230.
231.
232.
238,
242.

114
98

983
104
885
797
259
889

479
384
12

952
366
722
599
353
646
471

953
967

972
102
313

.463
246.
.866

796

546
338
813

765
765
435
332
218
332
651
651
13

795
523
179
088
804
754

044
044
044
517
386
356

084
776

693.
693.

693.

693.
694.

693.

693.

693.

693.

693.

693.

693.

693.

693.

693.

694.
694.

693.

501
328

283

041
001

622

354

879

75

757

724

153

113

067

672

153
202

999

695.967 695
695

695

695

695.

695

695

695.

695

695

695.

695

.911
774

.61

.643

719

.671

.654

178

.642

.035

. 145

695

695.

695.

695.

695

695

695

695.

694.

.489

807

739

248

.602

. 182

.729

.206

354

975

694.

694.

694.

694.

694.

694.

694,

694.

694.
694.
694.
694.
694.

694.
694.
694.

694,
694.
694.

694.
694.

694.
694.
694.
694.

539

764

354

626

65

682

693

705

748
701

729
772

65
746
639

609
679
69

68
825

689

519
718



331.
333.
333.
341.
344,
347.
350.
350.
351.

352

373

382

392

394.
394.
396.
396.
406.
406.
407.
408.
411.
.037

412

414.
421.
.082
423.
423.
431.
431.
431.
431.
438.
439.
440,
440.
447.
447 .
447,
447.
451.
453.
.145

423

453

455.
457.
458.
460.
461.
461.

674
534
534
028
937
63

418
989
841

.811
353.
356.
356.
356.
360.
363.
366.
.203
373.
376.
241
383.
385.
.281

7

197
197
197
804
215
921

203
582

637
519

032
708
542
542
39

39

997
593
161

26
844

112
112
014
317
771
95

872
792
087
898
108
108
599
965
908
145

345
389
313
023
541
805

465.5

470.

079

693.
693.
693.

693.
693.

693.

693.

694.

693.

693.
693.
693.

693.

693.

693

692.
692.

692.

692.

692
692

833
983
888

909
785

848

916
087

86

489
895
427

223

091

974
673

477

731

.719
.641

694.

695

694.

694.

694.

694.

694.

694.

694.

694.
694.

694.318 694.

921

.039

947

636

637

23

27

469

327

334
274

318

695.

694.

695

695.
.264

695.

695.

694.

695.

694.

694.

694.

694.

693.

694.
694.

1

992

.413

283

983

107

472

461

468

336

628

221
21 694.318

694.

694,
694,

694.

694.

694,

693.

693

693.

693.

693.

693.

693

693

693
693

404

318
232

193

189

231

818

.689

533

552

326

.216

.093
.022



474,
474,
474.
474.
481.
481.
486.
486.
486.
487.

495

512
512

535
538

552

572
572

615

o4

726
744
744
744
037
186
293
881
942
421

.095
497.
501.
501.
501.
502.
510.
511.
.22

.628
523.
525.
526.
526.
533.
534.
534,
.08

539.
544.
544,
544,
544,
552.
.615
553.
554,
564.
564.
565.
566.
570.
570.
.064
.492
586.
589.
590.
590.
597.
597.
598.
598.
607.
608.
608.
609.
615.
615.
735
620.

207
264
579
579
033
413
056

904
562
22
22
904
16
16

468
112
654
654
752

271

668
83
295
425
17
701

671
731
397
943
196
818
151
396
398
509
622
442
735
735

028
207

692.

692.

692.

692.

692.

692.

692.

692.
692.

692

691.

691.

691.

690.

691.

690.

690.

~01

463

515
417

377

155

187

053

.039

917

695

529

823

218

787

994

181

694.128

693.

694.

694,

694.

694.
693.

693.

693

693.
.818

692

692.
.873

692

692.
.982

692

757

209

214

204

043
703

658

.46
693.

664

064

968

537

694.

694.

693.

694.

694.
693.
694.
694.

693.

693.

693.
.797

692

693.
693.

692

144

109

929

36

238
447
183
092

347

622

442
006

.678

692

692.

692.

692.

692

692

692.

692.

692.

692.
692.

692.

691.

691.

691.

691.

691.

.874

89

935

705

.827

. 662

583

473

53

411

297

108

841

639

538

355



625.

635
635
635

662

682

722
722
722
723

731.
731.
747

732

733.
745.
.836
.836

745
745

749.
749.
753.
754,
754.
.004
.787
.028

.028
.459

762
762
763

763
773

309

241
.241
.241
639.
640.
641.
641.
641.
650.
650.
650.
651.
661.
661.
.436
663.
668.
669.
669.
671.
671.
674.
674.
675.
680.
680.
681.
.151
685.
686.
686.
686.
693.
693.
695.
695.
705.
706.
706.
707.
.031
.184
.943
.709

735
767
297
691
736
351
769

129
495
495

46

731
118
382
086
777
104
957
335
051
753
12

566
997
997
997
424
924
323
537

456
756
13

686
904

164
342
539
833

193
193

691.

690.

690.

690.

690.

689.

690.

690.

690.

690.
689.

689.

689.

689.

689.

053

848

701

612

381

955

225

274

233

071
925

253

319

151

046

692.
692.

692

692

691.

692

692.

692.

692

692

692.

692
692

692

692.
692.

564
584

.468

.803

985

.052

563

329

.646

.141
692.

153

.102
.299

.149

123
141

692

692.
693.

693.

693.

692.

692

692.

692

692.

692.

691.

691.

692.
691.

456

528
056

23

003

542

.856

309

137

541

317

973

573

271
827

691.

691.

691.

690.

690.

690.

690.

690.

690.

690.

690.

689.

689.

689.

689.

314

153

021

982

833

586

595

676

603

457

19

726

559

499

452



774.
781.
782.
783.
783.
789.
790.
790.
791.

805

815
815

872
872
872

892

902

922

922
925

931.
931.
933.
.164

935

940.
.992

942

943,
945.
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aR1.

204
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223
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939
243
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.983
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808.
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.742
816.
819.
833.
834.
834.
836.
848.
849.
849.
850.
858.
859.
860.
861.
871.
.119
.159
456
878.
880.
880.
883.
891.
. 869
894.
895.
900.
901.
.464
903.
914.
915.
916.
920.

361
288
448

414
914
553
532
993
045
468
256
256
365
276
903

683
775

955
528
952
395
842

096
549
927
482

144
852
571
377
196

.216
922.
.939
.14

562

574
574

827

603
553

337
6

688.

689.

688.

689.

688.

688.

688.

688.

688.

688.

688.

688.

688.

688.

688.

6R7.

957

26

979

086

68

814

665

634

396

306

185

469

441

205

067

986

691.

691.

692.

692

691.

691.

691.

691.

691.
690.

690.

690.

690.

690.

691.

692.

785

883

.244

258

225

491

106
741

889

548

194

798

686

03

691.

691.

691.

691.

691.
691.

690.

691.

691.

690.

690.

690.

691.

690.

690.

690.

829

844

567

313

322
153

541

338

266

957

873

938

264

389

539

689.

689.

689.

689.

689.
689.

688.

688,

688.

688.

688.

688.

688.

688.

688.

422

405

306

186

961

945

782

804

704

642

646

415



957.
960.

256
778

962.98

964.
967.

518
327

967.836

971.
975

514
.646

975.995
980.071

981.

588

985.416

985

.997

997.44
997.44
998.031

1001.
131
1006.
1006.
1011.
1011.

1005

1015

1032
1035
1035

1042

1043.
1047.
1051.
1051.
1056.
1061.
1061.
.482

1062

1069.
.188

1075

1075.
1076.
1077.
1086.
1087.
1089.
1094.
1094.
412
.243
.956
.034
.204

1095
1102
1103
1105
1105
1115

877

051
249
827
827

221
1016.
1019.
1019.
1023.
1026.
1027.
1030.
1031.
.83

A72
.601
1041.
.459

241
807
807
383
997
94

424
593

331

257
057
403
518
684
414
725

657

529
185
718
712
274
763
75

998

687.
687.

687.

687.

687.

687.
687.

687.

687.

687.

687.

687.

687.

687.

687.

687.

687.
687.

184
656

834

921

703

822
846

764

379

738

937

839

705

725

538

641

774
445

691.

691.

691.

690.

689.

689.

689.

690.

692

691.

691.

691.
691.

689.806 690.

Cross Section / Bank Profile Locations
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031
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508
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UV TV —————————— Rt

xs1l riffle Riffle XS 88.5
XS2 pPool pPool XS 136.5
XS$3 Riffle Riffle XS 465.5
XS4 pool pool XS 538
XS5 Riffle Riffle XS 1115
Xs6 rRiffle Riffle XS 1200
X$1 Design Riffle XS 0
XS6 Design Riffle XS 0
XSS5 Design Riffle XS 0
XS3 Design Riffle XS 0
Measurements from Graph

Bankfull Slope: 0.0063

variable Min Avg Max

S riffle 0.00794 0.01306 0.01981

S pool 0.00081 0.00606 0.01136

S run 0.00269 0.00996 0.01581

s glide 0.00257 0.00833 0.02236

P-P 29.34 61.22 78.63

pPool Tength 13.44 22.65 34,78

Riffle length 17.11 25.43 37.87

pmax riffle 1.44 1.82 2.37

Dmax pool 0.92 2.31 3.59

Dmax run 1.57 2.13 2.86

pmax glide 0.74 2.06 2.86

Low bank ht 0 0

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

oo oo ks s s R S ook ko ke o Weon WS GBS SR S WL AWK W WO e doWs oo oML WS W BB SR Ko SRS TR SR WD WK NN OOK WS MWK COMO WK WSS NN O SN WS WS WL WS WL WO NN SO NS AW WS WK BN WS WOV WU O WS N B S T S s

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Profile Name: LongatudznaT profile

Survey Date: 06/29/2011

DIST Note

88.5 XS1 - Tw Intersect @ station 88.5
136.5 XS2 - TwW Intersect @ station 136.5
465.5 XS3 - TW Intersect @ station 465.5
538 XS4 - TW Intersect @ station 538
1115 XS5 - TW Intersect @ station 1115
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RIVERMORPH CROSS SECTION SUMMARY

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS1 Riffle

survey Date: 06/14/2011

—— e - ————— — ——— e W e e . - G e e R e e - —— - e -

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 . 699.0642 GS
15 0 698.0063 GS
30 0 697.6342 GS
40 0 697.4325 GS
50 0 696.9929 GS
57 0 696.7344 GS
59 0 696.7981 GS
65 0 697.3121 GS
71 0 697.1896 LB
75 0 696.8689 GS
78 0 696.1681 GS
81 0 694.9963 GS
82 0 694.8701 LEW
82.5 0 694.6763 W
83 0 694.665 SB
83.5 0 694.8619 REW
84 0 694.9972 GS
85 0 695.1601 GS
87 0 695.8468 GS
89 0 696.2988 BKF
94 0 696.8665 GS
100 0 697.4391 RB
115 0 697.0983 GS
125 0 697.1365 GS
140 0 698.434 GS
155 0 699.0594 GS
170 0 699.6787 GS

Channel Left Right
Floodprone Elevation (ft) 697.94 697.94 697.94
Bankfull Elevation (ft) 696.3 696.3 696.3
Floodprone width (ft) 116.36  ----- = -=—---
Bankfull width (ft) 11.58 5.35 6.22
Entrenchment Ratio 10.05 -----  —--e-
Mean Depth (ft) 0.85 0.9 0.81
Maximum Depth (ft) 1.63 1.63 1.63
width/Depth Ratio 13.62 5.94 7.68
Bankfull Area (sq ft) 9.86 4.79 5.07

wetted Perimeter (ft) 12.09 7.27 8.08



——— ———————————— ——— ——————————————————— o ——— o - — T = - - S e - e o - —— i ——

Entrainment Formula: Shields Curve

Channel Left Side Right Side
Slope 0 0.0063 0
Shear stress (lb/sq ft) 0.26
Movable Particle (mm) 14.3
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RIVERMORPH CROSS SECTION SUMMARY

—— " ——— T ———————— i ————— o —— —— -t - M = e = e - - = - e = ————

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS2 Poo

Survey Date: 06/14/2011

——— i —————————— — ——— - — - e - - - e S e W= T e A e G A S G - S o —

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 698.8197 GS
15 0 697.7803 GS
30 0 697.3835 GS
40 0 697.1321 GS
50 0 696.4967 GS
58 0 696.4032 GS
63 0 696.8045 GS
68 0 696.83 GS
73 0 696.6516 GS
78 0 695.9671 BKF
80 0 695.0878 GS
81 0 694.5389 LEW
82 0 694.0439 SB
83 0 693.5011 ™
84 0 693.6753 SB
86 0 694.1423 SB
88 0 694.5287 REW
90 0 695.2058 GS
92 0 695.9111 RB
95 0 696.7802 GS
100 0 696.951 GS
115 0 696.5771 GS
125 0 697.406 GS
140 0 698.2313 GS

———— - S e e e G W S e S R W G SER e Ge N e G G G G e e M S S G S S e e G S e e G S S e e - - e - e e

Channel Left Right
Floodprone Elevation (ft) 698.44 698.44 698.44
Bankfull Elevation (ft) 695.97 695.97 695.97

Floodprone width (ft) 134.5  ----- —eeee
Bankfull width (ft) 14.22 7.11 7.11
Entrenchment Ratio 9.46 @ -----  —-eea
Mean Depth (ft) 1.32 1.5 1.13
Maximum Deﬁth (ft) 2.47 2.47 2.04
width/Depth Ratio 10.77 4.74 6.29
Bankfull Area (sq ft) 18.73 10.66 8.06
wetted Perimeter (ft) 15.15 9.78 9.45
Hydraulic Radius (ft) 1.24 1.09 0.85
Begin BKF Station 77 .98 77 .98 85.09

End BKF Station 92.2 85.09 92.2



Entrainment Formula: Rosgen Modified Shields Curve

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

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS3 Riffle

Survey Date: 06/14/2011

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 694.281 GS
20 0 694.4926 GS
40 0 694.768 GS
60 0 694 .8287 GS
75 0 694.7147 GS
80 0 694.8549 GS
83 0 694.9303 LB
86 0 694.7372 GS
90 0 694.5439 GS
92 0 694.2099 GS
94 0 693.6444 GS
96 0 694.098 GS
98 0 693.8268 GS
99.5 0 693.0932 LEW
100 0 692.7944 SB
101 0 692.7124 SB
102 0 692.6413 W
102.5 0 693.1772 REW
103 0 694.0695 GS
105 0 694.318 BKF
108 0 694.5922 GS
110 0 694 .843 RB
115 0 694.8506 GS
130 0 694.1478 GS
150 0 694.0967 GS
180 0 693.961 GS

—— - G — S e G G G e G G Se Ga S B e e G e S M S e e e S e e e e e G e e - - e e - —

Channel Left Right
Floodprone Elevation (ft) 696 696 696
Bankfull Elevation (ft) 694.32 694.32 694.32
Floodprone width (ft) 180  ----- meeee
Bankfull width (ft) 13.66 9.09 4.57
Entrenchment Ratio I I e
Mean Depth (ft) 0.65 0.56 0.84
Maximum Deﬁth (ft 1.68 1.56. 1.68
width/Depth Ratio 21.02 16.23 5.44
Bankfull Area (sq ft) 8.93 5.08 3.85
wetted Perimeter (ft) 14.85 11.06 6.91

Hydraulic Radius (ft) 0.6 - 0.46 0.56



Entrainment Formula: Rosgen Modified Shields Curve

Channel Left Side Right Side
Slope 0 0 0

Shear stress (lb/sq ft)

Movable Particle (mm)
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RIVERMORPH CROSS SECTION SUMMARY

—— e ——— i —— - —— . - = - - S e e S —— - S e - - — ——

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS4 Poo

Survey Date: 06/14/2011

Cross Section Data Entry

BM Elevation: . 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 694.0738 GS
20 0 694.1469 GS
40 0 693.8737 GS
50 0 693.8238 GS
65 0 694.796 GS
75 0 694.4041 GS
82 0 693.9102 GS
88 0 694.0461 GS
92 0 694.1282 BKF
96 0 693.7505 GS
99 0 693.4465 GS
100 0 693.057 GS
101 0 692.5303 LEW
101.5 0 692.0527 ™
102.5 0 692.086 SB
103.5 0 692.191 SB
104 0 692.522 REW
106 0 692.5926 GS
110 0 694.18253 RB
114 0 694.283555 GS
125 0 693.552789 GS
140 0 693.149204 GS
160 0 693.080396 GS

Channel Left Right
Floodprone Elevation (ft) 696.21 '696.21 696.21
Bankfull Elevation (ft) 694.13 694.13 694.13

Floodprone width (ft) 160 = -----  ——e--
Bankfull width (ft) 17.87 11.58 6.29
Entrenchment Ratio 8.95 = -----  —eee-
Mean Depth (ft) 0.93 0.84 1.09
Maximum Depth (ft) 2.08 2.08 1.89
width/Depth Ratio 19.22 13.79 5.77
Bankfull Area (sq ft) 16.55 9.7 6.85
wetted Perimeter (ft) 18.7 13.92 8.55
Hydraulic Radius (ft) 0.88 0.7 0.8
Begin BKF Station 92 92 103.58

End BKF Station 109.87 103.58 109.87



Entrainment Formula: Rosgen Modified Shields Curve

Channel Left Side Right Side
Slope 0 0 0

Shear stress (1b/sq ft)

Movable Particle (mm)
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RIVERMORPH CROSS SECTION SUMMARY

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS5 Riffle

Survey Date: 06/14/2011

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 690.032 GS
15 0 690.4106 GS
30 0 690.3663 GS
40 0 690.1402 GS
47 0 691.6543 GS
51 0 691.681 LB
54 0 690.765 GS
57 0 689.9441 GS
58 0 688.9531 GS
58.7 0 687.9453 LEW
60 0 687.5588 SB
61 0 687.4447 ™
62 0 687.4768 SB
63 0 687.9997 REW
64 0 688.5247 GS
65 0 688.7279 GS
66 0 689.8061 BKF
68 0 690.5877 RB
70 0 690.5979 GS
72 0 690.606 GS
76 0 690.1461 GS
85 0 690.0836 GS
100 0 689.5855 GS
110 0 689.7192 GS
120 0 690.2572 GS
130 0 690.3618 GS

Channel Left Right
Floodprone Elevation (ft) 692.18 692.18 692.18
Bankfull Elevation (ft) 689.81 689.81 689.81

Floodprone width (ft) 130 ----- —ee
Bankfull width (ft) 8.86 1.93 6.93
Entrenchment Ratio 14.66 ----- = ——-e-
Mean Depth (ft) 1.58 1.05 1.73
Maximum Depth (ft) 2.37 1.97 2.37
width/Depth Ratio 5.61 1.84 4.01
Bankfull Area (sq ft) 14 2.03 11.97
wetted Perimeter (ft) 10.56 4.81 9.7

Hydraulic Radius (ft) 1.33 0.42 1.23



Entrainment Formula: Rosgen Modified Shields Curve

Channel Left Side Right Side
Slope 0 0 0

Shear stress (lb/sq ft)

Movable Particle (mm)
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RIVERMORPH CROSS SECTION SUMMARY

River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS6 Riffle

Survey Date: 06/14/2011

o e o e e e e o - - e T = = e — = —— = = - —— = — - —— = - —— -

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV NOTE
0 0 689.5793 GS
15 0 689.5134 GS
30 0 689.1252 GS
46 0 688.8049 GS
49 0 688.3591 GS
52 0 688.8873 GS
53 0 688.8949 LB
54 0 688.6721 GS
57.5 0 687.0096 GS
61 0 686.678 LEW
63 0 686.4578 ™
64 0 686.7395 REW
67 0 686.8219 GS
69 0 687.4243 GS
70.5 0 687.866 BKF
73 0 689.537 GS
78 0 690.4895 GS
83 0 691.1334 GS

—— o — — ——— e S ———————— — — ———— ——— —— - —— — — - —

Channel Left Right
Floodprone Elevation (ft) 689.28 689.28 689.28
Bankfull Elevation (ft) 687.87 687.87 687.87

Floodprone width (ft) 48.69 @ ----- -
Bankfull width (ft) 14.82 7.12 7.7
Entrenchment Ratio 3.29 = ----- e
Mean Depth (ft) 0.9 0.94 0.86
Maximum Deﬁth (fo) 1.41 1.39 1.41
width/Depth Ratio 16.47 7.57 8.95
Bankfull Area (sq ft) 13.35 6.71 6.64
wetted Perimeter (ft) 15.23 8.73 9.28
Hydraulic Radius (ft) 0.88 0.77 0.71
Begin BKF Station 55.69 55.69 62.81
End BKF Station 70.51 62.81 70.51

Entrainment Formula: Rosgen Modified Shields Curve



Shear stress (1b/sq ft)
Movable Particle (mm) .
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RIVERMORPH PARTICLE SUMMARY

River Name: UT to Muddy Creek

Reach Name: Existing Conditions

Sample Name: U2707 R1 Reachwide

Survey Date: 06/14/2011

Size (mm) TOT # ITEM % CUM %

0 - 0.062 35 35.00 35.00

0.062 - 0.125 15 15.00 50.00

0.125 - 0.25 12 12.00 62.00

0.25 - 0.50 7 7.00 69.00

0.50 - 1.0 2 2.00 71.00

1.0 - 2.0 5 5.00 76.00

2.0 - 4.0 2 2.00 78.00

4.0 - 5.7 2 2.00 80.00

5.7 - 8.0 4 4.00 84.00

8.0 - 11.3 4 4.00 88.00

11.3 - 16.0 6 6.00 94.00

16.0 - 22.6 3 3.00 97.00

22.6 - 32.0 3 3.00 100.00
32 - 45 0 0.00 100.00
45 - 64 0 0.00 100.00
64 - 90 0 0.00 100.00
90 - 128 0 0.00 100.00
128 - 180 0 0.00 100.00
180 - 256 0 0.00 100.00
256 - 362 0 0.00 100.00
362 - 512 0 0.00 100.00
512 - 1024 0 0.00 100.00
1024 - 2048 0 0.00 100.00
Bedrock 0 0.00 100.00
D16 (mm) 0.03

D35 (mm) 0.06

D50 (mm) 0.13

D84 (mm) 8

D95 (mm) 18.2

D100 (mm) 32

Silt/Clay (%) 35

sand (%) 41

Gravel (%) 24

Cobble (%) 0

Boulder (%) 0

Bedrock (%) ' 0

Total Particles = 100.
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RIVERMORPH PARTICLE SUMMARY

River Name: UT to Muddy Creek

Reach Name: Existing Conditions

Sample Name: Active Riffle XS 1

Survey Date: 11/30/2011

Size (mm) TOT # ITEM % CuM %
0 - 0.062 0 0.00 0.00
0.062 - 0.125 4 10.00 10.00
0.125 - 0.25 8 20.00 30.00
0.25 - 0.50 5 12.50 42.50
0.50 - 1.0 6 15.00 57.50
1.0 - 2.0 13 32.50 90.00
2.0 - 4.0 4 10.00 100.00
4.0 - 5.7 0 0.00 100.00
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) 0.16

D35 (mm) 0.35

D50 (mm) 0.75

D84 (mm) 1.82

D95 (mm) 3

D100 (mm) 4

silt/Clay (%) 0

sand (%) 90

Gravel (%) 10

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 40 (need at least 60).
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RIVERMORPH PARTICLE SUMMARY

River Name: UT to Muddy Creek

Reach Name: Existing Conditions

Sample Name: Active Riffle XS 3

Survey Date: 11/30/2011

Size (mm) TOT # ITEM % CuM %
0 - 0.062 0 0.00 0.00
0.062 - 0.125 1 2.50 2.50
0.125 - 0.25 3 7.50 10.00
0.25 - 0.50 3 7.50 17.50
0.50 - 1.0 5 12.50 30.00
1.0 - 2.0 3 7.50 37.50
2.0 - 4.0 15 37.50 75.00
4.0 - 5.7 7 17.50 92.50
5.7 - 8.0 3 7.50 100.00
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) 0.45

D35 (mm) 1.67

D50 (mm) 2.67

D84 (mm) 4.87

D95 (mm) 6.47

D100 (mm) 8

silt/Clay (%) 0

Sand (%) 37.5

Gravel (%) 62.5

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 40 (need at least 60).
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RIVERMORPH PARTICLE SUMMARY

River Name: UT to Muddy Creek

Reach Name: Existing Conditions

Sample Name: Active Riffle XS 5

Survey Date: 11/30/2011

Size (mm) TOT # ITEM % CUM %
0 - 0.062 0 0.00 0.00
0.062 - 0.125 7 17.50 17.50
0.125 - 0.25 9 22.50 40.00
0.25 - 0.50 11 27.50 67.50
0.50 - 1.0 7 17.50 85.00
1.0 - 2.0 6 15.00 100.00
2.0 - 4.0 0 0.00 100.00
4.0 - 5.7 0 0.00 100.00
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) 0.12

D35 (mm) 0.22

D50 (mm) 0.34

D84 (mm) 0.97

D95 (mm) 1.67

D100 (mm) 2

silt/Clay (%) 0

sand (%) 100

Ggravel (%) 0

Cobble (%) 0

Boulder (%) 0

Bedrock (%) 0

Total Particles = 40 (need at least 60).



Entrainment Calculation Form

Starus: Existing Conditions Locanom Varsvihe Co.
Proecn: Li-270” Reacke  Ria, X5 3, Pebble Count Riffie 3
Prare: TU22 2011 Observers: EMP

Value Variable Definition

14 from Raffle /T or Pavemeny {2 Riffe
Dy from Bar Sample ‘17 or Bobpavesent 0

Largest Parncle from Bar Sample 710 or Pavemoen [2)
) Do . 304.8 ianm, 8

oo fe Bankiull Warer Surface Slope

Bankfull Mean Depth

Bankfoll Cross Scedonal Area

Werred Permerer

Submerged Speafic Weighr of Sedimenr 71,65
Diensity of Warer (62,4

Range 37 LUse BEguanon ©:
= 60834005/ D 5"
Range 1.3-30  Use Bguaoon 2

147 0.0384(D,D 5, "%

o Crivical Damensionless Shear Stress Fguaton Used:

Required Bankfull Mean Depdh /6
7 D
8

d.=

Stability:

Regured Bankfull Warer Surface Slope [ft/f8

Stability:

Hydraulic Radivs )

R= AW,
it Bankfull Shear Stress Ab/ it
1= YRS

YorN Is the Bed Marerial Homogencous?

Determine from reach wide pebble count distribution (Use your best judgemeni).
1 bomogencous use "Leopokd et al” Curve Dan, of hererogeneows use "Colorado” Curee Data.

16 o Mov?sb§e Parncle Size {mm) :*X: Bankfull i?kzczr Stress

I predicred by the Leopold, Wolman, & Miller 1964 Power-rendline.
0.085 b/ Predicted Shear Stress (bss ™ Requwred To Move 1D,

predicied by the Leopold, Wolman, & Miller 1964 Power-trendline,

N/A . Movable Paracle Size tmmi At Bankfull Shear Stress
e predicred by the Colorado Data Power-wendline,
W

N/A i Predicted Shear Stress Ibs 8™ Required To Move D.
I ' predicted by the Colorade Daw Power-trendline.

Taken from Ve Reforonee Reenr Fiedd Bowe 3005 by Rosgen and Sibvey




Entrainment Calculation Form

Status: Proposed, iteration 1 Locanon: Foesvthe Co.
Projec: 1270 Resch:  Ria, X853, Pebble Count Ruffle 3
Piare "R 2 Olbservers MP

Value Variable Definition

Dy Dy from Riffle 71 or Pavement (2
D geimm; D From Bar Sample ‘1 or Subpavement 02 Bar Sacmple

Largest Parucke from Bar Sample 71 or Pavement [2) Bar Sample

¢ o 3048 Tmm, o

Bankfoll Warer Surface Slope

Bankfull Mean Depth

Bankiull Cross Secvonal Area

Wered Pertmerer

Submerged Speafic Weght of Sediment 71,680
Diensity of Water 162.4:

Range 3-7 Use Fguanon 1
1= 008345, D "
Range 1.3-3.0  Use Hquanon 2:

T, = 0.0388(D, D 5 %

Concal Dnmensionless Shear Stress bauation Used: E:]

Required Bankfull Mean Depth 1
= N cz?af)i

Stability: Degrading

A o

ke

Required Bankfull Warer Surface Slope F/ 6t

T 1A
d
Deprading

Hydraulic Radius 1
R= AL
Bankfull Shear Stress {ii}:‘f{a}
7, = YRE
IYorN Is the Bed Matesal 13:}:}1{3,%%0%?

Determine from reach wide pebble count distribution {Use your best judgement).
1 homogeneoss we "Leopold or 1™ Curve Dat, of heterogeneous use "Colorado” Curve Da,

i 30 < Movable Partscie Size {mm; At Bankfoll Shear Stress
' i predicred by the Leopold, Wolmarn, 8 Miller 1964 Power-trendline,

0.085 b i Predicted Shoear Stress {lb::;'ftzj Reguired To Maove 13,
' predicted by the Leopold, Wolman, & Miller 1904 Power-wendline,
Movable Particle Size imm, Ar Bankfull Bhear Sress
N/A  lmm

predicred by the Colorado Dan Power-rrendline.
Predicted Shear Stress (bs. ft™ Required To Move 12
predicred by the Colorado Dan Power-rendline.
Faken from The Regromr Reawv Ficid Bowre . 2005 by Rosgen and Silvey

N/A i i




Enteaivonent Calculation Form

Starwse___ Existing Conditions Locavon: Forsythe Co.
Projecr U270 Reacly  Rib, X5 5, Pebble Coum Riffle 3
Drane: RS20 Observors EMP

Value Variable Definition

 Dyggimmy I from Riffle 74 or Pavement 72
13A&, i Dy from Bar Sample T or Subpavement (2
Dy Largest Parucle from Bar Sample /1 or Pavement J2)
it Dn oo 2 304.8 fmmy fe
S Mt Bankfull Water Burface Slope
d 1 Bankfull Mean Depth
' . Bankfull Cross Seenoml Area
[ Wened Perimeter
Submerged Specific Wogh of Sediment 11.65;
Denmry of Water (62.4)

Use Bguanon 1
S ¢ o AREER

T = 00834 D6, T 5

DDy Range 1330 Use Bovanon 2:

T, = 0.0384(D, D 5 "™

Costeal Dimensionless Shear Stress Eeuanon Used: EB

Required Bankfull Mean Depth ()
. A
]

Stability: Degrading

Range 37

Required Bankfull Water Surface Slope (f7f
.40

o, =

Stability:

s

Hydraulic Radivs 7f0

R= AW,
Bankfull Shear Stress db /10>
1, YRS

I the Bed Marerial Homogeneous?

Derermine from reach wide pebble count distribution (Use your best judgement).
If homogeneous wee "Leopold on al” Carve Daws, i hererogenvous we "Colorado” Curve Pan.

Movable Partcle Size tmn} At Bankfull Shear Stress

predicred by the Leopold, Wolman, & Miller 1964 Power-trendline.
Predicted Shear Stress {lbs, £t Required To Move 1D,

predicted by the Leopold, Wolman, & Miller 1964 Power-trendline.

Movable Parocle Size fmem) Ar Bankfoll Shear Stress
predicted by the Coloradoe Data Power-rrendline.

b Predicted Shear Stress (b, i Required To Move 13,

predicred by the Colorado Dawm Powerarendline,
“faken from The Refereose Reavw Piedd Bouk , 3005 v Rosgen and Sifver




Entrainment Calculation Form

Status: Proposed, iteration 1 ocanon Foysvehe Co,
Project: L2y Reach:  Rib, X85 Pebble Couny Riffle 3
Phare: REpE I3 Cibservers: EMP

Value Variable Definition

Dy from Raffle 4 or Pavement /23

B getmm Dy from Bar Sample 71 or Subpavement [2)

Iimm: Largest Parnede from Bar Sample 710 or Pavement 2
 ft 4 i 7 3048 smm i

Bankfull Water Surface Blope

Bankioll Mcan Depth

1A g Bankfull Cross Seeuonal Arca

Wened Pesmneter

Subrocrped Speadfic Weghr of Sedimeny {1.65

Density of Warer 160.4)

Range 37 Lse Equaton 10
T, = 0083405, D 55"
Range 1.3-3.0  Use Bquaton 2
T, = 0.0384(D, D 5 "
Cix':ic«l Dimensonless Shear Stress

Yauaton Used:

Required Bankfull Mean Depth 4%

4= T 0

Stability:

Regured Bankfoll Warer Surface Slope it/
L

Hydraulic Radivs 6
o
Bankfull Shear Stress b/ #%

1, YRS

1 the Bed Material Homogeoeous?
Determine from reach wide pebble count distribution (Use vour best judgement).
1f homogeneons use “Leopold et al” Curve Dam, if bewerogeneous use "Colorado” Carve Data,

Movable Parncle Size imm; At Bankfull Shear Stross

predicted by the Leopold, Wolman, 8 Miller 1964 Power-trendline.
Predicted Shear Stress bs,Fs Required To Move I,

predicred by the Leopold, Wolman, & Miller 1964 Power-trendline.

Movable Particle Size omm At Bankfull Shear Stress
predicred by the Colondo Data Power-ttendline.
Predicred Shear Stress {lbs}ftr} Required To Move 12
] predicred by the Colorado Dan Power-trendline.
“Faken from T Referense Recn Fieht Boske . 2005 by Rosgen snd Sivey




Velocity Comparison Form

Project:  U-2707 Location: Forsyth County. NC
Stream:  UT to Muddy Creek Reach: R1 Existing X81
Date: 8/16/2011 Observers: Mulkey

Bankfull Width {(Whkf) i ]
{D84 (Riffle or pavement)
Bankfull Slope {8)

:
Bankiull Maximum Depth ; | R/D84 (use D84 in ft)
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