STATE OF NORTH CAROLINA
DEPARTMENT OF TRANSPORTATION

PAT L. MCCRORY ANTHONY J. TATA
GOVERNOR SECRETARY

February 26, 2013

MEMORANDUM TO: Mr. Pat Ivey, PE
Division 9 Engineer i /g

FROM: Philip S. Harris, I1I, P.E.
Natural Environment Section
Project Development and Environmental Analysis Unit

SUBJECT: Forsyth County; SR 3000 Extension from SR 2999 to US 158;
Federal Aid Project No. STP-3000(a); W.B.S. No. 34845.1.1;
T.I.P. U-2707

Attached are the U.S. Army Corps of Engineers Section 404 Individual Permit and the N.C.
Division of Water Quality Section 401 Water Quality Certification for the above referenced
project. All environmental permits have been received for the construction of this project.

A copy of this permit package will be posted on the NCDOT website at:
http://www.ncdot.gov/doh/preconstruct/pe/neu/permit.html

Ce:

Mr. Randy Garris, P.E. State Contract Officer

Mr. Kent Boyer, Division Environmental Officer

Mr. Majed Alghandour, P. E., Programming and TIP

Mr. Jay Bennett, P.E., Roadway Design Unit

Mr. Dewayne Sykes, P.E. Utilities Unit

Mr. Art McMillan, P.E., Hydraulics Unit

Mr. Tom Koch, P.E., Structure Design Unit

Mr. Mark Staley, Roadside Environmental Unit

Mr. Ron Hancock, P.E., State Roadway Construction Engineer
Mr. Mike Robinson, P.E., State Bridge Construction Engineer
Mr. Eric Midkiff, P.E., PDEA Central Region

Mr. Clarence Coleman, P.E., FHWA

Ms. Beth Harmon, EEP

Mr. Phillip Ayscue, Office of Inspector General

MAILING ADDRESS: TELEPHONE: 919-707-6100 LOCATION:
NC DEPARTMENT OF TRANSPORTATION FAX: 919-212-5785

PROJECT DEVELOPMENT AND ENVIRONMENTAL ANALYSIS 1020 BIRCH RIDGE DRIVE
1598 MAIL SERVICE CENTER WEBSITE: WWW.NCDOT.ORG RALEIGH NC 27610-4328

RALEIGH NC 27699-1598



PROJECT COMMITMENTS

TIP Project No. U-2707
SR 3000 (Idols Rd.) extension from SR 2999 (Hampton Road)
to US 158 (Clemmons Road)
Forsyth County
Federal Aid No. STP-3000(1)
State Project No. 8.2624101
WBS No. 34845.1.1

Commitments Developed through Project Development and Design

Current status, changes, or additions to the project commitments as shown in the
environmental document for the project are printed in italic font.

Design Services/Division 9

e NCDOT will provide 4-ft paved shoulders to accommodate bicycle traffic along Idols
Road Extension.

This commitment was addressed during design and will be implemented during
construction.

e NCDOT will provide a left-turn lane for the access road to the historic property, Hanes
Farm, if Alternative A is recommended and constructed.

Alternative B has been selected as the Preferred Alternative, so this commitment no longer
applies.

e NCDOT will minimize tree removal between the railroad right of way and the edge of
pavement on the new alignment in the area of the historic property, Hanes Farm, if
Alternative B, C, or D is recommended and constructed.

This commitment was addressed during design and will be implemented during
construction.

Roadside Environmental

e NCDOT will control erosion and sedimentation for the Muddy Creek crossing and the
tributary culvert installation through the appropriate specification, installation, and
maintenance of high quality erosion and sedimentation control measures.

The original commitment was based on Muddy Creek’s 303(d) status at the time the
Environmental Assessment was published (February 2002). Muddy Creek is currently
included on the 2012 Final 303(d) list due to metals (copper and zinc), not sedimentation
or turbidity. Therefore, NCDOT will utilize standard Best Management Practices for
sedimentation and erosion control throughout construction of the project.

U-2707 Permit Greensheet
January 2013
Page 1 of 3



PDEA

e NCDOT will coordinate with the N.C. Division of Water Quality (DWQ) to fulfill the
necessary requirements regarding stream mitigation. Compensatory mitigation with
regard to stream mitigation is left to the discretion of DWQ. Pertinent details of the
stream modifications will be outlined in the application for the 401 Water Quality
Certification.

NCDOT coordinated with DWQ regarding the development of a compensatory stream
mitigation plan. This commitment was addressed during the permitting process, via the
inclusion of the compensatory stream mitigation plan in the permit application for the
project. The 401 Permit was approved August 6, 2012.

The compensatory stream mitigation plan will be implemented prior to or during
construction.

GeoEnvironmental

e One site exists within the project area that has the potential for Underground Storage
Tank (UST) involvement. NCDOT will conduct further studies if the proposed
project impacts the UST.

The parcel, former Ava Katrina Robertson property, at the intersection of Idols Road and

Hampton Road was acquired by Right of Way. The GeoEnvironmental Section has
conducted all necessary studies and preformed all necessary remediation at the site.

COMMITMENTS FROM PERMITTING

Natural Environment Section—Engineering Group

404 condition

Compensatory mitigation for the unavoidable impacts to 892 (not including mitigation
for 11 ft. of stream bank stabilization included in the requested 903 linear ft. of stream
channel impacts) linear ft. of stream impact associated with the proposed project shall be
provided by on-site stream restoration and enhancement to be performed by NCDOT at a
1:1 ratio. The on-site mitigation will be constructed and in compliance with the attached
U-2707 Stream Mitigation Plan dated December 22, 2011 and identified as (Exhibit C).

401 condition 2

Compensatory mitigation for impacts to 831 linear ft. of streams at a replacement ratio of
1:1 is required. Compensatory mitigation for impacts to jurisdictional streams shall be
provided by on-site stream relocation and restoration (1:1 ratio) of 1800 linear ft. of
stream S-JH-A (‘Reach 1°) and by on-site enhancement (2:1) of 153 linear ft. of stream
S-JH-B (‘Reach 2°), generating 1876.5 stream mitigation credits. The on-site stream
relocation shall be constructed in accordance with the design submitted in your May 10,
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2012 application and additional information received electronically on June 25, 2012.
All on-site mitigation sites shall be protected in perpetuity by a conservation easement or
through NCDOT fee simple acquisition and recorded in the NCDOT Natural
Environment Section mitigation geodatabase. Please be reminded that as-builts for the
completed streams shall be submitted to the North Carolina Division of Water Quality
401 Wetlands Unit with the as-builts for the rest of the project. If the parameters of this
condition are not met, then the permittee shall supply additional stream mitigation for the
831 linear ft. of impacts. All channel relocations will be constructed in a dry work area,
will be completed and stabilized, and must be approved on-site by NCDWQ staff, prior to
diverting water into the new channel. Whenever possible, channel relocations shall be
allowed to stabilize for an entire growing season. All stream relocations shall have a 50-
foot wide native wooded buffer planted on both sides of the stream unless otherwise
authorized by this Certification. A transitional phase incorporating rolled erosion control
product (RECP) and appropriate ground cover is allowable.

401 condition 3

The stream mitigation site shall be monitored annually for five years or until success
criteria are satisfied. Monitoring protocols shall follow the Monitoring Level I outlined
in the Stream Mitigation Guidelines, April 2003.

401 condition 4
Success of the mitigation site shall be determined by NCDWQ during an on-site visit at
or near the end of the monitoring period.
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DEPARTMENT OF THE ARMY PERMIT

Permittee: NCDOT SR 3000 (IDOLS ROAD) EXTENSION TIP U-27007
ATTN: DR. GREGORY J. THORPE, PH.D.

Permit No.: SAW-1998-20439
Issuing Office: USAED, WILMINGTON - CESAW-RG-R

NOTE: The term "you" and its derivatives, as used in this permit, means the permittee or any future transferee. The term "this
office" refers to the appropriate district or division office of the Corps of Engineers having jurisdiction over the permitted
activity or the appropriate official of that office acting under the authority of the commanding officer.

You are authorized to perform work in accordance with the terms and conditions specified below.

Project Description: The North Carolina Department of Transportation (NCDOT) has identified this project as TIP U-2707,
which 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 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 shoulder to accommodate bicycles, and 4 ft. grass
shoulders. The project would permanently impact 903 linear feet of the jurisdictional stream channels of Muddy Creek and two
unnamed tributaries to Muddy Creek. In addition, impacts are proposed to 0.81 acre of jurisdictional wetlands adjacent to these
tributaries. To mitigate for all unavoidable permanent impacts to jurisdictional features, the applicant proposes compensatory
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 North Carolina Ecosystem
Enhancement Program (NCEEP) to satisfy the compensatory mitigation requirements associated with federal and state permits.
In a letter dated March 6, 2010, NCEEP has agreed to provide the required wetland mitigation for this proposal if permitted.
270
Project Location: The project, known as TIP U-%OQJ;,’ is a 2.0 mile roadway on new location, as wetlands 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. Impacts are proposed to Muddy Creek and two unnamed tributaries to Muddy Creek. In
addition, impacts are proposed to 0.81 acre of jurisdictional wetlands adjacent to these tributaries. All project streams are
tributaries to the Yadkin-Pee Dee River Basin in Forsyth County. (U.S. Geological Survey [USGS] Hydrologic Unit [HUC]
03040101). The approximate center of project is at 36.0124° N., -80.3586° W.

Permit Conditions:
General Conditions:
1. The time limit for completing the work authorized ends on __December 31, 2019 If you find that you need

more time to complete the authorized activity, submit your request for a time extension to this office for consideration
at least one month before the above date is reached.

2. You must maintain the activity authorized by this permit in good condition and in conformance with the terms and
conditions of this permit. You are not relieved of this requirement if you abandon the permitted activity, although you
may make a good faith transfer to a third party in compliance with General Condition 4 below. Should you wish to
cease to maintain the authorized activity or should you desire to abandon it without a good faith transfer, you must
obtain a modification of this permit from this office, which may require restoration of the area.

3. If you discover any previously unknown historic or archeological remains while accomplishing the activity
authorized by this permit, you must immediately notify this office of what you have found. We will initiate the Federal

ENG FORM 1721, Nov 86 EDITION OF SEP 82 IS OBSOLETE. (33 CFR 325 (Appendix 4))
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and state coordination required to determine if the remains warrant a recovery effort or if the site is eligible for listing
in the National Register of Historic Places.

4. If you sell the property associated with this permit, you must obtain the signature of the new owner in the space
provided and forward a copy of the permit to this office to validate the transfer of this authorization.

5. Ifa conditioned water quality certification has been issued for your project, you must comply with the conditions
specified

in the certification as special conditions to this permit. For your convenience, a copy of the certification is attached if it
contains such conditions.

6. You must allow representatives from this office to inspect the authorized activity at any time deemed necessary to
ensure that it is being or has been accomplished in accordance with the terms and conditions of your permit,

Special Conditions:

SEE ATTACHED SPECIAL CONDITIONS

Further Information:
1. Congressional Authorities: You have been authorized to undertake the activity described above pursuant to:
@) Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 403).
(X) Section 404 of the Clean Water Act (33 U.S.C. 1344).
@) Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 (33 U.S.C. 1413).
2. Limits of this authorization.
a. This permit does not obviate the need to obtain other Federal, state, or local authorizations required by law.
b. This permit does not grant any property rights or exclusive privileges.
c. This permit does not authorize any injury to the property or rights of others.
d. This permit does not authorize interference with any existing or proposed Federal project.

3. Limits of Federal Liability. In issuing this permit, the Federal Government does not assume any liability for the
following:

a. Damages to the permitted project or uses thereof as a result of other permitted or unpermitted activities or
from natural causes.

b. Damages to the permitted project or uses thereof as a result of current or future activities undertaken by or on
behalf of the United States in the public interest.

¢. Damages to persons, property, or to other permitted or unpermitted activities or structures caused by the
activity authorized by this permit.

d.  Design or construction deficiencies associated with the permitted work.
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e. Damage claims associated with any future modification, suspension, or revocation of this permit.

4. Reliance on Applicant's Data: The determination of this office that issuance of this permit is not contrary to the
public interest was made in reliance on the information you provided.

5.  Reevaluation of Permit Decision. This office may reevaluate its decision on this permit at any time the
circumstances warrant. Circumstances that could require a reevaluation include, but are not limited to, the following:

a. You fail to comply with the terms and conditions of this permit.

b. The information provided by you in support of your permit application proves to have been false, incomplete, or
inaccurate (See 4 above).

c. Significant new information surfaces which this office did not consider in reaching the original public interest
decision.

Such a reevaluation may result in a determination that it is appropriate to use the suspension, modification, and
revocation procedures contained in 33 CFR 325.7 or enforcement procedures such as those contained in 33 CFR 326.4
and 326.5. The referenced enforcement procedures provide for the issuance of an administrative order requiring you to
comply with the terms and conditions of your permit and for the initiation of legal action where appropriate. You will
be required to pay for any corrective measures ordered by this office, and if you fail to comply with such directive, this
office may in certain situations (such as those specified in 33 CFR 209.170) accomplish the corrective measures by
contract or otherwise and bill you for the cost.

6. Extensions. General condition 1 establishes a time limit for the completion of the activity authorized by this permit,
Unless there are circumstances requiring either a prompt completion of the authorized activity or a reevaluation of the
public interest decision, the Corps will normally give favorable consideration to a request for an extension of this time
limit.
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Your signature below, as permittee, indicates that you accept and agree to comply with the terms and conditions of this

permit.
E,Zﬂm fer Oct 3l 2012,

(PERMITTEE) NCDOT SR 3000 (IDOLS ROAD) TIP U-2707 (DATE)
DR.GREGORY J. THORPE, PH.D.

This permit becomes effective when the Federal official, designated to act for the Secretary of the Army, has
signed below.

%{/‘4 Fae! ll/%/l.z

(DISTRICTEhginEEr) ssz((/EN A. BAKER, COLONEL (DATE)

When the structures or work authorized by this permit are still in existence at the time the property is
transferred, the terms and conditions of this permit will continue to be binding on the new owner(s) of the
property. To validate the transfer of this permit and the associated liabilities associated with compliance with

its terms and conditions, have the transferee sign and date below.

(Transferee) (DATE)
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SPECIAL CONDITIONS: ACTION ID: SAW-1998-20439
NCDOT SR 3000 (Idols Road) TIP U-2707

Failure to institute and carry out the details of the following special conditions below (listed as a-
w) will result in a directive to cease all ongoing and permitted work within waters of the United
States, including wetlands, associated with the permitted project, or such other remedies and/or
fines as the U.S. Army Corps of Engineers District Commander or his authorized representatives

may seek.

a) The North Carolina Division of Water Quality (DWQ) permit/certification number
WQC003938 was issued for this project on August 6, 2012. Special conditions were
issued associated with this water quality permit/certification and a copy of these
conditions is attached as (Exhibit A). These referenced conditions are hereby incorporated

as special conditions of this permit.

b) All work authorized by this permit must be performed in strict compliance with the
attached plans which were received on May 9, 2012. These plans are a part of this permit
and identified as (Exhibit B). Any modification to these plans must be approved by the US
Army Corps of Engineers (USACE) prior to implementation.

c) The permittee shall schedule a preconstruction meeting between its representatives, the
contractor’s representatives, and the Corps of Engineers, Raleigh Regulatory Field Office,
NCDOT Regulatory Project Manager, prior to any work within jurisdictional waters and
wetlands to ensure that there is a mutual understanding of all of the terms and conditions
contained within this Department of the Army Permit. The permittee shall provide the
USACE, Raleigh Regulatory Field Office, NCDOT Regulatory Project Manager, with a
copy of the final plans at least two weeks prior to the preconstruction meeting along with a
description of any changes that have been made to the project’s design, construction
methodology or construction timeframe. The permittee shall schedule the preconstruction
meeting for a time when the USACE and North Carolina Division of Water Quality
(NCDWQ) Project Managers can attend. The permittee shall invite the Corps and
NCDWQ Project Managers a minimum of thirty (30) days in advance of the scheduled
meeting in order to provide those individuals with ample opportunity to schedule and
participate in the required meeting.

d) Except as authorized by this permit or any USACE approved modification to this
permit, no excavation, fill or mechanized land-clearing activities shall take place at any
time in the construction or maintenance of this project, within waters or wetlands. This
permit does not authorize temporary placement or double handling of excavated or fill
material within waters or wetlands outside the permitted area. This prohibition applies to
all borrow and fill activities connected with this project.

e) Except as specified in the plans attached to this permit, no excavation, fill or
mechanized land-clearing activities shall take place at any time in the construction or
maintenance of this project, in such a manner as to impair normal flows and circulation
patterns within waters or wetlands or to reduce the reach of waters or wetlands.



SPECIAL CONDITIONS: ACTION ID: SAW-1998-20439
NCDOT SR 3000 (Idols Road) TIP U-2707

f) Compensatory mitigation for the unavoidable impacts to 892 (not including mitigation
for 11 feet of stream bank stabilization included in the requested 903 linear feet of stream
channel impacts) linear feet of stream impact associated with the proposed project shall be
provided by on-site stream restoration and enhancement to be performed by NCDOT at a
1:1 ratio. The on-site mitigation will be constructed and in compliance with the attached
U-2707 Stream Mitigation Plan dated December 22, 2012 and identified as (Exhibit C).

Compensatory mitigation for 0.81 acre of permanent Riparian-Nonriverine wetland
impacts associated with the project will be provided by North Carolina Ecosystem
Enhancement Program (NCEEP), as outlined in the letter dated March 6, 2012, from
Michael Ellison, EEP Deputy Director. In order to compensate for this wetland impact
associated with this permit, mitigation shall be provided in accordance with the provisions
outlined on the most recent version of the attached Compensatory Mitigation
Responsibility Transfer Form. The requirements of this form, including any special
conditions listed on this form, are herby incorporated as special conditions of this permit
authorization and identified as (Exhibit D).

g) All mechanized equipment will be regularly inspected and maintained to prevent
contamination of waters and wetlands from fuels, lubricants, hydraulic fluids, or other
toxic materials. In the event of a spill of petroleum products or any other hazardous
waste, the permittee shall immediately report it to the N.C. Division of Water Quality at 1
(800) 858-0368 and provisions of the North Carolina Oil Pollution and Hazardous
Substances Control Act will be followed.

h) The permittee shall advise the Corps in writing prior to beginning the work authorized
by this permit and again upon completion of the work authorized by this permit.

i) Unless otherwise authorized by this permit, all fill material placed in waters or wetlands
shall be generated from an upland source and will be clean and free of any pollutants
except in trace quantities. Metal products, organic materials (including debris from land
clearing activities), or unsightly debris will not be used.

j) The permittee shall require its contractors and/or agents to comply with the terms and
conditions of this permit in the construction and maintenance of this project, and shall
provide each of its contractors and/or agents associated with the construction or
maintenance of this project with a copy of this permit. A copy of this permit, including all
conditions, shall be available at the project site during construction and maintenance of

this project



SPECIAL CONDITIONS: ACTION ID: SAW-1998-20439
NCDOT SR 3000 (Idols Road) TIP U-2707

k) The permittee shall employ all sedimentation and erosion control measures necessary to
prevent an increase in sedimentation or turbidity within waters and wetlands outside the
permit area. This shall include, but is not limited to, the immediate installation of silt
fencing or similar appropriate devices around all areas subject to soil disturbance or the
movement of earthen fill, and the immediate stabilization of all disturbed areas.
Additionally, the project must remain in full compliance with all aspects of the
Sedimentation Pollution Control Act of 1973 (North Carolina General Statutes Chapter

113A Atrticle 4).

1) The permittee shall remove all sediment and erosion control measures placed in
wetlands or waters, and shall restore natural grades in those areas, prior to project

completion.

m) During the clearing phase of the project, heavy equipment must not be operated in
surface waters or stream channels. Temporary stream crossings will be used to access the
opposite sides of stream channels. All temporary diversion channels and stream crossings
will be constructed of non-erodible materials. Grubbing of riparian vegetation will not
occur until immediately before construction begins on a given segment of stream channel.

n) No fill or excavation for the purposes of sedimentation and erosion control shall occur
within jurisdictional waters, including wetlands, unless it is included on the plan drawings
and specifically authorized by this permit.

o) The permittee, upon receipt of a notice of revocation of this permit or upon its
expiration before completion of the work will, without expense to the United States and in
such time and manner as the Secretary of the Army or his authorized representative may
direct, restore the water or wetland to its pre-project condition.

p) Violations of these conditions or violations of Section 404 of the Clean Water Act or
Section 10 of the Rivers and Harbors Act must be reported in writing to the Wilmington
District U.S. Army Corps of Engineers within 24 hours of the permittee’s discovery of the

violation.

q) The permittee will ensure that the construction design plans for this project do not
deviate from the permit plans attached to this authorization. Written verification shall be
provided that the final construction drawings comply with the attached permit drawings
prior to any active construction in waters of the United States, including wetlands. Any
deviation in the construction design plans will be brought to the attention of the Corps of
Engineers, Raleigh Regulatory Field Office prior to any active construction in waters or

wetlands.



SPECIAL CONDITIONS: ACTION ID: SAW-1998-20439
NCDOT SR 3000 (Idols Road) TIP U-2707

r) Prior to commencing construction within jurisdictional waters of the United States for
any portion of the proposed project, the permittee shall forward the latest version of
project construction drawings to the Corps of Engineers, Raleigh Regulatory Field Office
NCDOT Regulatory Project Manager. Half-size drawings will be acceptable.

s) The permittee shall take measures to prevent live or fresh concrete from coming into
contact with any surface waters until the concrete has hardened.

t) Measures will be included in the construction/installation that will promote the safe
passage of fish and other aquatic organisms. The dimension, pattern, and profile of the
stream above and below a pipe or culvert should not be modified by widening the stream
channel or by reducing the depth of the stream in connection with the construction
activity. The width, height, and gradient of a proposed opening should be such as to pass
the average historical low flow and spring flow without adversely altering flow velocity.
Spring flow should be determined from gauge data, if available. In the absence of such
data, bankfull flow can be used as a comparable level.

u) Culverts greater than 48 inches in diameter will be buried at least one foot below the
bed of the stream. Culverts 48 inches in diameter or less shall be buried or placed on the
stream bed as practicable and appropriate to maintain aquatic passage, and every effort
shall be made to maintain the existing channel slope. The bottom of the culvert must be
placed at a depth below the natural stream bottom to provide for passage during drought or
low flow conditions. Destabilizing the channel and head cutting upstream should be
considered in the placement of the culvert. A waiver from the depth specifications in this
condition may be requested in writing. The waiver will be issued if it can be demonstrated
that the proposal would result in the least impacts to the aquatic environment.

v) To ensure that all borrow and waste activities occur on high ground and do not result in
the degradation of adjacent wetlands and streams, except as authorized by this permit, the
permittee shall require its contractors and/or agents to identify all areas to be used to
borrow material, or to dispose of dredged, fill, or waste material. The permittee shall
provide the USACE with appropriate maps indicating the locations of proposed borrow or
waste sites as soon as the permittee has that information. The permittee will coordinate
with the USACE before approving any borrow or waste sites that are within 400 feet of

any streams or wetlands.

w) If the permittee discovers any previously unknown historic or archaeological sites
while accomplishing the authorized work, he shall immediately stop work and notify the
Corps of Engineers, Raleigh Regulatory Field Office NCDOT Regulatory Project
Manager who will initiate the required State/Federal coordination.



U.S. ARMY CORPS OF ENGINEERS EXHIBIT D
Wilmington District ‘
Compensatory Mitigation Responsibility Transfer Form

Permittee: North Carolina Department of Transportation, Division of Highways Action ID: SAW- 199820439
Project Name: SR 3000 (Idols Road) extension TIP U-2707 County: Forsyth

Instructions to Permittee: The Permittee must provide a copy of this form to the Mitigation Sponsor, either an approved
Mitigation Bank or the North Carolina Ecosystem Enhancement Program (NCEEP), who will then sign the form to verify the
transfer of the mitigation responsibility. Once the Sponsor has signed this form, it is the Permittee’s responsibility to
ensure that to the U.S. Army Corps of Engineers (USACE) Project Manager identified on page two is in receipt of a signed
copy of this form before conducting authorized impacts, unless otherwise specified below. If more than one mitigation
Sponsor will be used to provide the mitigation associated with the permit, or if the impacts and/or the mitigation will occur
in more than one 8-digit Hydrologic Unit Code (HUC), multiple forms will be attached to the permit, and the separate forms
for each Sponsor and/or HUC must be provided to the appropriate mitigation Sponsors.

Instructions to Sponsor: The Sponsor must verify that the mitigation requirements shown below are available at the
identified site. By signing below, the Sponsor is accepting full responsibility for the identified mitigation, regardless of
whether or not they have received payment from the Permittee. Once the form is signed, the Sponsor must update the
appropriate ledger and provide a copy of the signed form to the Permittee and to the USACE Bank/In-Lieu Fee Program
Manager. The Sponsor must also comply with all reporting requirements established in their authorizing instrument.

Permitted Impacts and Compensatory Mitigation Requirements:
Permitted Impacts Requiring Mitigation* 8-digit HUC and Basin: 03040101, Upper Yadkin River Basin

Stream Impacts (linear feet) Wetland Impacts (acres)
Ripari Riparian ool
Warm Cool Cold l.p ‘lan |pe'1 . Non-Riparian Coastal
Riverine Non-riverine
0.81

*If more than one mitigation sponsor will be used for the permit, only include impacts to be mitigated by this sponsor.

Compensatory Mitigation Requirements: 8-digit HUC and Basin: 03040101 Upper Yadkin River Basin

Stream Mitigation (credits) Wetland Mitigation (credits)
R RivaT
Warm Cool Cold prar.nan [p?”ar.] Non-Riparian Coastal
Riverine Non-riverine
0.81

Mitigation Site Debited:_ NCEEP
(List the name of the bank to be debited. For umbrella banks, also list the specific site. For NCEEP, list NCEEP. If the NCEEP

acceptance letter identifies a specific site, also list the specific site to be debited).

Section to be completed by the Mitigation Sponsor

Statement of Mitigation Liability Acceptance: I, the undersigned, verify that | am authorized to approve mitigation
transactions for the Mitigation Sponsor shown below, and | certify that the Sponsor agrees to accept full responsibility for
providing the mitigation identified in this document (see the table above), associated with the USACE Permittee and Action
ID number shown. | also verify that released credits (and/or advance credits for NCEEP), as approved by the USACE, are
currently available at the mitigation site identified above. Further, | understand that if the Sponsor fails to provide the
required compensatory mitigation, the USACE Wilmington District Engineer may pursue measures against the Sponsor to

ensure compliance associated with the mitigation requirements.

Mitigation Sponsor Name:

Name of Sponsor’s Authorized Representative:

Signature of Sponsor’s Authorized Representative Date of Signature

Page 1 of 2 Form Updated 18 September, 2012



USACE Wilmington District
Compensatory Mitigation Responsibility Transfer Form, Page 2

Conditions for Transfer of Compensatory Mitigation Credit:

Once this document has been signed by the Mitigation Sponsor and the USACE is in receipt of the signed form, the
Permittee is no longer responsible for providing the mitigation identified in this form, though the Permittee remains
responsible for any other mitigation requirements stated in the permit conditions.

Construction within jurisdictional areas authorized by the permit identified on page one of this form can begin only
after the USACE is in receipt of a copy of this document signed by the Sponsor, confirming that the Sponsor has
accepted responsibility for providing the mitigation requirements listed herein. For authorized impacts conducted by
the North Carolina Department of Transportation (NCDOT), construction within jurisdictional areas may proceed upon
permit issuance; however, a copy of this form signed by the Sponsor must be provided to the USACE within 30 days of
permit issuance. NCDOT remains fully responsible for the mitigation until the USACE has received this form, confirming
that the Sponsor has accepted responsibility for providing the mitigation requirements listed herein.

Signed copies of this document must be retained by the Permittee, Mitigation Sponsor, and in the USACE
administrative records for both the permit and the Bank/ILF Instrument. It is the Permittee’s responsibility to ensure
that the USACE Project Manager (address below) is provided with a signed copy of this form.

If changes are proposed to the type, amount, or location of mitigation after this form has been signed and returned to
the USACE, the Sponsor must obtain case-by-case approval from the USACE Project Manager and/or North Carolina
Interagency Review Team (NCIRT). If approved, higher mitigation ratios may be applied, as per current District
guidance and a new version of this form must be completed and included in the USACE administrative records for both

the permit and the Bank/ILF Instrument.

Comments/Additional Conditions:

This form is not valid unless signed by the mitigation Sponsor and USACE Project Manager. For questions regarding this
form or any of the conditions of the permit authorization, contact the Project Manager at the address below.

USACE Project Manager: John Thomas
USACE Field Office: Raleigh Regulatory Field Office

Email:

US Army Corps of Engineers
3331 Heritage Trade Drive, Suite 105
f\/Nake Forest, North Carolina 27587

5 L ) / October 1, 2012

USAC7/13roject Manager gignature = / Date of Signature

Current Wilmington District mitigation guidance, including information on mitigation ratios, functional assessments, and
mitigation bank location and availability, and credit classifications (including stream temperature and wetland groupings) is

available at http://ribits.usace.army.mil.

Page 2 of 2

The Wilmington District is committed to providing the highest level of support to the public. To help us ensure we continue to do so, please complete the
Customer Satisfaction Survey located at our website at http://regulatory.usacesurvey.com/ to complete the survey online.
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North Carolina Department of Environment and Natural Resources
Mivision of Water Quality

Beverly Eaves Perdue Charles Wakild P.E Dee Freeman
Govarnor Diector o o M%’télyt
August 6, 2012 ; A ] =t S
Dr. Greg Thorpe, PhD., Manager : ALC b cui
Project Development and Environmental Analysis l g
North Carolina Department of Transportation . :
1548 Mail Service Center Dt OF dIGHWAYS
Raleigh, North Carolina, 27699-1548 | PDEMOPFICE Uf riai uRAL ENVIROKS™ - |

Subject: 401 Water Quality Certification Pursuant to Section 401 of the Federal Clean Water Act with
ADDITIONAL CONDITIONS for Proposed extension of SR 3000 (Idols Rd) from SR 2999 (Hampton
Road) to US 158 (Clemmons Road) in Forsyth County, Federal Aid Project No. STP-3000 (1), State
Project No. 8.2624101, TIP U-2707.
NCDWQ Project No. 2012-0470

Dear Dr. Thorpe:

Attached hereto is a copy of Certification No. 003938 issued to The North Carolina Department of Transportation
(NCDOT) dated August 6, 2012.

If we can be of further assistance, do not hesitate to contact us.

Sincerely,

2

Charles Wakild
'4/ Director

Attachments

cc: John Thomas, US Army Corps of Engineers, Raleigh Field Office (electronic copy only)
Kent Boyer, Division 9 Environmental Officer (electronic copy only) )
Chris Militscher, Environmental Protection Agency (electronic copy only)
Marla Chambers, NC Wildlife Resources Commission
Jason Elliott, NCDOT, Roadside Environmental Unit (electronic copy only)
Beth Harmon, Ecosystem Enhancement Program (electronic copy only)
Wetlands/401 Transportation Unit
File Copy

Transportation and Permitting Imit One .
1650 Mail Service Center. Raleigh, North arolina 2764 161 NorthCarolina
Location 512 N Salisbury St. Raleigh. North Carolina 77404 N /
Phone 919-807-6300 4 FAX- 919-807 0492 ﬂtlll'ﬂ y
Internet- www.ncwaterquality.org

an kqual oppordunity . Affirmative seton Sl ye



401 Water Quality Certification Pursuant to Section 401 of the Federal Clean Water Act with ADDITIONAL
CONDITIONS

THIS CERTIFICATION is issued in conformity with the requirements of Section 401 Public Laws 92-500 and
95-217 of the United States and subject to the North Carolina Division of Water Quality (NCDWQ) Regulations in
15 NCAC 2H .0500. This certification authorizes the NCDOT to impact 0.81acres of jurisdictional wetlands, and
903 linear feet of jurisdictional streams Forsyth County. The project shall be constructed pursuant to the application
dated received May 10, 2012 with additional information dated received June 25, 2012 and July 17, 2012. The
authorized impacts are as described below:

Stream Impacts in the Yadkin-Pee Dee River Basin

Total Stream

Stream

Site Permanent Fill in Temporary Fill Permanent Temporary
Intermittent Stream in Intermittent Fill in Fill in Impact Impacts
(linear ft) Stream (linear Perennial Perennial (linear ft) Requiring
ft) Stream Stream (linear Mitigation
_(linear ft) ft) (linear ft)
2 61 61
3 831 831 831
6 11 11
61 842 903 831
Total
Total Stream Impact for Project: 903 linear feet
Wetland Impacts in the Yadkin River Basin (riverine)
Site Fill Fill Excavation | Mechanized Hand Area under Total
(ac) (temporary) (ac) Clearing Clearing Bridge Wetland
(ac) (ac) (ac) (ac) Impact (ac)
1 0.03 0.03
4 0.78 0.78
0.78 0.03 0.81
Total

Total Wetland Impact for Project: 0.81 acres.

The application provides adequate assurance that the discharge of fill material into the waters of the Yadkin-Pee Dee
River Basin in conjunction with the proposed development will not result in a violation of applicable Water Quality
Standards and discharge guidelines. Therefore, the State of North Carolina certifies that this activity will not violate
the applicable portions of Sections 301, 302, 303, 306, 307 of PL 92-500 and PL 95-217 if conducted in accordance

with the application and conditions hereinafter set forth.

This approval is only valid for the purpose and design that you submitted in your application dated received May 10,
2012 with additional information dated received June 25, 2012 and July 17, 2012. Should your project change, you
are required to notify the NCDWQ and submit a new application. If the property is sold, the new owner must be
given a copy of this Certification and approval letter, and is thereby responsible for complying with all the
conditions. If any additional wetland impacts, or stream impacts, for this project (now or in the future) exceed one
acre or 150 linear feet, respectively, additional compensatory mitigation may be required as described in 15A NCAC
2H .0506 (h) (6) and (7). For this approval to remain valid, you are required to comply with all the conditions listed
below. In addition, you should obtain all other federal, state or local permits before proceeding with your project
including (but not limited to) Sediment and Erosion control, Coastal Stormwater, Non-discharge and Water Supply
watershed regulations. This Certification shall expire on the same day as the expiration date of the corresponding

Corps of Engineers Permit.

Condition(s) of Certification:

1. The NCDOT Division Environmental Officer or Environmental Assistant will conduct a pre-construction meeting
with all appropriate staff to ensure that the project supervisor and essential staff understand the potential issues
with the stream mitigation site. NCDWQ staff shall be invited to the pre-construction meeting.

2. Compensatory mitigation for impacts to 83 1linear feet of streams at a replacement ratio of 1:1 is required.
Compensatory mitigation for impacts to jurisdictional streams shall be provided by onsite stream relocation and
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restoration (1:1 ratio) of 1800 linear feet of Stream S-JH-A (‘Reach 1°) and by on-site enhancement (2:1) of 153
linear feet of Stream S-JH-B (‘Reach 2°), generating 1876.5 stream mitigation credits. The onsite stream
relocation shall be constructed in accordance with the design submitted in your May 10, 2012 application and
additional information dated received electronically on June 25, 2012. All on-site mitigation sites shall be
protected in perpetuity by a conservation easement or through NCDOT fee simple acquisition and recorded in the
NCDOT Natural Environment Unit mitigation geodatabase. Please be reminded that as-builts for the completed
streams shall be submitted to the North Carolina Division of Water Quality 401 Wetlands Unit with the as-builts
for the rest of the project. If the parameters of this condition are not met, then the permittee shall supply
additional stream mitigation for the 831 linear feet of impacts. All channel relocations will be constructed in a dry
work area, will be completed and stabilized, and must be approved on site by NCDWQ staff, prior to diverting
water into the new channel. Whenever possible, channel relocations shall be allowed to stabilize for an entire
growing season. All stream relocations shall have a 50-foot wide native wooded buffer planted on both sides of
the stream unless otherwise authorized by this Certification. A transitional phase incorporating rolled erosion
control product (RECP) and appropriate temporary ground cover is allowable.

The stream mitigation site shall be monitored annually for five years or until success criteria are satisfied.
Monitoring protocols shall follow the Monitoring Level I outlined in the Stream Mitigation Guidelines, April
2003.

Success of the mitigation site shall be determined by NCDWQ during an on-site visit at or near the end of the
monitoring period.

There are no temporary impacts permitted at this time. If temporary impacts are needed, a permit modification
will be required. ’ '

Post-construction stormwater shall be designed as approved in the permit application. If any changes are made to
the post-construction stormwater design, the Division of Water Quality shall be contacted for approval of the
changes.

Two copies of the final construction drawings shall be furnished to NCDWQ Central Office prior to the pre-
construction meeting. The permittee shall provide written verification that the final construction drawings comply
with the permit drawings contained in the application dated received May 10, 2012 with additional information
dated received June 25, 2012 and July 17, 2012. Any deviations from the approved drawings are not authorized
unless approved by the NC Division of Water Quality.

All channel relocations will be constructed in a dry work area and stabilized before stream flows are diverted.
Channel relocations will be completed and stabilized, and must be approved on site by NCDWQ staff, prior to
diverting water into the new channel. Whenever possible, channel relocations shall be allowed to stabilize for an
entire growing season. Vegetation used for bank stabilization shall be limited to native woody species, and should
include establishment of a 30 foot wide wooded and an adjacent 20 foot wide vegetated buffer on both sides of the
relocated channel to the maximum extent practical. All stream banks shall be matted with coir fiber matting.
Also, rip-rap may be allowed if it is necessary to maintain the physical integrity of the stream, but the applicant
must provide written justification and any calculations used to determine the extent of rip-rap coverage requested.
Once the stream has been turned into the new channel, it may be necessary to relocate stranded fish to the new
channel to prevent fish kills.

The post-construction removal of any temporary bridge structures must return the project site to its
preconstruction contours and elevations. The impacted areas shall be revegetated with appropriate native species.
Strict adherence to the most recent version of NCDOT's Best Management Practices For Bridge Demolition and
Removal approved by the US Army Corps of Engineers is a condition of the 401 Water Quality Certification.
Bridge deck drains shall not discharge directly into the stream. Stormwater shall be directed across the bridge and
pre-treated through site-appropriate means (grassed swales, pre-formed scour holes, vegetated buffers, etc.) before
entering the stream. Please refer to the most current version of Stormwater Best Management Practices.

There shall be no bents in the water. If the bridge design changes, this permit shall be modified.

No drill slurry or water that has been in contact with uncured concrete shall be allowed to enter surface waters.
This water shall be captured, treated, and disposed of properly.

Riprap shall not be placed in the active thalweg channel or placed in the streambed in a manner that precludes
aquatic life passage. Bioengineering boulders or structures should be properly designed, sized and installed.

The stream channel shall be excavated no deeper than the natural bed material of the stream, to the maximum
extent practicable. Efforts must be made to minimize impacts to the stream banks, as well as to vegetation
responsible for maintaining the stream bank stability. Any applicable riparian buffer impact for access to stream
channel shall be temporary and be revegetated with native riparian species.

Unless otherwise approved in this certification, placement of culverts and other structures in open waters and
streams shall be placed below the elevation of the streambed by one foot for all culverts with a diameter greater
than 48 inches, and 20 percent of the culvert diameter for culverts having a diameter less than 48 inches, to allow
low flow passage of water and aquatic life. Design and placement of culverts and other structures including
temporary erosion control measures shall not be conducted in a manner that may result in dis-equilibrium of
wetlands or streambeds or banks, adjacent to or upstream and down stream of the above structures. The applicant
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is required to provide evidence that the equilibrium is being maintained if requested in writing by NCDWQ. If
this condition is unable to be met due to bedrock or other limiting features encountered during construction, please
contact NCDWQ for guidance on how to proceed and to determine whether or not a permit modification will be
required.

During the construction of the project, no staging of equipment of any kind is permitted in waters of the U.S., or
protected riparian buffers.

The dimension, pattern and profile of the stream above and below the crossing shall not be modified.

Disturbed floodplains and streams shall be restored to natural geomorphic conditions.

The use of rip-rap above the Normal High Water Mark shall be minimized. Any rip-rap placed for stream
stabilization shall be placed in stream channels in such a manner that it does not impede aquatic life passage.

The Permittee shall ensure that the final design drawings adhere to the permit and to the permit drawings
submitted for approval.

All work in or adjacent to stream waters shall be conducted in a dry work area. Approved BMP measures from
the most current version of NCDOT Construction and Maintenance Activities manual such as sandbags, rock
berms, cofferdams and other diversion structures shall be used to prevent excavation in flowing water.

Heavy equipment shall be operated from the banks rather than in the stream channel in order to minimize
sedimentation and reduce the introduction of other pollutants into the stream.

All mechanized equipment operated near surface waters must be regularly inspected and maintained to prevent
contamination of stream waters from fuels, lubricants, hydraulic fluids, or other toxic materials.

No rock, sand or other materials shall be dredged from the stream channel except where authorized by this
certification.

Discharging hydroseed mixtures and washing out hydroseeders and other equipment in or adjacent to surface
waters is prohibited.

The permittee and its authorized agents shall conduct its activities in a manner consistent with State water quality
standards (including any requirements resulting from compliance with §303(d) of the Clean Water Act) and any
other appropriate requirements of State and Federal law. If NCDWQ determines that such standards or laws are
not being met (including the failure to sustain a designated or achieved use) or that State or federal law is being
violated, or that further conditions are necessary to assure compliance, NCDWQ may reevaluate and modify this
certification.

All fill slopes located in jurisdictional wetlands shall be placed at slopes no flatter than 3:1, unless otherwise
authorized by this certification.

A copy of this Water Quality Certification shall be maintained on the construction site at all times. In addition,
the Water Quality Certification and all subsequent modifications, if any, shall be maintained with the Division
Engineer and the on-site project manager.

The outside buffer, wetland or water boundary located within the construction corridor approved by this
authorization shall be clearly marked by highly visible fencing prior to any land disturbing activities. Impacts to
areas within the fencing are prohibited unless otherwise authorized by this certification.

The issuance of this certification does not exempt the Permittee from complying with any and all statutes, rules,
regulations, or ordinances that may be imposed by other government agencies (i.e. local, state, and federal) having
jurisdiction, including but not limited to applicable buffer rules, stormwater management rules, soil erosion and
sedimentation control requirements, etc

The Permittee shall report any violations of this certification to the Division of Water Quality within 24 hours of
discovery.

Upon completion of the project (including any impacts at associated borrow or waste sites), the NCDOT Division
Engineer shall complete and return the enclosed "Certification of Completion Form" to notify NCDWQ when all
work included in the 401 Certification has been completed.

Native riparian vegetation must be reestablished in the riparian areas within the construction limits of the project
by the end of the growing season following completion of construction.

There shall be no excavation from, or waste disposal into, jurisdictional wetlands or waters associated with this
permit without appropriate modification. Should waste or borrow sites, or access roads to waste or borrow sites,
be located in wetlands or streams, compensatory mitigation will be required since that is a direct impact from road
construction activities.

Erosion and sediment control practices must be in full compliance with all specifications governing the proper
design, installation and operation and maintenance of such Best Management Practices in order to protect surface
waters standards:

a. The erosion and sediment control measures for the project must be designed, installed, operated, and
maintained in accordance with the most recent version of the North Carolina Sediment and Erosion
Control Planning and Design Manual.



b. The design, installation, operation, and maintenance of the sediment and erosion control measures
must be such that they equal, or exceed, the requirements specified in the most recent version of the
North Carolina Sediment and Erosion Control Manual. The devices shall be maintained on all
construction sites, borrow sites, and waste pile (spoil) projects, including contractor-owned or leased
borrow pits associated with the project.

c. For borrow pit sites, the erosion and sediment control measures must be designed, installed, operated,
and maintained in accordance with the most recent version of the North Carolina Surface Mining
Manual.

d. The reclamation measures and implementation must comply with the reclamation in accordance with
the requirements of the Sedimentation Pollution Control Act.

36. Sediment and erosion control measures shall not be placed in wetlands or waters unless otherwise approved by
this Certification.

Violations of any condition herein set forth may result in revocation of this Certification and may result in criminal
and/or civil penalties. This Certification shall become null and void unless the above conditions are made
conditions of the Federal 404 and/or Coastal Area Management Act Permit. This Certification shall expire upon the
expiration of the 404 or CAMA permit.

If you wish to contest any statement in the attached Certification you must file a petition for an administrative
hearing. You may obtain the petition form from the office of Administrative hearings. You must file the petition
with the office of Administrative Hearings within sixty (60) days of receipt of this notice. A petition is considered
filed when it is received in the office of Administrative Hearings during normal office hours. The Office of
Administrative Hearings accepts filings Monday through Friday between the hours of 8:00am and 5:00pm, except
for official state holidays. The original and one (1) copy of the petition must be filed with the Office of
Administrative Hearings.

The petition may be faxed-provided the original and one copy of the document is received by the Office of
Administrative Hearings within five (5) business days following the faxed transmission.
The mailing address for the Office of Administrative Hearings is:

Office of Administrative Hearings

6714 Mail Service Center

Raleigh, NC 27699-6714

Telephone: (919)-431-3000, Facsimile: (919)-431-3100

A copy of the petition must also be served on DENR as follows:

Mr. William Cary, General Counsel

Department of Environment and Natural Resources

1601 Mail Service Center

This the 6th day of August 2012

DIVISION OF WATER QUALITY

WY
. COJCharles Wakild

Director

WQC No. 003938
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NCDWQ Project No.: County:
Applicant:

AvA e
NCD'W! RE:L:;.- JED

North Carolina Department of Environment and Natural Resourdes
Division of Water Quality

Project Name:
Date of Issuance of 401 Water Quality Certification:

Certificate of Completion

Upon completion of all work approved within the 401 Water Quality Certification or applicable Buffer Rules, and
any subsequent modifications, the applicant is required to return this certificate to the 401 Transportation Permitting
Unit, North Carolina Division of Water Quality, 1650 Mail Service Center, Raleigh, NC, 27699-1650. This form
may be returned to NCDWQ by the applicant, the applicant’s authorized agent, or the project engineer. It is not
necessary to send certificates from all of these.

Applicant’s Certification
, , hereby state that, to the best of my abilities, due care and diligence

was used in the observation of the construction such that the construction was observed to be built within substantial
compliance and intent of the 401 Water Quality Certification and Buffer Rules, the approved plans and
specifications, and other supporting materials.

Signature: Date:
Agent’s Certification
I, , hereby state that, to the best of my abilities, due care and diligence

was used in the observation of the construction such that the construction was observed to be built within substantial
compliance and intent of the 401 Water Quality Certification and Buffer Rules, the approved plans and
specifications, and other supporting materials.

Signature: Date:
Engineer’s Certification
Partial Final
I, , as a duly registered Professional Engineer in the State of North

Carolina, having been authorized to observe (periodically, weekly, full time) the construction of the project,for the
Permittee hereby state that, to the best of my abilities, due care and diligence was used in the observation of the
construction such that the construction was observed to be built within substantial compliance and intent of the 401
Water Quality Certification and Buffer Rules, the approved plans and specifications, and other supporting materials.

Signature Registration No.

Date

Transportation and Permitting !init On
16550 Mail Service Genter Raleigh, North Garoling 27699 151 - Carohna

Location. 512 N Salisbury St Raleigh. North Garlina 27404 at”ra//y

Phone 919-807 6300 % FAX 914-807 5492
Internet: www.ncwaterguality.org

An Faual Oppartunity . finnanye s Fmpiove
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U-2707 STREAM MITIGATION PLAN
FORSYTH COUNTY

WBS NO.: 34845.1.1
DECEMBER 22, 2011

ATION

1.0 BASELINE INFORM

1.1 Introduction

This U-2707 stream mitigation plan proposes improvements to be implemented by the North
Carolina Department of Transportation {P\ICDG'R“} along two unnamed tributaries (UT's) 10
Muddy Creek. The plan is being completed to provide on-site mitigation for unavoidable stream
impacts associated with the construction of Transportation Inprovement 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 consisis of
approximately 1,800 lincar 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 Infermation

The two unnamed tributades are situated within the Yadkin-Pee Dee River Basin within the US
Geological Swrvey (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 sgnare miles {316 acres) af the point where the road aligmment will fill the

stream. R2? has an existing drainage avea of 0.62 square miles (410 acres) at the culvert inlet.
Both of these drainage aress are ;}r@domnanﬂy woodland/pasture areas with residential and
commercial intermixed.

1.3 Project Site Description

1317 opogr: 42;9%32 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 fest above mean sea level (msl) along Clouds Harbor Trail to
679 feet ms! 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.

U-2707 Mitigation Report )
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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 Delinearion Manual (Environmental
Laboratory. 1987}, NCDOT personnel performed wetland delineations between December 1998
and November 2001 and reconfirmed any changes in June 2011, Fowr 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 163 feet downstream of Clouds Harbor
Trail, This fourth wetland was deemed to be snimportant 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 pooliwetland area (INCDOT, 2002).

1.3.3 Existing Plant Compmumiies

The vegetative communities found within the project area can be characterized by two major
groupings. These grovpings include pasioreland (predominantly fescue) and the riparian fringe.
The riparian fringe is o narrow band of vegetation found along each ununamed tibutarv.
Common herbaceous species found include poison ivy (Foxicondendron radicans), jewelweed
{Impatiens capensis), common violet {(Fiola sp.), common greenbrier (Smilax rommdifolial.
Japanese honeysuckle (Lomicera japonrica). muliiflora vose (Rosa mumdtifiora), and giant cane
{Arundinaria gigantey). Woody species located in the svbeanopy primarily consist of silky
dogwood {(Cornus amomum), Chinese privet (Ligustrum sinemse), river birch (Betila nigra).
black willow {Salix nigra), and black cherry (Prunus seroting). Common free species occupying
the canopy of the ripadan fringe include boxelder {4eer megundos, green ash (Fraxinus
pennsylvanica), and tulip poplar (Liriodendron tulipifera). .

1.3.4 Thregrened and Endangered Species

Arcording fo the US Fish and Wildlife Service (USFW5), two endangered and one threatened
species are known to occur in Forsyth County. The threatened species (bog turtle) is listed by
similgrity of appearvance {S7/A), but is neither biclogically threatened por endangered. Therefors,
the bog turile is not subject to Section 7 consuliation (Endangered Species Act). Information
regarding these federally Hsted species can be found in Table 1.

Table 1. Federally Listed Species for E@rsylﬂ:h Lounty

- S%?é;ig;gﬁfé ngjﬁ;ﬁﬁﬁg Endangered * mjiafmiannjs? ;;gci{yﬁif&gn - Mo : NoEffeer
0 partial sun
BogTwte | i (898 | saymeddbowomedsmems | T appleable

* Depotes no speefmen fom Forsvih County forud o e past twenly veas.
B Threstened due o similarny of appearance (87 A1 denotes 2 species that is threatened due to shnilarity of appearinve with ofher rare spectes
and 1z listed for s protection. These sprecies arg not biologically endangered or fhrearened and are not snbyest to Section ~ copsnlistion.
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2.0 SITE SELECTION

Both R1 and B2 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 upnamed wibutaries
are part of the system being impacted by the construction of the Idols Road Extension. Adter
anglyzing all the impacted systems affected by the U-2707 project. R1 and R2 were identified as
highly desraded systems 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 residentiel neighborhood approximately 0.3 miles south of
the intersection of existing SR 3000 (Hampton Road) and US 158. The wibutary flows in a
southerly direction for approximately 0.3 miles before tuming to the east/nportheast and
eventually conmecting with R2 just upstream of Muddy Creck. The drainage avea associated
with RI is 316 acres {0.49 mi’) and is predominantly woeodland/pasiure with residential
intermixed (Figure 2). The current location of the R1 stream channel {along the nostheast toe of
the Norfolk Southern railroad embanlament) is a product of agriculiural operations and railroad
construction. Agriculiore practices over the last century have played 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 riparion buffer coupled with livestock access to the stream for watering purposes have
created unstable banks confributing more sediment to the system. In addition o 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 concreie 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 system with fluctuating boundary
conditions that is on the border of instabilitv. Cumrently, the existing R1 chaunel Hows
approximately 2,000 linear fest within the limits of the U-2707 project area. The existing
chanuel slope averages 0.00632 f/fi over a represenfative 1100 fest of chaumnel which is
characteristic of E and C channsls typical for this valley type. However, the upper 300 feet of
the reach is characterized by a flat bed slope while the backs 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 vniform condition. The channel has alse been
straightened and channelized which is visible in the plan view of the channel and through the
levees on both sides of the chanpel in cross sections 1 and 2. From station 300 to 600, the
channel is not actively being accessed by Hvestock and maintains the best riparian buffer. This
section of channs! is the most sizble with minimal incision occumving and copsistent slope
featares across the banks, bankfisll, water surface and bed. The lower 500 feet (station 600 w
1100). however, show the begimings of incision as the channel bed deepens relative to the
banks. This can be ativibuted 1o 2 downsiveam head cut moving through the channel as a resuli
of the active dredging ocouring in Muddy Creek. This corresponds to cross section 5 having 2
deep. narrow channel bottom as is the case with C streams moving towards G sweams. These
three scenarios depict a siream 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. Sumusary of Existing Cross Sections ~Reach § (R1)

Cross Station | Morph. | BKF BKF BRK¥Max | WD [ Ent. (LBE | Stream
Seetion | No. Feature | Avea (") | Widih (ft) | Depth (76 | Ratio® | Ratio™ | Ratio® | Class.*
1 885 |Riffle |9.86 111.58 1.63  |1362 11005 |1.54 Cs
2 1365 | Pool 18,73 14.22 247 1077 1946 |- -
3 465.5 |Riffle 1893 13.66 1.68 2102|1318 | 131 Cs
4 538 | Pool | 1655 17.87 2.08 1922 | 895 |- ~
5 1115 I ®iffle (1400 8386 2.37 561 |1466 |133 E3
6 NA Riffie | 1333 14.82 141 1647 [320 |L73 C5

=*Notes: Fae, Ratio 15 “Enmrenchment Ratio”
WD Ratio 5 “Widtl/Depth Rapo”
18 Ratio is *Low Bank Herght Rajie™
Sirean: classification 15 only visble slong riffls sections.

The cross section dats 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 channe] based on
the Rosgen stream classification systom (Rosgen. 1994). However, upon closer inspection of the
riffie oross 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)
remuains consistent unil cross section 6. where it increases slightly. And the third is the
entrenchment ratio remains above 10 unil the last cross section where it drops significantly to
3.29. These trends together indicate channel conditions that resnlt in the floodplain being
vemoved from the bapkfull elevation as the bankfull elevation sinks lower into the stregm
channel on the downstream end. This sitoation is indicative of altered boundary conditions
creating head outs which fravel upstream creating instability by producing steep, denuded,
undereut hanks; excessive in channe! velocities; and overly widened channels.

A reach-wide modified Wolman Pebble Count was conducted fo determine the average dse (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 dsy was approzimately 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 stratom. These types of systems have 2 sensitive
response to the alieration of boundary conditions since the chanmnel is not well armored.
Therefore these systems depend highly on bank vegetation and channel dimension, patiem and
profile to maintain equilibrinm.

The vertical longitudinal profile. corresponding cross sections, and material subsirate of Rl
exhibit conditions in which the chennel is on the beginning path of instability. Taking into
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acoomnt the typical stream types for this valley and the existing condition data, R1 1s moving
from a C i 2 Ge on a stream successional path of E—{—Ge—F—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

%.» E:E i ﬁ » P @8 %’F

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 ming 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 approximatsly 400 linear feet of existing chennel within the
project area and classifies as a G35 stream type. The average slope of this chanmel is 0.0023 fi/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 hnear
characteristics in fhe plan view (Figure 1 and 2). The stream section below the culvert has also
seen mncreased entrenchment due to the dredging of Muddy Creelc.

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 1o collapse into the siream channel. The severity in elevation drop from the inlet to the
cutler 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 sight-of-way for the project and designated on the
plan sheets as g mitigation area. The Site will be managed 1o prohibit all use inconsistent with its
use as mitigation, inclading any activity that would materially alter the biological integrity or
funciional 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.

TF-2707 Mitigation Report
December 22,2011
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4.0 OBJECTIVES

The goal of the project is to improve water qualitv. o reduce bank erosion. 1o reestablish a
floodplain along R1. and 1o iraprove the aquatic and terrestrial wildlife habitat. The functional
restoration of the site will occur through a mixture of various treatments consistent with narural
channel design techniques for 1800 linear feet of R1 and 153 linear feet of R2. Aleng R1, these
fechniques will include removing livestock from the stream through the implementation of a
copservation casement. 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 fravel comidors. 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 siable stream system.

PLAN

5.0 MITIGATION WORK

The mitgation work plan will comsist of constructen activides associated with the
implementation of the natral 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 2 new stable system in low quality environments.
The following section outlines the parameters necessary to underiake nataral channel design and
describes the fully developed mitigation plan.

5.1.1 Imroduction

Based on existing condition data, the restoration of the U-2707 project was broken into two
reaches, Reach 1 (R1) and Reach Z (R2). R1 will undergo the most extensive restoration via
priovity I and I restoration techniques. Due to the nature of the valley and changing channel
characteristics. explained Awther below, R1 was further divided into Rla (upstream 9201} and
Kib {downstream 880f). R2 restoration is comprised of the removal and replacement of a
nonfinctioning culvert and therefore some of the following analysis does not apply.

5.1.2 Reference Reach Analyses

Cue reference reach has been identified for use on the U-2707 stream restoration site. Spencer
Creek was chosen as it reprosents a stable, rural, piedmont stream type and shares the same
watershed size and characteristics as the project stream.

Spencer Cregk 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 siream and
classifies as a rural E4/C4 stream type. Specific morphological data for this reference reach are
given within the morphological 1able found in Appendix B. Iis watershed is approximately 0.35
square mile (355 acres) and encompasses large tracis of undeveloped woodland within the
Uwharrie National Forest. Common riparian species found along this stream corridor include
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American holly (Hex opaca). red maple (deer rubrum) . sweet gum (Ligivdambar styracifiua),
mountain lawrel (Kafmia latfolic). fowering dogwood {Cornus florida), water oak {Quercus
nigra), willow oak {Quercus phellos). souwrwood (Oxydendrum arboreum), and giant cane.

5.1.3 Sedimenz Transport Anclvsis

Sediment plays 2 major role in the influence of channel stability and morphology (Rosgen.
1006). A stable stream has the capacity to move s sediment load without aggrading or
degrading.

The critica] dimensionless shear stress (7% ) 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 riffie sampling at cross section 3 and using 4 value of 0.1 mum for the bar sample dsp
due to the composition of sand for R1. the critical dimensionless shear stress was calculated o be
approximately 0.019 Tbs/R°. Ewvalvating Rla and R1b with a consistent bankfull slopes, the
differing channel geometries provide different bankfull shear stresses. Rlabeing classified s C5
channel has a smaller bankfull cross sectional avea. but the geometry has a wider bankfull widih
and shallower depth resulting in a bankfull shear siress of 0.225 Tos/&°. R1b being classified an
ES channel has 2 larger bankfull ares, but the smaller width and greater depth creates an
enviromment where velocities are extremely high resuliing in higher bankfidl shear siress of
0.496 Ibs/f". These shear stresses result in fhe entrainment of particles a minimum of 16 mm in
Rla and 38 mm in R1b. Enfrainment and velocity calenlation sheets used for this analysis are
presented in Appendices C and D, respectively.

The bankfitll shear stress for the proposed channel has to be sufficient to move the Dy, of the bed
material. The largest Dgg particle determined within active riffles across the site was 4.87mm.

Based on the enfrainment calculations for the proposed Rla and Rib, the caleulated bankfull
shear stresses of 0.403 Ibs/f and 0.284 Ibs/f e? wounld move patticles of 30 mm and 21 mumn
respectively. The proposed design provides the comect C5 chaunel geometry for both Rla and
R1b, as seen in the design oross section overdays in Appendix E. However, due io valley
conditions. R1a has an incressed slope of 0.0080 f7&t. This increase in slope increases velocities
throngh the system with the same relative bankfidl area and geometry which In turn creates a
higher shear stress. Being futher downstream and to match the existing conditions, R1b has a
slightly larger bankfidi cross sectional area then Rla but still retains the C5 channel geometry.
This change in geomstry coupled with the flatiening of the slope through this section due o
valley conditions allows fhe velocities and baokfull shear stress to be greatly reduced when
compared to the existing conditions.

This analysis proves the system contains more than adeguate banldfll shear stress 1o move the

sediment through the system and raises concerns about degradation. The expected bankfull shear
stress would move par%mies ranging from 21 mm fo 30 mm. The largest particle found on
depositional bars was & mum. while the Dygs and Dygp of the reach wide sampling of R1 was
determined 1o be 8§ mun and 32 mm, respectively. Therefore, the propossed design has suificient
shear stress to move the bedload associated with the project reach. However it will be extremely
fmportant that vegetation. grade confrol structures, and design plan form Iolerances ave strictly
adhered to in construction as fhese will assist in maintaining the long term stability of the
proposed chamnel, in particular in Rla.

{2707 Mitigation Report .
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5.1.4 Flood Analyses

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 boundary. as depicted on Figure 4 (FEMA. 1991). These areas are inundated by the
160-year flood of Muddy Creek, where Base Flood Elevations (BFE) have been determined and
3 floodway established. However, the flood mapping only pertains to Muddy Creek proper. The
wnnamed tributaries are not a part of the flood study and are inundated by the floodwaters of
Muddy Creek.

3.1.5 Proposed Design Reach 1 (R1}

The restoration of R1 has been divided into two sections. R1a and Rlb, for design purposes.
Rla, the upstream portion of R1 fiom Station 0~00 10 9+20. is characterized by a stegper valley
slope and smaller bankfull channel. This area has been severely impacted by the agricultural
practices of chamnelization and through livestock access. The siream channel has been
straightened and deepened in locations while the banks have consistent levees on both sides of
the charmel except for where livestock is actively accessing the siream as a water supply. In the
current condition. the channel classifies as a C5 siream, 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 Ria is to halt the sucoession 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 stesp valley scenario. will undergo Priority I 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 f/ft
{See Appendix F). The bankfull cross section was designed based on a cross sectional area of
10.0 f* 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 2 maximum
bankful] depth of 1.37 feet. As depicted in the design overlays of cross section 1 and 3 in
Appendix E, this geomenry closely matches the existing conditions geometry at the bankfull
stage therefore indicating a correet sizing. With the design of a siable C5 chanpel, the
iraplementation of struciures will provide vertdcal stability. Then 2 vigorous planting of the
stream banks will facilitate bank stgbilization and encourage a tightening of the bankfull width
through sedimentation to form a stable E channel. ‘This process will stabilize the system without
moving throngh the complete E—C—Ge—F—C—E stream succession minimizing mass
wasting of banks and down cutting of the chamnel.

Rib. the downstream section of R1, is charactetized by 3 flatter valley slope, larger bankfuli 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 consiruction of 3R3000. The cwrent
channel condition has been impacted by channelization and the creation of levees, but has also
experienced inappropriate stabilization technigues along the ssction that gbuts the zailroad
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alignment. In this area, concrete and large boulders have been introduced to the stream channel
as vertical grade conirol. Howsever, this technigue has removed any hydrologic or aguatic
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 resulied in a net loss of 185 linear feet of channel along R1 as R2 now makes the
185 foot connestion to Muddy Creek.

Given the downsiroam elevation constraint imposed by the confluence with R2, Rlb will
undergo Priority H restoration. This type of restoration involves allowing fhe channel to drop
through the natural vallev ground level in an effort to meet other constraints. However. 1o ensure
proper stability and flood capacity. a bankfull bench is excavated at the bankfull elevation to
create the necessary floodplain. To achieve the requived 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 diainage area of 0.49 mwi”, the appropriate
bankfull cross sectional area is 15.0 f. Using a width to depth ratio of 13.0 provided a bankfirll
widih of 14.0 feet and a maximum depth of 1.6 fest. Similar to R1a, 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 bankf{ull
width of 14.0 feet, the minimum floodprone width was calenlated to be 30.8 feet. The design
incorporates a 35.0 fest floodprone width to ensure this minimums is achieved. Adhering to the
design variable ranges associated with sinuosity. meander length, belt width, pool to pool
spacing, and radins of curvamme {See Appendix F) while meeting the slevation constraints
imposed by connecting Rla to R2; the design bankfull slope for R1b was determined to be
0.0044 fi7ft. These channel modifications in slope and geometry significantly lower the shear
stress and velocities in this section ¢reating a more swable system. As with Rla, the
implementation of struciures for grade control and vegetation for bauk 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 suscession as indicated by the
incision in cross section 5 and the entrenchrent in oross section 6. The degradation processes I
the lower portion of fhe reach were most likely tied to the dredging operation in Muddy Creek.
Therefore, the decision o divert the channel 1o R2 now requires measures be taken to stabilize
R2 as it now provides the hydrologic and aquatic connection to Muddy Creek.

3.1.6 Proposed Design Reach 2 (R2)

The work along R2 will consist of the replacement of a degraded cnlvert causing resirictive
water passage effectively removing any hydrologic and aguatic connection to Muddy Creek
while increasing erosive forces immediately downsiream of the crossing. The existing pipe is an
18 inch corrugated metal pipe (CMP) with a buried inler and a perched outlet approximately 3
feet above bed elevation. The downsiream section of R2 is extremely incised and entrenched as
a result of the perched pipe and active dredging occwring in Muddy Creek. Simply removing
the degraded culvert would remove agricultural access and create an unstable trapsition in
elevation which would result in a severe head cnt moving upstream. Therefore the design must
maintain agricnltural aceess, provide vertical stability. and reconnect the aguatic passage of the
upsiream reach o Muddy Creek.

U277 Miuigation Report
December 22, 2011
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A 112 joch by 75 inch corrgated aluminum arch pipe (CAAP) was selected based on stream
charinel size and because this type of pipe can be easily modified to incorporate a baffling
system. The baffling system is installed in such a manner as 1o create 2 sinuous low flow path
through the pipe that encourages fish passage. The 75 inch height of the pipe coupled with 2
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 i which
based on an ungauged station analysis of that size produces a 2 vear design discharge of 172 ¢fs -
gnd a 5 vear design discharge of 319 ofs. Taking into account the baffling system. the flow path
of this pipe is reduced to an equivalent pipe size of an 87 inch by 63 inch CAAP. The baffling
system 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 cansed the water to overtop the farm path by 2.41 foet whereas the 2 year return interval
placed the water 1.5 feet below the road. As the pipe is instalied to provide agmul%ai BCOESS,
to allow for fish passage, and is completely contained within NCDOTs mgilc 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 throughont 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.

3.1.7 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 conirol and riparian habitat enhancement. The planting plan
will also attempt to blend existing vegetative commmmities into recently restored areas. Plantings
in the buffer areas will include native species appropriate for the Pledmont 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 wﬁdhfe as well as soil stabilization. NCDOT Roadside Envirenmental Unit will
develop the specific details and plant lists to be ntilized on the U-2707 restoration site.

Trees with extensive, deep rooting systems will assist in stabilizing the banks in the long term.

. Colonizatien 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 spemmens. S0

only heatthy, viable stock will be planted at the U-2707 restoration site. Planting of species will

utilize dcsmam plant stock and will be performed to the extent practicable between December 1%
and March 15™.

A complete Plan 2nd Profile {Sheets MIT-03 and MIT-04) of the design desciibed 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.

U-2H7 Mitigation Report
December 22, 2011
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5.2 Construction Implementation

Construction activities associated with the implementation of the natural channel design outlined
above will inciude excavation, structure installation. pipe removal and replacement. urlity
marking, and vegemation installation. Prior to any work. the permitiee will be responsible for the
knowledge and implementation of approprate 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 adeguately treated by the end of each day.
Prior to any work beginning, the permitiee 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 chanmel, bapkfall bench, and any work necessary to remove the existing culvert. To stabilize
the banks. seed and straw will be immediately applied 1o the newly cut channel and covered with
coir fiber matting. Struciure installation will include the installation of rock (or log if deemed
aceepiable 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 equipmient
outfitted for stream restoration. Similar to the stucture 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 conswuction will consist of planting the
conservation easement. As the vegelation is as imporiant as the chanmel construction and
structire installation, the vegetation should be installed by a qualified landscaper or person of
similar background. This site will require the installation of bate root stock and live stake
material, each of which requires particnlar handling and installation for manual installation.

6.0 PERFORMANCE ST

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
critetia are met following the completion of construction 1o document project success.
Monitoring approaches follow those recommended by the Sweam Mitigation Guidelines
(USACE and NCDWQ 2003). These approaches are desciibed below in Section 7.0

The strear 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 rifffes. Annual
photographs showing both banks and upstresm 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 LK of
chamnsl. The entire restored length of sream will be investigated for chammel stability and in-
stream struicture funciionality. Any evidence of channel instability will be identified. mapped
and photographed.

12707 Mizigation Report

December 22, 2011
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8.0 OTHER INFORMATION

No other information is available.

Restoration
. Priority Existing Lepgth | Proposed Length | Sirveam Mitigation
Stream Siation Level Trpe of Chapnel () |  of Channel (D Units (SMT)
Reach 1 0400 1o 5420 1 Perensual 920 920 920
Reach | S+23(to 11432 it Perennial 202 o 202
Relocation
. Priority . Existing Renpth | Propesed Lenpth | Stream Mitigation
Stream Station Level Type of Chanmel (it |  of Chamne! (f Units (SMI)
Reach 1 1142210 18-00 k11 Perenniat 863 &78 578
Enhancement
. FPriority Existing Length | Propesed Length | Sivenm Mitigation
Stream Station Level Tpe of Choonel () | of Chanmel 6D Uuits (SMT)
Reach 2 G+00 10 1453 i Perenniat 153 153 76.5
Total 2138 1953 8765

The site will be debited at the following ratios: I:1 for stream restoration and 2:1 for stream
enhancement to mitigate for the 903 linear feet of stream imapacts associated with U-27(07. An
as-built report will be submitted within 60 days of completion of the project to 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 fulure time.

9.1 Credit Release Schedule

NCDOT proposes immediate. full release of the swream vestoration 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 GEQOGRAPHIC SERVICE AREA

The U-2707 Mitigaton Plan has been developed 10 provide on-site mitigation for unavoidable
streamn impacts associated with the construction of Transportation Improvement Project (THP)
number U-2707, or the Idols Road Extension (SR 3000) in Forsyth County, North Carolina near
the town of Clemmons. The Site is simated 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 sweam and wetland mitigation assets not

U-2707 Mitigation Report
December 22,2011




compensate for impacts bevond the GSA may be considered by the Corps or the permitting
agency ¢n a case-by-case basis.

AT

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 2 conservation casement or other measure to protect the natural features 2nd mitigation
value of the site in perpemity.

APTIVE MANAGEMENT PLAN

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

13.0 FINANCIAL ASSURANCES

The Site is will be managed by NCDOT with its own distinet cost center nmmber within the
NCDOT budgeting and financial tracking system. Therefore, all accounting for revenues,
contract encumbrances, find fransfers, and expenses will be performed and reported independent
from other capital budget or operating budget accounting.

U-2707 Midgation Report
December 22, 2011
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RIVERMORPH PROFILE SUMMARY

River Name:
Beach Name:
Profile Name:
Survey Darte:

UT to Muddy Creek
Existing Condgitions

Longitudinal profile

06/29/2011

S o G P o Jte oot TOonC i P e P 00 SO o e B S R B SO DA SO W . T MK SRS ST foie SOE S IV 90 By O B T B et e Nk o e oo 93 B e S S Yl WO O e o i e S Sl X ot e doms e g e e i W
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134.753
116.742
120.095
120.095
120.095
123.141
124,212
127.768

695.
694,

694.

694.
694,

694.

693.
693.

693.
693.

693,

2,516

4.001

034

233
927

716

668
665

174

842
713

546
327

447

696.299

697.024
696.974

696.086

£95.735

696,526

IS AT O

696,285
696.8869

696.881

696.35

695.745

695.585
695.353
695.661
695.457
695,501
695.508

695.545
£95.56

695.59
685.587

895.575
695.603
695.075
654.928
596.585
694.882

694.87
694.727

694.688

©694.588

694,643

694.746
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331.674
333.534
333.534
341.028
344,937
347.63
350.418
350.989
351.841
352,811
353.7
356.197
356.197
356.197
360.804
363.215
366.921
373.203
373.203
376.582
382.241
383.637
385,519
392.281
394,032
394.708
386,542
396,542
206.39
406.39
407.997
408.593
411,161
412.037
414.26
421.844
423.082
423.112
423,112
431.014
431,317
431.771

440,087
440.898
447.108
447.108
447.599
447 .965
451,908
453,145
453345
455,345
457.389
458.313
460.023
461.541
461.805
465.5

693.833
693,983
£93.888

693.909
693.785

693,848

653.916
©94.087

693.86

593.223

693.091
693

692.974
692.673

692.477

692.731

692.71%9

_ 69.2%#@1 B

695,

654,

695.
694.921

695,

695,
£95.039

695.

695
694,947

694.

694.636
695,

694.637
694.23

694.

694,

694.27

694.
£94.469

694.
694.327
©94.334
694,274

693.

694,

L

.283

472

461

468

628

221

654,404

694,318
694.232

694,193

694,189

694,231

£693.818

693.689

893,533

693.552

£693.326

693.155

693,216

693

694.318 694.318 694.21 694.318 693.093
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625,300
635.241
635.241
635.241
639.735
640.767
641.297
641.691
641.736
650.351
650.769
550.95
651.129
661.495

- 661.495

662.436
663.46

668,731
669.118
669.382
5671.086
671.777
674,104
674.957
675.335
680.051
680.753
681.12

682.151
685,566
686.997
686.997
686.997
693.424
693,924
695.323
695.537
705.96

706.456
706.756
707 .33

722.031
722.184
?22 * g’%g
723.709
731.686
731.904
732.747
733.164
745,342
745.836
745.836
749.539
749,97

753.833
754.193
754.193
762,004
762.787
763.028
763,028

691.053

690.848

690,701

690.612

£580.381

689.955

690.225

690.274

690.233

690.071
689.925

689.253

£89.319

689.151

689.046

692.564
692.584

692.468

692.803

691.985

692.052

692,563

-692.329

692.646

692.141

692.155

692,153

692.102
£692.299

5692.746

%))
)
[
[t
(AN
(S

692.456

692.528
693.056

683.23

693.003
692.542
692.856
892.309
652,137

692.541

682.317

691.973
£91.573

692.271
691.827

6921.314

691.153

691.021

680,982

690.833

690,586

690.595

690.676

690,603

690.457

£580.19

689.726

689.559

689.499

589.452
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957.256
- 960.778
962.98
964.518
967.327
967.836
971.514
975 .646
975.995
980.071
981.588
985.416
885.897
997,44
997.44
998.0351
1001.877
1005.131
1606.051
1006.249
1011.827
1011,827
1015.221
1016.24%
1018.807
1019.807
1023.383
1026.997
1027.94
1030.424
1051.583
1032.83
1035.472
1035.601
1041.331
1042.459
1043.257
1047 057
1051.403
1051.518
1056.684
1061.414
1061.725
1062 .482
1069.657
1075.188
1075.529
1076.185
1077.718
1086.712
lgg? £ 2?&'
1089.763
1094.75
1094.998
1095.412
1102.243
1103.95¢6
1105,034
11065.204
1115

$87.184

687.656

687.834

687.921

687.703

687.822
687,846

687.764

687.379

687.738

687.937

687.839

687.705

687.725

687.538

B6B7.641

687.774
687.445

631.151
681.088

690.245

689,619

689.739

689.825
6580.429
692.099
691,989

691.654

691,461
691.038

589.806 690,588 690

690.742

690.857

690.764

690.787

L4}
W

£390.9

690.792

690,031

690.508

690,297

£96.189

588.335
688.282

688.236

688.206

688.206

688,196
688.235

688,177

688.254
688.248

688,245

688.201

688.0%

£687.982

687.934

b87.992

688.029

.765 £89.806 687.943
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RIVERMORPH CROSS SECTION SUMMARY

——— e i o e T A e D R o e bR She M T3 S O T e CID e € L S WDe €A SO Own 5 KT e v o ke D Wt St e e R KK R G D6 A e e Gt O T S M et G e Mo Em e e o

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

survey Date: 06/14/2011

-t G s I S SR > G R S K TR e e Ean G o MmN €4 G b G fs AT WDe GG Ciw ko e o G £ E S S G e G G Ao b e e e (W 3P R D e G e G e G wme e DI GO EDe

Cross Section Data Entry

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEY 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

o s mm GO T e e e e T I G EDe ST R K KYe G GIM Gy G e e S kin 3R <D AR I3 AT 2 eow Oms R e W Ame B DY SN e e e b mE eI S G ST S G S e G A Y TR DO 0 M Gom s o SN Gne MEY Ko e G

o o o T T A e G G0 e e o WSS T e DT A DR N I RS WD G TR S A O A £ m W e TR AT Kb G5r e e SEe S S e £ G b moe o kee GSE B KD SO £ D M D G AT DY €D s A5 G W D I G

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  ----- = —eom-
Bankfull width (ft) 11.58 5.35 6.22
Entrenchment Ratio 10.05 = --em- emeee
Mean Depth (Ft) 0.85 0.9 0.81
AL bepeh Ratio 13%2 594 7.8
width/Depth Ratio ‘ . .
Bankfull Area (sq ft) 9.86 4.79 5.07 Page 28 of 81
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River Name:
Reach Name:
Cross Section Name:
Survey Date:

UT to Muddy Creek
EXisting Conditions
XS2 Pool

06/14/2011

o i w t wim vny kK ST G e R T8 S 8 Fo e e TER o om T e S o T mae s T e S G STe Cae e MIn S W D Do G G G EER G IR IR R Mo R e M e e S R Dae O G GG S e e D E

Cross Section Data Entry

BM Elevation:
Backsight Rod Read1ng

e W > o o e e e e £ e £ ae e R e e G e G S Eoe e TN T G S e £ SR e e i e S S O 6 O kS G el S e WA e G4 SR s o e G S SR D ke O G C3S e G S e G

e o e R o R e R R e A e e e A e G A FOe D D S W LS9 e eT OO 25 0w ST I KD G5 G s S KIS e TS 3 £ Ems Gte 0 s i G 650 R B To Som ww G T D G2 ke a G me wer S S o Dom A b

e e e e e £5h A R fm In 3 o e WD G e e SR R e e D £ S G TR S O G 65 ST D e EOD DS O 5D ATD IS €O €53 €5 £ ke 6o e 403 AN KR G S5 S K IS G e ke R G ot (0 65 voe G e

Floodprone Elevation (ft)
Bankfull Elevation (Ft)

Floodprone Wwidth (ft)
Bankfull width (ft)
Entrenchment Ratio
Mean Depth (ft)

Mas(i mum Deﬁth (fr)
width/Depth Ratio
Bankfull Area (sg ft)
wetted Perimeter (Tt)
Hydraulic Radius (ft)
Begin BKF Station
Fnd BKF Station

Channel
698.44
695.97
134.5
14.22
9.46
1.32
2.47
10.77
18.73
15.15
1.24
77 .98
02.2

e

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

survey Date: 06/14/2011

o e e Cn i v S KR S e e ATA AT O e Gmw TR NN SN ki KDm Nom e Gt o b tee Com G o S e Bre Ea G ewn GO ME3 e € B S o D e 3 G £33 G SR A IR EI> G £ R I T e SR e S W A O

Cross Section Data Entry

o = e e

BM Elevation: 0 ft

Backsight Rod Reading: 0 ft

TAPE FS ELEV

0 0 694.281

20 0 ©94.4926

40 0 694.768

60 0 694.8287

75 0 694.7147

80 0 694.8549

83 0 694.9303

86 0 694.7372

90 0 694.5439

92 0 694.2099

94 0 693.6444

96 0 694.098

98 0 693.8268

99.5 0 693.0932

100 0 692.7944

101 0 692.7124

102 0 692.6413

102.5 0 693.1772

103 0 694.0695

105 0 694.318

108 0 694.5922

110 0 694.843

115 0 694 .8506

130 0 694.1478

150 0 694.0967

180 0 693.961

Cross Sectional Geometry

Channel Left

Floodprone Elevation (ft) 696 696

Bankfull Elevation (ft) 694.32 694.32

Floodprone width (ft) 180 —----

Bankfull width (ft) 13.66 9.09

Entrenchment Ratio 13.18 -----

Mean Depth (ft) 0.65 0.56

Maximum Depth (ft) 1.68 1.56.

width/Depth Ratio 21.02 16.23

Bankfull Area (sg ft) 8.93 5.08

wWetted Perimeter (ft) 14.85 11.06
- HMvdranlic Radius (ftY = 0.6 - 0.46
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River Name: UT to Muddy Creek
Reach Name: Existing Conditions
Cross Section Name: XS4 Pool

Survey Date: 06/14/2011

i — e g £TR R € T e D CIe S T D I3 e G G G EDM D KT DR ST D G N e e W M w e ame ee Y fED G M €S S CIN TR ORI > S e OO A v ke e Com S e G5 C6 e e G G G e e R

Cross Section Data Entry

BM Elevation: . 0 ft
Backsight Rod Reading: 0 ft

TAPE FS ELEVY

0 0 694.0738
20 0 694.1469
40 0 693.8737
50 0 693.8238
65 0 694.796

75 0 694.4041
82 0 693.9102
88 0 694.0461
92 0 694.1282
96 0 693.7505
99 0 693.4465
100 0 693.057
101 0 692.5303
101.5 o 692.0527
102.5 0 692.086
103.5 0 692.191
104 0 692.522
106 0 692.5926
110 0 694.18253
114 0 694.283555
125 0 693.552789
140 0 693.149204
160 0 693.080396

— e g T R B ke MY R BT W ST G L e S R e 056 e KT G 0 e om B0 e e A S O3 G © R G T IR RIS WO e G ke S EE 5 E A M Ko G5 e G R D e £ S KD S5 AT A AU AR AFR G M e

. B o S O Ee R G5 e G5 03 e S2e N S B TR G52 G S DI G WS S S £53 ©0 KD M6 S5 AT T STe G Ee Sme G p e 6 T BT OB G SR O G AR R S W S M G5 e e R G A I AT e o kmm o e e

Floodprone Elevation (ft) 696.21 . 696.21
Bankfull Elevation (ft) 694.13 694.13

Floodprone width (ft) 160  e-ee-
Bankfull width (ft) 17.87 11.58
Entrenchment Ratio 8.95 = —--e-
Mean Depth (ft) 0.93 0.84
Maximum Depth (Ft) 2.08 2.08
width/Depth Ratio 19.22 13.79
Bankfull Area (sq ft) 16.55 9.7
wWetted Perimeter (ft) 18.7 13.92
Hydraulic Radius (ft) 0.88 0.7
Begin BKF Station 92 92

End BKF Station 109.87 103.58

e

— o e
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River Name:
Reach Name:

Cross Section Name: XS5 Riffle

Survey Date:

06/14/2011

UT to Muddy Creek
Existing Conditions

e e e G 4 S I T I v e I o e e e R o v v S G £ 30 (e o R o e Mo G R KOs G e e S e e G v e S K Erm e W N R e O (e R Mo e ek o G S Kt e e e E

Cross Section Data Entry

BM E1@vation: ]
Backsight Rod Reading:

——— -t € Eon e o R ok o 2 M e Wi A e i o e e G Em S Wee M R S e T S o M e e O (i Ve v e G Een N €SP MR D One i G o e e Fo S Ko e Gxe E2e K Tem Ko Som e G

— — e A W K N K A T e R e R S IS eI G OIS KDY GG e e s o o G52 K D Ee Sxr 4e emm mme ke G e fxia o o oa R Bae Gon fxw M S S MR Am SoR S K KDy Goe don Sme g G = TEa AT EZ3 KIn K5 G

— e o e K M T R i D e ACR G T Kom i e BTV GO £ b R Grr £xR G R S K s Tk Gow ko G S €N e o e S G M B S B S T S R DRR ST S G G R D w e o T e G G G 3 D e 0 woR e ©0

Floodprone Elevation (ft)
Bankfull Elevation (ft)
Floodprone width (ft)
Bankfull width (ft)
Entrenchment Ratio

Mean Depth (ft)

Maximum Depth (ft)
width/Depth Ratio
Bankfull Area (sq Tt)
wetted Perimeter (ft)

- wudraunlis Radiune (Y

Channel
692.18
689.81
130
8.86
14.66
1.58
2.37
5.61
14
10.56
71-33

e L

o e =

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

Survey Date: 06/14/2011

e o e o o W e e etr £ T e MR €53 O Cm Ko e e MmO b e Ao e I Eae e A SR g AT M K M ke e SN WA R IR AR o (e G R Kov tae S Goe G T AOw GO Ge GER G D=3 EIN G D oy S S8 S

Cross Section Data Entry

BM Elevation: )
Backsight Rod Reading:

- e e I A e = e v o e M e G G ER RO e e TR S T EE e O S A eme P e (O Mmm e e S D S EE K R Exm MR R TN A e om e T Dee e s b e AR M e e Ko e e G o B

o o = e 1 G e e I R = W EED e AT en N A5 e W R OO GO K M 6o Y ey e G i O e Fi S wmm G S TS 04 TR KDY G E5R FIe G G5 GOv Exe Ex S5 D08 DG e S e wm e O Neh Civ K M KIS GI3 SR S B3 A

o e o AOe K e e S e e I D WD e R ST T B £ o € e G5 D ©0F KD ED £ DT G EDE T3 M i ESh ke e s fme T R G ke RS SR A G W R G0e G WD S W i sme S b I e S € e e BT K

Floodprone Elevation (ft)
Bankfull Elevation (ft)
Floodprone width (ft)
Bankfull width (t)
Entrenchment Ratio
Mean Depth (ft)

Maximum Depth (ft)
width/Depth Ratio
Bankfull Area (sg ft)
wetted Perimeter (ft)
Hydraulic Radius (ft)
Begin BKF Station

End BKF Station

Channel
689.28
687.87
48.69
14.82
3.29
0.9
1.41
16.47
13.35
15.23
0.88
55.69
70.51

e =

. o e cum

o o o T D N e A M A KD G e S S E3h I AT B 6o Ao e N e o G > s Bom SOw GG 0w Ry me E fe e e R M D S S emn 5 D EDR B B S DTRG0 D M ane mie Rae m B G e R e e G e ca

0 B G o o - e Du e e D G (S GD6 DS EYR KR G S M KO D Gie £5 K G G G RO KD G R A e o e e e e 4 R D O KD DS G S SO G G A0 £ ma DI S ST S e e A e e o R

 Entrainment Earmnlac Rosoen Modified shields curve .
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Percent Finer

U2707 R1 Reachwide Pebble Count

100

80

60

40

o/

0.01

0.1 1 10 100 1000

Particle Size (mm)




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

UT to Muddy Creek

Existing Conditions
U2707 R1 Reachwide

06/14/2011

0 - 0.062
0.062 - 0.125
0.125 - 0.25
0.25 - 0.50

64
90 - 128
128 - 180
180 - 256
256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

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

Total Particles = 100.

COOOOO0OOOOCDWW D BRNRN UITRI~
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Active Riffle XS 1

/'/W T TTONm= T 70T T

m |

60

Percent Finer
o~

ol | LA

!

0.1 1 10 100 1000 10000

Particle Size (mm)
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RIVERMORPH PARTICLE SUMMARY

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

UT to Muddy Creek

Existing Conditions
Active Riffle xs 1

11/30/2011

0 - 0.062
0.062 - 0.125
0.125 - 0.25
0.25 - 0.50

0 - 1 0

-5
.0
.0
.0
.7
.0

3
16.0

6

64 :
90 - 128
128 - 180
180 - 256
256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

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

Total Particles

\iUJ}-J
(%209 ¥e)]

.82

OCOOW
oo

COOO0OO0OOOOOOTCO

= 40 (need at Teast 60).
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Active Riffle XS 3

100 F'vzﬂm raY
80
@
£ 60
Li.
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o
40
20 ‘/
0
0.1 1 10 100 1000 10000

Particle Size (mm)
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RIVERMORPH PARTICLE SUMMARY

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

UT to Muddy Creek

Existing Conditions
Active Riffle XS 3

11/30/2011

o o o - - - ——— . e A e e e . e e b e e e Y e T e e T et e Tt T WY Y A i = m v e R R o e e e e e - o e e —

0 - 0.062
.062 - 0.125
125 - 0.25
.25 - 0.50
.50 - 1.0

EOOLFI-&-NI—JOOOO
= ONOOO

W N =
NN Y
1 i oow

£
Ul

64
90 - 128
128 - 180
180 - 256
256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

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

Total Particles = 40 (need at least 60).

RO

.45
.67
.67
.87
.47

HO O00O0000O0O0O000O0OO0OWNRWUVIWW

COOWOwN N
[AS B
v

OO0 ODOOOOOOON
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Percent Finer

Active Riffle XS 5

100 m‘m—mm—lﬁr SV ) 5 Y %
80
60
40
20 /é
1]
10 100 1000 10000

0.1 1
Particle Size (mm)
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RIVERMORPH PARTICLE SUMMARY

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

UT to Muddy Creek

Existing Conditions
Active Riffle XS 5

11/30/2011

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

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

Total Particles = 40 (nheed at least 60).

OCONERWONO
=2

=t
N

OWMN
~N DN

67

ON}-‘O.CDOO =lejejolololeolololololelvleololele)

OO
o
o

0
0

OO0t
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Status:
Presece
Diare

Vahie

Enteainment Calovdarion Form

Befinition

B o

Dy From Refle 71 ar Pavement {2 R

Existing Conditions Locatom Fosserhe Co.
L2 o Reach: | Rin, X8 3, Pebble Conor Riffle 5
, N Observers: EMP
~ Yadisble

7  Select Saniple
Dy Fom Bar Sample 71% or Bubpavement 2} Har Sempie 1A L
Latgest Pardicie from Bar Sample 1) or Pavernone [2) Hor Savpie :

Dt geoeni - 3048 {m RS

Bankfull Water Surface Shope

Bankfull Mean Depth

Bankfull Cross Sectional Area

Wened Penuneres

Submesged Speafic Weighe of Scdiment 71.65)

Density of Wier (624

Use Bgmnon T
T = G0834D5/D g5
Range 1330  Use Equanon 2

4o = 0.038400, 0 5
Crrical Dimensionless Shear Stress

Range 3-7

_ Equation Used:

Required Bankfoll Mean Deprh 48
d= '5'3'}’31}:

Stabilige

Regueed Bankfull Water Surface Slope Fi/
'im %

=

3
~

_Stability:

Tydraulic Radius 5

R= AT,
Bank#ull Shear Stress b7

X RE
Is the Bed Maredat Homogeneoust

Dersrmine fron reach wide pebble count distdbition {(Use wour best judgement).

H bumogeneous use "Leopold zv of” Curve Diata, of herropencens use "Colorado” Curve D,

Movable Parncle Siee fver} Ar Bankfoll Shear Stress

prediceed by the Leopald, Wolnan, & Miller 1964 Power-trendline.
Predicred Shear Sivess fibs{ft““_ Requed To Move D,

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

Tbeid

Movable Parocle Size gomi At Bankfull Shear Stress
predicted by the Colorado Pam Power-meadine.

) Predicted Shear Stress (Ths/f™ Requred To Move I
predicted by the Colorado Data Power-rendline.

“Taken From The Ryftregee Reen 1568 Bovre . 2005 by Rosgen and Svey
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Enreainmeng Calevlaton Fomm

Status:  Proposed, pration Locawon:____ FormsvtheCo.
Project: v2mT Reach:  Ria X8 3, Pebble Count Ruifle 3
Dae: = 2372013 Obscreers____ EMP

Dsp from Rifflc
Yzp feom Bar Sample 17 or Subpavement {5 Bar Samsple %
1argest Perticke from Bar Sample {17 or Pavemens 23 Ber Sempla 2.

8 o 7 3048 T {2

FoilG Bankiull Warer Surface Slope

(33 Baukfoll Mean Depti

o Bankfull Cross Secuonad Ama.

{f Wetted Penmerer

Sobmerged Specdic Weght of Sediment "1.65%
Density of Water (62.4;

Range 3- Use Rouaton 1-
£ = 00834 D5, D s
Range 1330 Use Hauanon 2

70 = 0.0386(0, D 5"

Usiseal Dimensionless Sheay Swess Eauation Used:

Requised Bankfull Mean Depth 45

d_:

lope GG
_TSD
4

Tydeanlic Radius 4¢
B= ;‘x;“xﬂ,
Bankfull Shear Stress fib i
= YRS

YorN Is the Bed Mateal Homogeneousy
Determine Fom reach wide pebble connt diswibuzion {Use your best fudgement}.
1 homogsneous use "Leapold ox o1 Curee Dass, if heweragencous wse "Colorade® Zuree Dot

Movable Particle Size {mum; At Bankfull Shear Swress
predicred by the Leopold, Wolman, & Mifler 1964 Power-trendline,
2 Predicted Shear Stress {Ibsfft?’_‘ Reguired To Move D,

D85 Hheft”
: _ predicted by the Leopold, Wolnan, & Miller 1904 Power-trendline.

Maovable Particle Size mm, At Bankfull Shear Steess

. predicred by the Colorado Dara Power-reendline,
’ e it Predicted Shear Steess {Ibs;{tz} Required T'o Move I,

L predicted by the Celorado Data Powergendline.
Taken from Fhe Refremce Reacp Foeif Broxe. 2005 by Rosgen and Silvey
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Eserainmen: Calesladon Porm

Stawsr_ Eﬁsﬁagﬁoﬂ&iﬁ@% Loemon _ Bopsythelo,
Projecs___ sy Reach:  Rib, X565, Pebble Coum Riffle 3
Dasee TIAFAN1 ‘ Observorst EMP
Valpe Variable Definition

D4 Frome Riffle 78 or Pavement 12 Rl

I, from Bar Saomple “17 or Subpaeement 2 Bay Sampla }
Laspest Pasncle from Bar Sample (17 or Pavemnens /23 Bar Samphe P

i {fom) & 3048 foons
Bankfsll Warer Surface Slope

Bankivll Mean Depth

Bankinll Cross Secnonal Azea

Waetred Perdmerer

Sobmesged Specific Weght of Sediment 165

624

Denmry of Warer

2t
Range 37 Use Eguation %
T o 5= 008350 D s
Benpe £330 Use Equnon 2
T, = D03BUDITY 15 ™

Crnieal Dimensionless Shear Stress

Requred Bankfnll Mean Depth £
(A

ég:‘:

Swbility: B

Hvdeandic Rading 11

R= ASW,
Pankfull Shear Steess dhAAD
T, = RS

Is the Bed Matess] Homogencons?
Drewsmine fom reach wide pebble count diswibution (Use your best fudgement}.
If homogeneoes wee "Leopold on of Curve Dar, if herrogencous vse “Colorado® Cueve B,

Moveble Partcle Sive ] Ar Bargcfull Shear Stress

predicred by the Leopold, Wolman, & Miller 1964 Power-rrendine.
Prodicted Shear Stress fbss i+ Required To Move I:

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

Movable Partidde Sive fmn) Az Bankfull Shear Stress
predicted by the Colomado Bais Power-trendline
Predicted Shear Stress fbs: 8™ Required To Move D,
predicred by the Colorade Data Power-rendline,
“Taken from Fhe Refereare Reoco Fient Bovk . 2805 b Rosgen siid Siivey
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Eneeainment Coloulation Foum

Bwtus:__ Proposed, iteeationd Ioncwom Fogsvhe Co.
Proiect U-27ge Reacks _ Reb, X8 5, Pebble Count RifHe 3
Pate: ik Cilservers: EaP
Palug Varzble B} Deﬁaitm

135 from Riffle 73 o Pavement 22 Riffle
Bar Sample

founy Dy from Ber Sample 17 or Subpavemen 2
Targest Parocke from Bar Sample {17 o2 Pavement £ Bat Sampta

£ ot 2 3048 foom, 16

Bankiull Wiaeer Swface Slope

Bankindl Mean Depth

Bankfoll Cooss Secoonal Aves

Wened Pesmeter

Submerged Spearfic Weghs of Sediment £2.65)
Density of Waws {6245

Tise I*Zéﬂmoﬁ E
€ o = 0083805, D 5570
Uise Bquaton 2

£, = 0.038ADSD 5T

ige 3~

Fange 1.3-30

Critical Dimensionless Sheas Stress

Equation Used:

Required Bankfall Mean Depth 48

Hydraulic Radius %

R= AW,
Bankill Shear Stress DA
= w5

Is the Bed Material Homogeneousy
Dretesmine from reach wide pebbie-connt disuibution (Tise your bestjndgemant}.
I homogeneous use “Leapold et o Gurve D, if hewrageneons use "Colorndo” Curre Dot

Y o N

Movable Partcle Size i Ar Bankfoll Shear Suoss

pradicted by the Leopold, Wolkan, & Miller 1964 Power-trendline.
Prodiceed Shiear Stress Mbs 755 Required To Move I);

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

- Movable Parnde Sire g} At Bankfdl Shear Stress
predicted by the Colotado Data Power-tendline.
e Predicred Shear Stress (bs7f Reguised To Move Dr
. predicred by the Colotado Data Power-trendline.
ok Fros T Befirees Roten Fiddi Book . 2005 by Rosgen aad Sitoy
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Yelocky Comparison Form

Project:  U-2707 Location: Forsyih Couniy. NG
Sweam:  UT to WMuddy Creek ‘ Reoch: R1 Existing X81
Date: 811612011 ) Chservers: Mulkey

Bankiull Mean Depth (Dbkf)
Wetted Perimeter {WP)

'Bankiull X-Sec Area {AbKi)
Barildull Wsdth T @bk

Das {Rifile or pavement} B84 {mm/304 8}

Baniiull Sope {5} | Hydrauiic Rad:us {R}
IGravitational Accleration {g} BpkiD84 {use De4 1)
1 Bamisfull Mayximum Depth RID84 (use DB4 in )

 FOTS “{(Using Dbki7D84 Red Boolk: mas; Blue p233)
[Manpings n iR {Red Bao%; ;3’58 Blye 1p2386)
Velochy ; "chash [S12in)

w - W= (QROPS
"VA_ielécﬁf:__ o U= ;ﬁ??ﬁ gﬁag(ﬁisﬁé}}

IStream fype___
i\‘iﬁmnmgs n o iR’eé Boo& p'%%? Bigs :p?ﬁ?}

Obkf  {cfs) original curve of Siresion gage nydratﬂlc geametry
Zia[ocz’ky_ » { =Q/A) or irom stream gage hydmugc geomelry

Sandbed stream

Fod! fﬂc‘iaﬂta a= 11{R£dma)‘}"«0 314
.‘ an‘:im: Factor~-§ v_‘!if’*ﬂz 20319 {aﬁf&ﬁﬁﬁé}
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Veloelty Comparisen Form

Projecty 12707 R Lavation: Forsyth County, NG
Stream:  UT fo Muddy Creek Reash: R1 Existing X853
Date: Rz Ohservers: Muikey

}}ankﬁiﬂ *-8ec Area [AbkD) Bankiull Mear Depth {Dbﬁ{f}
Bankfull Widith ~ BVDRD} Wetted Perimeter {WF)
D4 (Rifile or pavement} Dg4 {mmi304.8}
BankiullSlope  {8) Hydraulic Racius {R*

DbkiD84 {use Dg4 in ff)
R/D84 {use D84 In fl)

Graviational Accleration {g}
?Baakﬁﬁ Mammum ﬁepﬁa N

(Usmg Dbkf/l?% Rnd Bogk:. 9188 Blue, ;1233}
Mamnings n {Red Boak: p189; Blue ;p236)
[veloctty (From Meannings' SGHG’UGI’L u=1 48(;5 (RAZI:%){SM:‘Z}/G}

, o = {GRSY5
*!el:mty* o Su= tz 383-?5 ?fﬁg{Rf@Bé}}

Stream type '
Mannings {Red Eook: 187 Elue 237}
Velceity  (From Ex&am&ngs eq;sazxon, U=1.4665 ° Ea SR TATRY

Qbki  {cfs) original curve or siream gage hyd rauh geemeta.f
Eilalo:;ity (u=Q/A} or rorm s@zream gage hydrauha geometrg

Sardbed siream

Cozffcient 4 a= 11{Rldmax}"-ﬁ 314

Friction Factor -1 TTTTNR = 208 log (arys.5084)
Velogity — {rFrom ArcyWe*sb*sh eqsaﬂcn. u-{&*g‘?i h?‘?_”‘fifZ)
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Project:
Stroam:
Date:

Velacity Comparison Form

U-2707

UT 1o Muddy Creek
SIBi2001

Location:
Reacls
Dbservers:

Forsylh County, NC
R1Existing X858

Muikey

JtVrable:
| Bankfill Mean Depth {Dbk’?} ‘

[Bankfall X-Sec Area (Abld)

1Bankfull Width (WK} Wedled Perimeter (WP
1D84 (Riffle orpavement) [D84  (minf304.8)
1Bankiull Slope J63) Hydraulic Radius (R}

| Gravitational Accletation {g) Dblcl/ DB‘* f”‘”*ﬁ 934 inf
IBankiult Maximum Depth 18

Juiu® {Using DbkDB4 Red Book: p188; Bite: 5085}

Mannings n {Red Book: p189; Biue .p236}
?ewcity {Fram Mam%g& eq&a‘non* U=14.4865 " (F |

“INABLE TO I?ALQUM&TE DUETE LW DR

= GRST5
1S B12.5575./ I0G(RIDB4)) |

u .
Veloeity:

IStream type
[Mamings n {Red Book: p187, Biue '5123?}
%*elox;nty {From Wianaings equation: U—1.4000 - (R Zlafo i2ymy

Qbki  {ofs) ongmal curve or stfean gags | bydrauhc‘gep
gefoc”ty @‘A) or from steeam gage hydrauiic'gs

|

sfficisnta

= THRIdmax0.214

Friction FActor - §
slocity

Tom DA

Aszz 205 zc{aa'xa ﬁaaag
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Yelocity Comparison Form

Project U277 Losstion:
Swreams  UT jo Muddy Creek Reach:
Bate: 816/2011 ' Dpseryers:

Based on Characteristics of Riffle Number 3

npu
Bankfmi X-Sec Area (ADKD)

Forsyih County, NC

Proposed Ris

Bafkul Mean Depth (DbkT}

Bankill Width {Whki) Weited Perimeter RIED

D84 (Riffle or pavement} D82  {mm/304.8)

BankfullSjope {8} UlHvdraulic Redius (B)

Cravitational Accleration {g) |DEIGID87 [use DBA i i)
{Bandhdl Mesdaruun Depth |R/D84 {use DB4 in 1)

u/u? ~ {Using DbkEDB4.Red Bookﬁ 188 Bk 9233}

(Wanmngsn (Red Book: p169; Blue 256)

,Qﬁimst}f {From Maﬂmﬁgs eqz,t OF

u &= (gRSPS

Welooity: 2. 85+5 7logiR/D84))

i

; treamTye
Stream type

Manmngs _ .: o

QbRF  {cfs}original curve or stream gagehydraulxcgeome*ry

Velocity {u=£:dA} or *{rom stream gage hydraulic geomelry

Sangdbed stream

Cﬁé’ciéﬁ o a= TR0 0314

_ ‘z::wz = 203 Eag {aﬁf&ﬁi}%)
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Velocity Comparison Ferm

Project:  U-2707 Location:
Strearm:  UT to Muddy Greek Reach:
Bate: /o201 Ohbssrvers:

Bankiull %-Sec Area (ADKD)

Based on Characteristics of Rifile Number 5

Forsyih County, NG

Proposed R1b

ulkey

Banidall Width____(Wbki) |
D84 {Riffie or pavemend)
Bankfull Slope {3}

Graviiational Acclerafion {g} j

Bankiull Ma)cmum Bepth

1

wafur

{US Ing Dbkf/D84 Red Book: p188; Bl

Mannmgs n

{Red Beoia:;ﬁ&& Blue .p236)

uff

Velosity:

iStreani fype

; Pﬂanmﬁ'i‘iﬁf§ I

~ {Red Book: pi87; Biup :0287)

on- 1= A6t ﬁ“ﬁ%)&f*ﬂz}m}

a = 11{Ridma)™0.314

[Coefiicient a

_Factzanmr»n'.,f_mf e L
T Q f i gggag eqLzion: U8 g R ol 112)

i1z = 2.08 100 (2R/3.0LBAY
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