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DEPARTMENT OF THE ARMY
WILMINGTON DISTRICT, CORPS OF ENGINEERS
69 DARLINGTON AVENUE
WILMINGTON, NORTH CAROLINA 28403-1343

February 9, 2018

Regulatory Division

Re: NCIRT Review and USACE Approval of the Fletcher Site Draft Mitigation Plan; SAW-
2016-02205; DMS Project #100004

Mr. Tim Baumgartner

North Carolina Division of Mitigation Services
1652 Mail Service Center

Raleigh, NC 27699-1652

Dear Mr. Baumgartner:

The purpose of this letter is to provide the North Carolina Division of Mitigation Services
(NCDMS) with all comments generated by the North Carolina Interagency Review Team (NCIRT)
during the 30-day review for the Fletcher Site Draft Mitigation Plan, which closed on January 5,
2018. These comments are attached for your review.

Based on our review of these comments, we have determined that no major concerns have
been identified with the Draft Mitigation Plan, which is considered approved with this
correspondence. However, several minor issues were identified, as described in the attached
comment memo, which must be addressed in the Final Mitigation Plan.

The Final Mitigation Plan is to be submitted with the Preconstruction Notification (PCN)
Application for Nationwide permit approval of the project along with a copy of this letter. Issues
identified in the attached memo must be addressed in the Final Mitigation Plan. All changes made
to the Final Mitigation Plan should be summarized in an errata sheet included at the beginning of
the document. If it is determined that the project does not require a Department of the Army permit,
you must still provide a copy of the Final Mitigation Plan, along with a copy of this letter, to the
appropriate USACE field office at least 30 days in advance of beginning construction of the
project. Please note that this approval does not preclude the inclusion of permit conditions in the
permit authorization for the project, particularly if issues referenced above are not satisfactorily
addressed. Additionally, this letter provides initial approval for the Mitigation Plan, but this does
not guarantee that the project will generate the requested amount of mitigation credit. As you are
aware, unforeseen issues may arise during construction or monitoring of the project that may
require maintenance or reconstruction that may lead to reduced credit.



Thank you for your prompt attention to this matter, and if you have any questions regarding
this letter, the mitigation plan review process, or the requirements of the Mitigation Rule, please
contact Andrea Hughes at (919) 554-4884 extension 59.

Sincerely,

H U G H ES .A N D R EA.W 31Jgétalllf}g.sAi?\lr|]3e§Ek;}.lWADE.1 258339165

DN: c=US, 0=U.S. Government, ou=DoD, ou=PKI,

ADE.1258339165 0u=USA, cn=HUGHES.ANDREA.WADE. 1258339165

Date: 2018.02.09 14:40:20 -05'00"
for Henry M. Wicker
Deputy Chief, Wilmington District

Enclosures

Electronic Copies Furnished:
NCIRT Distribution List
Paul Wiesner, NCDMS



DEPARTMENT OF THE ARMY
WILMINGTON DISTRICT, CORPS OF ENGINEERS
69 DARLINGTON AVENUE
WILMINGTON, NORTH CAROLINA 28403-1343

REPLY TO
ATTENTION OF:

CESAW-RG/Hughes January 23, 2018
MEMORANDUM FOR RECORD
SUBJECT: Fletcher Mitigation Site - NCIRT Comments during 30-day Mitigation Plan Review

PURPOSE: The comments listed below were posted to the NCDMS Mitigation Plan Review
Portal during the 30-day comment period in accordance with Section 332.8(g) of the 2008
Mitigation Rule.

NCDMS Project Name: Fletcher Mitigation Site, Henderson County, NC
USACE AID#: SAW-2016-02205

NCDMS #: 100004

30-Day Comment Deadline: January 5, 2018

Mac Haupt, NCDWR, January 5, 2018:

1. Inthe future, please identify the Soils Report (if there is a separate report) in the Table of
Contents so it does not take a long time to find.

2. Section 5.0 Functional Uplift Potential- This section seems to be a blend of Fischenich’s
2006 work and Harmon’s 2012 Functional Pyramid. While the discussion is fine and
qualitative, DWR would rather see the application of Harmon’s most recent work
involving the functional quantification tool. The quantification tool does not take long
and would provide more of a firm basis to support project functional uplift.

3. Section 7.1.2 Reference Wetlands- DWR requests that when the reference gauge is
installed in the reference wetland that an attempt be made to determine the soil series on
site. DWR recommends a profile like the profiles in the soils report and a call to what the
series may be.

4. Section 7.3 Risk Evaluation- DWR does not approve of the language in Table 16
referring to both groundwater hydrologic trespass and diminished bankfull flows.

DWR believes that wetland restoration design should account for most issues regarding
hydrologic trespass. If the landowner decides to dig ditches outside (or inside the
easement) the easement area, the provider and DMS must realize that this would likely
require and extended monitoring period to document the affected wetland area in the
project site.



10.

11.

12.

13.

As far as diminished bankfull flows due to the pond influence, again this should be
accounted for in the design. In addition, there seems to be conflicting statements in the
text regarding this issue. On one hand on page 5, the last sentence in Section 3.2
(Watershed Characterization) that, “The influence of this pond, combined with relatively
low precipitation, approximately 47 inches, can be expected to suppress bankfull and
channel forming flows on Fletcher Creek.” While on the other hand, in the Functional
Uplift Section, Tables 9a-9d state for the function water transport and storage, under the
Condition heading, that “excessive water transport affecting natural processes...” is
occurring. DWR does not condone altering the performance standard, BHR ratio due to
possible conditions/outcomes on the project site.

Section 9- Performance Standards- for wetland hydrology, DWR wants the performance
criteria to be 12-16% for the following reasons:

a. The site is mapped as Hatboro, and while the soils report did state the soils
appeared more like Kinkora, which would be a 10%-12% range, the report also
stated that the boring observations did not contain adequate detail to classify these
soils to a series level.

b. There are two gauges in a limited growing season already showing a 9%
saturation period,

c. A lot of the soil cores showed the F6- dark surface indicator which would give the
indication of a site which was historically pretty wet,

d. There were a number of cores showing low chroma down to below 30 inches, and
finally,

e. The concave landscape position of the site and the restrictive clay horizon will
most likely pond water, in addition, the juxtaposition with Weston and Cane
Creek will likely flood more often, resulting in a soil with at least a 12-16%
saturation.

Section 10- Monitoring Plan- monitoring reports are required for years 1, 2, 3, 5 and 7.
Table 19 skipped year 2.

DWR likes seeing wood incorporated into the typicals for the Brush Run on Design sheet
3.

DWR would like to see floodplain pipes installed on all permanent crossings as seen on
the typicals on Design sheet 3B.

DWR likes the graphical format used to show existing bed and proposed bed on the
Design Sheets.

On Design sheets 7-9, the Fletcher 1C channel bed is being brought up 3-4 feet for about
1,100 linear feet. Please note that these areas must maintain flow to garner stream credit.
Some of the crossings, as shown on Design sheet 12 have rip rap outlet protection pads.
Please realize that the stream footage for these areas are not allowed for stream credit.
On Design sheets 18-19, the Raccoon 1D channel bed is being brought up 3-4 feet.
Please note that these areas must maintain flow to garner stream credit.

On Design sheets 22-26, for Coates Branch 1B and 1C channel bed is being brought up
2-5 feet. Please note that these areas must maintain flow to garner stream credit.



Andrea Hughes, USACE, January 16, 2018

1.

Please provide an explanation for the discrepancies in stream lengths between the
technical proposal, the jurisdiction determination (JD) forms, and the current mitigation
plan. For example, the JD indicates a length of 300 LF for Raccoon Branch 1A and the
mitigation plan indicates a length of 489 LF. The JD indicates a length of 489 LF for
Pine Branch and the mitigation plan indicates a length of 299 LF. The JD indicates a total
of 0.21 acres of existing wetlands and the mitigation plan indicates 0.25 acres of existing
wetlands. Also, the technical proposal indicates restoration of 8.0 acres of wetlands
adjacent to Weston Creek and Table 7a in the mitigation plan indicates restoration of 8.91
acres. Page 12 in the mitigation plan states an area of approximately 8 acres has relic
hydric characteristics.

Page 29, Section 7.2.1: Please explain the necessity of maintaining the existing Weston
Creek (ditch) downstream of the wetland area versus filling the ditch and diverting the
existing offsite drainage to the constructed stream channel.

Page 33, Section 7.2.6: Please provide additional information regarding the depth of
excavation that will be conducted in the wetland rehabilitation areas. Grading plan sheets
34 and 35 do not provide enough detail to determine these amounts. (The plan should
indicate current elevations versus proposed elevations for the wetland rehabilitation areas
including the proposed offline pools.)

Page 34, Section 7.3: The table indicates that if adjacent ground surface becomes
excessively wet, supplemental drainage ditches may be installed outside the easement.
The project design should address the risk of hydrologic trespass. If ditches are
excavated in or adjacent to project boundaries, additional monitoring may be required
and/or re-evaluation of assets.

Page 34, Section 7.3: The risk evaluation indicates that if diminished bank flows occur
on Fletcher Creek due to upstream pond influence, then bankfull threshold will be
adjusted in the performance standards. Risk associated with the upstream pond should be
evaluated and addressed prior to plan submittal. Performance standards cannot be
modified post-approval because the project, as designed, is unable to demonstrate
success.

Page 34, Section 8.1: Credits will be based on mitigation plan amounts. If changes occur
as a result of unanticipated field conditions, the provider may submit a modification
request to the IRT for review and approval. Please be aware that an increase in stream
credits based on thalwag measurements will not be approved.

Page 37, Table 18: Performance standards should include Entrenchment Ratio. The
entrenchment ratio should be 2.2 or greater for “C” and “E” channels (1.4 for “B”
channels).

Page 37, Table 18: Please add “in separate years” to the bank full standard.

Page 37, Table 18: Please add “duration of monitoring” to the bank migration standard.



10.

11.

12.

13.

14.

Page 37, Table 18: You should include a standard to demonstrate that the restored
streams receive sufficient flow throughout the monitoring period to maintain an Ordinary
High Water Mark, which establishes the extent of USACE jurisdictional for non-tidal
waters for CWA Section 404. Channels that are determined to be non-jurisdictional will
not be eligible to receive credit.

Page 38, Table 18: The wetland hydrology standard should be 12%-16% of the growing
season.

Page 39, Section 10.0: Under monitoring frequency, stream component data collection is
required in years 1,2,3,5, and 7.

Appendix G, Credit Release Schedule: Under subsequent credit releases, for consistency
this section should read 4 bank full events in separate years.

All temporary and permanent impacts to existing wetlands and streams must be accounted
for in the PCN and the loss or conversion of those waters must be replaced on-site. Please
include a map depicting the location of all impacts with the PCN.

Andrea Hughes
Mitigation Project Manager
Regulatory Division



February 27, 2018
File: Fletcher Site Mitigation Project
Henderson County
French Broad River CU 06010105
DMS Project ID No. 100004 / DEQ Contract #006997
A/E Project ID No. 1726211093

Attention: Harry Tsomides, Project Manager
NCDEQ-DMS

5 Ravenscroft Dr., Suite 102

Asheville, NC 28801

Dear Mr. Tsomides,

Reference: Final Mitigation Plan

EW Solutions has addressed the comments provided by the IRT for the review of the Draft
Mitigation Plan. The following is a description and explanation of revisions that have been
completed to address the comments:

Mac Haupt, NCDWR, January 5, 2018

Comment: (1) In the future, please identify the Soils Report (if there is a separate report) in the
Table of Contents so it does not take a long time to find.

Response: Table of Contents revised to indicate contents of Appendix C which includes the soils
report.

Comment: (2) Section 5.0 Functional Uplift Potential- This section seems to be a blend of
Fischenich’s 2006 work and Harmon’s 2012 Functional Pyramid. While the discussion is fine and
qualitative, DWR would rather see the application of Harmon’s most recent work involving the
functional quantification tool. The quantification tool does not take long and would provide more
of a firm basis to support project functional uplift.

Response: DMS Mitigation Plan Guidance recognizes Harman and Fischenich’s publications but
invites alternative approaches to evaluate functional lift. DMS has not directed the use of the
functional quantification tool. Although the quantification tool does provide a method of
calculating a function quantity there is still significant debate regarding soundness of the
underlying assumptions. Given the complexities of ascribing subjective values to stream functions,
the approach provided does not seek to quantify the stream functions, but instead presents an
organizational structure that allows for the clear linkage of stream functions with the project goals
and objectives.



February 27, 2018
Harry Tsomides, Project Manager
Page 2 of 7

Reference: Final Draft Mitigation Plan

Comment: (3) Section 7.1.2 Reference Wetlands- DWR requests that when the reference gauge is
installed in the reference wetland that an attempt be made to determine the soil series on site.
DWR recommends a profile like the profiles in the soils report and a call to what the series may be.

Response: Section 7.1.2 revised to include commitment to document soil profile and soil series at
time of installation of the reference groundwater gauge.

Comment: (4) Section 7.3 Risk Evaluation- DWR does not approve of the language in Table 16
referring to both groundwater hydrologic trespass and diminished bankfull flows.

DWR believes that wetland restoration design should account for most issues regarding hydrologic
trespass. If the landowner decides to dig ditches outside (or inside the easement) the easement
area, the provider and DMS must realize that this would likely require and extended monitoring
period to document the affected wetland area in the project site.

As far as diminished bankfull flows due to the pond influence, again this should be accounted for
in the design. In addition, there seems to be conflicting statements in the text regarding this issue.
On one hand on page 5, the last sentence in Section 3.2 (Watershed Characterization) that, “The
influence of this pond, combined with relatively low precipitation, approximately 47 inches, can
be expected to suppress bankfull and channel forming flows on Fletcher Creek.” While on the
other hand, in the Functional Uplift Section, Tables 9a-9d state for the function water transport and
storage, under the Condition heading, that “excessive water transport affecting natural
processes...” is occurring. DWR does not condone altering the performance standard, BHR ratio
due to possible conditions/outcomes on the project site.

Response: Table 16 has been revised to indicate how the restoration plan has accounted for
potential risks and the statement suggesting an alteration to the performance standard has been
removed.

Regarding the potential for hydrologic trespass adjacent to Wetland E the grading plan was
designed to minimize this risk by shifting the landscape slope from generally northeast to a more
northern direction. Additionally, along the upper end of the wetland boundary, where there is a
potentially higher risk of hydrologic trespass, the conservation easement expands from an
approximate 30 ft. buffer outside of the wetland boundary to over 100 ft. Also, along both the
western and eastern edge of the proposed wetland boundary the conservation easement
provides for an additional buffer.

Regarding the diminished bankfull flows, the channel has been designed to account for the
unique hydrologic regime of this watershed which will allow for a diminished bankfull discharge to
still express as an appropriate bankfull event. The statements in Tables 9a-9d regarding the
function of water transport are referring to the elevated shear stress resulting from greater than
bankfull storm events occurring in the incised channel conditions.

Design with community in mind



February 27, 2018
Harry Tsomides, Project Manager
Page 3 of 7

Reference: Final Draft Mitigation Plan

Comment: (5) Section 9- Performance Standards- for wetland hydrology, DWR wants the
performance criteria to be 12-16% for the following reasons:

a. The site is mapped as Hatboro, and while the soils report did state the soils
appeared more like Kinkora, which would be a 10%-12% range, the report also
stated that the boring observations did not contain adequate detail to classify
these soils to a series level.

b. There are two gauges in a limited growing season already showing a 9%saturation
period,

C. A lot of the soil cores showed the F6- dark surface indicator which would give the
indication of a site which was historically pretty wet,

d. There were a number of cores showing low chroma down to below 30 inches, and
finally,

e. The concave landscape position of the site and the restrictive clay horizon will most

likely pond water, in addition, the juxtaposition with Weston and Cane Creek wiill
likely flood more often, resulting in a soil with at least a 12-16%saturation.

Response: Section 9.0, Table 18 revised performance standard for wetland hydrology to be “aft
least 12% of the growing season.”

Comment: (6) Section 10- Monitoring Plan- monitoring reports are required for years 1, 2, 3, 5 and
7.Table 19 skipped year 2.

Response: Table 19 edited to include year 2 in monitoring frequency for channel dimension and
substrate metrics.

Comment: (7) DWR likes seeing wood incorporated into the typicals for the Brush Run on Design
sheet3.

Response: Noted and appreciated.

Comment: (8) DWR would like to see floodplain pipes installed on all permanent crossings as seen
on the typicals on Design sheet 3B.

Response: Floodplain pipes have been added to all Fletcher Creek crossings as part of the final
plan preparation. The crossing on Coates Branch will be a single oversized pipe due to the small
size of the watershed at that location.

Comment: (9) DWR likes the graphical format used to show existing bed and proposed bed on the
Design Sheets.

Response: Noted and appreciated.

Design with community in mind



February 27, 2018
Harry Tsomides, Project Manager
Page 4 of 7

Reference: Final Draft Mitigation Plan

Comment: (10) On Design sheets 7-9, the Fletcher 1C channel bed is being brought up 3-4 feet for
about 1,100 linear feet. Please note that these areas must maintain flow to garner stream credit.

Response: Final design plans include a note on Detail Sheet 3D indicating soil fill used below the
proposed bed shall have a minimum clay content or where sufficient clay material is not available
clay plugs shall be used to restrict loss of base flow.

Comment: (11) Some of the crossings, as shown on Design sheet 12 have rip rap outlet protection
pads. Please realize that the stream footage for these areas are not allowed for stream credit.

Response: Stream credit quantities have been re-checked to make sure areas of riprap outlet
protection are not included.

Comment: (12) On Design sheets 18-19, the Raccoon 1D channel bed is being brought up 3-4 feet.
Please note that these areas must maintain flow to garner stream credit.

Response: Final design plans include a note on Detail Sheet 3D indicating soll fill used below the
proposed bed shall have a minimum clay content or where sufficient clay material is not available
clay plugs shall be used to restrict loss of base flow.

Comment: (13) On Design sheets 22-26, for Coates Branch 1B and 1C channel bed is being
brought up 2-5 feet. Please note that these areas must maintain flow to garner stream credit.

Response: Final design plans include a note on Detail Sheet 3D indicating soil fill used below the
proposed bed shall have a minimum clay content or where sufficient clay material is not available
clay plugs shall be used to restrict loss of base flow.

Andrea Hughes, USACE, January 16, 2018

Comment: (1) Please provide an explanation for the discrepancies in stream lengths between the
technical proposal, the jurisdiction determination (JD) forms, and the current mitigation plan. For
example, the JD indicates a length of 300 LF for Raccoon Branch 1A and the mitigation plan
indicates a length of 489 LF. The JD indicates a length of 489 LF for Pine Branch and the mitigation
plan indicates a length of 299 LF. The JD indicates a total of 0.21 acres of existing wetlands and
the mitigation plan indicates 0.25 acres of existing wetlands. Also, the technical proposal indicates
restoration of 8.0 acres of wetlands adjacent to Weston Creek and Table 7a in the mitigation plan
indicates restoration of 8.91acres. Page 12 in the mitigation plan states an area of approximately 8
acres has relic hydric characteristics.

Response: The stream lengths in the technical proposal were based on GIS data and should be
considered approximate compared with the stream lengths in the JD which is based on actual
survey data. Regarding the discrepancies between Pine Branch and Raccoon Branch 1A, the JD
has the labels for these two reaches switched. We are submitting a revision for the JD which will

Design with community in mind



February 27, 2018
Harry Tsomides, Project Manager
Page 5 of 7

Reference: Final Draft Mitigation Plan

bring this into agreement with the mitigation plan. Regarding the discrepancy in the existing
wetland acreage, the mitigation plan mistakenly included a potential wetland area that was later
determined not to be jurisdictional. This error has been corrected. Regarding the discrepancy
between the proposed wetland area and the area of hydric soils, the actual surveyed boundary
area of hydric soils was 8.94 acres not “approximately 8 acres” as summarized in the soils report.
This revision has been made to page 12 of the mitigation plan to reflect the actual area.

Comment: (2) Page 29, Section 7.2.1: Please explain the necessity of maintaining the existing
Weston Creek (ditch) downstream of the wetland area versus filling the ditch and diverting the
existing offsite drainage to the constructed stream channel.

Response: Negotiations with the property owner have been ongoing with respect to this ditch and
offsite drainage. Since submittal of the Draft Plan an agreement has been reached which wiill
allow for the filing of the remainder of this ditch. The Final Plan includes closing and filing the
entire existing length of Weston ditch.

Comment: (3) Page 33, Section 7.2.6: Please provide additional information regarding the depth
of excavation that will be conducted in the wetland rehabilitation areas. Grading plan sheets 34
and 35 do not provide enough detall to determine these amounts. (The plan should indicate
current elevations versus proposed elevations for the wetland rehabilitation areas including the
proposed offline pools.)

Response: The grading plan sheets have been revised to clearly indicate the existing and
proposed contours and elevations. Generally, where excavation is proposed the depth is limited
to 2 in. to 4 in. The areas of existing spoil adjacent to Weston ditch will be excavated to a depth of
8 in. to 10 in. to remove the overburden material.

Comment: (4) Page 34, Section 7.3: The table indicates that if adjacent ground surface becomes
excessively wet, supplemental drainage ditches may be installed outside the easement. The
project design should address the risk of hydrologic trespass. If ditches are excavated in or
adjacent to project boundaries, additional monitoring may be required and/or re-evaluation of
assets.

Response: Table 16 has been revised to indicate that the grading plan has been designed to
minimize the risk for potential hydrologic trespass and the statement referring to supplemental
ditches has been removed. The conservation easement also provides for an additional buffer
outside of the proposed wetland area to protect the project assets.

Comment: (5) Page 34, Section 7.3: The risk evaluation indicates that if diminished bank flows
occur on Fletcher Creek due to upstream pond influence, then bankfull threshold will be adjusted
in the performance standards. Risk associated with the upstream pond should be evaluated and
addressed prior to plan submittal. Performance standards cannot be modified post-approval
because the project, as designed, is unable to demonstrate success.

Design with community in mind



February 27, 2018
Harry Tsomides, Project Manager
Page 6 of 7

Reference: Final Draft Mitigation Plan

Response: The channel has been designed to account for the unique hydrologic regime of this
watershed which will allow for a diminished bankfull discharge to still express as an appropriate
bankfull event. Table 16 has been revised to indicate how the restoration plan has accounted for
this potential risk and the statement suggesting an alteration to the performance standard has
been removed.

Comment: (6) Page 34, Section 8.1: Credits will be based on mitigation plan amounts. If changes
occur as a result of unanticipated field conditions, the provider may submit a modification request
to the IRT for review and approval. Please be aware that an increase in stream credits based on
thalwag measurements will not be approved.

Response: Section 8.1 reworded as follows: “Mitigation credits presented in the following table are
projections based upon site design. If changes occur as a result of unanticipated field conditions,
a modification request with explanations of how and why any adjustments occurred will be
submitted to the IRT for review and approval. Any as-built stream lengths will be based on
constructed channel center lines, not thalweg measurements.”

Comment: (7) Page 37, Table 18: Performance standards should include Entrenchment Ratio. The
entrenchment ratio should be 2.2 or greater for “C” and “E” channels (1.4 for “B” channels).

Response: Entrenchment Ratio added to Table 18 performance standard.
Comment: (8) Page 37, Table 18: Please add “in separate years” to the bank full standard.
Response: Added.

Comment: (9) Page 37, Table 18: Please add “duration of monitoring” to the bank migration
standard.

Response: Added.

Comment: (10) Page 37, Table 18: You should include a standard to demonstrate that the restored
streams receive sufficient flow throughout the monitoring period to maintain an Ordinary High
Water Mark, which establishes the extent of USACE jurisdictional for non-tidal waters for CWA
Section 404. Channels that are determined to be non-jurisdictional will not be eligible to receive
credit.

Response: Table 18 revised as follows: First objective edited to include “...and that meet
jurisdictional status.” First performance standard edited to include “Document contfinuous surface
flow in tributaries for at least 30 consecutive days in each year.” First monitoring approach edited
to include “Continuous stage recorders for base flow on tributaries.”

Design with community in mind



February 27, 2018
Harry Tsomides, Project Manager
Page 7 of 7

Reference: Final Draft Mitigation Plan

Comment: (11) Page 38, Table 18: The wetland hydrology standard should be 12%-16% of the
growing season.

Response: Revised to “...at least 12% of the growing season.”

Comment: (12) Page 39, Section 10.0: Under monitoring frequency, stream component data
collection is required in years 1,2,3,5, and 7.

Response: Edited to include year 2.

Comment: (13) Appendix G, Credit Release Schedule: Under subsequent credit releases, for
consistency this section should read 4 bank full events in separate years.

Response: Revised Appendix G

Comment: (14) All temporary and permanent impacts to existing wetlands and streams must be
accounted for in the PCN and the loss or conversion of those waters must be replaced on-site.
Please include a map depicting the location of all impacts with the PCN.

Response: PCN will include accounting for all temporary and permanent impacts to existing

wetlands and streams.

Respectfully,

Grant Ginn

Principle

Phone: (828) 229-8445
Grant.Ginn@stantec.com

Attachment: Fletcher Mitigation Plan
c.

gg document5
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o Federal rule for compensatory mitigation project sites as described in the Federal Register
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(c)(2) through (c)(14).
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These documents govern NCDMS operations and procedures for the delivery of compensatory mitigation.
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Table of Contents

1.0 INTRODUGCTION ..ottt bbbt b e bbbt e e bt et b et e s bt e b et e s ens 1
2.0 WATERSHED APPROACH AND SITE SELECTION .....ccoiiiiiieicese e 3
3.0 WATERSHED AND RESOURCE CONDITIONS ......ccoiiiiiiiiiite e 3
3.1 USGS Hydrologic Unit Code and NCDEQ River Basin Designations ...........cc.cccoceveeeriennnne 5
3.2 Watershed CharaCterization .............cuooiieriieienieees st 5
3.3 Physiography, Geology, and SOMlS .........cccoiiiieiie e 6
3.4 Jurisdictional DetermMINALIONS ..........ccoiiiiiiierierieieieie et enea 6
3.5 Threatened and ENdangered SPECIES..........oiiiieiiiiiieie et 7
3.6 Historical Land Use and Development TreNdS .........cccoveiieveieeiese s 7
4.0 SITE CONDITIONS ...ttt bbbt bt bbbttt e bbb st e bt e ne s 9
4.1  EXxisting Stream MOrphology .......ccooveieiiiiiiiiee e 9
4.2 Stream Condition ASSESSIMENT ........cciiirieriiieieieise ettt eneas 10
4.3 Wetland ASSESSITIENT ........oiuieieieiiee ettt te ettt e st sae e e e saeeseeseesreeneesaeeneenee e 12
5.0 FUNCTIONAL UPLIFT POTENTIAL ....cotiteieietse ettt neeneanas 13
5.1 FUNCLIONAI ASSESSIMENT.....cueiiiieiieiteitie st et eteeste ettt et s e tesreeseeseeeseesteaseeneesteeneesaeaneeneees 13
5.2 Functional Uplift POtENtIal..........ccocveiiiiee e 20
6.0 GOALS AND OBUIECTIVES ..ottt bbbttt sttt 22
7.0 DESIGN APPROACH AND MITIGATION WORK PLAN .....oiiiiiiiiiierieieie s 25
7.1 Description of Reference Stream, Wetland and Vegetation Communities...........c..cccocvevennene. 25
7.2 DESIGN APPIOACH ... 27
7.3 RISK EVAIUBLION ...ttt bbbttt 34
B.0 CREDIT YIELD ...ttt bbb bbbttt bttt ans 34
8.1 Determination OF CreditS.......coiii ettt ene e e 34
9.0 PERFORMANCE STANDARDS ..ottt ettt se e e e ssessessesaesaeneeseenenns 37
10.0 MONITORING PLAN ..ottt b et bbbttt b e bbbt e e e ane s 39
11.0 MANAGEMENT PLAN ..ottt bbbttt sttt sb et e ene s 41
11.1 Adaptive Management PIaN ...........ccooviiiiieiiiece et 41
11.2 Long-Term Management PIaN ..o e 41
12,0 REFERENCES ......ooiiiiiieieieet ettt ettt sttt e e s e seeseebestenbe st et ese e s e eseanesbesaentenneneeneanens 41
TABLES
LI Lo Lo I o o] (<ot D 1= Yo T o] (o TSP 1
Table 2: Watershed Stressors and Preliminary Project GOals...........ooovveeieiiiieiiiice e 3
Table 3a: Fletcher Creek Watershed DeSigNationS .........c.coviveieiiieiiisieeie e e se e se et sre e 5
Table 3b: Weston Creek Watershed DeSigNations..........c.ccviveieiiiieiiiieesie e e e 5
Table 4: Watershed CharaCteriZation.............c.oiiiieiiieeie ettt sre e e seesneeneeeees 5
Table 5: Physiographic and Geologic CharaCterization..............coceeeiiiieieie s 6
Table 6: Threatened and ENAANGEred SPECIES ........c.eviiiiiiiirierie e 7
Table 7a: Morphologic Table (Fletcher Creek, Raccoon Branch, and Pine Branch)..........ccccocovvvviiennnne. 9
Table 7b: Morphologic Table (Coates Branch and Weston Creek) ...........ccoveerieiiienieniieie e 10
Table 8: INStability INAICALOIS ......c.veiiiicicice bbb 11
Table 9a: Functional Assessment Summary Fletcher Creek Reach 1(A) .....cccovviviiivinininine e 14
Table 9b: Functional Assessment Summary Fletcher Creek Reach 1(B and C)........cccccveveviiiievccveiiennnae 15
Table 9c: Functional Assessment Summary Fletcher Creek Reach 2(A) ... 15
Table 9d: Functional Assessment Summary Fletcher Creek Reach 2(B)........ccocovvvvieiiiiiiicicce 16

February 28,2018 Fletcher Mitigation Site (DMS #100004) i



Table 9e: Functional Assessment Summary Raccoon Branch Reach 1(A,B) & Pine Branch Reach 1......16

Table 9f: Functional Assessment Summary Raccoon Branch Reach 1(C).......cccocvvvieiiiiieiiiinieirceeiee 17
Table 9g: Functional Assessment Summary Raccoon Branch Reach 1(D).......cccccooveviviieivnininnnneeienies 17
Table 9h: Functional Assessment Summary Coates Branch Reach L(A) ......cccccvveveiiiiiieieieice e 18
Table 9i: Functional Assessment Summary Coates Branch Reach 1(B) ........cccccvvvevveviiiiieveiiiie e 18
Table 9j: Functional Assessment Summary Coates Branch Reach 1(C and D).......cccccoovevviiiienninennee 19
Table 9k: Functional Assessment Summary Weston Creek Reach 1(A and B) .......cccceovvvvivineieneicnnn, 19
Table 10: Functional Uplift POENTIAL............ccooiiiiii s 21
Table 11: Stream Functions and ProjeCt GOAS.........ccceiieiiiiiieeieeiecsec s sie e s sree e eeesre e 23
Table 12: G0als and ODJECHIVES .......oiuiiiiiccce e e s be e sreesreesreesnre e reenreenrneas 24
Table 13: Reference Reach MorphologiC TabIe ..o s 26
Table 14: ReStOration APPIOACH ......ccuciiii ittt te e be e s be e e besbe e e e sbeeaeesaesbeenaesbean 28
Table 15: Wetland Restoration APPrOaCh..........cccviiiiiiiiii et be e sre s 32
Table 16: RiSK EVAIUBLION. .......cciiiieeiecece e ettt te et e e saeesa e e s ne e b e steeneeseesteenaenae s 34
TADIE L17: PrOJECT ASSEES. ...vettitiieeteiest ettt sttt b bbb bbbt bbbt b et e bt e bbb bt e e enes 35
Table 18: Performance STANUAITS ..........ccoviiiiiiieierieiees et enes 37
Table 19: Monitoring P1an COMPONENTS...........cviiiiiiice et sttt st re e sresbe e e sresbeeaesre s 39
FIGURES

Figure 1: Site LOCALION IMAD ......oivieiieieiicc sttt sttt ettt s be et st e teestesteaseesbesteesaesreenaenrens 2
FIQUPE 2: WALErSNEU IMIAD. ......eoieiieciie ettt et sttt be st st este et b e s besreentesteeneesbestaesnesreenaenrens 4
Figure 3: Features and SOIIS IMAD ........oiiiiiiee ettt sttt sttt neeseesreenee e 8
L0 S SISy £ Y T o ST 36
Figure 5: Proposed MONItOrING IMaD........ccviieiieiieie ittt e et e be e saesteenbesreane e e e 40
APPENDICES

Appendix A. Photo Log
Appendix B. Plan Sheets
Appendix C. Assessment Data

e Geomorphic Assessment

e Soils Report

e (Gauge Data
Appendix D. Functional Assessment
Appendix E. Design Calculations
Appendix F. Site Protection Instruments
Appendix G. Credit Release Schedule
Appendix H. Financial Assurance
Appendix I. Maintenance Plan
Appendix J. DWR Stream Identification
Appendix K. USACE JD Forms
Appendix L. Invasive Species
Appendix M. Categorical Exclusions
Appendix N. Floodplain Checklist

February 28,2018 Fletcher Mitigation Site (DMS #100004) iii



February 28,2018

Fletcher Mitigation Site (DMS #100004)

iv



1.0 INTRODUCTION

EW Solutions (EWS) proposes to restore, enhance and protect four streams and associated wetlands in
Henderson County as a full-delivery mitigation project for the North Carolina Division of Mitigation
Services (DMS). The Fletcher Mitigation Site (the Site) is located approximately 1.1 miles southeast of
Fletcher, NC (Figure 1). The Site encompasses approximately 34 acres of agricultural land and consists of
four unstable streams (Fletcher Creek, Coates Branch, Raccoon Branch and Weston Creek) along with a
degraded former wetlands on the Weston Creek floodplain. This mitigation plan describes the details,
methods and protocols to provide restoration, enhancement and preservation activities of the project streams
along with restoration of wetlands through rehabilitation, re-establishment, and enhancement.

Historic land use at the Site has consisted primarily of agriculture and livestock grazing. Additional land
use practices, including the excavation of drainage ditches, maintenance and removal of riparian vegetation
and the relocating, dredging, and straightening of on-site streams have contributed to unstable channel
characteristics, degraded water quality, and degradation of prior wetlands. Current stream conditions at the
Site consist of incised channels with unstable banks and a limited riparian buffer width. Fletcher Creek and
Coates Branch flow through active pastures with livestock access to the streams. The floodplain adjacent
to Weston Creek contains approximately 8 acres of mapped hydric soils that has been farmed for produce.
Ditching and farming activities have eliminated jurisdictional wetlands.

The goal of the project is to restore ecological function to the existing streams, wetlands and riparian
corridor by returning the streams to a proper relationship with the floodplain, excluding cattle from the
riparian buffer, eliminating drainage ditches and spoil piles, removing invasive species, and re-vegetating
the riparian area with native plant species appropriate for the valley and watershed conditions. Benefits of
grading activities will be to improve the groundwater hydrology of the proposed wetlands, increase
hydrologic access of the floodplain for overbank flows, and provide attenuation of flood flows. Stream
restoration activities will also yield improved water quality by re-establishment of a wooded riparian area
and stabilized stream banks resulting in a reduced downstream sediment load. Improvement of terrestrial
and aquatic habitats will result from removal of invasive plant species, re-establishment of native vegetation
in the riparian buffer, improved landform complexity associated with floodplain grading, and improved in-
stream habitat complexity.

Table 1: Project Descriptors

Project Descriptors

River Basin | French Broad River
Hydrologic Unit Code (HUC) | 06010105
Physiographic Region | Blue Ridge Mountains
EPA Level IV Ecoregion | Broad Basins (66j)
Latitude/Longitude | 35.422278° N, -82.486183° W
Street Address | 290 Jackson Road, Fletcher, NC

Existing Stream Length (ft) | 12,248
Existing Wetland Area (ac) | 0.19

Expected Stream Mitigation Units (SMU) | 10,011
Expected Wetland Mitigation Units (WMU) | 8.91

February 28,2018 Fletcher Mitigation Site (DMS #100004) 1
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2.0 WATERSHED APPROACH AND SITE SELECTION

The Fletcher Mitigation Site was selected to support the DMS watershed planning approach to restoration
activities. A product of the watershed planning by the DMS was the development of the River Basin
Restoration Plans (RBRP) to identify restoration goals and targeted local watersheds (TLW). The Site lies
in the lower portion of the Cane Creek watershed which is identified as a Targeted Local Watershed
according to the 2009 French Broad River Basin Restoration Priorities Plan. The French Broad RBRP
identifies several major stressors that are predominant in the watershed and are contributing to degradation
of water quality and natural resources. A list of preliminary project goals has been developed to identify
how the project will help to address the degrading factors of the overall watershed. The table below
illustrates the linkage between the watershed stressors and the preliminary goals. These preliminary goals
will be further defined and expanded in Section 6 of this report following the functional assessment of the
existing site conditions.

Table 2: Watershed Stressors and Preliminary Project Goals

Stressors Preliminary Goals

Streambank erosion : : .
Reduce sediment inputs from eroding stream banks
Streambed scour :
: _ Restore proper sediment transport
Habitat degradation _

associated with Improve substrate quality

sedimentation

Excess fecal coliform Reduce pollutant inputs to the project streams
Nutrient enrichment (fecal coliform, nitrogen, phosphorus)

Improve biological communities within the site

Habitat Fragmentation

Improve landscape connectivity

3.0 WATERSHED AND RESOURCE CONDITIONS

Investigations into the existing resource conditions were conducted as a part of the Environmental Resource
Technical Report (ERTR), dated January 2017, prepared by Equinox Environmental. A summary of the
findings from the ERTR are presented in the following sections and include jurisdictional determinations
for aquatic resources and effects on threatened and endangered species. Investigations were conducted to
evaluate historical land use and future development trends which included a review of available historical
aerial and satellite imagery, interviews with local residents and property managers, and interviews with
planning authorities. Additionally, investigations were conducted into the geology, physiography, and soil
properties which included review of the geologic mapping by the NC Geologic Survey, topographic
mapping of the Site, and the Henderson County Soil Survey. The following sections summarize these
findings and their potential influence on the characteristics of the Site.
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3.1 USGS Hydrologic Unit Code and NCDEQ River Basin Designations

The Fletcher Mitigation Site has two main streams, Fletcher Creek and Weston Creek, which fall in two
separate sub-watersheds. Fletcher Creek is within the Lower Cane Creek watershed and Weston Creek is
within the Hooper’s Creek watershed. The follow tables list the watershed designations:

Table 3a: Fletcher Creek Watershed Designations
Fletcher Creek Watershed Designations

River Basin | French Broad River
NCDEQ Sub-basin | 04-03-02
Watershed | Lower Cane Creek
Hydrologic Unit Code (HUC) | 060101050703
NCDWR Classification (2014) | C
EPA 303(d) List | Impaired due to poor bioclassification

Table 3b: Weston Creek Watershed Designations
Weston Creek Watershed Designations

River Basin | French Broad River
NCDEQ Sub-basin | 04-03-02
Watershed | Hooper’s Creek
Hydrologic Unit Code (HUC) | 060101050702
NCDWR Classification (2014) | C:Tr (Trout Waters)
EPA 303(d) List | Not listed

3.2 Watershed Characterization

The watersheds of Fletcher Creek and Weston Creek are characterized predominantly by forested and
agricultural land use. There are no significant developments within the watershed that are altering the
hydrologic regime; however, there is a three-acre pond upstream of the site on Fletcher Creek that captures
and detains runoff from approximately 0.24 square miles of the watershed. The area that drains to this pond
accounts for approximately 80 percent of the watershed at the upstream end of the site and approximately
46 percent of the watershed at the downstream end of Fletcher Creek. The influence of this pond, combined
with the relatively low annual precipitation, approximately 47 inches, can be expected to suppress bankfull
and channel forming flows on Fletcher Creek.

Table 4: Watershed Characterization

Watershed Characterization
Reach DA (mi?) | DA (ac) | Forest | Agriculture | Residential | Impervious
Fletcher Creek 0.52 333 75% 19% 6% <1%
Coates Branch 0.07 44 17% 62% 21% <1%
Raccoon Branch 0.04 26 96% 4% 0% 0%
Weston Creek 0.37 238 54% 37% 9% <1%
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3.3 Physiography, Geology, and Soils

The Fletcher Mitigation Site lies within the Broad Basins ecoregion of the Blue Ridge which is drier with
less relief and at lower elevations than the surrounding ecoregions. It also contains less boulder colluvium
and more saprolite with mostly deep, well-drained, loamy to clayey soils. Dominant soils found on-site
include clay-loam and fine, sandy-loam soils. The surrounding geology provides the underlying valley
forms, soils and stream substrate but does not represent any unexpected constraints or limitations on the
natural stream processes.

The valleys associated with the project streams south of Jackson Road are generally moderate and gently-
sloped, colluvial forms. These valleys present structurally influenced morphology which acts to limit
channel belt-width development and support low sinuosity plan form. The presence of saprolite provides
some long-term grade control; however, the depth to exposure does not prevent channel incision from
becoming significantly entrenched. Gravel is present in sufficient quantities throughout the soil profile to
support primarily gravel bed streams.

The valley form north of Jackson Road is a broad alluvial floodplain and terrace associated with Hooper’s
Creek and Cane Creek to which the project streams ultimately discharge. Historically this terrace would
have supported unconfined, meandering stream forms. The low gradient of the valley and the lack of gravel
present in the soil profile would tend to provide for primarily sand bed channels. Additionally, the low
valley gradient encourages the retention of surface water and groundwater which is necessary for the
development and maintenance of hydric soils.

Table 5: Physiographic and Geologic Characterization

Physiography and Geology

Level IV Ecoregion | Broad Basins (66j) of the Blue Ridge

Local Lithology | Henderson Gneiss

Soil Class | Codorus, Evard, Hayesville, and Tate

Elevation Range

2,075 to 2,330 ft. msl.

Reach Valley Form Cross Slope Longitudinal Slope
Fletcher Creek Colluvial (moderate) 4% to 10% 1%
Coates Branch Colluvial (moderate) 5% to 15% 1% to 5%
Raccoon Branch Colluvial 10% to 30% 3% to 4%
Weston Creek Alluvial Floodplain 0% to 0.3% <0.5%

3.4 Jurisdictional Determinations

As documented in the ERTR, Fletcher Creek, Weston Creek, Raccoon Branch, and Coates Branch are all
considered perennial streams within the project site boundaries (see Appendix J for NCDWR Stream
Classification Forms) and are considered jurisdictional by the USACE. All stream reaches except Pine
Branch scored at least 33.5 using the NCDWR identification methodology. Pine Branch reach only scored
29.0 and was categorized as intermittent, however it is located downstream of a springhouse and evidence
of stonefly (Plecoptera) and mayfly (Ephemoptera) communities were observed. Additionally, three small
wetlands totaling approximately 0.19 acres were observed on the upper portion of the Raccoon and Coates
Branches (see Figure 3). The preliminary jurisdictional determinations (Action ID SAW-2016-02205) for
these wetlands have been completed (see Appendix K).
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35 Threatened and Endangered Species

As documented in the ERTR, the project is expected to have no effect on any threatened and endangered
species listed in the USFWS ECOS database with the possible exception of the Northern Long-Eared Bat.
Follow-up consultation with the USFWS determined that the project could involve incidental take of the

Northern Long-Eared Bat, however this is not prohibited by the final 4(d) rule.

Table 6: Threatened and Endangered Species

Species Scientific Name State Status | Federal Status Cl?ol(r)llc(igls?gln
Appalachian Elktoe Alasmidonta raveneliana | Endangered Endangered No Effect
Bunched Arrowhead Sagittaria fasciculata Endangered Endangered No Effect
Mountain Sweet Pitcher Plant Sa”acejgir?ersuiib @SSP | Endangered | Endangered No Effect
Small Whorled Pogonia Isotria medeoloides Threatened Threatened No Effect
Swamp Pink Helonias bullata Threatened Threatened No Effect
White Irisette Sisyrinchium dichotomum | Endangered Endangered No Effect
Carolina Northern Flying Squirrel Glaucggg;fuibrmus Endangered | Endangered No Effect
Northern Long-Eared Bat Myotis septentrionalis N/A Threatened May Effect
Bog Turtle Clemmys muhlenbergii Threatened | Threatened/SA* | No Effect

*Threatened due to Similarity of Appearance

3.6 Historical Land Use and Development Trends

Historic land use at the Site has consisted primarily of agriculture and livestock grazing. Additional land
use practices, including the maintenance and removal of riparian vegetation and the relocating, dredging,
and straightening of on-site streams have contributed to unstable channel characteristics and degraded water
guality. Ditches have been excavated and maintained to facilitate drainage of the floodplains and to
maximize agricultural production. A review of historical aerial photos from 1986, 1994, 2005, 2008, 2009,
2010, and 2012 verified that land use has remained relatively consistent and that straightening of the
channels and ditching of the wetlands occurred more than thirty (30) years ago and are likely to have
occurred considerably earlier than aerial photographic records. It is likely that large scale clearing for timber
that occurred during the early settlement period triggered the initial down-cutting and degradation of the
project streams. This initial entrenchment of the channels continues to influence the processes of scour and
erosion. Although most of this original impact has worked through the watershed, there are still indications
on Weston Creek upstream of the project that headcuts continue to retreat and provide additional sediment
loads to downstream reaches.

Land use changes are not anticipated within the watershed and developmental pressure is relatively low.
The property owner is exploring the possibility of converting the agriculture land on the north side of
Jackson Road to a solar farm. This is expected to have a positive influence since it will result in the
elimination of current produce farming practices which include the application of fertilizers and pesticides.
There are no projected land use trends that are expected to influence the project.
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4.0 SITE CONDITIONS

The following assessment of existing stream conditions consists of documentation of existing channel
morphology and an evaluation of the channel stability. Assessment of existing wetland conditions consisted
of performing jurisdictional determinations and USACE verification along with a soils survey of hydric
soils.

4.1 Existing Stream Morphology

In order to assess existing geomorphic conditions, cross section measurements were taken at fifty-six (56)
locations within the site. These measurements were used to evaluate existing width-depth ratios, bank-
height ratios, entrenchment ratios and stream classification (See Appendix C). Additionally, a bed-width
index and a max-depth index were calculated to assess departure from reference conditions. Data collected
from naturalized streams in the surrounding watersheds, the reference reach surveys and the regional curve
sites were used to develop regional hydraulic geometry relationships (See Appendix E, Section 3) for
reference channel bed-width and reference maximum bankfull depth.

Table 7a: Morphologic Table (Fletcher Creek, Raccoon Branch, and Pine Branch)

Morphologic Table (Fletcher Creek, Raccoon Branch, and Pine Branch)

Fletcher Fletcher Fletcher Fletcher Pine Raccoon Raccoon
Description | £1o | oo | cr | o | o | B | Pt
(AB) ©) (A) (B) (AB) (C.D)
Stream Type G B,F,G B, G B,E, G B B B, G
Valley Type | I | VI | 1 |
Wekr (ft) 6.1-8.0 6.3-9.3 49-79 4.4-10.7 15-22 18-28 18-34
Dekr (ft) 0.7-0.8 0.6-0.9 08-11 0.7-1.0 0.1-0.2 0.1-0.2 0.1-0.2
Askr (ft?) 44-6.2 49-75 48-7.9 3.3-7.2 02-04 02-04 04-0.6
Vekr (fps) 2.3-36 21-35 20-34 1.8-2.7 2.0-3.0 2.0-3.0 24-34
Qskr (cfs) 22 25 32 33 1 2 4
Sopews (010 | “9ot5 | oors | oots | 001 | oos | %09 | opey
Sinuosity 1.38 1.24 1.35 1.03 1.05 1.06 1.09
WI/D Ratio 8.5-10.5 82-166| 50-9.1 52-15.7 10-18 10-18 8.0-25.7
Ent. Ratio 11-21 1.3-1.7 14-19 1.4-59 15-22 15-22 17-21
Dso (mm) 6-11 5-14 9-14 5 2-9 2-9 1-2
Dgs (mm) 20-44 11-30 15 -27 10 8-16 8-16 2-9
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Table 7b: Morphologic Table (Coates Branch and Weston Creek)

Morphologic Table (Coates Branch and Weston Creek)
Coates Coates Coates Weston Weston
Description | Ereh | Bt | prenh | Cre | Cree
(AB) (©) (A) (B)
Stream Type B, G B,F,G B E,G G E
Valley Type 1 I I VI VI
Wekr (ft) 09-13 19-34 3.6-5.0 45-6.3 45-9.6
Dgkr (ft) 0.2-0.3 02-03 0.2-0.3 0.6-0.7 06-1.0
Askr (ft?) 0.2-0.3 0.3-0.8 10-14 2.7-4.6 3.8-77
Ve (fps) 1.7-2.0 09-18 09-13 1.8-22 1.8-23
Qskr (cfs) 3 4 7 21 25
Stopews (1019 | 003-00% | o | Tonoe | ooos | 0007
Sinuosity 1.08 1.03 1.05 1.01 1.01
W/D Ratio 51-56 | rp | 130-180 | 74-100 | 53-119
Ent. Ratio 20-28 1.2-19 1.7-18 1.6-2.6 13-22
Dso (mm) 1-2 9-12 8-14 1-4 1-4
Dags (Mmm) 1-5 15-22 10 - 27 4-9 4-9

4.2 Stream Condition Assessment

Vertical and lateral stability were evaluated by a departure analysis for channel bed width and maximum
bankfull depth. The bed-width index (BWI) was calculated by dividing the channel bed-width
measurements taken from the site by the reference bed-width, and the max-depth index (MDI) was
calculated by dividing the measured maximum bankfull depth by the reference maximum bankfull depth.
The reference dimensions are based on the hydraulic geometry relationships developed for the watershed
(Appendix E, Section 3.1). BWI values less than 1.0 indicate that the bed is narrower than the natural bed
width and there will be a tendency for the channel to widen resulting in scour at the toe of bank. MDI values
greater than 1.0 indicate that the channel depth is greater than the natural channel depth and that the resulting
increase in shear stress may cause scour in the bed.

Vertical and lateral stability were further evaluated by mapping existing erosional and depositional features
throughout the site and calculating bank erosion hazard index (BEHI) and near-bank stress (NBS) rating.
Table 8 below provides a summary of assessment findings for each stream reach along with a subjective
determination of the general stability status for each reach. The detailed assessment data supporting this
summary can be found in Appendix C.
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Table 8: Instability Indicators

Instability Indicators
Reach BEHI NBS BWI MDI BHR | Status
Fletcher Creek Reach 1(A) | O Mod. Bv.Low (00709 |009-1.1 |M1.4-99 | Unstable
Fletcher Creek Reach 1(B) | O High Bv.row Bo507 (01113 |W14-99 | Unstable
Fletcher Creek Reach 1(C) O High O Low Oo0.7-00 (01.1-1.3 |W1.4-99 | Unstable
Fletcher Creek Reach 2(A) O High O Low Wo5-07 01113 |W14909 -
Fletcher Creek Reach 2(B) | O High Bv. Low |Mo507 01113 |01.1-1.4 | Unstable
Raccoon Branch Reach 1(A, B) | O Mod. Bv.Low [O07-09|009-1.1 [01.1-14| Stable
Raccoon Branch Reach 1(C, D) |Bv. High |[Bv.Low [00.7-09 |00.9-1.1 | B 1.4-9.9 | Unstable
Pine Branch Reach 1 0O Mod. Bv.Low [O07-09|0009-1.1 01114 | Stable
Coates Branch Reach 1(A) | O High Bv. row (Bo507|009-1.1 [01.1-1.4 | Unstable
Coates Branch Reach 1(B) | O High Bv.Low [Mo507 [Dog11 |[M1400 [EEEEN
Coates Branch Reach 1(C)  |BVv.High |Orow |00.7-09|009-1.1 [M1.4-9.9 | Unstable
Coates Branch Reach 1(D)  |B V. High |[Bv.Low [00.7-0.9 |00.9-1.1 | 1.4-9.9 | Unstable
Weston Creek Reach 1(A) | O High Bv.row (00709 (009-1.1 |W14-99 | Unstable
Weston Creek Reach 1(B) | B V. High |BVv.Low |00.7-09 [01.1-1.3 | 1.4-9.9 | Unstable

Fletcher Creek

Fletcher Creek is generally unstable and incised throughout the majority of the site. At the upstream end,
Reach 1(A) is currently protected from livestock incursions by exclusion fencing which has been in place
for approximately five years. Although past livestock access impacted this reach there are signs of improved
stream functions associated with recent vegetation growth. Through Reaches 1(B&C) and 2(A) livestock
incursions continue to impact and destabilize the stream. Entrenchment generally increases in the
downstream direction through these reaches with maximum entrenchment located at the lower end of Reach
1(C) and the upper end of Reach 2(A).

The valley form broadens where Fletcher Creek flows parallel to Coates Branch and provides evidence of
a complex history of down-cutting and degradation. There are at least two distinct terrace elevations
observed along Fletcher Creek. In addition to the highest terrace there is topographic evidence of a second
terrace approximately 18 to 24 inches lower. This lower partial terrace corresponds with the base level of
several large diameter trees and with soils investigations that indicate the presence of buried ‘A’ horizon
approximately 24 inches below the upper surface.

The lower end of Reach 2(A) is presently protected from livestock incursions by fencing. This area
continues to remain unstable from past impacts and from elevated sediment loads from upstream sources.
Reach 2(B) flows through an active row-crop, agricultural field and is maintained on the left side as an open
grass field. This downstream reach of Fletcher Creek is maintained as a dredged agriculture ditch.

Raccoon Branch and Pine Branch

The headwaters of Raccoon Branch and Pine Branch begin within the project boundaries as springs
approximately 1,900 feet upstream of Fletcher Creek. Reach 1(A & B) of Raccoon Branch, along with
Reach 1 of Pine Branch lie within a mature forest with no livestock access. There is evidence of past down-
cutting, but these reaches have since stabilized and are now returning to natural stream forms.
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Reach 1(C) of Raccoon Branch flows through the remains of an old pond that has developed into a small
wetland area. There are several nick-points and small headcuts that present a potential threat to these
wetlands. Headcuts and channel incision progressively increase in the downstream direction along Reach
1(C). At the downstream end of Reach 1(C) a prior breach on another old pond berm is marked by a
significant headcut which transitions to the deeply incised channel form of Reach 1(D).

Coates Branch

Coates Branch begins in a four-acre forested area before flowing into an actively grazed pasture. Where
Coates Branch enters the pasture, a small wetland area exists that has been severely impacted by cattle
incursions. Throughout Reaches 1(B, C, and D) the stream is heavily impacted by livestock access and
channel incision progressively increases in the downstream direction. The lower reach of Coates Branch
flows parallel to Fletcher Creek and available historical information confirms this location for the
identifiable history of the Site. There are several potential explanations for this alignment which include
natural and/or anthropogenic origins. It is likely that a combination of factors contributed to the present
location which may have included an historic stream/wetland complex along the toe of slope that was
ditched following initial logging and early settlement of the area.

Weston Creek

Weston Creek flows through an active agricultural field used for produce farming. The topography of both
the stream channel and the surrounding landscape have been altered and manipulated in this agriculture
effort. The channel has been channelized and relocated to the edge of the property boundary. The field has
been regraded and ditched to facilitate drainage and farming practices. At the upstream end of Reach 1(A)
channel incision is only slight as the previously dredged channel has gradually filled in with fine sediment
from upstream sources. Channel incision progressively increases in the downstream direction.

4.3 Wetland Assessment

Three small wetlands totaling approximately 0.19 acres were identified in the upper portion of the Fletcher
Branch watershed. These wetlands are designated on Figure 3 as Areas A, B and D. In addition, evidence
of historical wetlands on the west side of Weston Creek is documented in the soil survey of the site
(Lankford 2016). This area is identified on Figure 3 as Area E.

Fletcher Creek Wetlands (Area A, B and D)

A jurisdictional determination and USACE verification were made on each of the four small wetlands in
the Fletcher Creek watershed. Wetland Area D is location at the upper end of Coates Branch Reach 1(B)
and is related to an actively flowing seep. This wetland is highly degraded due to livestock incursions which
have severely impacted wetland vegetation. The other two wetlands, Area A and B, are located on Raccoon
Branch Reach 1(C). These wetlands are the formed in depositional material associated with former
agricultural ponds. Both of these areas are threatened by migrating headcuts which have the potential to
affect surface and groundwater hydrology.

Weston Creek Wetlands (Area E)

The historical wetland area adjacent to Weston Creek has lost wetland function as a result of agricultural
practices that included regrading, ditching to facilitate drainage, and relocation of Weston Creek. Based on
soils investigations (see Appendix C for Soils Report), an area of approximately 8.94 acres was found to
have relic hydric characteristics within 8 inches of the surface. The soils were evaluated using morphologic
characteristics to determine hydric indicators and evaluate current hydrology using criteria based on "Field
Indicators of Hydric Soils in the United States" (USDA, NRCS, 2017, Version 8.1). More than 80 shallow
borings from 12 to 24 inches were evaluated to delineate the relic hydric soil boundary. An additional
twelve were described in detail to document a representative range of soil characteristics at this site.

The mapped soils unit in the investigated area is a poorly drained Hatboro soil. Expected soil textures in
the floodplain and landscape position are a sandy or loamy surface with a subsoil that is predominantly
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loamy to sometimes clayey. The soils at this site seem to meet most characteristics of the standard Hatboro
series but subsoil tends toward a higher clay content that creates a somewhat restrictive horizon.

The ground surface is somewhat concave adjacent to Weston Creek and the surface water in the field drains
along the concave area into a shallow ditch connected to Cane Creek. The eastern edge of the field is slightly
higher in elevation, which suggests it was built up to create a higher access path for equipment, and acts as
a shallow berm against flooding from Weston Creek. The surface/tillage depths increase outward from the
concave middle indicating some crowning may have occurred. The area has been cultivated and bedded for
row crops annually and evidence of deep tillage greater than 12 inches was found. From the observed
disturbance in the soil profiles, the plow layer is estimated to be 6 to 10 inches deep. Surface soil texture is
predominately sandy loam with subsoil ranging from sandy loam to sandy clay loam. The clayey textured
subsoil will restrict vertical water infiltration. Below the clayey textured horizon, a sandy textured horizon
greater than 20 inches was observed in many areas. This variability is typical of alluvial systems.

In order to assess existing groundwater conditions, seven monitoring gauges were installed in early April
of 2017. Data collected from the gauges through July of 2017 indicates that groundwater levels within 12
inches of the surface account for less than 10% of the growing season. However, this accounts for only a
portion of the growing season and the data collected also has a gap due to a download error (Appendix C).
The initial findings suggest that the agricultural ditches may be affecting groundwater levels but that
proximal groundwater is promising for wetland restoration efforts. The groundwater gauges will continue
to be monitored until the beginning of construction.

5.0 FUNCTIONAL UPLIFT POTENTIAL

51 Functional Assessment

The functional assessment provided in this report is based on the functional objectives identified by
Fischenich (2006). Fischenich summaries stream functions into five categories with three key
function/processes each for a total of fifteen stream functions. In order to provide a structure that facilitates
the association of stream functions to project goals, objectives and outcomes, these fifteen functions have
been reorganized into the following five primary functions:

Provide water transport and storage

Provide sediment transport and storage

Provide organic material transport and storage

Provide natural communities

Provide landscape connectivity

The five primary functions are further divided into eighteen supported attributes that represent the functions
identified by Fischenich and the functions identified by Harmon (2012) in pyramid levels 2 through 5 as
follows:
e The function of providing water transport and storage supports proper seasonal flows, channel
forming flows, overbank flows, hyporheic flow, and groundwater flow.
e The function of providing sediment transport and storage supports bed-form diversity, energy
management, sediment continuity, and substrate quality.
e The function of providing organic material transport and storage supports bed-form diversity,
energy management, and aquatic habitat.
e The function of providing natural communities supports temperature and oxygen regulation,
processing of organic matter and nutrients, and biodiversity.
e The function of providing landscape diversity supports latitudinal connectivity of biotic and abiotic
processes, longitudinal connectivity of biotic and abiotic processes, and sources and sinks for
natural populations.
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A detailed functional assessment form has been completed for each stream reach of the project and is
included in Appendix D. This functional assessment form describes the condition of each of the eighteen
supported attributes. The condition statement is provided in either qualitative or quantitative expressions as
appropriate for the specified function. A brief “Cause/Association” statement is also provided to further
identify the source of the impaired condition and/or site elements that are associated with the impairment.
Each supported attribute is assigned a qualitative status of optimal, suboptimal, marginal, or poor which is
intended to provide consistency with the terminology adopted by the EPA for rapid bioassessment
protocols. The following tables collapse the detailed assessment form down to the five primary functions
and provide a summary of the function condition and associated causes:

Table 9a: Functional Assessment Summary Fletcher Creek Reach 1(A)

Functional Assessment Summary Fletcher Creek Reach 1(A)

Function Status Condition Cause/Association
Entrenchment resulting in limited
Elevated water transport overbank flooding; possible
Water - . . .
O affecting natural processes; | drawdown of adjacent groundwater;
Transport and Storage .
Normal seasonal flows Upstream pond affecting flow
regime

Entrenchment resulting in elevated
shear stress on bed and banks;
Exclusion fencing contributing to
gradual stabilization

Shear stress and erosion
rates elevated; Increased
fines in bed material

Sediment O
Transport and Storage

Forced pools, wood-
complex riffles, organic Limited presence/supply of LWD
storage limited

Organic Material 0
Transport and Storage

Presence of early
Natural Communities O successional vegetation and
some desirable fauna

Exclusion fencing allowing for the
development of a riparian buffer

Agriculture practices have
eliminated downstream connectivity
and limited lateral connectivity

O Limited connectivity with

Landscape Connectivity functioning habitat

|:|Optimal DSuboptimaI DMarginal @ Poor
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Table 9b: Functional Assessment Summary Fletcher Creek Reach 1(B and C)

Functional Assessment Summary Fletcher Creek Reach 1(B and C)

Function Status Condition Cause/Association
Excessive water transport Entrenchment resulting in limited
Water m affecting natural processes; | overbank flooding, drawdown of
Transport and Storage Diminished groundwater adjacent groundwater, excessive
and seasonal flows channel disturbances
Shear stress and erosion Entrenchment resulting in elevated
Sediment m rates excessive: Fine shear stress on bed and banks;
Transport and Storage sediment conte}]t excessive Elevated stress disrupting natural
bed forms and increasing fines
Organic Material Forced pools, wood-
g O complex riffles, organic Limited presence/supply of LWD
Transport and Storage storage limited
. L_|m|ted shading; Low No riparian buffer: Livestock
Natural Communities [} biomass and species . .
diversity incursions
. . Agriculture practices have reduced
. Poor connectivity with F
Landscape Connectivity [} functioning habitat and eliminated lateral and
g longitudinal connectivity
Ooptimal O Suboptimal 0 Marginal @ poor

Table 9c: Functional Assessment Summary Fletcher Creek Reach 2(A)

Functional Assessment Summary Fletcher Creek Reach 2(A)

Function Status Condition Cause/Association
Excessive water transport Entrenchment resulting in limited
Water m affecting natural processes; | overbank flooding, drawdown of
Transport and Storage Diminished groundwater adjacent groundwater, excessive
and seasonal flows channel disturbances
Shear stress and erosion Entrenchment resulting in elevated
Sediment m rates excessive: Fine shear stress on bed and banks;
Transport and Storage sediment Conte’nt exXCessive Elevated stress disrupting natural
bed forms and increasing fines
Organic Material Forced pools, wood-
Transport and Storage O gg)r:\a[gs);im];lee;, organic Limited presence/supply of LWD
- L_|m|ted shading; .LOW Limited riparian buffer: Livestock
Natural Communities O biomass and species . .
diversity incursions
Poor connectivity with Agriculture practices have reduced
Landscape Connectivity [} functionin habi%/at and eliminated lateral and
g longitudinal connectivity
Ooptimal O Suboptimal O Marginal @ poor
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Table 9d: Functional Assessment Summary Fletcher Creek Reach 2(B)

Functional Assessment Summary Fletcher Creek Reach 2(B)

Function Status Condition Cause/Association
Excessive water transport Entrenchment resulting in limited
Water m affecting natural processes; | overbank flooding, drawdown of
Transport and Storage Diminished groundwater adjacent groundwater, excessive
and seasonal flows channel disturbances
- . . Entrenchment resulting in elevated
Sediment m :;;::i%?nﬂg:({gﬁgﬁim’ shear stress on bed and banks;
Transport and Storage excessive Elevated stress disrupting natural
bed forms and increasing fines
Organic Material Forced pools, wood-
g [} complex riffles, organic Limited presence/supply of LWD
Transport and Storage storage limited
Natural Communities m No shadl_ng; ITow k_)lomass No_rlpa_\rlan buffer: Agriculture and
and species diversity maintained landscape
No connectivity with Agriculture practices have
Landscape Connectivity [} functionin hat))/itat eliminated lateral and longitudinal
g connectivity
Ooptimal O Suboptimal O Marginal @ poor

Table 9e: Functional Assessment Summary Raccoon Branch Reach 1(A,B) & Pine Branch Reach 1

Functional Assessment Summary Raccoon Branch Reach 1(A,B) and Pine Branch Reach 1

Function Status Condition Cause/Association
Normal seasonal and .
Water e Spring-fed headwaters; Past
Transport and Storage O bankfull flows; D'm'F"Shed entrenchment has naturalized
groundwater connection
Sediment Riffle/pool form present; Past entrenchment resulting in
a Stresses elevated but not marginal increase in shear stress;
Transport and Storage . .
excessive Low sediment supply
Organic Material 0 E(())r::eﬁa )??%lfsl,ezv?)?d;mic LWD supply available but not fully
Transport and Storage storapge present' g productive
Natural Communities O g:(ljl :g;gggaicégggomass Mature riparian vegetation
Habitat connectivity and
Landscape Connectivity O established population Connected to 400 ac forested land
equilibrium
Ooptimal O Suboptimal 0 Marginal @ poor
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Table 9f: Functional Assessment Summary Raccoon Branch Reach 1(C)

Functional Assessment Summary Raccoon Branch Reach (C)

Function Status Condition Cause/Association
Water Normal seasonal and Baseflow affected in areas of old
Transoort and Storage a bankfull flows; Diminished | pond fill; Past entrenchment has
P g groundwater connection naturalized
Sediment Riffle/pool form present, Naturalized process being disrupted
O Stresses elevated but not - .
Transport and Storage EXCESSIVe by headcuts in old pond fill
Organic Material Forced popls, wood- . LWD supply available but not fully
O complex riffles, organic .
Transport and Storage storage present productive
Near full shading; High Mature and immature mix of riparian
Natural Communities O biomass and species buffer P
diversity
. Fragmented connectivity Partially connected to 400 ac
Landscape Connectivity O with functioning habitat forested land
|:|Optimal O Suboptimal O Marginal B Poor

Table 9g: Functional Assessment Summary Raccoon Branch Reach 1(D)

Functional Assessment Summary Raccoon Branch Reach 1(D)

Function Status Condition Cause/Association
Excessive water transport Baseflow lost at pipe crossing:
. .| Entrenchment resulting in no
Water affecting natural processes; .
[ Lo overbank flooding, drawdown of
Transport and Storage Diminished groundwater . .
adjacent groundwater, excessive
and seasonal flows 4
channel disturbances
Entrenchment resulting in elevated
Sediment No pool/riffle form; Fine shear stress on b?d anq banks;
] ! ; Livestock incursion disrupting
Transport and Storage sediment content excessive ; -
natural bed forms and increasing
fines
Organic Material Forced pools, wood-
g O complex riffles, organic Limited presence/supply of LWD
Transport and Storage o
storage limited
.. Moderate shadlng_; Low No riparian buffer; Livestock
Natural Communities ] biomass and species . .
diversity incursions
No connectivity with Agriculture practices have
Landscape Connectivity ] I Y eliminated lateral and longitudinal
functioning habitat L
connectivity
|:|Optimal O Suboptimal O Marginal @ Poor
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Table 9h: Functional Assessment Summary Coates Branch Reach 1(A)

Functional Assessment Summary Coates Branch Reach 1(A)

Function Status Condition Cause/Association
Normal seasonal and . ]
Water 0 bankfull flows: Diminished Spring-fed headwaters; Pfast
Transport and Storage . entrenchment has naturalized
groundwater connection
. Riffle/pool form present; Past entrenchment resulting in
Sediment o . )
O Stresses elevated but not marginal increase in shear stress;
Transport and Storage . .
excessive Low sediment supply
Organic Material Forced popls, wood- . LWD supply available but not fully
O complex riffles, organic .
Transport and Storage productive
storage present
Natural Communities O Limited shading Vege_:tatlon dominated by invasive
species
Landscape Connectivity O Limited connectivity Connected to 4 ac forested land
|:|Optimal O Suboptimal O Marginal B Poor

Table 9i: Functional Assessment Summary Coates Branch Reach 1(B)

Functional Assessment Summary Coates Branch Reach 1(B)

Function Status Condition Cause/Association
Excessive water transport Entrenchment resulting in limited
Water m affecting natural processes; | overbank flooding, drawdown of
Transport and Storage Diminished groundwater adjacent groundwater, excessive
and seasonal flows channel disturbances
- . . Entrenchment resulting in elevated
Sediment m :;;::i%?nﬂg:({gﬁgﬁim’ shear stress on bed and banks;
Transport and Storage exCEssive Elevated stress disrupting natural
bed forms and increasing fines
Organic Material Forced pools, wood-
Transport and Storage [} complex rlﬁ_‘les_, organic No presence/supply of LWD
storage non-existent
Natural Communities m No shadl_ng; ITow k_)lomass !\lo riparian buffer: Livestock
and species diversity incursion
No connectivity with Agriculture practices have
Landscape Connectivity [} functionin hat))/itat eliminated lateral and longitudinal
g connectivity
Ooptimal O suboptimal O Marginal @ poor
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Table 9j: Functional Assessment Summary Coates Branch Reach 1(C and D)

Functional Assessment Summary Coates Branch Reach 1(C and D)

Function Status Condition Cause/Association
Excessive water transport Entrenchment resulting in limited
Water m affecting natural processes; | overbank flooding, drawdown of
Transport and Storage Diminished groundwater adjacent groundwater, excessive
and seasonal flows channel disturbances
Limited pool/riffle form: Entrenchment resulting in elevated
Sediment h p ! shear stress on bed and banks;
[} Fine sediment content X .
Transport and Storage excessive Elevated stress disrupting natural
bed forms and increasing fines
Oraanic Material Forced pools, wood-
g O complex riffles, organic Limited presence/supply of LWD
Transport and Storage storage limited
Limited shading; Low o . _
. . . Sparse riparian vegetation, no buffer;
Natural Communities [} biomass and species . . .
diversity livestock incursions
No connectivity with Agriculture practices have
Landscape Connectivity [} functionin hat))/itat eliminated lateral and longitudinal
g connectivity
Ooptimal O Suboptimal 0 Marginal @ poor

Table 9k: Functional Assessment Summary Weston Creek Reach 1(A and B)

Functional Assessment Summary Weston Creek Reach 1(A and B)

Function Status Condition Cause/Association
Excessive water transport Entrenchment resulting in limited
Water m affecting natural processes; | overbank flooding, drawdown of
Transport and Storage Diminished groundwater adjacent groundwater, excessive
and seasonal flows channel disturbances
Limited oool/riffle form: Entrenchment resulting in elevated
Sediment . P ' shear stress on bed and banks;
[ Fine sediment content X .
Transport and Storage EXCESSiVe Elevated stress disrupting natural
bed forms and increasing fines
. . Forced pools, wood-
Organic Material [} complex riffles, organic Limited presence/supply of LWD
Transport and Storage -
storage limited
. L_|m|ted shading; .LOW No riparian buffer: Agriculture and
Natural Communities ] biomass and species intained land
diversity maintained landscape
No connectivity with Agriculture practices have
Landscape Connectivity [} functionin hat))/itat eliminated lateral and longitudinal
g connectivity
Ooptimal O suboptimal O Marginal @ Poor
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5.2 Functional Uplift Potential

The functional uplift potential for each stream reach is detailed in Table 10 which shows the lift associated
with each of the five primary functions and then provides a summary of the overall functional lift in the last
column. The functional potential is considered within the context of ultimate maturation of the site
attributes and not limited to the potential that may be expected within the monitoring period. For the purpose
of this summation the overall functional potential is assigned a description of optimal if four out of five
primary functions are ranked as optimal.

The main limiting factor that cannot be completely addresses within the scope of this project is the issue
with landscape connectivity. Although landscape connectivity functions will improve with the
establishment of a riparian buffer, terminal and lateral connections are limited by the surrounding land-use.
There will remain one roadway crossing, several land-owner stream crossings, and two overhead utility line
crossings. Land-use adjacent to the project will also likely remain in agricultural use.

Additionally, the upstream end of Fletcher Creek will remain under the influence of the three-acre pond
upstream of the site. This influence diminishes downstream of Raccoon and Coates Branch, but will likely
continue to suppress the recurrence interval and magnitude of bankfull flows.

Aside from these limiting factors each of the five primary functions of water transport and storage, sediment
transport and storage, organic material transport and storage, natural communities, and landscape
connectivity will be addressed.
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Table 10: Functional Uplift Potential

Functional Uplift Potential

Poor to Optimal
Reach 1(C & D) Potential i

Weston Creek Existing
Reach 1(A & B) Potential

Poor to Optimal
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g 2 |58 | 5| a2
Reach State S35 | EQL % g £ < 2 8 OveraIII_I;:?tentlal
=251 325 25 © | €<
S n c S © < S o
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Fletcher Creek Existing ] ] ] ] ] Marginal to
Reach 1(A) Potential O O O O O Suboptimal
Fletcher Creek Existing () (1 O ) 1 Poor to Optimal
Reach1(B&C) | potential 0O 0O 0O 0O 0O
Fletcher Creek Existing () m O O [ Poar to Optimal
Reach 2(A) Potential O O O O 0O
Fletcher Creek Existing ] B = a g Poor to Optimal
Reach 2(B) Potential O O O O O
Raccoon Branch Existing O O O O O Suboptimal to
Reach 1(A & B) Potential O O O O O Optimal
Pine Branch Existing O O O O O Suboptimal to
Reach 1 Potential O O O O O Optimal
Raccoon Branch Existing O O O O O Suboptimal to
Reach 1(C) Potential O O O O O Optimal
Raccoon Branch Existing ] B O | o Poor to Optimal
Reach 1(D) Potential O O O O O
Coates Branch Existing O O O O O Suboptimal to
Reach 1(A) Potential O O O O O Optimal
Coates Branch Existing ] a a a A :
- Poor to Optimal
Reach 1(B) Potential O O O O O
Coates Branch Existing -] m O a m
O O O O O
A A A A A
O O O O O

Ooptimal O suboptimal O Marginal B Poor
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6.0 GOALS AND OBJECTIVES

The preliminary goals identified in Section 2 of this report are rearranged in Table 11 below to illustrate
their association to the five primary stream functions. In order to more fully address the functional
performance of the site, these preliminary goals are further expanded and defined into the listed project
goals. These expanded project goals are then linked to specific objectives for the project in Table 12.

The assessment of site conditions and existing stream functions identified significant deficiencies in
stream functions that are addressed in the following expansion of the project goals:

e Water Transport and Storage — two goals have been added to address functional deficiencies
associated with lack of natural, stable channel forms and groundwater hydrology.

e Sediment Transport and Storage — the goals have been expanded to address functional
deficiencies associated with substrate quality, channel stability, and bed form diversity.

e Organic Material Transport and Storage — a goal has been added to address functional
deficiencies associated with habitat diversity and quality.

e Natural Communities — the goals have been expanded to address functional deficiencies
associated with nutrient cycles, temperature regulation, future organic inputs, and wetland
communities.

e Landscape Connectivity — the goals have been expanded to address functional deficiencies
associated with limited capacity for biotic and abiotic processes and to address future potential
impacts on connectivity.
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Table 11: Stream Functions and Project Goals

Function Preliminary Goals

Expanded Project Goals

nUg < i < L
U < O 8 O
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Table 12: Goals and Objectives

Goals

Objectives

Provide a network of streams with natural, stable
forms that support proper stream functions

Construct stream channels that will maintain proper
dimension, pattern and profile and that meet
jurisdictional status

Improve groundwater hydrology to support recovery
of native riparian vegetation

Construct streams with proper bankfull to floodplain
relationship

Reduce sediment inputs from eroding stream banks
to reduce fine sediment loads and percentage of
fines in the bed-material load

Construct streams that provide naturally stable
dimensions and stabilize constructed banks with
appropriate bioengineering

Restore proper sediment transport to support
channel stability and bedform diversity

Construct streams that maintain an appropriate
sediment transport balance with the sediment that is
supplied by the watershed so that the overall stream
profile neither aggrades nor degrades over time.

Create and improve stream bedform diversity by
constructing pools of varied depths and riffles of
varied slopes

Improve substrate quality to facilitate hyporheic
flow and support aquatic communities

Construct stable riffles that provide an improved
diversity of bed material clast and a reduction in
fines relative to existing conditions

Improve quantity, quality and diversity of habitats to
support healthy aquatic communities

Construct in-stream habitat features from native
material to provide a diversity of habitats

Reduce pollutant inputs to the project streams (fecal
coliform, nitrogen, phosphorus) to restore a balance
to proper nutrient cycles

Prevent cattle from access to the streams and
riparian areas by installing exclusion fencing.

Install BMP's in concentrated runoff areas that drain
agricultural fields

Provide a buffer from agricultural activities and row
crops

Improve riparian vegetation community to provide
temperature regulation of the streams, provide a
future source of organic inputs, and aid in long-term
channel bank stability

Plant native climax tree species and understory
species in the riparian zone
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Table 12: Goals and Objectives (Continued)

Goals Objectives

Reconstruct stream channels that are properly
connected to the riparian wetlands

Restore areas of former riparian wetlands so that the
hydrology and soils will support wetland vegetative
communities and wildlife

Re-grade topography to eliminate ditches and
drainage features

Plant native wetland tree and shrub species.

Improve landscape connectivity that allows space
for biotic and abiotic process and provides a source

and sink for natural populations Establish a conservation easement that provides a

minimum buffer from future activities in the
Prevent the site from future impacts of development | adjacent watershed.
and agricultural uses

7.0 DESIGN APPROACH AND MITIGATION WORK PLAN

7.1 Description of Reference Stream, Wetland and Vegetation Communities

Reference streams and wetlands were investigated to provide guidance for design. Although reference sites
do not necessarily provide a direct correlation to potential restoration conditions they can be useful in
providing guidance in developing the conceptual framework of the design and in setting targets in certain
design elements, habitat components, and community compositions.

7.1.1 Reference Stream Reaches

Searches were conducted first upstream and downstream of the Site and then into surrounding watersheds
to find suitable references that contained comparable slope, bed material, and valley type. No reference
reaches were identified immediately upstream or downstream of the site or in the surrounding watershed.
Four references were eventually identified outside of the watershed but within the Blue Ridge hydro-
physiographic region. The reference reaches were selected to represent the probable configurations for the
proposed streams. Detailed geomorphic survey and Level 1l Rosgen classifications were conducted on each
reach (See Appendix E).

Two type B4 stream references were located; one on Cold Springs Creek, a tributary to the Pigeon River in
Haywood County and one on Bent Creek in Buncombe County. The watersheds for both of these streams
are predominantly forested but otherwise have many characteristics in common with the project streams
including average annual rainfall, elevation changes and valley type. In particular the Bent Creek watershed,
which is part of the Bent Creek Experimental Forest, falls in a similarly low rainfall region as the project
site. The Cold Springs Creek watershed is located in the Harmon Den Wildlife Management area of the
Great Smokey Mountains National Park.

Two type E4 stream references were located Transylvania County; one on the South Fork Mills River and
the other on Club Gap Branch. The watersheds of both of these streams are predominantly forested and
although they do have many characteristics in common with the project watershed they do reside in the
high rainfall region (>90 inches/year) of the mountains. This difference in rainfall produces considerably
larger stream channels when compared to lower rainfall regions of the mountains. Both of these streams
are located in the Pink Beds area of the Pisgah National Forest. The type E references will be used for
proposed type C streams since reference quality type C streams are difficult to locate in the mountain
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provinces and are often associated with more disturbed conditions. Additionally, the type E reference
represents the evolutionary endpoint for type C streams once sediment loads have diminished in response
to channel stabilization and upstream watershed stabilization.

Table 13: Reference Reach Morphologic Table

Reference Reach Morphologic Table
Description Cold Springs | Bent Creek Cél:gncéﬁp i/(l):f It:;(\)/?:
Stream Type B4 B4 E4 E4
Valley Type Il I VIl VIl
D.A. (mi?) 2.63 2.35 0.25 0.72
Wk (ft) 199-218 | 147-195| 6.3-10.7 12.0-16.5
Dekr (ft) 1.0-1.2 12-1.4 1.0-12 14-18
Askr (ft?) 20.7-239 | 18.0-27.2 | 7.7-100 | 18.2-359
Slopews (%) 23-32 11-18 0.84 0.54
Sinuosity 1.05-1.10 | 1.02-1.07 1.6 1.2-15
W/D Ratio 16 - 21 12-14 6-11 7-10
Ent. Ratio 1.3-27 14-15 2.3-48 43-55
Dso (mm) 20 - 46 18 -33 13-17 30-42
Dgs (Mm) 84 — 168 60 - 125 22-33 63 - 68

Limited Reach References

Through the course of conducting the reference reach searches, several streams were identified as
possessing qualities of stability and natural form. However, these reaches were determined not to be suitable
references for the project due to incompatible stream type, valley form, or insufficient reach length. In these
locations, morphological measurements were taken to supplement the data acquired from the reference
reach sites. Measurements on eleven individual reaches included bankfull width, bed width, depth of
bankfull, toe depth, and width of thalweg.

7.1.2 Reference Wetlands and Vegetation Communities

Reference wetlands are difficult to identify in the mountain region due to the extensive impacts to the
relatively scarce resource of bottomland floodplains. Additionally, the climatic and geologic variability in
the mountain region can produce seemingly comparable wetland and/or bottomland features with divergent
hydro-periods. In order to address the need to provide reference criteria for the proposed restoration the
vegetation will be based on descriptions provided in literature for natural mountain vegetation communities
and hydrology will be based primarily on suggested guidance from the soils investigation.

Vegetation Communities

The target vegetation communities for the site will be Headwater Forest and Bottomland Hardwood Forest
according to North Carolina Wetland Assessment Method (NCWAM) and Piedmont/Low Mountain
Alluvial Forest and Piedmont /Mountain Bottomland Forest according to Schafale (1990). The Headwater
Forest sub-type is associated with the wetlands on Raccoon and Coates Branches. Dominant canopy species
for the Headwater Forest include Red Maple (Acer rubrum), Boxelder, (Acer negundo), Silky willow (Salix
sericea), and Sycamore (Platanus occidentalis). The primary understory species associated with the
Headwater forest includes Winterberry (llex verticillata), Buttonbush (Cephalanthus occidentalis),
Spicebush (Lindera benzoin), Elderberry (Sambucus canadensis), and Silky Dogwood (Cornus amomum).
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The Bottomland Hardwood Forest sub-type is associated with the wetland on Weston Creek. The dominant
canopy species for the Bottomland Hardwood Forest include Red Maple (Acer rubrum), Boxelder,
Sycamore, Tulip Poplar (Liriodendron tulipifera), Ironwood (Carpinus caroliniana), and Green Ash
(Fraxinus pennsylvanica). The primary understory species associated with the Bottomland Hardwood
Forest include Winterberry, Buttonbush, Spicebush, Elderberry, and Silky Dogwood.

Reference Hydrology

In order to supplement the hydrology guidance developed from the soils investigation, a reference wetland
was identified approximately 8.5 miles from the project site located near Lewis Creek in Hendersonville,
NC. Using the NCWAM and the observer’s best professional judgement, the wetland at the Lewis Creek
site classifies as a Bottomland Hardwood Forest based on dominant canopy/understory species, herbaceous
vegetation, and land position. A groundwater monitoring gauge will be installed at the reference site to
document hydrology in conjunction with post-construction monitoring of the restored wetlands. Installation
of the reference groundwater gauge will include documentation of the soil profile and determination of the
soil series.

7.2 Design Approach

7.2.1 Stream Design Overview

The stream design approach is composed of three parts; conceptual design, stream component design, and
design validation. The conceptual design consists of developing a conceptual framework for the restoration
efforts. The stream component design establishes the channel parameters and channel configuration
required to carry out the conceptual design. Finally, the validation phase consists of testing and refining the
channel configuration using analytical tools.

Development of the conceptual framework begins with a determination of where restoration or
enhancement efforts are warranted. Where restoration activities are proposed, it is then necessary to
determine the appropriate stream type given the valley setting. Preferably the stream type can be matched
to the natural valley but occasionally site constraints dictate that alterations to the valley form are required
to provide an appropriate match with stream and valley. Table 14 provides a listing of the restoration
approach for each stream reach and is followed by a narrative of the conceptual framework.
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Table 14: Restoration Approach

Restoration Approach
Restoration Restoration | Stream .
Reach Rationale
Level Approach Type
In-stream structures required to
Fletcher Creek correct and maintain grade; Bank
Reach 1(A) Enhancement 11 N/A B4 stabilization required in isolated
locations
Eletcher Creek Reconstruction required to raise the
Restoration Priority | B4 channel and address entrenchment
Reach 1(B & C) X .
and channel dimensions
. Reconstruction required to raise the
Fletcher Creek Restoration Priority | B4 channel and address entrenchment
Reach 2(A) and Il : .
and channel dimensions
Eletcher Creek Reconstruction required to address
Restoration Priority Il B4 entrenchment, channel dimensions
Reach 2(B)
and pattern
Raccoon Branch . . .
Reach 1(A & B) Preservation N/A B4 Stream has naturalized and is stable
Pine Branch Preservation N/A B4 Stream has naturalized and is stable
Reach 1
Raccoon Branch In-stream structures required to
Reach 1(C) Enhancement |1 N/A B4 correct and maintain grade
Raccoon Branch Restoration Priority | B4 Reconstruction required to raise and
Reach 1(D) y relocate channel
Coates Branch In-stream structures required to
Reach 1(A) Enhancement I N/A B4 correct and maintain grade
Coates Branch Reconstruction required to raise the
Restoration Priority 1 B4 channel and address entrenchment
Reach 1(B) X .
and channel dimensions
Coates Branch Reconstruction required to raise the
Restoration Priority 1 B4 channel and address entrenchment
Reach 1(C & D) : .
and channel dimensions
Weston Creek Reconstruction required to address
Restoration Priority 1 C5 entrenchment, channel dimensions,
Reach 1(A & B)
and restore wetland hydrology

Fletcher Creek

The conceptual approach for Fletcher Creek Reach 1 is to raise the stream grade so that the proposed
bankfull coincides with the partial terrace which lies 18 to 24 inches below the high terrace. This is intended
to be accomplished while maintaining as much of the existing alignment features as possible. Where
practical the high terrace will be graded back to form a gentle cross-sloped valley form. The approach will
allow for saving several large trees that occupy the lower terrace and will also expose the buried ‘A’ horizon
soils adjacent to the channel. One limiting factors to this approach is the upstream grade connection to the
existing profile which will required a grade transition through Reach 1(B).

Along Reach 2 the channel will be partially raised although the target elevation is not as evident as it is in
Reach 1. The upstream end of Reach 2 is so severely degraded that relic terrace features have generally
been lost. The assessment identified several stabilized valley slope features that roughly coincide with slope
projections of the broader valley form. These features will be incorporated into the channel configuration
to provide a new channel and valley form. Through the downstream end of Reach 2(A) a high bank feature
provides a relatively consistent target for matching the proposed bankfull elevation. The conceptual
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approach for Reach 2(B) is to reconstruct the channel with a slightly raised bed. Significantly raising the
bed elevation through this reach is limited by the grade of the upstream culvert and the relative low slope
of the channel.

Raccoon Branch

On Raccoon Branch Reach 1(D) the conceptual approach is to relocate the channel into a natural low in the
valley which lies to the left of the present eroded gully. This approach will involve removal of the existing
cross pipe which will assist in retaining baseflow in the channel.

Coates Branch

The approach for Coates Branch is in three parts. On Reach 1(B) it is proposed to reshape the valley and
fill in the ditch to form a new headwater stream and valley configuration. Along Reach 1(C) the stream is
proposed to be raised to an elevation that is consistent with the buried ‘A’ horizon, approximately 18 to 24
inches below the terrace. The upper valley slope will be graded back to allow for the construction of a small
stream/wetland complex with the broader valley form. Conceptually this is intended to mimic a scenario of
an abandoned larger channel that has evolved into a wetland with a small feeder stream. This is a fairly
common scenario in the mountain region where past landslides or debris fans have altered primary stream
courses and left relic channel forms. Reach 1(D) is also proposed to be raised; however, the grade
connection to Fletcher Creek will dictate the nature of the transition.

Weston Branch

The conceptual approach for Weston Creek is linked to the restoration approach for the adjacent wetlands.
Weston Creek is proposed to be relocated back into the area that has been mapped as hydric soils. This will
involve filling in the existing ditch, removing the berm between the ditch and the field, and regrading
portions of the field to provide more suitable wetland topography and grade. The stream channel is proposed
to meander across the reshaped field to maximize the hydraulic connection between the stream and the
restored wetlands. Along Reach 1(B), downstream of the wetland restoration area, the agriculture ditch will
also be filled and runoff from adjacent land will be handled with supplemental offsite drainage features.

7.2.2 Stream Component Design

The stream component design involves establishing the proposed channel dimensions, laying out the
channel alignment, and establishing the channel profile. The proposed channel dimensions are established
initially through hydraulic geometry relationships of the stream bed-width and maximum riffle depth.
Traditional natural channel design methods place the greatest emphasis cross sectional area, width-depth
ratio and bankfull discharge as the basis for design. Although these are definitely important in the design
process, they represent composite or derived values and are therefore more difficult to determine with
necessary precision than the more simple and direct metrics of bed-width and max-depth. Additionally,
bed-width and max-depth are more sensitive to the particular attributes of the local watershed and geology.

Four hydraulic geometry relationships have been developed and are included in Section 3 of the design
calculations in Appendix E. Three curves are plotted on each of these graphs. The regional curve is plotted
as a reference for the slope and position of published data. The dashed watershed curve is plotted to
represent the data collected in the local watershed and surrounding watersheds. Since this project falls in a
low rainfall region of the mountains this data set also includes values collected from other low rainfall
regions in the mountains that are not necessarily in close proximity to the site. The watershed curve also
falls below the regional curve which is to be expected for this low rainfall region. The red design line is set
slightly above the watershed bed-width line and slightly below the watershed max-depth line to account for
the difference in performance between a mature, natural stream channel and a newly constructed channel.

Based on the initial selections of the design bed-width and max-depth, the remaining key channel
dimensions and dimensionless ratios are calculated in Section 5 of Appendix E. These calculations are
performed for specific locations with the project so that direct comparisons can be made to existing channel
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features that can provide confirmation of the appropriateness of the proposed configuration. Section 6
(Appendix E) then provides the calculations of design dimension for each stream reach based on the section
design.

The design alignment is based partly on the results obtained from the section design but primarily on the
topography of the site. The valley position, the nature of the cross slope of the valley, existing mature
vegetation, and constraints and obstructions all play a determining factor in the plan form configuration.
Although stream type, typical belt-width, meander ratios, and pool spacing are all important elements of
the design alignment, ultimately it is the landscape form that is the primary influence on how and where
the stream should run.

In the final step in the stream component design the overall profile is established to set the proposed bankfull
elevation to match the target elevations identified in the conceptual design. The target elevations may
include abandoned floodplains, existing terraces, existing bankfull features, buried ‘A’ horizons, exposed
tree bases, or proposed floodplain surfaces. Refinement of the overall profile to include riffle-pool or step-
pool bedform features is accomplished in the design validation phase.

7.2.3 Stream Design Validation

Hydrologic and Hydraulic Analysis

The proposed channel sections were evaluated for their ability to convey the bankfull flows and the flood
flows of the watershed by performing a hydraulic analysis. Flood flow hydrology was based on USGS
Regional Regression equations for the Blue Ridge-Piedmont hydrologic area. Bankfull discharge was based
on the NRCS revised regional curves for the North Carolina Mountain and Piedmont hydrologic area. These
discharge calculations were adjusted to account for the low rainfall conditions of the site. The hydraulic
analysis consisted of first modeling the existing conditions with the HEC-RAS water surface profile model.
Cross sections were taken through the channel and the adjacent valley at representative locations throughout
the project reach. Existing hydraulic conditions were evaluated and the model calibrated based on available
site data (Appendix E, Section 8.0).

The ability to accurately verify bankfull discharge within the site is limited by the degraded channel
conditions and the lack of clear bankfull indicators. On a coarse scale, the existing HEC-RAS model does
indicate bankfull water surface elevations within the channel banks where the channel is incised and above
inner berm features where present. Additional bankfull verification is provided through the hydraulic
geometry curves assembled from locations on site, immediately adjacent to the site, within the watershed
and the neighboring watersheds.

Proposed conditions were analyzed by revising the existing sections based on the proposed channel
geometry and by revising the model to reflect proposed pattern conditions and anticipated future roughness
coefficients (Appendix E, Section 8.1). Comparison of the existing and proposed HEC-RAS models
provided assistance in the analysis of the sediment transport, bankfull flow capacity and confirmation that
there will be no hydraulic trespass onto adjacent properties (Appendix E, Section 8.2).

Sediment Transport Analysis (Competence)

Data collection for sediment competence analyses included bar and bulk samples on the primary streams.
The bed material values are reported in Appendix E, Section 4 and in Table 7 above. Additionally, a
sediment regime inventory was conducted and the results are summarized with a qualitative judgement of
the sediment load and potential sediment mobility (Appendix E, Section 4). Based on this assessment the
design particle sizes and dimensionless shear parameters were selected for the shear stress calculations. The
results of the shear stress calculations are then adjusted to account for the sediment load regime so that low
sediment load streams are design with an upper mobility threshold and higher load streams are designed
with an appropriate mobility range. The results of this analysis are summarized in Appendix E, Section 7.
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Sediment Transport Analysis (Capacity)

In order to assist in evaluating the sediment capacity, a set of consecutive pit traps were installed in the
stream bed at the upstream end of each of the main streams. Samples were collected from the pit traps
following rainfall events. These samples were sieved and weighed and the results were used to estimate the
total bed load for each flow event.

A flow duration hydrograph was constructed to simulate the sampling events in order to model sediment
transport using the quasi-unsteady flow routine in HEC-RAS. Seven sediment transport functions were
evaluated for consistency with sediment data collected in the pit traps. The transport function that most
closely predicted the samples was then calibrated to correlate with the data. The calibrated function was
then used to evaluate sediment capacity under existing and proposed conditions.

Three quasi-unsteady simulations were run in HEC-RAS to evaluate the sediment transport capacity. The
modeling consisted of using HEC-HMS to produce a discharge hydrograph to simulate a 24-hour storm for
the bankfull, 2-year, and 10-year discharge on a 0.25-hour computational increment cycle. Existing and
proposed models were compared for differences in channel bed elevation and cumulative sediment output.
The modeling results are tabulated in Appendix E, Section 9.

Design Refinement

The findings of the design validation procedures are used to adjust and refine the design of the various
stream components. The sediment capacity analysis is used to identify potential deficiencies in the macro
stream profile or stream cross sectional configuration. The sediment competence analysis is used to
establish the design riffle slopes. These riffle slopes are then used to construct the detailed bed form profile.
Where incongruences occur, attempts are first made to resolve them with adjustments to the channel profile.
Occasionally, incompatibilities in the profile design must be resolved with the design of a threshold
transition reach. Section 10 of Appendix E provides a summary of the transition reach calculations. Finally,
the channel bed material is designed to be consistent with results of the above design validation. Where
appropriate and sufficient bed material is available on site it will be harvested and used in the reconstruction
of stream bed. Where it is deficient in quality or quantity it will supplemented and blended with quarry
stone to produce a suitable bed material mix. The proposed bed material mixes are tabulated in Section 11
of Appendix E.

7.2.4 Wetland Design Overview

The wetland design approach is composed of two parts; conceptual design and wetland component design.
The conceptual design consists of developing a conceptual framework for the restoration efforts. The
wetland component design establishes the topographic alterations and configuration required to carry out
the conceptual design.

Development of the conceptual framework begins with a determination of where restoration or
enhancement efforts are warranted. Where restoration activities are proposed, it is then necessary to discern
between re-establishment and rehabilitation; with re-establishment consisting of areas that contain hydric
soils but that are not presently considered jurisdictional wetlands and rehabilitation consisting of areas of
degraded jurisdictional wetlands. Table 15 provides a listing of the restoration approach for each wetland
area and is followed by a narrative of the conceptual framework.
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Table 15: Wetland Restoration Approach

Wetland Restoration Approach
Wetland . Restoration . .
Area ID Location Approach Restoration Type Rationale
Hydrology can be stabilized
Raccoon Branch by addressing headcuts;
A Reach 1(C) Enhancement N/A Supplemental Plantings
required
Hydrology can be stabilized
Raccoon Branch by addressing headcuts;
B Reach 1(C) Enhancement N/A Supplemental Plantings
required
Primary degradation
D Coates Branch Enhancement N/A associated with livestock
Reach 1(B)
access
Past ditching and grading
E Weston Creek Restoration | Re-establishment | needs to be corrected to re-
Reach 1(A) .
establish hydrology

Fletcher Creek Wetlands (Area A, B and D)

The conceptual approach for the Fletcher Creek wetlands is to enhance these existing features primarily
with planting appropriate wetland vegetation and removing stressors. Wetlands A and B have headcuts that
are migrating upstream and threatening to impact groundwater hydrology. These headcuts will be stabilized
with log sills. Wetland D will be protected with exclusion fencing to eliminate the livestock impacts.
Additionally, a drainage pipe that was placed to form a stream crossing will be removed from this area. The
target community for these areas is Headwater Wetlands (NCWAM) which corresponds with the Montane
Alluvial Forest designation (NCWFAT 2010).

Weston Creek Wetlands (Area E)

The conceptual approach for Area E is to re-establish wetland conditions throughout the area identified as
having hydric soils. This is proposed to be accomplished by returning Weston Creek to a stream course that
meanders across the proposed wetland area and eliminating topographic features that are detrimental to
functioning wetlands. This will include grading down existing berm and spoil areas along with filling in
existing ditches. Additionally, the overall topography will be reshaped to eliminate agriculture furrows and
create macro-depressional areas. The target community for this area is Bottomland Hardwood Forest
(NCWAM) which corresponds with the Montane Alluvial Forest designation (NCWFAT 2010).

7.2.5 Wetland Component Design

Weston Creek Wetlands (Area E)

The wetland component design consists of developing an approach to restore wetland hydrology and
establishing the proposed wetland design surface. A proposed grading plan has been developed to address
the deficiencies in wetland hydrology (Appendix B, Sheets 35 and 36). The grading plan was developed
in conjunction with an analysis of the soils mapping. The main elements of the grading plan provide for
re-alignment of Weston Creek into the proposed wetland area, backfilling of the Weston Creek ditch
adjacent to Area E, filling of the ditch draining to the northwest in Area E, regrading of the furrowed
topography, and construction of macro-depressional areas. The proposed configuration of Weston Creek
will provide a proper bankfull depth which will allow for more frequent overbank flooding. Additionally,
the depressional draw on the western edge of Area E will be graded to rise and fall in order to promote
surface retention. The soils investigation also identified an area along the eastern edge of Area E that has
been built up possibly with dredged material from Weston Creek ditch to form an agriculture access road.
This area will be graded down to form contours that are consistent with the proposed wetlands. The
proposed grading plan is designed to intersect and expose hydric soils that were identified and mapped in
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the soils investigation. Additionally, the grading plan provides for positive drainage along the adjacent
property to avoid the risk of groundwater hydrologic trespass.

Mitigation guidance for soils suggests a hydroperiod for the Hatboro soil (Fluvaquentic Endoaquepts) of
12-16 percent during which the water table is within 12 inches of the surface (US Army Corps of Engineers
2016). Soils documented near the site that are more like Typic Endoaquults are similar Kinkora loam found
in similar landscapes. Both soils are characterized by having a clayey (argillic) horizon. The guidance for
this soil suggests a hydroperiod of 10 to 12 percent where the water table is within 12 inches of the surface.

An additional validation effort was made by comparing the proposed grading plan to the available
groundwater gauge data. Gauges No. 2 and 5 are located near the built-up access path on east side. This
area is proposed to be lowered by 0.2 to 0.4 feet which will decrease the depth to groundwater. Gauge No.
3 is presently located 250 feet from Weston Creek. This area is proposed to be lower by 0.2 to 0.3 feet to
allow for the relocation of Weston Creek to within 30 feet of the present gauge which should greatly
improve groundwater conditions. Gauge No. 4 is presently located in the depressional draw on the western
edge. This area is proposed to be graded with a rise-and-fall topography that will inhibit surface water flow.
Gauges No. 6 and 7 are located near the agricultural ditch that drains to the northwest. The drainage draws
in this area are proposed to be filled by 0.2 to 0.3 feet along with the agricultural ditch which will improve
groundwater for wetland conditions. The existing data suggest that there will be at least a 50% improvement
in consecutive days meeting wetland groundwater criteria as a result of the prosed restoration efforts.

7.2.6 Implementation Methods

Stream Restoration

Exploration for buried bed material will be conducted in proximity of the channel work to harvest available
bed material for reuse in the constructed channel. Where the quantity of existing bed material is insufficient
it will be supplemented with off-site material of appropriate size.

In some locations, topographic constraints prevent Priority | restoration and it will be necessary to construct
a bankfull bench. Along these reaches, topsoil will be removed prior to excavation and stockpiled. After
completion of grading operations, topsoil will be redistributed across the floodplain bench to facilitate
vegetation success.

Boulder and log structures will be used to provide vertical stability to the channel, assist in maintaining
riffle, run and pool features and to provide habitat features. Run structures will generally be placed at the
tail-of-riffle location to support the upstream riffle grade. Log sills will be used in a similar fashion on
smaller streams or on flatter grade reaches. Log J-hooks will be used to shift the flow away from the outside
banks on selected meander bends. Brush-toe structures will be installed on the outside of certain meander
bends to provide bank stability, increase bank roughness, and provide aquatic habitat. Trees with diameters
in the range of 12” to 24” will be harvested from the site or nearby property for use as in-stream structures.
Small diameter (less than 6”) woody plants suitable for transplanting will be harvested on-site where
available.

Earthwork activities will include excavation of the proposed channels, partial or complete backfilling of
existing channels and removal of existing spoil berms. Grading work is designed to restore or mimic natural
contours.

Wetland Rehabilitation and Re-establishment

Re-establishment of the wetlands, where proposed, will involve the removal of any overburden material to
expose the underlying buried hydric soils. Wetland hydrology will be restored by raising the stream bed
elevations and filling in the floodplain drainage ditches. Additional grading activities may include
harvesting usable topsoil material for re-use on portions of the re-graded floodplain, removal of spoil berms,
and grading macro-topography to provide for additional retention of surface water and increased habitat
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diversity. Enhancement of existing wetlands, where proposed, will primarily involve stabilizing wetland
hydrology and replanting. All Re-establishment areas will be ripped to remove effects of past compaction
and planted with native wetland vegetation. Invasive species will be removed and a riparian wetland
vegetation community with be established.

Planting Plan

The final stage of construction will consist of seeding and planting within the conservation easement to
establish native forest and herbaceous communities. The riparian buffer along stream restoration and
enhancement reaches will be planted with native vegetation selected to create a Piedmont/Low Mountain
Alluvial Forest community throughout the Site with a Piedmont/Mountain Bottomland Forest in the wetland
re-establishment area along Weston Creek. The planting plan figures and the species list are shown in the
construction plans (Appendix B, sheets P1-P2A). The riparian buffer area (approximately 30.3 acres) will
be planted with bare root seedlings at a density of 680 stems per acre on an approximate spacing of 8 feet.
Additionally, stream banks will be planted with live stakes according to the details and species list in the
construction plan (Appendix B, Sheet P1).

7.3 Risk Evaluation

Although a formal risk assessment has not been conducted as a part of this project, the assessment and
design process is structured to identify areas of concern and potential risk to the project success or liabilities
that may develop in association with the project. These identified concerns are listed in Table 16 below
along with a subjective risk assessment (Low, Moderate, High) and design elements that have been included
to remedy or mitigate the issue.

Table 16: Risk Evaluation

Risk Evaluation

Identified Concern Risk Level Design Remedy
Watershed buildout Low None required
Groundwater hydrologic Grading plan designed to minimize occurrence of
trespass adjacent to Low hydrologic trespass; Conservation easement provides
Wetland E additional buffer adjacent to wetlands.

Upstream end of Weston Creek designed to

Moderate accommodate maintenance sediment removal if pools
fillin

Channel dimensions designed to account for watershed
hydrologic regime.

Excessive sediment loads
in Weston Creek

Diminished bankfull flows

on Fletcher Creek due to Low

upstream pond influence

Invasive species Treatment of invasive species will occur during
- Moderate . P

colonization construction and monitoring

8.0 CREDIT YIELD

8.1 Determination of Credits

Mitigation credits presented in the following table are projections based upon site design. If changes occur
as a result of unanticipated field conditions, a modification request with explanations of how and why any
adjustments occurred will be submitted to the IRT for review and approval. Any as-built stream lengths
will be based on constructed channel center lines, not thalweg measurements.
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Table 17: Project Assets

Stream Mitigation Components

Component Location Exist. | Rest. | Credita | Rest. Ratio Credits o ——
(Reach ID) (Sta) (ft) (ft) ble (ft) | Level (SMU)
Fletcher Creek 1(A) | 100+00 - 106+07 | 607 461 461 Ell 2.5:1 184.4
Fletcher Creek 1(B) | 106+07 —109+84 | 498* 377 377 R 11 377.0
Fletcher Creek 1(C) | 109+84 —125+75 | 1791* | 1591 1540 R 1:1 1540.0 |Less 51’ for crossing
Fletcher Creek 2(A) | 125+75-130+04 | 1587* | 1329 | 1206 | R | 11 | 12060 | o33 forutiltycrossig
Fletcher Creek 2(B) | 140+28 - 156+55 | 1586 | 1627 | 1470 | R | 11 | 14700 |oo5° 2 foroute provection andst
Raccoon Branch 1(A) | 200+00 — 204+89 | 489 489 489 P 10:1 48.9 |0.001 ac temp. impact to Wetland A
Raccoon Branch 1(B) | 204+89 — 209+50 | 461 461 461 P 10:1 46.1 |0.006 ac temp. impact to Wetland B
Raccoon Branch 1(C) | 209+50 - 214+92 | 208 | 206 | 153 | Ell | 25:1 | el |Less5¥ forcrossing -
Stream length not included in wetlands
Raccoon Branch 1(D) | 214+92 —219+41 | 354 448 448 R 1:1 448.0
Pine Branch 1 220+00 - 223+80 | 380 299 299 P 10:1 29.9
Coates Branch 1(A) | 300+00 —302+92 | 292 282 282 Ell | 251 112.8
Coates Branch 1(B) | 302+92 — 308+98 | 598 606 606 R 1:1 606.0 |0.016 ac temp. impact to Wetland D
Coates Branch 1(C) | 308+98 — 316+50 | 727 752 708 R 1:1 708.0 |Less 44’ for crossing
Coates Branch 1(D) | 316+50 —319+75 | 318 325 325 R 11 325.0
Weston Creek 1(A) | 400+00—419+83 | 1645 | 1983 | 1954 | R | 1:1 | 1954.0 tfjfeigozor ROW and outlet
Weston Creek 1(B) | 419+83 —427+87 | 708 804 804 R 1:1 804.0
Wetland Mitigation Components
Component Wetland and | Exist | Rest | Creditable Rest. Ratio Credits Comments
HydroType | (ac) (ac) (ac) Level (WMU)
Wetland A RNR 0.03 | 0.03 - RE (Enh) - - 0.001ac temp. impact to Wetland A
Wetland B RNR 0.11 | 0.11 - RE (Enh) - - 0.006 ac temp. impact to Wetland B
Wetland D RNR 0.05 | 0.05 - RE (Enh) - - 0.016 ac temp. impact to Wetland D
Wetland E RNR 0.00 | 8.91 8.91 R (Re-Est)| 1:1 8.91
Mitigation Category Summation
. . Riparian Wetland (ac) Non-Riparian .
Restoration Level Stream (linear feet) — — Credited Buffer (sq.ft.)
Riverine Non-Riverine Wetland (ac)
Restoration 9528 N/A
Rehabilitation N/A
Re-establishment 8.91 N/A
Enhancement |
Enhancement |1 896
Creation
Preservation 1249 N/A
High Quality
Preservation
Overall Asset Summary (Credits)
Stream (SMU) Riparian Wetland (WMU) Non-Riparian Wetland (WMU) Buffer
10,011.3 8.91 0.0 N/A
* Existing tortuous thalweg length significantly longer than proposed centerline length
Steam Abbreviations: R — Restoration, EI — Enhancement I, EIl — Enhancement |1, P — Reservation
Wetland Abbreviations: RR — Riparian Riverine, RNR — Riparian Non-riverine, NR — Non-riverine
RE (Enh) — Restoration Equivalent (Enhancement), R(Re-Est) — Restoration (Re-establishment)
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9.0 PERFORMANCE STANDARDS

The stream and wetland performance standards will conform with the performance criteria provided in the
DMS Stream and Wetland Mitigation Plan Template and Guidance (October 2015), the Annual Monitoring
Template (April 2015), and the Closeout Report Template (v2.1 March 2015). The restoration and
enhancement components are assigned specific performance standards for geomorphology, hydrology, and
vegetation. Performance criteria is proposed to be evaluated throughout the seven-year monitoring period;
however, if all performance criteria have been successfully met and at least two bankfull or significant
geomorphic events have occurred a request will be submitted to discontinue stream and/or vegetation
monitoring after five years. Table 18 provides a list of the performance standards associated with each
project objective along with a description of the monitoring approach.

Table 18: Performance Standards

Performance Standards

Objective

Performance Standard

Monitoring Approach

Construct stream channels that will
maintain proper dimension, pattern and
profile and that meet jurisdictional
status

o Riffle section W/D ratios should
remain within the range of the
appropriate stream type.

¢ BHR should not exceed 1.2. BHR
should not change more than 10% in
any given monitoring interval.
Changes that do occur should
indicate a trend toward stability.

e Entrenchment Ratios should be >
2.2 for C/E channels and > 1.4 for B
channels

e Document continuous surface flow
in tributaries for at least 30
consecutive days in each year

Survey of select cross sections and
visual assessment.

Continuous stage recorders for base
flow on tributaries

Construct streams with proper bankfull
to floodplain relationship

Four bankfull events or greater, in
separate years, will be documented
during the monitoring period

Crest gauges, continuous stage
recorders, and debris lines.

Construct streams that provide naturally
stable dimensions and stabilize
constructed banks with appropriate
bioengineering

Channel banks should generally
remain stable. Where bank migration
does occur, it should not exceed 20%
of the bankfull width for the duration
of monitoring.

Visual assessment and bank pin
monitoring as necessary.

Construct streams that maintain an
appropriate sediment transport balance
with the sediment that is supplied by the
watershed so that the overall stream
profile neither aggrades nor degrades
over time.

Profile adjustments should not indicate
significant aggradation or degradation.
BHR requirements as stated above.

Resurvey of longitudinal profile if
visual assessment indicates
potential instability.

Create and improve stream bedform
diversity by constructing pools of varied
depths and riffles of varied slopes

Profile should maintain a diversity of
depths expressed in riffle/pool forms.

Visual assessment

Construct stable riffles that provide an
improved diversity of bed material clast
and a reduction in fines relative to
existing conditions

Substrate material should progress
towards or maintain coarser material
in riffles and runs with finer material
present in pools and glides.

Pebble count measurements at
surveyed cross sections

February 28, 2018
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Construct in-stream habitat features
from native material to provide a
diversity of habitats

In-stream habitat structures should
remain intact and functional.

Visual assessment

Prevent cattle from access to the streams

and riparian areas by installing
exclusion fencing.

Exclusion fencing should remain intact
and effective at preventing livestock
access.

Visual assessment

Install BMP's in concentrated runoff
areas that drain agricultural fields

None. No maintenance will be
performed on BMP’s.

None

Provide a buffer from agricultural
activities and row crops

Record conservation easement prior to
implementation.

None

Plant native climax tree species and
understory species in the riparian zone

Minimum of 320 stems/ac present at
MY -3. Minimum of 260 stems/ac
present at MY-5. Minimum of 210
stems/ac present at MY-7.

Vegetation plots

Reconstruct stream channels that are
properly connected to the riparian
wetlands

Groundwater elevation within 12
inches of the ground surface for at
least 12% of the growing season.

Groundwater monitoring gauges

Re-grade topography to eliminate
ditches and drainage features

Groundwater elevation within 12
inches of the ground surface for at
least 12% of the growing season.

Groundwater monitoring gauges

Plant native wetland tree and shrub
species.

Minimum of 320 stems/ac present at
MY-3. Minimum of 260 stems/ac
present at MY-5. Minimum of 210
stems/ac present at MY-7.

Vegetation plots

Establish a conservation easement that
provides a minimum buffer from future
activities in the adjacent watershed.

Record conservation easement prior to
implementation.

None

February 28, 2018

Fletcher Mitigation Site (DMS #100004)

38




10.0 MONITORING PLAN

Monitoring data will be reported using the NCDMS monitoring template. The monitoring report shall
provide a project data chronology that will facilitate an understanding of project status and trends, will
provide population of NCDMS databases for analysis, research purposes, and will assist in decision making
regarding project close-out.

Table 19: Monitoring Plan Components

Monitoring Plan Components

Parameter Method Quantity Frequency Notes
Fletcher Reach 1 (3)
. Fletcher Reach 2 (4) | Years
géiftli%r?sross Raccoon Reach1 (1) |1, 2, 3,
Coates Reach 1 (3) 5&7
Dimension Weston Reach 1 (3)
Fletcher Reach 1 (2)
Fletcher Reach 2 (4) | Years . . . .
gggtli g;rsoss Raccoon Reach 1 (1) | 1, 2, 3, Zz;r;l; g;ncso\r,wvélelrge installed only in
Coates Reach 1 (2) 5&7
Weston Reach 1 (3)
Pattern Visual _ None Bi-annual Bank pins will be installed only in
Inspection areas of concern
Additional profile measurements
Profile Wheel . None Bi-annual may pe_ requw_ed I pmblems are
Inspection identified during the monitoring
period
Fletcher Reach 1 (3) Years
Substrate Pebble Counts e [ReEEn 2 () 1, 2, 3,
Coates Reach 1 (3) 57
Weston Reach 1 (3)
Fletcher Reach 2 (1)
Continuous Raccoon Reach 1 (1)
e Cerlizs [eeen 1 (1) The devices will be inspected on a
Weston Reach 1 (1) . .
Surface Water . semi-annual basis to document the
Fletcher Reach 1 (1) | Bi-annual
Hydrology occurrence of bankfull events on
Fletcher Reach 2 (1) the proiect
Crest Gauge Raccoon Reach 1 (1) proJ
Coates Reach 1 (1)
Weston Reach 1 (1)
Groundwater Groundwater Data will be downloaded on a
Weston R1 (11) Annual monthly basis during the growing
Hydrology Gauges
season
Fletcher Reach 1 (6)
FLEIETEY (REEE 2 () Vegetation monitoring will follow
Vegetation Vegetation Plots | Raccoon Reach 1 (2) | Annual CVgS rotocol g
Coates Reach 1 (4) P
Weston Reach 1 (7)
. Approximate locations of invasive
Invasive and " b ;
. . Semi- and nuisance vegetation and the
nuisance Visual N/a .
. annual occurrence of beaver dams will be
vegetation
mapped
Proiect Semi- Locations of fence damage,
! Visual N/a vegetation damage, boundary
boundary annual .
encroachments, etc. will be mapped
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11.0 MANAGEMENT PLAN

11.1 Adaptive Management Plan

In the event the mitigation site or a specific component of the mitigation site fails to achieve the necessary
performance standards as specified in the mitigation plan, the sponsor shall notify the members of the IRT
and work with the IRT to develop contingency plans and remedial actions.

11.2 Long-Term Management Plan

The site will be transferred to the NCDEQ Stewardship Program (or 3rd party if approved). This party shall
serve as conservation easement holder and long-term steward for the property and will conduct periodic
inspection of the site to ensure that restrictions required in the conservation easement are upheld. Funding
will be supplied by the responsible party on a yearly basis until such time an endowment is established. The
NCDEQ Stewardship Program is developing an endowment system within the non-reverting, interest-
bearing Conservation Lands Conservation Fund Account. The use of funds from the Endowment Account
will be governed by North Carolina General Statue GS 113A-232(d)(3). Interest gained by the endowment
fund may be used for the purpose of stewardship, monitoring, stewardship administration, and land
transaction costs, if applicable. The Stewardship Program will periodically install signage as needed to
identify boundary markings as needed. Any livestock or associated fencing or permanent crossings will be
the responsibility the owner of the underlying fee to maintain.
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Photo No. 1

Fletcher Creek facing upstream @ Sta 103+80 Reach 1A 1-30-2017

Photo No. 2

Fletcher Creek facing downstream @ Sta 108+00 Reach 1B 1-30-2017



Photo No. 3

Fletcher Creek facing downstream @ Sta 119+30 Reach 1C  1-30-2017

Photo No. 4

Fletcher Creek facing downstream @ Sta 125+60 Reach 1C  1-30-2017



Photo No. 5

Fletcher Creek facing downstream @ Sta 128+80 Reach 2A  1-30-2017

Photo No. 6

Fletcher Creek facing downstream @ Sta 133+50 Reach 2A  1-30-2017



Photo No. 7

Fletcher Creek facing upstream @ Sta 140+50 Reach 2B  1-11-2017

Photo No. 8

Fletcher Creek facing downstream @ Sta 144+40 Reach2B  1-11-2017



Photo No. 9

Fletcher Creek facing upstream @ Sta 150+40 Reach 2B  1-11-2017

Photo No. 10

Raccoon Branch facing downstream @ Sta 216+40 Reach 1D 1-30-2017



Photo No. 11

Raccoon Branch facing downstream @ Sta 217+75 Reach 1D  1-30-2017

Photo No. 12

Raccoon Branch facing downstream @ Sta 218+25 Reach 1D 1-30-2017



Photo No. 13

Coates Branch facing downstream @ Sta 300+50 Reach 1A 11-29-2017

Photo No. 14

Coates Branch facing downstream @ Sta 304+00 Reach 1B 1-30-2017



Photo No. 15

Coates Branch facing upstream @ Sta 306+50 Reach 1B 1-30-2017

Photo No. 16

Coates Branch facing upstream @ Sta 311+75 Reach 1C  1-30-2017



Photo No. 17

Coates Branch facing upstream @ Sta 316+75 Reach 1D  1-30-2017

Photo No. 18

Weston Creek facing downstream @ Sta 402+00 Reach 1A 1-11-2017



Photo No. 19

Weston Creek facing upstream @ Sta 426+50 Reach 1B

1-11-2017
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SHEET INDEX
SHEET NO. DESCRIPTION
1 TITLE SHEET
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RACCOON BRANCH= 448 FT
COATES BRANCH= 1,683 FT
WESTON CREEK= 2,787 FT

PROPOSED ENHANCEMENT: FLETCHER CREEK= 461 FT

RACCOON BRANCH= 2086 FT
COATES BRANCH= 282 FT

PROPOSED PRESERVATION: PINE BRANCH= 299 FT

PROFILE - SHEETS

4\

RACCOON BRANCH= 950 FT

TOTAL= 12,040 FT

EW SOLUTIONS, LLC

FLETCHER CREEK

HENDERSON COUNTY, NORTH CAROLINA

Prepared by:

Stantec Consulting Services Inec.
12 3 Wall St., Suite C
Asheville, North Carolina 28801
www.stantec.com
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_NATURAL GROUND

BANK PROTECTION SEE
DETAIL SHEET 3A

_NATURAL GROUND

GROUND

[ droe

BANK PROTECTION
SEE DETAIL SHEET 3A

SECTION 1
TYPICAL RIFFLE

NOT TO SCALE

THALWEG
NATURAL GROUND

f
NATURAL GROUND
GROUND
dpre droe
BANK PROTECTION
OETAIL SHEET 3A BANK PROTECTION
SEE DETAIL SHEET 3A

TYPICAL RIFFLE

NOT TO SCALE

€
W
NATURAL GROUND LG
NATURAL GROUND.
dTDE dPDDL
BANK PROTECTION BANK_PROTECTION
OFTAIL SHEET 3 SEE DETALL SHEET 3A
WfHAL
SECTION 2
TYPICAL POOL

REACH TYPICAL STATION Wae  Wem  Wri Wamen drer dror Win Wour  droal APPROX

SECTION POOL DEPTH
(ft) ] () () W] (W] () () () (ﬁ\
FLETCHER CRK REACH 1A 1 100400 TO 106+07 86 50 15 6 090 Q72 516 430 134 05
FLETCHER CRK REACH 1B 1 106+07 TO 109+84 87 51 15 6 090 072 520 434 136 05
FLETCHER CRK REACH1C 1 109+84 TO 125475 94 56 17 7 095 076 563 469 142 05
FLETCHER CRK REACH 2A 1 125+75 TO 139+04 104 64 19 7 101 081 625 520 152 a5
FLETCHER CRK REACH 2B 1 140428 TO 156455 1086 65 20 7 103 082 6539 532 154 05
RACCOON BRANCH REACH 1A 2 200+00 TO 204+89 45 20 06 2 040 032 272 227 060 05
RACCOON BRANCH REACH 1B 2 204489 TO 209+50 56 24 07 3 050 040 334 278 074 05
RACCOON BRANCHREACH 1C 2 209450 TO 214492 60 26 08 3 054 043 360 300 081 05
RACCOON BRANCH REACH 1D 2 214492 TO 219+40 61 26 08 3 055 044 366 305 082 05
PINE BRANCH REACH 1 2 220+00 TO 223+80 45 20 06 2 Q40 032 272 227 0.60 05
COATES BRANCHREACH 1A 2 300+00 TO 302+92 50 22 a7 3 044 036 302 252 067 05
COATES BRANCH REACH 1B 2 302+92 TO 308+98 57 24 07 3 Q51 o4 342 285 076 05
COATES BRANCHREACH 1C 2 308+98 TO 316450 60 26 08 3 054 043 362 302 081 as5
COATES BRANCHREACH 1D 2 316+50 TO 319+75 69 29 09 3 063 050 417 347 0o4 05
WESTON CRK REACH 1A 3 400+00 TO 419+83 86 51 15 4 0c0 072 519 432 135 05
WESTON CRK REACH 1B 3 419+83 TO 427+87 24 56 17 5 095 076 562 468 142 05

NOTE: APPROXIMATE POOL DEPTH IS DEPTH OF POOL

NOT TO SCALE

TABLE 1: SECTION DIMENSIONS

RIFFLE DIMENSIONS

RELATWVE TO DOWNSTREAM HEAD OF RIFFLE

POOL DIMENSIONS

THE CONTRACTOR SHALL FOLLOW THE SEQUENCE OF CONSTRUCTION IN ACCORDANCE WITH THE PLANS AND AS DIRECTED BY THE ENGINEER

THE CONTRACTOR SHALL CONDUCT STREAM WORK,
SEEDING AND MULCHING, ON A SECTION OF STREAM THAT CAN BE ENTIRELY COMPLETED IN A SINGLE DAY

INCLUDING INSTALLATION OF IN—STREAM STRUCTURES, GRADING, STABILIZATION MEASURES, AND

1 THE CONTRACTOR SHALL IDENTIFY THE PROJECT BOUNDARY, LIMITS OF DISTURBANCE, SENSITIVE AREAS, STAGING AREAS, AND CONSTRUCTION

ENTRANCES WITH THE ENGINEER

ENERENY

ENGINEER

THE CONTRACTOR SHALL PREPARE STABILIZED CONSTRUCTION ENTRANCES
THE CONTRACTOR SHALL MOBILIZE EQUIPMENT, MATERIALS, PREPARE STAGING AREAS, AND STOCKPILE AREAS
CONSTRUCTION TRAFFIC TO BE LIMITED TO ‘LIMITS OF DISTURBANCE' AS INDICATED ON THE CONSTRUCTION PLANS OR AS DIRECTED BY THE

5 THE CONTRACTOR SHALL INSTALL ALL TEMPORARY ROCK CHECK DAMS, SILT FENCE, AND MULCHING AROUND ALL CONSTRUCTION AREAS INCLUDING

droe
BANK PROTECTION SEE BANK PROTECTION
DETAIL SHEET 3A SEE DETAIL SHEET 3A
W
SECTION 1
TYPICAL POOL
NOT TO SCALE
BENCH BELOW GRADE ¢
|
NATURAL GROUND.
Iriee droe
BANK PROTECTION SEE BANK PROTECTION
DETAIL SHEET 3A SEE DETAIL SHEET 3A
SECTION 3
TYPICAl RIFFIF
NOT 7O SCALE
¢
Wiy
_NATURAL GROUND THALWEG
NATURAL GROUND
droe q
paoL

BANK PROTECTION
SEE DETAIL SHEET 3A

BANK PROTECTION
DETAIL SHEET 3A

W[HALI
SECTION 3
TYPICAL POOL

NOT TO SCALE

STAGING AND STOCKPILE AREAS AS INDICATED ON THE CONSTRUCTION PLANS OR AS DIRECTED BY THE ENGINEER

THE CONTRACTOR SHALL INSTALL ALL TEMPORARY STREAM CROSSINGS DITCHES AND STREAM REACHES WILL BE LEFT OPEN DURING INITIAL
PHASES OF CONSTRUCTION TO ALLOW FOR ORAINAGE AND TO KEEP SITE ACCESSIBLE

PUMP—AROUND OPERATION SHALL BE USED TO DIVERT FLOW DURING CONSTRUCTION EXCEPT AS ALLOWED BY THE ENGINEER  ALL EXCAVATION
SHALL BE PERFORMED IN THE DRY OR IN ISOLATED REACHES EXCEPT AS ALLOWED BY THE ENGINEER

THE CONTRACTOR SHALL BEGIN CLEARING, FLOODPLAIN EXCAVATION, AND GRADING WORK TO DESIGN GRADES AT THE UPSTREAM END OF THE
CHANNEL AS INDICATED ON THE CONSTRUCTION PLANS  THE CONTRACTOR SHALL NOT DISTURB ANY MORE FLOODPLAIN AREA LARGER AND STREAM
REACH LONGER THAN CAN STABILIZED IN ONE DAY

ONCE A SECTION OF STREAM AND FLOODPLAIN HAVE BEEN EXCAVATED TO DESIGN GRADES, IN-STREAM STRUCTURES, MATTING, AND TRANSPLANTS
SHALL BE INSTALLED IN THAT SECTION  EXISTING BED MATERIAL SHALL BE HARVESTED AND PLACED IN THE CONSTRUCTED CHANNEL

THE CONTRACTOR SHALL BEGIN INSTALLING IN—STREAM STRUCTURES FROM THE UPSTREAM SECTION WORKING DOWNSTREAM  ALL CONSTRUCTICN
WORK IS TO BE PERFORMED IN THE DRY UNLESS OTHERWISE DIRECTED BY THE ENGINEER OR OTHER REGULATORY AGENCY  IF EXCESSIVE
SEDIMENTATION DOWNSTREAM BECOMES A CONCERN, THE ENGINEER OR PROJECT MANAGER IN CHARGE MAY DIRECT THE CONTRACTOR TO INSTALL A
TEMPORARY ROCK CHECK DAM AND SETTLING BASIN DOWNSTREAM  THIS AREA IS TO BE MAINTAINED ON A REGULAR BASIS BY THE CONTRACTOR
ONCE A STREAM WORK PHASE IS COMPLETE, THE CONTRACTOR WILL APPLY TEMPORARY SEEDING, PERMANENT SEEDING, AND MULCH TO ALL AREAS
DISTURBED DURING CONSTRUCTION ~ TEMPORARY AND PERMANENT SEEDING MIXTURES WILL BE APPLIED AS SHOWN ON THE PLANTING PLAN
TEMPORARY SEEDING WILL BE APPLIED IN ALL AREAS SUSCEPTIBLE TO EROSION SUCH THAT GROUND COVER IS ESTABLISHED WITHIN 7 WORKING
DAYS FOLLOWING COMPLETION OF ANY GRADING PHASE ~ PERMANENT GROUND COVER WILL BE ESTABLISHED FOR ALL DISTURBED AREAS WITHIN 15
WORKING DAYS FOLLOWING COMPLETION OF CONSTRUCTION

ALL SEEDING AND MULCHING SHALL BE COMPLETED BEFORE LEAVING THE PRQOJECT SITE ALONG WITH REMOVAL OF ANY TEMPORARY STREAM
CROSSINGS AND TEMPORARY CHECK DAMS

THE CONTRACTOR OR OTHER QUALIFIED PERSONNEL SHALL PLANT ALL WOODY VEGETATION AND INSTALL LIVE STAKING ACCORDING TO THE PLANTING
DETAILS AND SPECIFICATIONS ~ ALL PERMANENT SEEDING AND PLANTINGS SHALL BE PERFORMED DURING THE APPROPRIATE TIME OF YEAR

THE CONTRACTOR SHALL ENSURE THAT THE SITE IS FREE OF TRASH AND LEFTOVER MATERIALS PRIOR TO DEMOBILIZATION OF EQUIPMENT FROM
THE SITE

deloy

be reported to
The Copyrights 1o al designs and drawings are ihe property of Siantec Reproduclion

oruse lox any purpose olher Ihan that authorized by Stantee i forbidden

The Conftracter shall verity and be responsible for all dimonsions BO NOT scale
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REACH

STREAM TYPE
DRAINAGE AREA (mi’)
Weke (R)

XSexr (ft)
dwran (ft)
dax (7
Save (ftAt)

Svaiey (RARt)

W/D RATIO
ENTRENCHMENT RATIO
SINUOSITY
POOL-POOL RATIO
MEANDER WIDTH RATIO

GEN
1

ERAL NOTES:

CONTRACTOR  SHALL PERFORM ALL NECESSARY SUBSURFACE
UTILITY INVESTIGATIONS PRIOR TO COMMENCING CONSTRUCTION
THE  CONTRACTOR  SHALL BE  RESPONSIBLE FOR  FIELD
VERIFICATION OF EXISTING CONDITIONS, OBSTRUCTIONS, AND
UTILITIES WHICH MAY AFFECT PROPOSED WORK

ALL MECHANIZED EQUIPMENT OPERATED IN OR NEAR THE STREAM
OR [TS TRIBUTARIES SHALL BE INSPECTED REGULARLY AND
MAINTAINED TO PREVENT CONTAMINATION OF STREAM WATERS
FROM FUELS, LUBRICANTS, HYDRAULIC FLUIDS, OR OTHER TOXIC
MATERIALS A CONTINGENCY PLAN SHALL BE DEVELOPED FOR THE
USE OF THESE MATERIALS, INCLUDING SPILL CONTAINMENT, CLEAN
UP, AND NOTIFICATION TO THE APPROPRIATE AGENCIES SPILL
KITS, SORBENTS, AND CONTAINERS FOR DISPOSAL SHALL BE
RETAINED ON SITE

ALL EQUIPMENT MAINTENANCE SHALL BE PERFORMED AT LEAST
50 FT FROM THE STREAM OR ITS TRIBUTARIES

4 CLEARING AND GRUBBING SHALL BE LIMITED TO THAT WHICH IS
NECESSARY FOR CONSTRUCTION OF THE PROPOSED CHANNEL
. AND SHALL BE APPROVED BY THE ENGINEER
TABLE 2: SUPPLEMENTAL BED MATERIAL (OFF-SITE MATERIAL) 5 CONTRACTOR IS RESPONSIBLE FOR PROVIDING SAFE INGRESS AND
EGRESS FROM SITE FOR ALL VEMICLES INCLUDING, BUT NOT
PERCENT OF TOTAL MIX LIMITED TO, TRAFFIC ON ADJACENT PUBLIC ROADS AFFECTED BY
DEPTH OF CONSTRUCTION TRAFFIC
REACH ON-SITE 112" 34" .orong O STONE 12'STONE  BED 6 CONTRACTOR SHALL DISPOSE OF ALL WASTE  MATERIALS
GENERATED 8Y CONSTRUCTION ACTWVITIES IN ACCORDANCE WITH
SAND/  STONE  STONE g gy NCDOT = NCDOT MATFERlAL ALL FEDERAL, STATE AND LOCAL REGULATIONS
CLAY  (NO 57) (NO5) (CLASS A) (CLASSB)  (FT) 7 THE CONTRACTOR SHALL BE RESPONSIBLE FOR REPAIRS TO
EXISTING FACILITIES FROM DAMAGES OCCURRING AS A RESULT OF
FLETCHER CRK REACH 1A 20% - 40% 40% 0s 6 THE NSTALLATON OF EROSION CONTROL WEASURES AND
FLETCHER CRK REACH 1B 20% 40% 40% 0.5 PRACTICES SHALL OCCUR PRIOR TO LAND DISTURBING ACTVITIES
FLETCHER CRK REACH1C 20% 40% 40% 05
FLETCHER CRK REACH 2A 20% 40% 40% 05
FLETCHER CRK REACH 2B 20% 40% 40% 05
RACCOONBRANCHREACH1A  20% 40% 40% 05
RACCOONBRANCHREACH1B  20% 40% 40% 05 )
RACCOONBRANCHREACH1C ~ 20% 40% 40% 05 1 WOODY MATERIAL WILL BE HARVESTED ON-SITE FOR USE AS
RACCOON BRANCHREACH 1D 20% 40% 40% 05 IN-STREAM  STRUCTURES FOR STREAMBANK STABILITY, GRADE
CONTROL, AND AQUATIC HABITAT ~ENHANCEMENT/RESTORATION
PINE BRANGH REACH 1 20% 40% 40% 05 WOODY MATERIAL INCLUDES BOTH LARGE AND SMALL SIZE
COATES BRANCH REACH 1A 20% 40% 40% 05 DIAMETER TREES INCLUDING STEM AND ROOT MASS  TREES WILL
BE HARVESTED FROM UPLAND AREAS AS WELL AS ALONG
COATES BRANCHREACH 1B 20% 40% 40% 05 RECONSTRUCTED STREAM BANKS DURING THE RESTORATION
COATES BRANCHREACH 1C 20% 40% 40% 05 CONSTRUCTION PROCESS
2 PREFERRED HARVEST TREES TO BE SELECTED FOR RESTORATION
COATES BRANCHREACH 1D 20% 40% 40% 05 PURPOSES SHALL FIRST INCLUDE ALL DISEASED, DAMAGED,
WESTON CRK REACH 1A 100% 05 HAZARD, AND UNDESIRABLE TREE SPECIES UNTIL THE QUANTITIES
NEEDED FOR STREAM RESTORATION ARE MET ~ AREAS SELECTED
WESTON CRK REACH 1B 100% 05 FOR HARVEST SHALL OCCUR WITHIN THE LIMITS OF DISTURBANCE
NOTE: IT IS ANTICIPATED THAT ADEQUATE BED MATERIAL WILL BE AVAILABLE FOR HARVEST ON SITE, AND THAT gggFESDs%nggOLO%V‘ST "BIOL%EG’T;'TF'ED ARBORIST  OR  OTHER
NO QUARRY STONE WILL BE REQUIRED FOR USE AS BED MATERIAL THE Dy OF INSTALLED BED MATERIAL 5 O S D RELOGATED AS DIREGTED
SHALL BE APPROXIMATELY 10mm (MIN) BY THE ENGINEER
4 ALL WOODY MATERIALS WILL BE STOCKPILED IN THE APPROVED
STAGING AND STOCKPILE AREAS
5 IN ALL AREAS WHERE TREES ARE HARVESTED PROPER BMP AND
EROSION AND SEDIMENT CONTROL WILL BE IMPLEMENTED AND
THE AREA IMMEDIATELY ~STABILIZED WITH TEMPORARY AND
PERMANENT SEEDING/MULCH AS HARVESTING OCCURS
TABLE 3: MORPHOLOGIC TABLE
FLETCHER FLETCHER FLETCHER FLETCHER FLETCHER RACCOON RACCOON RACCOON RACCQON  PINE COATES COATES COATES COATES WESTON WESTON
CRK CRK CRK CRK CRK BRANCH BRANCH BRANCH BRANCH BRANCH BRANCH BRANCH BRANCH BRANCH CRK CRK
REACH1A REACH1B REACH1C REACH2A REACH2B REACH1A REACH1B REACH1C REACH1D REACH1 REACH1A REACH1B REACH1C REACH1D REACH1A REACH 1B
B4 B4 B4 B4 BS B4 B4 B4 B4 B4 B4 B4 B4 B4 c5 c5
030 030 037 D49 052 001 003 004 004 001 002 003 004 0.07 030 037
86 87 94 104 106 45 56 60 61 45 50 57 60 69 86 9.4
55 55 64 76 79 11 17 20 21 11 14 18 2.0 27 55 63
06 06 07 07 07 03 03 03 03 03 03 03 03 04 06 07
09 09 09 10 10 04 05 05 05 04 04 05 05 08 09 Q9
0014 0016 0012 0012 0.007 0177 0070 0040 0048 0207 0031 0033 0015 0015 0005 0009
0014 0016 0013 0017 0010 0191 0075 0042 0051 0211 0035 0033 0016 0013 0007 0002
135 136 138 14,2 143 18.0 17.9 178 178 180 180 179 178 177 136 138
24 24 24 24 23 22 24 23 23 22 24 24 23 22 46 43
132 111 110 117 1.10 107 1.06 109 105 102 114 104 107 112 124 120
33-55 33.55 33-55 33-55 33-55 33-55 33-55 33.55 33-55 33-55 33-55 33-55 33-55 33-55 5-7 5-7
25 25 29 35 26 15 13 19 25 12 25 25 23 26 29 33

CHANNEL CONSTRUCTION NOTES:

1

CONSTRUCTION SHALL BEGIN AT THE UPSTREAM END OF EACH
CHANNEL REACH AND PROCEED DOWNSTREAM UNLESS APPROVED
OTHERWISE BY THE ENGINEER

2 BED MATERIAL ON RIFFLE SECTIONS SHALL CONSIST OF BED
MATERIAL  EXCAVATED FROM  EXISTING  CHANNEL WHERE
INSUFFICIENT ~ BED  MATERIAL IS PRESENT IT SHALL BE
SUPPLEMENTED WITH MATERIAL ACCORDING TO TABLE 2 AND AS
DIRECTED BY THE ENGINEER

3 THE CHANNEL BANKS SHALL BE STABILIZED ACCORDING TO THE
BANK PROTECTION DETAILS ON SHEET 3A

4 DIMENSION TOLERANCES SHALL BE AS FOLLOWS:

WIDTH: +/- D5 FT

DEPTH: +/- 01 FT

RIFFLE ELEVATIONS: +/— 01 FT

POOL ELEVATIONS: + 01 FT, — 05 FT
STRUCTURE ELEVATIONS: +/- 01 FT

5 EXISTING CHANNEL INDICATED TO BE FILLED ON PLANS SHALL BE
BACKFILLED WITH 1-FOOT LIFTS AND COMPACTED TO IN-SITU
SOIL  DENSITY CHANNEL SHALL BE FREE FROM BRUSH AND
ORGANIC DEBRIS PRIOR TG BACKFILLING

6 PUMP AROUND OPERATION SHALL BE USED TO DIVERT FLOW
DURING CONSTRUCTION UNLESS OTHERWISE DIRECTED BY THE
ENGINEER

SURVEY:

THE COORDINATE SYSTEM IS THE NADB3 NORTH CAROLINA STATE

PLANE GRID

THE VERTICAL DATUM IS NAVDB8

EW SOLUTIONS, LLC

Client/Project

Perm I-Sea
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ANCHOR ROCK

B

BACKFILL
SEE BACKFILL NOTES

127 (MN) INSTALLATION OF FILTER FABRIC
PR v A—
VOIDS SHALL BE
BURY END OF LOG .
, R ok o CHNKED W BRUSH TABLE 4: STRUCTURE DIMENSIONS
/ BANK (SEE TABLE OF FILTER FABRIC
FOR "X' MIN) STRUCTURES BOULDERS TOTAL LOG
. REACH L w X LENGTH WIDTH  DEPTH LENGTH (FT)
now,_ ¢ DIRECTION CHANNEL ‘BED SEF BACKFLL NOTES () (k1) (1) (F1) () QY
FLETCHER CREEK 1A 8 3 3 2.5-3.5 2.0-2.5 1.5-20 14
FLETCHER CREEK 1B 8 3 3 25-35 20-25 15-20 14
SECTION A-A
NOT TO SCALE FLETCHER CREEK 1C 9 3 3 25-35 20-25 15=-20 15
FLETCHER CREEK 2A 10 3 3 25-3520-25 15-20 16
BED WIDTH FLETCHER CREEK 2B 10 4 3 25-35 2.0-25 1.5-2.0 186
GRADE SET 02" ABOVE RACCOON BRANCH 1A 3 2 3 25-3520-25 1.5-20 9
DOWNSTREAM HEAD OF RIFFLE
RACCOON BRANCH 1B 4 2 3 — — — 10
EXTEND FILTER FABRIC 2' MiN NOTE: SEE TABLE 4 FOR BOULDER DIMENSIONS 25-3520-2515-20
PAST END OF STRUCTURE (TYP) RACCOON BRANCH 1C 4 2 3 2.5-35 2.0-25 15-20 10
RACCOON BRANCH 1D 4 2 3 25-35 20-25 1.5-2.0 10
LOG SILL
TR e PINE BRANCH 1 3 2 3 25-3520-2515-20 9
BURY END OF LOG PLAN VIEW
VANE INTO CHANNEL NOT 10 SCALE COATES BRANCH 1A 3 2 3 25-35 20-25 15-20 9
E();:K'x('SEMEN;ABLE COATES BRANCH 1B 4 2 3 25-35 20-25 15=-20 10
HEADER LOG DESIGN PROFILE 4TH COURSE COATES BRANCH 1C 4 2 3 25-3520-25 15-20 10
frow 3RD COURSE
BACKER LOG IND COURSE COATES BRANCH 10 5 2 3 25-3520-25 15-20 1
1ST COURSE WESTON CREEK 1A 8 3 3 25-35 2.0-25 15-20 14
HEADER LOG WESTON CREEK 18 9 3 3 25-35 20-25 15-20 15
NOTE: BRUSH RUN BACKFILL NOTE: LOGS INCLUDED IN STRUCTURES DO NOT REQUIRE ROOTWADS
MATERIAL SHALL BE INSTALLED WITH
FIRST OF SEVERAL THE FOLLOWING COMPOSITION:
COURSES ASCENDING BURY END OF LOG 60% CLASS A RIPRAP
UPSTREAM TO GRADE SILL INTO CHANNEL 138; SQE:/TEESTSE(BLBED VATERIAL gﬂ:ﬁiEch«%HegRusn
BANK (SEE TABLE g o PRIOR T0 INSTALLATION 3%’3%}?%;&
FOR "X MIN) OF COBBLE BACKFLL  (yure suprace)
LARGE COBBLE
pronBt ° ELEVATION
FLOW ¢ DIRECTION o
OF CURVE TABLE 5: LOG DIAMETERS
BACKER LOG BED OF POOL
N s TOTAL LOG LENGTH (FT)  MIN DIAMETER (IN) MAX DIAMETER (IN)
. Sgg}/&:@tmmc BRUSH RUN — LOG < 20 12 18
P ELEV) PROFILE VIEW 20-40 18 24
NOT TO SCALE 4060 o “
S/ GRADE SET 02 ABOVE
DOWNSTREAM HEAD OF RIFFLE
PARALL§L5” . o NOTE: SEE TABLE 4 FOR BOULDER DIMENSIONS &: N BTUSQE'?UN‘AUE;?MSIFON STLOLTES/;CCORDING 0
- N
4-6" LENGTH s - DETAILED PROFILE
v ih = 2 SILL SHALL BE SET APPROXIMATELY 45
(re) BRUSH RUN - LOG B N DEGREES  OFF  UPSTREAM  RIFFLE
CENTERLINE
BURY END OF PLAN VIEW N 3 AL VOIDS BETWEEN JOINTS AND GAPS
SILL INTO CHANNEL NOT TO SCALE ~ SHALL BE CHINKED WITH BRUSH PRIOR
BANK (SEE TABLE TO INSTALLATION OF COBBLE BACKFILL
FOR "X’ MIN) 4 SLOPE COBBLE BACKFILL OFF UPSTREAM
FACE OF SILL O FORM A FOUNDATION
FOR 1ST COURSE OF BRUSH
5 ARRANGE PARALLEL LMBS 50 TIPS OF
LIMBS FORM A  CURVE  POINTED
UPSTREAM
6 COVER 1ST COURSE OF BRUSH LIMBS
BRUSH RUN WITH LARGE COBBLE BACKFILL FORMING A
PROFILE REPRESENTATION B(\)(L:JENDAHON SLOPE ON THE UPSTREAM
NOT 7O SCALE 7 REPEAT STEPS 5 AND 6 ASCENDING IN
BURY END OF THE UPSTREAM DIRECTION UNTIL THE LIMB
FIRST OF SEVERAL BOULDER SILL INTO AND COBBLE FILL ACHIEVE THE GRADE
COURSES ASCENDING CHANNEL BANK (SEE CALLED OUT IN THE OETAILED PROFILE
UPSTREAM TO GRADE TABLE FOR "X’ MIN) DESIGN PROFILE 4TH COURSE 8 INSTALL TOE PROTECTION BOULDER
FLOW 3RD COURSE 9 INSTALL RIFFLE MATERIAL AT GRADES
— COURSE CALLED OUT IN THE DETAILED PROFILE
ST COURSE ™ eape poINT ELEVATION
FLOW I DIRECTION o gaos,
STRUCTURE STA LOCATION OF CURVE s of SET HEADER BACK
AND GRADE PT ELEV NOTE: BRUSH RUN BACKFILL E)/FJFBOTW WIDTH
MATERIAL SHALL BE INSTALLED WITH W OTER ROCK
THE FOLLOWING COMPOSITION: 1——-
ARRANGE TIPS OF
LNBS 0 FORY A 50% ﬁLAss A RIPRAP BOSTREAM
CURVE POINTING 30% HARVESTED BED MATERIAL DowNSIREMM
UPSTREAM 10% ONSITE SOIL o O TR SURCACE)
o o0 ELEVATION
GRADE SET 02 ABOVE 0% 5
DOWNSTREAM HEAD OF RIFFLE = o QL CooteR ROk
PARALLEL LIMBS NOTE: SEE TABLE 4 FOR BOULDER DIMENSIONS °©
3-5" Dia GE OF POOL
4-6" LENGTH BACKFILL
- BRUSH RUN — BOULDER
ROULDER SILL INTO PLAN VIEW BRUSH RUN — BOULDER
CHANNEL BANK (SEE NOT TO SCALE PROFILE VIEW

TABLE FOR "X MIN)

FILTER FABRIC 2" MIN
PAST END OF STRUCTURE (TYP)

FILTER FABRIC

FABRIC
TO HEADER LOG
BACKFILL CAP
SEE BACKFILL NOTES

BACK
1

FILL NOTES:
STRUCTURE BACKFILL MATERIAL SHALL CONSIST OF
ON-SITE SOIL COMPACTED TO IN-SITU DENSITY

STRUCTURE BACKFILL CAP SHALL CONSIST OF 4-§"

STONE/GRAVEL HARVESTED ON-SITE
ALL VOIDS AND GAPS BETWEEN BOULDERS AND
LOGS SHALL BE CHINKED WITH STONE PRIOR TO

NOT TO SCALE

Client/Project
EW SOLUTIONS, LLC

Permt-Sea

12 1/2 WALL STREET, SUTEC
ASHEVILLE, NC 28801
www slantec com

Appd  YY MMDD

By

Revision

FLETCHER SITE MITIGATION PROJECT
HENDERSON COUNTY, NORTH CAROLINA

Title

dimensions. DO NOT

The Confractar shal verity
The Copyrights fo oll designs and crawings ove the property ol Stantec Reprocuction
o use lex any purpose offer than thel authorized by Stantec s lorbidden

Iha drawing

Appd. YY.MM.DD

By

Issued

DETAILS

Project Number: 172621093

RTS SGG CME  8.02.23

Dwn.  Chkd. Dsan.
Revision  Sheet
0 3

YY.MM.DD



Vi\1726\aclive\172621093\DWG\1093-03-Delais dwg

2018/02/28 3:01 PM By: Engle, Chris

REPRESENTATION
CONSTRUCT BED, BANK, AND BANKFULL BENCH

NATURAL GROUND

BANK PROTECTION
SEE DETAIL

TEMPORARY AND PERMANENT
SEED AND STRAW MULCH

CONSTRUCT BED, BANK AND BANKFULL BENCH —
SEE TABLE 1, SHEET 2 FOR DIMENSIONS

CHANNEL BED

NOT TO SCALE

REPRESENTATION
CONSTRUCT BANK AND BANKFULL BENCH
MAINTAIN EXISTING BED WIDTH AND TOE LOCATION

TEMPORARY AND PERMANENT

TURAL GROUND

BANK PROTECTION
SEE DETAIL

SEED AND STRAW MULCH

CONSTRUCT BANK AND BANKFULL BENCH —
SEE TABLE 1. SHEET 2 FOR DIMENSIONS

TOE LOCATION
EXISTING CHANNEL BED

CONSTRUCT BANK AND BANKFULL BENCH

NOT TO SCALE

BOTTOM OF
SUBGRADE

TOE MATTING INTO CHANNEL
BED BY INSTALLING BED
MATERIAL AFTER INSTALLATION
OF MATTING

BRUSH TOE OR RQOTWAD
ACCORDING TO PLANS

SEE TABLE 2
SHEET 2

BED MATERIAL DETAIL

NOT TO SCALE

COIR FIBER
MATTING BANKFULL

BENCH

TOE OF BANK

SEED AND STRAW
2"X2"X18" HARDWOOD

TOPSQOIL AND SOD STAKES ON 2" CENTERS

SALVAGED FROM SITE STEP 1 STEP 2 STEP 3 STEP 4
on WILLOW POSTS BRUSH FILL LIVE CUTTINGS SOIL LIFT
BED MATERIAL 3 CENTERS
8" HARDWOOD
STAKES ON 2' CENTERS
//
BANK PROTECTION
BANK PROTECTION — METHOD 1 (SOIL LIFT)
NOT TO SCALE
POOL EXCAVATED
TO BOTTOM OF
BRUSH TOE
TO 4" DIA
POSTS ON APPROX 2'
CENTERS AT TOE OF
LOPE BRUSH FILL ALIGNED WITH
CHANNEL BANK AND SOIL
" ADDED TO FILL IN VOIDS LIVE CUTTINGS SET
V PERPENDICULAR TO
CHANNEL
RBRUSH TOF
x
£ PLAN
o 2" (MIN) NOT TO SCALE
(=]
COR FIBER I
MATTING =
BANKFULL
BENCH
ANCHORS
3' CENTERS
COR FIBER
NETTING
SEED AND STRAW
TOPSOIL AND SOD 2"X2"X18" HARDWOOD
SALVAGED FROM SITE STAKES ON 27 CENTERS
8" HARDWOOD
STAKES ON 2’ CENTERS
SOIL LIFT PROTECTION
NOT TO SCALE (SO UFT)
BANKFULL
BENCH BENCH
CUTTINGS
TOP OF BRUSH
PROPOSED GRADE SACKFILL 2" ABOVE LOW WATER
15" (MIN)
BRUSH FILL
WITH SOIL
3
BED MATERIAL= BANK PROTECTION NOTE: 'é'é’E“FULTgh"'éGSy,,SH[;‘:kL
(SOD AND MAT) 3" T0 4" WILLOW POSTS Lo
ggﬁgzﬁag& C,\,%"ThéNEL SEE DETAIL AND SHEET 2, SILKY DOGWOOD OR
CHANNEL CONSTRUCTION NOTE SILKY WILLOW

NOT TO SCALE
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16X Warr

LOG INVERT

LOG SET AT
DESIGN GRADE

FLOW ¢

LOG SET WITH NO BACKER,
FABRIC OR ROCK (TYP) N\

DESIGN

PROFILE DESIGN BED MATERIAL

SEE SHEET 2, TABLE 2

LOG INVERT

POCKET

X Wake

//

LOG INVERT

A\

LOG INVERT SET AT
DESIGN GRADE

LOG INVERT SET AT
DESIGN GRADE

/7

HEADWATER TREATMENT

PLAN

NOT TO SCALE

14X Wake

POCKET POOL
WATER SURFACE

BRUSH
AND LIMB MATERIAL \ \

NOTES:

1 LOGS SHALL HAVE A MIN DIAMETER OF
12" AND A MIN LENGTH OF B’

2 NUMBER OF LOGS MAY VARY DEPENDING
ON THE LENGTH QOF TREATMENT AND
THE AVAILABILITY OF MATERIAL
BOULDERS MAY BE SUBSTITUTED FOR
LOGS IF NATIVE BOULDERS ARE
PRESENT AND MORE READILY AVAILABLE
THAN LOGS

3 BRUSH AND LIMB MATERIAL (3" TO 4”
DIA) SHALL BE MIXED INTO BED
MATERIAL (10-20% OF MIX) TO FORM A
MATRIX

GRADE
PROFILE

PROPOSED BRUSH
AND LIMB MATERIAL

HEADWATER TREATMENT

PROFILE

NOT TO SCALE

DESIGN BED MATERIAL
SEE SHEET 2, TABLE 2

HEADWATER TREATMENT

SECTION B-B

NOT TO SCALE

GROUND.

COIR FIBER MATTING TO BE
PLACED AFTER THE INSTALLATION
OF BED MATERIAL

SUB-GRADE
ELEVATION

EW SOLUTIONS, LLC
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6" AGGREGATE
BASE COURSE

12" STONE (TYP)
BACK OF BENCH RIPRAP)

PIPE SIZE, TYPE AND
NUMBER AS INDICATED
ON PLAN SHEETS

NOTE: ROAD WIDTH
INDICATED ON PLANS

PLAN VIEW

NOT TO SCALE

PIPE € ALIGNED WITH
CENTER OF BENCH

TOP

OF PiPE

PIPE SIZE, TYPE AND
NUMBER AS INDICATED
t ON PLAN SHEETS

VARIES — PIPE INVERT ELEVATION TO
BE SET AS INDICATED ON PLAN SHEETS

PROPOSED CHANNEL

VARIES — PIPE INVERT ELEVATION TO
BE SET AS INDICATED ON PLAN SHEETS

ELEVATION C-C

NOT TO SCALE

8" AGGREGATE
2" MIN BASE COURSE

——l I——o D OF PIPE COVER

PIPE SIZE, TYPE AND
NUMBER AS INDICATED
ON PLAN SHEETS

NATURAL
GROUND

APPROVED BACKFILL
OR SELECT BACKFILL

MATERIAL 2" (MIN)
4" (MIN) LOOSELY PLACED APPROVED
SUITABLE LOCAL MATERIAL OR SELECT
MATERIAL FOR PIPE FOUNDATION (TYP)

NOT TQ SCALE

(VARIES) 6" AGGREGATE
BASE COURSE

12" (MIN)

PIPE FOUNDATION
FILTER FABRIC (TYP)

SFCTION F—F

NOT TO SCALE

PIPE SIZE, TYPE AND
NUMBER AS INDICATED
ON PLAN SHEET

FLowW

FACE OF
CROSSING

RIPRAP OQUTLET PROTECTION — PLAN

NOT TO SCALE

14 x Waer

EXISTING CHANNEL

12" STONE (TYP)
(CLASS B RIPRAP)

PROPOSED CHANNEL
MATERIAL BED THROUGH PIPE

PIPE SIZE, TYPE AND
NUMBER AS INDICATED
ON PLAN SHEETS

PROPOSED
CHANNEL BED

NOTE: ROAD WIDTH
INDICATED ON PLANS

TOF OF BANK
TOE OF BANK

TOE OF BANK
TOP OF BANK

12" STONE (TYP) 18" (MIN)

(CLASS B RIPRAP)
VARIES

RIP RAP OUTLET PROTECTION

NOT TO SCALE

SECTION F—F

NATURAL GROUND

FILTER FABRIC

) delay
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END OF POOL

HEAD OF RIFFLE

FLOW

TOP OF BANK

BANK PROTECTION — METHOD 1
(SEE BANK PROTECTION DETAIL)

STONE DEPTH 18"

NOTES:

WHERE THERE IS INSUFFICIENT
EXISTING BED MATERIAL, MATERIAL
WILL BE SUPPLEMENTED WITH
MATERIAL ACCORDING TO TABLE 2
AND AS DIRECTED BY THE
ENGINEER

THE BED FORM AND DIMENSIONS
WILL BE ACCORDING TO THE
DESIGN TYPICAL SECTION

THE INSTALLED BED MATERIAL
SHALL BE A MINIMUM OF 5 INCHES
IN DEPTH

BACKFILL MATERIAL SHALL CONSIST
OF 30% CLAY (MINIMUM) WHERE
SUFFICIENT MATERIAL 1S° NOT
AVAILABLE, CLAY PLUGS SHALL BE
INSTALLED TO RESTRICT LOSS OF
BASE FLOW

N

w

S

STRUCTURE TYPE AND
INVERT AS INDICATED ON

(MN)

0P OF | WER LENGTH _

THE PLAN SHEETS

TOP OF BANK

TOP OF BANK

ARMORED RIFFLE DETAIL

NOT TO SCALE

BANKFULL

RIFFLE BENCH

BED MATERIAL
6" FROM TOE

SECTION G-G

NOT TO SCALE

EXISTING BANKS ARE TO BE
MAINTAINED AND PROTECTED FROM
DAMAGE DURING INSTALLATION OF

RAISED BED NATURAL GROUND

THALWEG

WITH EXCAVATED BED
MATERIAL

BACKFILL TO SUBGRADE ELEVATION
WITH SOIL COMPACTED TO IN-SITU
SOIL DENSITY
EXISTING BED MATERIAL TO BE
EXCAVATED AND REUSED FOR
PROPOSED BED IF POSSIBLE WITHOUT
DISTURBING THE EXISTING BANKS

RAISED RIFFLE

NOT TO SCALE

NOTE: ARMORED RIFFLE MATERIAL AND
STRUCTURE BACKFILL SHALL BE COMPOSED OF
MATERIAL IN THE FOLLOWING PROPORTIONS AS
DIRECTED BY THE ENGINEER:

MATERIAL
12" STONE (CLASS B) 60%
6" STONE (CLASS A) 30%
ONSITE SOIL 10%

T

RIPRAP GRADE
CONTROL

EXISTING DRAINAGE —*

+ -

BERM ELEVATION

WEIR

FILTER FABRIC

BMP OUTFALL ELEVATION

NOT TO SCALE

5
{MINY
NO 57 STONE
CLASS B STONE (1" THICK)
5
(MIN)
FILTER FILTER FABRIC
BMP SECTION
NOT T0 SCALE
BASIN LENGTH
BMP DETAIL
NOT TO SCALE
2°%2"X18"

HARDWOOD STAKES
ON 2" CENTERS

1" (MIN)

ANCHORS ON

COIR FIBER 3 CENTERS

MATTING

STANDARD V" DITCH

NOT TO SCALE

FILTER STONE

NCTE: WEIR LENGTH, WEIR
ELEVATION, AND BERM
ELEVATION INDICATED ON
LANS

WEIR ELEVATION
CLASS B STONE

CONSTRUCT BERM
M AS REQUIRED

QUTFALL DITCH AS
REQUIRED

RIPRAP APRON
BMP OQUTFALL

NOTE: BASIN WIDTH AND
LENGTH INDICATED ON PLANS

2"%2"x18"
HARDWOOD STAKES
ON 2' CENTERS
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