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

REPLY TO July 30, 2021

ATTENTION OF:

Regulatory Division

Re: NCIRT Review and USACE Approval of the NCDMS UT to Magness Creek Mitigation Site
/ Cleveland Co./ SAW-2018-01759/ NCDMS Project # 100081

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 comment period for the UT to Magness Draft Mitigation Plan, which
closed on May 29, 2021. 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 above 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
USACE Mitigation 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 mentioned 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 call me at 919-554-4884, ext 60.

Enclosures

Electronic Copies Furnished:

NCIRT Distribution List
Paul Wiesner—NCDMS
Mickey Clemmons, Scott King—MBI

Sincerely,

. . Digitally signed by Kimberly
Klmbefly Dar"e”e Danielle Browning

; Date: 2021.07.30 13:15:06

Browning s
Kim Browning
Mitigation Project Manager
for Tyler Crumbley, Deputy Chief
USACE Regulatory Division



July 27, 2021

Kim Browning, Mitigation Project Manager
Regulatory Division

US Army Corps of Engineers — Wilmington District
69 Darlington Ave

Wilmington, NC 28403

Subject: Response toIRT Comments for Final Draft Mitigation Plan review
UT to Magness Creek Mitigation Project, Cleveland County, Broad River Basin,
CU# 03050105, DMS Project #100081, DEQ Contract #7604, USACE #SAW-2018-01759
Ms. Browning:
Please find enclosed our responses to the IRT review comments dated July 14, 2021 in reference to the

UT to Magness Creek Mitigation Project’s Final Draft Mitigation Plan. We have revised the document in
response to the referenced review comments as outlined below.

NCWRC Comments, Olivia Munzer:

1. Pg. 3-6 —italicize “Diospyros virginiana”
Response: Correction made.

2. Pg.3-7,Section 3.1.3 —Fix “Reach 1’sbuffers”
Response: Revision made to final text.

3. Planting list: | recommend using the following website to make sure the species is native to
the area/County (https://authl.dpr.ncparks.gov/flora/index.php)

- Shingle Oak is found in the mountains — find an alternative presentin Cleveland Co.

- Overcup and cherrybark oak are not found in Cleveland Co, rather they are found more east.
- Redtop is non-native. Please find alternative that is native to NC and foundin Cleveland Co.

- I recommend adding another native pollinator species to the seed mix.

Response: The recommended website was used in the evaluation of the proposed planted
species. For the bare root mix, the cited Shingle, Overcup, and Cherrybark oaks were replaced
with a mix of Water Oak (Quercus nigra) and Pin Oak (Quercus palustris). For the seed mix,
Redtop has been replaced with the native Autumn bentgrass (Agrostis perennans), and
spotted beebalm (Monarda punctata) was added as an additional native pollinator species.

USACE Comments, Kim Browning:

1. Appendix |, Categorical Exclusions: Please note that NCWRC requested to be alerted if the
Broad River spiny crayfish is observed during construction so they can be relocated (letter dated
August 17, 2018).



Response: Baker will look for this species during our construction inspection field days and if
discovered will alert NCWRC as per their request.

2. Figure 11 and Section 6.5.1: It’s noted in Section 3.2.3 that Wetlands F, E and D are not
proposed for credit generation. If you anticipate that these wetlands may be needed to meet
contract amounts should other parts of the site not meet success, please monitor these areas
so data is available, if needed.

Response: Absolutely. If itis ever evena consideration that these wetlands might ultimately
be needed for credits Baker will quickly begin monitoring them using appropriate measures.

3. Figure 11: Please ensure that the portion of stream that runs through the crossing is shown
as “not for credit” on the figure.

Response: Figure 11 was revised as requested, though Figure 12 is the formal Project Asset
and Credit Map and shows that section of stream within the crossing as being ‘not for credit’
as do the plan sheets and the digital files.

a. Please add a temporary veg plot or transect to Reach 1A near cross-section 1, to include
some of the area where the berms/spoil piles are removed.

Response: Baker will include temporary veg transects along the berm/spoil removal area of
upper Reach 1A for both the As-Built and MY1 reports to help demonstrate vegetation
establishment in this location.

b. Please shift one of the wetland gauges in the southeastern wetland closer to the boundary
of the wetland re-establishmentarea boundary.
Response: The upper gauge location was shifted closer to the boundary as requested.

4. Figures 11 & 12: Please label the three wetland re-establishment polygons for clarity.
Response: Figures revised as requested.

5. Section 4.1, page 4-1: The textstates that the crossing will allow livestock access to an area
of shade on the other side of the easement. Do you anticipate that livestock will create
wallowing areas in the wooded area and create the need for a BMP to filter runoff into the
easement?

Response: This shaded area is located along the slope of a dry upland hill adjacent to the
project. Since this area will not have any grazing opportunity (with very little in the way of
grass) and has no water, it is anticipated that it will only be used during very hot weather.
Thus, it is not expected to develop any areas of significant cattle impacts. Also, the vegetated
buffer will act as a filter for any potential sediment movement, but again, since there is no
running water coming from this area this should be limited.

6. Table 6.1: The reference reach parameter for the reach near Toney Rd has a BHR listed as
3.3, which indicates the channel is incised. | would expect this number to be less than 1.2 fora
reference reach.



Response: This reach was selected for several important reasons; it has a very similar
drainage area to the main stem; it is located quite close to the project within the same
Magness Creek watershed, ecoregion, and geology; and it provided a good confirmation for
bankfull depth as it had strong bankfull indicators present. With a BHR of 3.3 it is clearly
incised but has also clearly developed a new channel geometry within its incised system.
Thus, it was still able to provide good stream data that contributed to the confirmation of
design parameters, particularly confirmation of the regional curve describing this site and the
accurate bankfull cross-sectional area.

7. Section 6.1 and Appendix K: Thankyou forincluding the information that a rotational grazing
plan was developed with NRCS. This information supports the potential success of long-term
stewardship of the conservation easement. Two questions arise when looking at the NRCS
Conservation Plan Map: Will the easternside of the easementbe fenced through the woods for
livestock exclusion? Will the waterline for the cattle watering tanks be co-located with the
culverted or ford crossing? Currently it is shown bisecting the stream, south of UT2, and
potentially going through portions of the existing wetlands in the conservation easement.
Response: We’re glad we were able to obtain an NRCS grazing plan as part of this project and
that you appreciated its inclusion to the mitigation plan. The maps within it were assembled
by the NRCS agent and intended as more ‘big-picture’ schematics to show the number and
general field locations of features. The pipe for the watering tank will not go through the
easementitself but through the crossing at the easementbreak. The NRCS map primarily just
showed new fencing, but new or updated/improved fencing will be installed along the
entirety of the easement (and also around the section of the main stem located outside the
easement just downstream of the project) as shown inthe plan sheets, to include that eastern
section through the woods.

8. Page 6-6, UT2: Itis understood that the channel is currently perennial and is deeplyincised.
Do you anticipate that the channel may lose perennial flow whenthe channelis raised 1-3 feet,
especially given the small 31-acre drainage area?

Response: Baker is very confident that flow will be maintained. The bottommost section of
Reach UT2 is very steep as it had to cut down to meet the highly incised main stem. This is
the area where the greatest channel lift will occur. The majority of the channel will only have
comparatively minor lift, which should not cause any concern regarding loss of hydrology.
Additionally, flow has been strong throughout the site assessment; never once having been
absent in our field visits. It appears to have significant contributions to hydrology from
seeps/springs on the adjacent hill slope and in the upstream area.

9. Table 6.2c, page 6-7: The current BHR for UT2 is listed as 7.62 and proposed as 1.0. Will this
proposed BHR be attainable considering the reach is described as deeply incised with a BHR
greater than 10 in the text on page 6-6, and the channel will only be raised 1-3 feet?

Response: In addition to raising the channel (as discussed above), significant grading of the
side slopes will be conducted along this reach to reduce the BHR to the proposed 1.0. The
existing stream channel has the top of bank defined by the valley floor that is several feet
above the channel. There is no floodplain that can be accessed by this stream flow, even in



extreme flooding. By grading and raising the channel a new top of bank and narrow floodplain
will be established below this existing valley floor, at the proper bankfull elevation. We will
create a channel with the correct dimension, pattern, and profile, and with a floodplain within
the existing deeply incised and overwide channel. This approach mimics what the channel
would do naturally over an extended period of time, and if there were no continuing livestock
impacts.

10. Section 6.6.2: | suggest that you add the proposed planting date window. You may want to
consider listing your planting season to November 15-March 22, or something that coincides
with the WETS table information on page 7-3.

Response: A planting date window was provided in Section 6.6.2 (towards the end of the
second paragraph) of between November 15th and March 15th. This was taken from the 2016
IRT guidance document. Using the WETS table dates is certainly a good, logical
recommendation (and one we might pursue on future projects with IRT consent) but at this
point in the review process Baker would prefer to stick with the currently stated dates.

11. Page 8-2: The as-built/baseline report should also include confirmation of easement
markings.

Response: Baker willinclude a confirmation that the entire conservation easementhas been
appropriately marked with the as-built report.

12. General note: Thank you for the inclusion of site photos to show pre-construction
conditions, and for the level of detail in the existing and proposed conditions of the site.
Response: We’re glad you appreciated them. We’ll try to provide similar information on
future projects.

13. Design Sheet 6: Please provide a detail of the proposed BMP, specifically where the stone
weir outlet ties into the channel. Will there be an area of concentrated flow that enters the BMP
from the adjacent field?

Response: Baker has added a BMP detail as Sheet 12. The BMP outfall will be a rock-lined
outlet protection structure, which will tie into the channel of the mainstem, within a riffle as
shown in the new detail and on the plans (Sheet6). There is an existing swale upslope of the
proposed BMP where concentrated flow will enterinto the BMP’s forebay. The BMP is being
constructed in the deeply scoured bottommost section of the swale where a headcut
currently exists, as shown in the plans on Sheet 6.

DWR Comments, Erin Davis:

1. Page 6-7, Stormwater BMP — Please state whetherthe designed wet pond BMP necessitates
long term maintenance (beyondthe 7-yr monitoring period).

Response: There is no expectation of long-term maintenance for the BMP beyond the 7-year
monitoring period. The drainage area is vegetated and stable but steep, producing a
significant volume of high-velocity runoff (and certainly nutrient-laden from livestock),
though not particularly highly sediment-laden runoff. This has resulted in a large headcut



(that does generate significant erosion) near the stream, which will be replaced by the BMP
designed to slow down the flow and treat the estimated volume of runoff. From past
experience Baker believes the potential for forebay cleanout is relegated to the immediate
post-construction period before vegetation establishment, which we will correct should it
arise. Baker will ensure that the BMP is stable and functioning properly throughout the
monitoring period. Similar BMPs have been successfully installed by Baker on previous
projects.

2. Page 7-2, Section 7.2 — Based on the planting plan (Sheets12 & 13) there does not appear
to be any undisturbed wooded areas within the site, so the number and locations of veg plots
should be representative of the entire project area.

Response: Baker is planning on planting the entirety of the easement and will monitor
accordingly with the proposed device installation and performance criteria. However, there
are some wooded areas along the left bank of the lower portion of the project where we hope
to keep as many of the existing mature trees as possible and where we hope to only plant
shrub and understory species. While of course these relatively small areas would still be
monitored, a permanent veg plot seems less appropriate here than do random veg plots (two
of which are proposed per year) or temporary transects (which Baker routinely collects and
provides in the annual reports). The text referenced in Section 7.2 is really just part of a
general description of our planting practices.

3. Page 7-3, Section 7.2 — DWR is ok with the requested exclusion of specified shrub and
understory speciesfrom the vigor performance standard.
Response: Thank you for the confirmation.

4. Page 7-3, Section 7.3 — Please explain why an onsite rain gauge is not being proposed. Given
the distance to the weatherstation, do you expectthat the data will accurately representonsite
rainfall events?

Response: In addition to the primary rain gauge being used for the project (the historic
‘Shelby 2NW’ gauge, and has been in operation since 1893, and from which the WETS table
data for the County was derived) there are also several newer weather stations collecting
precipitation data for the area. There are rain gauges located 2.0 miles NW, 3.6 miles SE, and
4.4 miles due South from the site and which can be used to corroborate data collected from
the primary gauge. Baker has chosen to use the Shelby 2NW as the primary gauge as it is the
most sophisticated of all the station arrays, collecting the largest range of data, presumably
receiving the most maintenance and internal data review (as it is the official weather station
for the County), and to allow for direct comparisons of annual versus historic rainfall data.
This portion of Cleveland County is not mountainous and does not contain the type of high
elevation terrain that can cause difficulties with rainfall estimates using nearby gauges. Baker
is confident that the gauges present are more than adequate to obtain the rainfall data
needed to determine if conditions are wetter or dryer than ‘normal’ in order to determine
wetland success.



5. Figure 4 — Please show the location of the pre-construction groundwater well mentionedin
DMS’ comments. DWR is interested to review available data included in the Final Mit Plan.
Response: The location of the pre-construction groundwater wells were added to Figure 4 as
requested, while the well data is provided in Appendix A.

6. Figure 11 — DWR requests that the two groundwater wells in the southern wetland credit
area be shifted sothat one is closer to the stream channel and the othercloser to the easement
boundary, since these are the zones that we are most concerned with meeting the minimum
hydroperiod performance standard.

Response: In conjunction with the well location shiftrequested by the Corps intheir comment
3b, the monitoring wells were adjusted a bit further. Baker is confident this entire area will
meet the hydroperiod performance standard.

7. Sheet6 — If possible, please include a detail/section for the Wet Pond BMP for review.
Response: A BMP detail has beenadded as Sheet 12 to the plans.

8. Sheet 7 — This sheet shows boulder/log steps proposed within constructed riffles. Won’t
installing a step create a pool? Are these three riffle sections expected to maintain their
construction elevation and remain stable long term?

Response: This is a good question. The purpose of the boulder and log steps being placed
within the riffles is primarily to help hold grade and improve stability where the riffles are
steeper. These will have smaller pools formed in association with them, but these are not
geomorphic pools but rather pools dependent on the structures themselves. They will be
built lower in the riffle profile and at a relatively flat angle as compared to the typical vanes
whose purpose is to turn the water at channel bends and protect the banks, contributing to
the development of geomorphic pools. Small, localized pools will form within the riffle below
these structures, though they will function as simply a small habitat variation within the riffle.
The depth and size of rock being placed in the constructed rifflesis more than sufficient to
hold these mini-pools to a stable size and shape. This design feature has been used
successfully on many previous projects.

9. Sheet9 — DWR is glad to see the geolift brush toe proposed along the Reach 1 meanderand
UT2 right bank near the confluence as this may be an area particularly susceptible to erosive
forces.

Response: Indeed. Baker will keep a close watch on this confluence to ensure it remains
stable throughout the monitoring period. However, the other mitigating factor is that when
the flow in UT2 is high, the flow within the mainstem will also likely be high. This mainstem
flow is likely to “dampen” any affect of the tributary on the mainstem.

10. Sheet10 —DWR appreciates the installation of a gated ford crossing proposed south of the
mitigation site in an effort to limit water quality impacts immediately downstream of the
project.

Response: Thank you for the positive feedback.



11. Design Details — Since a ford crossing is proposed for construction (although not within the
project easementarea) can a typical detail please be included for review?
Response: A typical detail of a rock ford crossing was added to the plan sheets.

12. Overall, DWR is pleased that the draft mitigation plan addressed so many IRT comments/
guestions made on previous projects (e.g. vernal pool depth, soil restoration, species diversity,
limiting crossings, access gates). Additionally, the level of detail provided in the soils report,
including the mapped boring points and photos, was very helpful. DWR also appreciated all of
DMS’ initial comments.

Response: Thank you for noting this. We’ll try to provide a similar level of detailed
information on future projects.

We hope theseresponses adequatelyaddress the IRT comments. Please do not hesitate to contact me
should you have any further questions regarding our response submittal.

Sincerely,

Scott King, LSS, PWS
Project Manager
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1.0 PROJECTINTRODUCTION

The UT to Magness Creek Mitigation Project (project) is located on four adjacent parcels of an active cattle
farm in Cleveland County, North Carolina, roughly halfway between the communities of Fallston and
Lawndale as shown on the Project Vicinity Map (Figure 1). The project farm entrance is located at 2803
Selkirk Drive (State Rd 1803), on the left about 0.6 miles south of the origin of Selkirk Drive at Falls St.
The coordinates for the approximate center of the project are 35.406463 N Latitude, -81.528866 W
Longitude.

The project area lies within the Broad River Basin, Hydrologic Unit Code (HUC) 03050105-080060 (the
Big Harris/Magness Creek Watershed), which is identified as a Targeted Local Watershed (TLW) in the
NC Division of Mitigation Services’ (DMS) 2009 Broad River Basin Restoration Priorities (RBRP) report.
The project is located in the Piedmont Physiographic Region, within the Southern Outer Piedmont Level
IV ecoregion. The project watershed drains into Magness Creek approximately 0.5 miles below the project
easement. Magness Creek then flows for approximately 1.5 miles to its confluence with the First Broad
River. Both of these receiving streams are designated as WS-IV waters by the DWR surface water
classification.

The project will restore 3,174.48 linear feet (LF) and enhance an additional 325.21 LF of stream along three
projectreaches. Additionally, the project will restore-by-reestablishment or restore-by-rehabilitation a total
of 1.891 acres of riparian wetlands. All of these resources will be protected within a permanent
conservation easement.

Current and historic agricultural use on the project site has predominantly been livestock pasture. These
activities have negatively impacted both water quality and streambank stability along the project stream
reaches. The resulting observed stressors include streambank erosion, sedimentation, excess nutrient input,
channel modification, and the loss of riparian buffers.

To address the observed stressors, the goals of this project include:
e Reconnect stream reaches to their floodplains,
Restore or improve hydrology to adjacent hydric soils and riparian wetlands,
Improve stream stability,
Improve aquatic habitat,
Reestablish forested riparian buffers, and
Permanently protect the project in a conservation easement.

The project is anticipated to generate a total of 3,391.287 warm-water stream mitigation credits (contracted
for 3,000) along with 1.879 wetland mitigation credits (contracted for 1.7), and the site will be protected by
an 11.66 acre permanent conservation easement (Appendix B).
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2.0 WATERSHED APPROACHAND SITESELECTION

The UT to Magness Creek project is located in Cleveland County within the Big Harris/Magness Creek
subwatershed (03050105-080060) of the Broad River Basin (Figure 1), which is identified as a TLW in
DMS’ 2009 Broad River Basin Restoration Priorities (RBRP) report. This report indicates that this
watershed contains a portion of the First Broad River that is impaired due to high turbidity levels. Other
issues associated with the watershed include high fecal coliform bacteria counts and degraded aquatic
habitat. Although there are no 303(d) listed streams found in this watershed, it does contain many degraded
streams. Of all the Broad River TLWs, this watershed has 49% of land dedicated to some form of
agricultural production, the second greatest percentage among all the TLWs. This report also states that
many streams in this TLW are highly unstable, having eroding banks and limited aquatic habitat. At the
time the RBRP was produced the Cleveland County Natural Resources Conservation Service (NRCS) had
established the watershed as a priority for water quality improvement.

The NC Division of Water Resources’ (formerly Division of Water Quality) 2008 Broad River Basinwide
Water Quality Plan (DWR 2008) identifies five specific stressors as impacting the monitored streams found
in the project watershed: fecal coliform bacteria, habitat degradation, turbidity, nutrient impacts, and low
pH. It subsequently makes several recommendations to address those stressors and improve water quality,
which include reducing erosion along streams (to reduce sedimentation and turbidity), improving habitat in
degraded streams, fencing livestock out of streams, and the restoration of riparian buffers. The UT to
Magness Creek project will directly implement all four of those recommendations.

The NC Wildlife Resources Commission (WRC) 2015 Wildlife Action Plan (WRC 2015) identifies the
project as being located within a Tier 2 Priority watershed for wildlife conservation. The plan notes that
there are eight Species of Greatest Conservation Need (SGCN) in the basin, including two crayfish species
and six freshwater fish species. The plan also makes several management practice recommendations for
this basin including reducing of high rates of erosion and sedimentation, restoring riparian vegetation,
protecting water supply watersheds, and protecting headwaters throughout the basin. Further, the plan
encourages working with conservation programs and partnerships, and specifically promotes the land
conservation efforts of DMS’ 2009 RBRP report.

In addition, the protection and restoration of the UT to Magness Creek site will assist in providing a
geographical connection with surrounding conservation features such as the Big Harris Creek Mitigation
Site, First Broad Leatherwood Slope Natural Area, Hicks Hills Bluffs and Forests Natural Area, Catawba
Lands Conservation Easement, Knob Creek Natural Area, and Buffalo Creek Rare Plant Site (Figure 3).

Thus, the UT to Magness Creek project will directly and/or indirectly address many of the priority stressors
identified in the watershed planning documents discussed above, through the implementation of many of
their recommended management practices, and will permanently protect the entire project area within a
conservation easement. Therefore, the proposed project location and restoration approaches align well with
the overall goals and implementation needs outlined by DMS.
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3.0 BASELINE AND EXISTING CONDITIONS

The following sections will describe the existing conditions found on the UT to Magness Creek project and
include a description and history of the surrounding landscape and overall watershed land use and
conditions, as well as a discussion of the specific environmental impacts and responses produced on the

project site.

Table 3.1 below provides a summary of the key project attributes and individual reach parameters for the
existing conditions on site. Existing stream lengths listed below include only those sections within the

conservation easement.

Table 3.1. Project Attributes for Existing Conditions
UT to Magness Creek Mitigation Project — DMS Project No. 10008 1

Project Information

Project Name UT to Magness Creek Mitigation Project
County Cleveland
Project Area within Easement (acres) 11.66

Project Coordinates (latitude and longitude)

35.406463N,-81.528866 W

Project Watershed Summary Information

Physiographic Province Piedmont
RiverBasin Broad

USGS Hydrologic Unit 8-digit 03050105
DWR Sub-basin 03-08-04

Project Drainage Area (acres)

397 acres/ 0.62 square miles

Project Thermal Regime

Warm

Project Drainage Area Percentage of
Impervious Area

2.35% impervious area

Land Use Classification'

48.1% pasture/hay, 25.7% forested, 9.2% open space, 8.9%
cultivated crops,4.9% developed, 2.6% herbaceous, 0.6%

scrub/shrub.
Reach Summary Information

Parameters Reach 1A Reach 1B uT2
Pre-project length within CE (feet) 2,141 932 320
Post-project length within CE (feet) 2,249 925 325
Valley confinement (Confined, moderately Moderately Moderately [ Moderately
confined, unconfined) Confined confined confined
Drainage area (acres) 330 397 31
Perennial, Intermittent, Ephemeral Perennial Perennial Perennial
NCDWR Water Quality Classification WS-1V WS-1V WS-1V
Dominant Stream Classification (existing) B4 B4 F4
Dominant Stream Classification (proposed) C4 C4 B4
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Table 3.1. Project Attributes for Existing Conditions
UT to Magness Creek Mitigation Project — DMS Project No. 10008 1
Iv- Iv- I —
DominantEvolutionary class (Simon) Degradation | Degradation D di
and Widening | and Widening cgrading
Wetland Summary Information
Wetland Wetland
Parameters GroupW1 GroupW?2

(REE) (RH)
Pre-project size (acres) within CE 0.0 0.035
Post-project size (acres) within CE 1.856 0.035
Wetland Type (riparian, non-riparian) Riparian Riparian
Mapped Soil Serics Cliewacla Chewacla

oam loam
Soil Hydric Status Yes Yes
Regulatory Considerations
Parameters Applicable? Resolved? Supporting Docs?

Waterof the United States - Section 404 Yes Yes PCN
Waterof the United States - Section 401 Yes Yes PCN
Endangered Species Act Yes Yes Categorical Exclusion
Historic Preservation Act Yes Yes Categorical Exclusion
CoastalZoneManagement Act (CZMA or
CAMA) No N/A N/A
Essential Fisheries Habitat No N/A N/A
' Source: USGS National Land Cover Database (NLCD) for 2016

3.1 Watershed Processes and Resource Conditions

3.1.1 Landscape Characteristics

The UT to Magness Creek Mitigation Project (project) is located on an active cattle farm in Cleveland
County. The project is located in the Piedmont Physiographic Region, within the Level IV Ecoregion 45b:
Southern Outer Piedmont. This ecoregion is described as a complex mosaic of metamorphic and igneous
rocks with moderately dissected irregular plains and hills. Once largely cultivated, much of the region is
now in planted pine or has reverted to successional pine and hardwood forest. The Southern Outer Piedmont
is typified by lower elevations (this project site is located at ~900 feet), less precipitation, and less general
relief than the rest of the Piedmont. Pine (mostly loblolly and shortleaf) dominates old fields, with mixed
oak forests found scattered in the less-altered landscapes. Gneiss, schist, and granite are typical bedrock
types, with deep saprolite and mostly red, clayey subsoils dominating (Griffith et al., 2002).

Jurisdictional Streams and Wetlands

Field evaluations for the presence of jurisdictional features on the project were conducted in February and
November of 2018 and included the determination of stream intermittent/perennial status, wetland
delineations, and both stream and wetland qualitative assessments. These evaluations were based on the
most recent guidance documents (NCDEQ 2010, USACE 1987 and 2012, NC-SAM 2015, and NC-WAM
2016). Results from these field reviews indicate that there are approximately 3,700 total linear feet of
jurisdictional stream and approximately 0.189 acres of existing jurisdictional wetlands located within the
proposed project boundary (Figure4). Tables3.2 and 3.3 below present the summary findings of the stream
and wetland classifications and assessment ratings. These field assessments were subsequently confirmed
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by USACE in the Preliminary JD received on June 17,2019. Copies of all the completed assessment forms
and PJD confirmation can be found in Appendices F, G, and H.

Project Reach 1 is the main UT to Magness Creek comprising the project and is denoted as a “blue-line”
stream on the USGS Topographic Map (Lawndale Quadrangle, Figure 2). The upstream portion of this
reach is referred to as Reach 1A with Reach 1 below the proposed crossing designated as Reach 1B. The
additional tributaries UT1, UT2, and UT3 were identified in the field flowing from east of the project, onto
the left bank of Reach 1. It should be noted that the IRT did not accept UT1 or UT3 (was not proposed) as
jurisdictional in the field (and thus are not available for mitigation credit) during their post-contract site
review. DWR stream forms were completed for all stream reaches in the project area, and Reach 1 and
UT2 were identified as perennial systems, while the remaining reaches were intermittent.

Reach 1 has been straightened and dredged in the past for agricultural use and currently has full access by
livestock. Asaresult, it is deeply incised and has long sections of very steep, eroding banks as well as long
sections of overly wide channel. The resulting incision and sediment loss have significantly impacted
channel bed features. Reaches UT1, UT2, and UT3 also have unlimited access by livestock and have all cut
down in their lower sections as a result of the receiving stream (Reach 1) being significantly incised.
Additionally, all the reaches lack appropriate riparian buffers, with either sections of absent or narrow
buffers or buffers lacking any subcanopy / understory or herbaceous layers due to livestock pressure.
Invasive species on the project include Chinese privet (Ligustrum sinense), multiflora rose (Rosa
multiflora), and trifoliate orange (Poncirus trifoliate) found scattered throughout the buffer. Thus, given
the level of degradation observed, all reaches rated as ‘Low’ in the NC-SAM assessment.

Nine separate wetland areas were also found scattered throughout the project floodplain totaling 0.191
acres. With the exception of one wetland, all are found entirely within the easement for a total of 0.189
acres within the project area. They all are classified as headwater forest in the NC-WAM methodology,
though they have all been almost entirely cleared for agricultural use as pasture, with current livestock
access to each one. Due to this clearing, they classify as emergent wetlands in the Cowardin system. Most
of the wetlands have been hydrologically impacted as well, either from the deep incision of the adjacent
stream, and/or through some degree of shallow ditching. Wetland areas D, H, I and J are located within the
stream top-of-banks and are wet inner berms, appearing more as wetlands due to the heavy and continuous
impact from livestock. Thus, given the significant level of degradation observed in the wetlands, they all
rated as ‘Low’ in the NC-WAM assessment. Further information and discussion of the project’s
jurisdictional features can be found in Section 3.2.3.

Table 3.2. Summary of Field Investigations to Determine Intermittent/Perennial Status
UT to Magness Creek Mitigation Project — DMS Project No. 10008 1

Project Reach Eégéﬂgl_zggterft NCDWR Stream | NC-SAM Dyg’fr‘]taegzhAefea Stream Status
Designation (ft): Classification Score | Rating (acres)?

Reachl 3,073 49 Low 379 Perennial
UT1 180 27.5 Low 21 Intermittent
uT2 320 38 Low 31 Perennial
UT3 110 25.5 Low 20 Intermittent

Notes: *Existing Reach length within the Conservation Easement only, 2Watershed drainage area was estimated using the
online USGS StreamStats program, as well as topographic and LiDAR information atthe downstream end of each reach.
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Table 3.3. Summary of Field Investigations for Jurisdictional Wetlands
UT to Magness Creek Mitigation Project — DMS Project No. 10008 1

Existing Wetland Area Classification
Project Wetland Within
Designation Total (ac) | Conservation NC-WAM Classification Ng'\{YAM Cowardin
Easement (ac) ating
W-A 0.009 0.009 Headwater Forest Low PEM
W-B 0.026 0.026 Headwater Forest Low PEM
W-C 0.019 0.019 Headwater Forest Low PEM
W-D 0.014 0.014 Headwater Forest Low PEM
W-E 0.018 0.015 Headwater Forest Low PEM
W-F 0.048 0.048 Headwater Forest Low PEM
W-H 0.013 0.013 Headwater Forest Low PEM
W-I 0.014 0.014 Headwater Forest Low PEM
W-J 0.030 0.030 Headwater Forest Low PEM
0.191 0.189

Climatic Conditions

The Shelby 2 NW, NC weather station in Cleveland County is located approximately 7 miles south of the
projectsite. Asreportedinthe AgACIS (Agricultural Applied Climate Information System) data generated
for this station, the WETS table (Appendix A) lists the average annual rainfall for the surrounding area as
49.39 inches, based on data collected from 1990 - 2016 as shown below in Table 3.4 along with the monthly
historic averages. This station will be used to determine departures from normal rainfall amounts
throughout the project. The WETS table also reports the growing season for the site as 226 days in length
beginning on March 23 and ending on November 4, using the 50% probability data for a temperature of
28° F or higher (http://agacis.rcc-acis.org/?fips=37045).

Table 3.4. Comparison of Monthly Rainfall Amounts for Project Site and Long-term Averages
UT to Magness Mitigation Project — DMS Project No. 10008 1
Shelby 2 NW Station 30% Probability 30% Probability
Month Average Monthly Precipitation is less Precipitation is more
Precipitation (in) than (in) than (in)
January 4.47 3.09 5.32
February 3.32 2.41 3.90
March 4.62 3.12 5.52
April 3.92 2.47 4.73
May 4.20 2.82 5.03
June 4.42 2.54 5.38
July 4.61 2.92 5.56
August 4.31 2.43 5.26
September 3.90 2.05 4.77
October 3.70 1.76 4.44
November 3.67 1.89 4.48
December 4.24 3.16 4.96
Total 49.39
Annual Averages 41.58 53.16
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http://agacis.rcc-acis.org/?fips=37045

Geology and Soils

Geologically, the Magness Creek Site lies within the Inner Piedmont Belt, consisting of metamorphic
rock primarily in the mica schist formation. Lenses and layers of quartz schist, micaceous quartzite,
calc-silicate rock, biotite gneiss, amphibolite, and phyllite are also found throughout this formation,
with garnet, staurolite, kyanite, or sillimanite occurring locally (NCGS, 1985). The NE Shelby
Quadrangle for Cleveland County, (USGS, 1962) further indicates that the Magness Creek Site is
located above light to dark-gray, foliated, layered, fine to medium grained, inequigranular biotite gneiss
and schist, with deeply weathered brassy to red-colored saprolite commonly found in thin to thick
layers, usually warped into broad open folds.

The project site is located within the Felsic Crystalline Soil System of the Piedmont Soil Region of
North Carolina (Daniels et al., 1999), formed primarily in residium saprolite from the underlying
bedrock metamorphic or igneous parent materials. Topographically, broad gently sloping uplands are
common with moderately to steeply sloping areas with narrow convex ridges and steep valley slopes
along branching, dendritic stream patterns. Finer-textured soils such as Cecil and Pacolet typically
dominate the uplands, while more coarse-loamy soils such as Chewacla and Toccoa are commonly
found throughout the floodplains.

The specific soils found in the general surrounding area of the Magness Creek site are dominated by a
classic Piedmont soil transitional landscape with Cecil clay loam soils (2-8% slopes) found in the broad
interstream divides, with Pacolet sandy clay loam soils (8-15% slopes) found on the steeper slopes
along the stream channels, with Chewacla loams (0-2% slopes) found throughout the floodplains (See
Figure 7). These Chewacla loams dominate the proposed project site itself, and are very deep,
somewhat poorly drained, moderately permeable soils formed in alluvium and commonly found in river
valleys throughout the Piedmont and Coastal Plain (NRCS, 2006). Their formal taxonomic
classification is: fine-loamy, mixed, active, thermic Fluvaquentic Dystrudepts. Chewacla soils are
listed by the NRCS as being hydric for Cleveland County, NC.

Topography

The general topography within the project’s 0.62 square mile drainage area is fairly typical of this
portion of the Piedmont region. The surrounding terrain consists of steep hills overlooking narrow
stream valleys. The average elevation of the drainage area is ~940 feet, with a minimum elevation of
~840 feet and a maximum elevation of ~1,030 feet. The topography of the project site itself and its
immediate surrounding area is very similar, with adjacent moderate to steeply sloped hills overlooking
the project streams and narrow floodplain. The project valley slopes vary significantly for each of the
two main project reaches. The valley slope for Reach 1 is approximately 1.9%, while the UT2 valley
has a 11.1% slope. The steepness of UT2 is a result of the significant downcutting observed in its lower
section as it eroded to meet the incised channel of Reach 1. The project area within the easement has
a high-point elevation of ~920 feet and a low-point elevation of ~850 feet. Figures 2 and 10 depict the
topography for the project site and immediate surrounding area.

Existing Vegetation:

Vegetation on the project has been heavily disturbed from years of use in agriculture, in particular from
livestock. The project stream buffers are currently used for livestock grazing and subsequently much
of the buffers consist of a range of typical pasture grasses (fescues and clovers) with scattered weeds
and other common herbaceous species present such as docks (Rumex spp.), dogfennel (Eupatorium
capillifolium), common violet (Viola sororia), buttercup (Ranunculus spp.), goldenrod (Solidago spp.),
horsenettle (Solanum carolinense), plantains (Plantago spp.), and dandelions (Taraxacum officiniale),
with smartweed (Polygonum pennsylvatica), soft rush (Juncus effusus), sedges (Carex spp.), and
jewelweed (Impatiens capensis) found in wetter areas. Mature trees are found scattered throughout the
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buffers of the middle portion of Reach 1 and along UT2. They primarily consist of red maple (Acer
rubrum), tulip poplar (Liriodendron tulipifera), and sycamore (Platanus occidentalis), with some
persimmon (Diospyros virginiana), black walnut (Juglansnigra), and American holly (Ilex opaca) also
present. There is a notable lack of any understory/subcanopy layer on the project, as well as heavily
impacted shrub and herbaceous layers, all likely the result of livestock grazing pressure.

Notable invasive species found on the site include Chinese privet (Ligustrum sinense), multi-flora rose
(Rosa multiflora), and trifoliate orange (Poncirus trifoliate), all are found thinly scattered within the
project buffer.

3.1.2 Land Use/ Land Cover, Impacts, Historic, Current and Future

Relevant land use / land cover and their impacts were investigated for the project and surrounding
watershed through landowner discussions, a review of historic aerial photographs, GIS analysis using
historic datasets, and field reconnaissance.

Based on landowner conversations historic agricultural uses on the project site itself have included the
current livestock pasture as well as the adjacent turkey houses for well over forty years (1979 aerial
shows established turkey houses and pastureland). These activities have negatively impacted both water
quality and streambank stability along the project streams and their tributaries. The resulting stressors
include excess nutrient input, streambank erosion and sedimentation, channel modification, and the loss
of riparian buffers.

The USGS National Land Cover Database (NLCD) for 2016 shows that the entire 0.62 square mile
(397 acres) project drainage area was 48.1% pasture/hay, 25.7% forested, 9.2% open space, 8.9%
cultivated crops, 4.9% developed, 2.6% herbaceous, and 0.6% scrub/shrub. For comparison, the 2009
Broad RBRP describes the overall Big Harris / Magness Creek watershed (51 square miles) as being
somewhat similar with approximately 49% total agriculture, 39% forested, and 12% developed.

Historic aerial photographs from 1947, 1961, 1979, and 1993 were reviewed for the project and its
immediate surrounding area (Figures 9A — 9D). The aerials all show the recognizable project area in
various stages of agricultural development and use, as is the surrounding area. The adjacent fields to
the projectitselfare cleared and used for pasture in each photo. The 1947 aerial reveals that the project
area was once largely cleared, with trees primarily observable only along the lower section of Reach 1
in the right buffer. Reach 1 is only faintly visible in the photo though it does appear to have been
straightened and impacted from the adjacent agricultural activity (e.g. field terracing and vehicle paths)
in both the upper and lower sections. The 1961 aerial reveals the project was further cleared or thinned
by this date, especially in the upper portion of Reach 1. Reach 1 is also much more visible in this photo
and has clearly been straightened. The 1979 aerial shows that reforestation is occurring within the
project area, though it is clearly still thin along upper Reach 1. The reach is still visible in several
sections (particularly in the upper portion) and shows some migration from its previously straightened
condition as the stream has carved itself a new pattern. The turkey houses still located on the farm are
now visible in this photo as well. The 1993 aerial reveals no additional reforestation from that
previously observed on the project (though no new clearing observed either) along with continued
significant stream pattern migration. Numerous sections of Reach 1 are visible and appear similar to
their present condition, with an overly torturous sinuosity. By comparison, the most recent aerial from
2019 shows a project landscape quite similar to the 1993 aerial, with the continued maturity of the
forested areas, though not appearing any larger in extent. Reach 1 is clearly visible and has migrated
significantly from its previously observed straightened alignment seen in the earlier aerials.

Overall, the historic aerial assessment reveals that the project area itself appears to have been highly
impacted since at least 1947 with straightened channels and the clearing of substantial portions of buffer
for pasture utilization. The larger project watershed area has always been shown to be dominated by
agriculture and remains as such to the present day. The only notable change observed over time is the
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reforestation of the riparian buffer on the farm immediately upstream of the project (upstream of Reach
1). Shown as completely bare in 1947 and 1961, and partially cleared in 1979, it has since slowly
reforested.

Thus, the history of the land use and land cover of the site and surrounding area indicates that significant
impacts to water quality have occurred, certainly resulting in increases in erosion, sedimentation, and
nutrient inputs to the streams, and decreases in stream and riparian habitat and function. The future for
the project and its watershed will also likely remain largely undeveloped and agricultural in nature
within a general rural landscape through the project’s lifespan.

3.1.3 Watershed Disturbance and Response

The watershed disturbances are described above and include the straightening/channelization of project
reaches, livestock impacts, and the removal or degradation of forested buffers. The project reaches have
been heavily impacted from these modifications and land use practices. Reach 1°s buffers are mostly
cleared and planted in pasture grasses, though there are some scattered mature trees present. The
remaining buffer areas do have a somewhat sparse layer of mature trees, though they completely lack
a subcanopy and have heavily degraded shrub and herbaceous layers due to livestock impacts.

The reaches have responded to these disturbances by becoming increasingly incised; Reach 1 has cut
down to bedrock in several locations and is now becoming increasingly overwide, while UT2 has cut
down to meet the incised channel elevation of the receiving Reach 1. Large sections of the reaches are
laterally eroding, as streambanks are mostly vertical with large areas of scour and with some isolated
mass wasting, all of which is exacerbated by livestock hoof shear. The lack of protective woody and
deep rooting vegetation along the majority of the project reaches has also contributed to accelerated
bank erosion and migration. While there are sections of reach with established trees and root mass
along the banks, they are still experiencing erosion (as evidenced by the number of fallen trees noted
along the bank) and their roots are increasingly exposed. The channel incision and associated decrease
in overbank flooding frequency has also likely resulted in a lowered water table in the adjacent
floodplain. Thus, the cumulative effects of the watershed disturbance have severely impacted the
functioning of the project reaches and buffers.

3.2 Regulatory Review
3.2.1 Categorical Exclusion

The National Environmental Policy Act of 1969 (NEPA) requires agencies to use an interdisciplinary
approach in planning and decision-making for actions that will have an impact on the environment. The
Federal Highway Administration (FHWA) and NC Department of Transportation (NCDOT) have
determined that DMS projects will not involve significant impacts and therefore a Categorical
Exclusion (Cat-Ex) is the appropriate type of environmental document for this project. FHWA has also
determined that stream restoration projects are considered land disturbing activities; therefore, Parts 2
and 3 of the DMS Cat-Ex checklist and a summary of the findings applicable to the environmental
regulations associated for this project are included.

The Cat-Ex for the UT to Magness Creek Mitigation Project was approved by FHWA and DMS on
May 22, 2019. The Cat-Ex summarized impacts to natural, cultural, and historical resources and
documented coordination with stakeholders and federal and state agencies. All documentation for the
Cat-Ex is included in Appendix I.

3.2.2 FEMA Regulated Floodplain Compliance

The UT to Magness Creek project is located within FEMA Zone X as noted on the Cleveland County
Flood Insurance Rate Map Panel 3710264100J (Figure 8). The topography of the site (valley slope and
proposed slope) supports the design without creating the potential for hydrologic trespass. The
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streambed will not be raised within the first 120 feet from the conservation easement and ties into
existing ground approximately 70 feet upstream of the culvert below Selkirk Drive.

3.2.3 Section404 /401 Permitting

The proposed project area was reviewed for the presence of jurisdictional wetlands and waters of the
United States in accordance with the provisions on Executive Order 11990, the Clean Water Act, and
subsequent federal regulations and guidance. In fulfillment of the project’s Section 404 /401 permitting
requirement, a Pre-Construction Notification (PCN) will be submitted for a Nationwide Permit (NWP)
27: Aquatic Habitat Restoration, Enhancement, and Establishment Activities. As discussed previously
in Section 3.1.1, the project area was evaluated in the field for the presence of these resource features
in February and November 2018 and the results were subsequently confirmed in the field by the
USACE and a PJD was received on June 17, 2019 (Appendix H).

The proposed mitigation design will avoid or minimize all disturbance or impacts to the existing stream
and wetland features during project construction wherever practicable. Due to the inherent nature of
the project, a complete avoidance of all impacts to jurisdictional features is not possible. However, any
impacts to stream or wetland resources from construction (both temporary and permanent) will be more
than offset by the ultimate restoration and/or enhancement of stream and wetland resources both in their
overall length or area and in the resource functional uplift. As part of the project, approximately 1.8
acres of wetlands will be restored through both the hydrologic reestablishment of hydric soils and from
the rehabilitation of two existing jurisdictional wetlands. Though no wetland credits are being sought
for the remainder of the existing wetlands, they will be enhanced (except as noted below) through the
restoration of a more natural flooding regime, by raising their water table, and by planting native
wetland vegetation. All existing streams are currently rated as ‘Low’ in NC-SAM, and all existing
wetlands are rated as ‘Low’ in NC-WAM. Ultimately, the project will restore resource function such
that all features will be rated higher than their current respective assessments. Approximately 0.07
acres of wetlands found on wet inner berms within the stream top-of-banks of Reach 1 will be impacted
during construction, along with an additional 0.01 acres from the filling of a drainage ditch. A copy of
the Pre-Construction Notification (PCN) will be provided with the Final Mitigation Plan, which will
include figures detailing the areas of temporary and permanent impacts.
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4.0 FUNCTIONALUPLIFTPOTENTIAL

Current stream and watershed conditions within the project site, as well as throughout the Magness Creek
watershed as described in previous sections, allow for functional improvements. Channel incision, removal of
riparian buffer, and livestock impacts are the predominant impairments within the project reaches, and have
contributed to the overall degradation of the local ecosystem due to a lack of floodplain connectivity, minimal
bedform variation, poorly functioning riparian buffers, and high amounts of sediment inputs from bank erosion.

The uplift for these project reaches will primarily be achieved at the hydraulic and geomorphological functional
levels. Hydraulic improvements will come from the reintroduction of bankfull flows to the historic floodplain
through a Priority 1 Restoration of Reach 1. The approach will elevate the stream beds and add an appropriate
meandering pattern to the channel. Priority I restoration will also reestablish floodplain connectivity and return
a hydraulic routing regime allowing flood stages to access a broader flood prone area. The restoration will
allow frequent flood flows to spread out instead of containing them within the existing confined channel.
Raising the streambed should also raise the adjacent groundwater table, which will improve the hydrology of
the adjacent pockets of existing wetlands found alongside project streams.

Geomorphological functional uplift will be achieved through channels sized to the bankfull flow, a planform
and profile design emphasizing improved bedform variation with high amounts of woody debris for bank
protection and habitat, and the reestablishment of a forested riparian corridor. These improvements will be
achieved through both the Restoration of Reach 1 and the Level I Enhancement of UT2. As a result, bank
migration and lateral stability will be restored to a sustainable level and the banks and bed will accommodate
design flows in a stable manner. Sediment inputs will decrease due to reduced bank erosion and sediment
transport can return to a stable level that will accommodate watershed inputs. Riparian plantings will further
support geomorphological functionality by increasing bank stability.

Consideration of future impacts to the area that could limit functional uplift opportunities is important when
assessing project potential. As mentioned in previous sections, the project exists within a predominantly rural
area where agriculture is the primary land use. Substantial changes to the surrounding area are not expected as
the watershed is not likely to experience a significant increase in development in the future based on previous
land use changes over time, and the area is most likely to remain dominantly rural. Therefore, the hydrology
of the site will likely remain relatively unchanged as well. However, the restoration effort will allow the stream
to remain stable during any potential future development as the project work includes improved access to the
floodplain, significant bank stabilization, restored buffers, and numerous in-stream grade control structures.

4.1  Project Constraints

The principle constraints to achieve maximum uplift potential for the project are related to upstream and off-
site issues, as these existing upstream conditions within the project watershed could have significant impacts to
potential physicochemical and biological improvements. Examples of upstream of off-site water quality issues
include nutrient and sediment loading, and the presence of diverse biology near the site to ultimately repopulate
the improved habitat post-construction. An additional project constraint is the necessity of an easement break
for a culverted crossing located in the lower section of Reach 1. The crossing will allow livestock access to an
area of shade on the other side of the easement and to rotate livestock without disturbing the restored stream or
adjacent riparian areas. Though no credit is being sought for this section, restoration or enhancement measures
will continue as practicable through the break to maintain project continuity and ensure the long-term success
of the project.

4.2  Functional Uplift Summary

Substantial functional uplift for the UT to Magness Creek Mitigation project is expected and is described in
detail above. Improvements to site hydraulics and geomorphology will be clear and measurable post-
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construction, while improvements to other functions such as physicochemical and biological may not be as
easily determined and can be greatly affected by offsite conditions. Since only the hydraulics and
geomorphology of the project streams are being directly measured, project goals are primarily linked to these
functions. While project vegetation will also be monitored and can be linked to biological and physicochemical
uplift, these parameters are more difficult to directly measure. Table 5.1 summarizes the project goals and
objectives that will lead to functional improvements and the monitoring tools that will be used to track these
changes to the site.
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5.0 MITIGATIONPROJECT GOALSAND OBJECTIVES

The goals and objectives for the UT to Magness Creek project are detailed below in Table 5.1. They represent
the logical conclusion to the previous discussions of current site conditions and historic use, watershed
disturbance and response, and the functional uplift potential for the project. The listed goals are broad
statements about intended project accomplishments and are consistent with the identified watershed priorities
as outlined in the Watershed Approach and Site Selection discussion in Section 2. By comparison, the
objectives and outcomes are intended to be more specific, measurable, and represent direct steps towards
accomplishing the associated goal. The project objectives will have performance standards and success criteria
associated with them as described later in Section 7 of this report and will be evaluated throughout the
monitoring phase of the project.

Table 5.1 Mitigation Project Goals and Objectives
UT to Magness Creek Mitigation Project — DMS Project No. 100081
Goals Objectives Functional Monitoring Measurement
Level Tool
Toraise channel beds and/or excavate
sloping vegetated floodplains
Reconnect stream | appropriate for stream type, by utilizin
reachestotheir eirt)lrl)erg Priority I Restoilar;ion %aipproachg Hydraulics lélr(z)os(si I;ree(g;eﬁ}éuwe
floodplains forReach1 (C-type),oran ) y
EnhancementLevell approach for UT2
(B-type).
Restore or
En g;g;;e to Toraise adjacentchannel beds and
ag'acentgl}ll dric remove drainage ditches to raise Hydraulics Groundwater Wells
o iJls and ri}ll)arian groundwater tables within the buffer.
wetlands
To construct streams of appropriate
dimensions, pattern, and profile in
Improvestream restored reaches, slgpe stream banks on Cross—Sectiongl Survey
stability eqhanced streams, install gra de pontrol Geomorphology Vlsuallnspectlon
with plunge pools, andutilize bio- Photo Points
engineeringto providelongterm
stability.
Construct an appropriate channel
morphologyto all streams increasing the
Improveaquatic numberanddepths of pool.s, inpreasing Cross-Sectiona'll Survey
habitat the amount of qudy debps w1t_h Geomorphology Vlsuallngpectlon
structures including geo-lifts with brush Photo Points
toe, woody riffles, log vanes/weirs,
cross-vanes, and/or J-hooks.
Reestablish Es'ta'blish rip.arianbuffers ata50-ft V;getation Plo'ts
forested riparian minimum width alf)ngall. stream Geomorphology VlsualIn'spectlon
buffers reaches, plgnted with native tree and Photo Points
shrub species.
Establish a permanent conservation
Permanently easement re;t;i.ctin%land use 1n . - Viwall .
. erpetuity. This will prevent site eomorpholo isualInspection
protect theproject gisrtll)lrbanyce and allov&lf the project to PO b
mature and stabilize.
MICHAEL BAKER ENGINEERING, INC. PAGE 5-1

UT TO MAGNESS CREEK MITIGATON PRQOJECT, DMS NO. 100081
MITIGATION PLAN (FINAL)



6.0 DESIGN APPROACHAND MITIGATIONWORK PLAN

6.1 Project Design Approach

The selection of project design criteria was based on a combination of approaches, including a review of
information from reference streams within the geographic area, regime equations, evaluation of monitoring
results from numerous past projects, and best professional judgment. Evaluating data from reference reach
surveys and the monitoring results from multiple NC projects provided the most pertinent background
information to determine the appropriate design parameters given the existing conditions and overall site
functional uplift potential. The design parameters for the site also took into consideration current guidelines
from the USACE and DMS. Additionally, a Grazing Plan was completed for the farm by the NRCS and
landowner, with input from Baker. This Plan was developed as guidance for the landowner regarding how to
maximize his pasture of grazing by his cattle herd. The pasture was separated into multiple paddocks, a
livestock watering system was laid out showing a well location, the appropriate number and general locations
of watering tanks, as well as the appropriate type and location of livestock fencing. The needs and
requirements for the stream restoration project were included in this analysis and plan preparation. The grazing
plan overview information can be found in Appendix K.

While reference reach data can be a useful aid in designing channel dimension, pattern, and profile, there are
limitations in smaller stream systems. The flow patterns and channel formation for most reference reach
quality streams is often controlled by slope, drainage areas, and larger trees and/or other deep-rooted
vegetation. Some meander geometry parameters, such as radius of curvature, are particularly affected by
vegetation control. Pattern ratios observed in reference reaches may not be applicable or are often adjusted in
the design criteria to create more conservative designs that are less likely to erode after construction, before
the permanent vegetation is established. Reference reach data was used to provide additional confidence in
the design parameters chosen but not used as the only basis for design parameter selection.

Two reference reaches were selected from stable locations within 2 mile of the project location. Onereference
reach is located further downstream of Reach 1 itself (but off the project site), while the second was located
on another nearby UT to Magness Creek found above the intersection of Toney Road and Ball Park Road
southwest of the project. A third reference reach selected was an unnamed tributary that was part of the Puzzle
Creek project in adjacent Rutherford County. Additionally, reference parameters from Baker’s internal
database based on successful past projects were consulted and analyzed. The data shown on Table 6.1 helped
to provide a basis for evaluating the project site and determining the stream systems that may have been present
historically with consideration for how they may have been influenced by changes within the watershed.

Table 6.1 Reference Reach Parameters Used to Inform Design
UT to Magness Creek Mitigation Project — DMS Project No. 100081

Reach near Toney Downstream of UT to Puzzle Baker_
Parameter Rd (*2 M_lle SW of Reag:h 1 (fo Creek Composite
Project) Project Site) Reference Data
Valley Width (ft) 120 140 -
Contributing Drainage Area (ac) 275 621 1,024
Channel/Reach Classification B4 B4 C4 4
Discharge Width (ft) 9.4 13.7 14-18
Discharge Depth (ft) 1.2 1.3 1.5-1.6
Discharge Area (ft?) 10.9 17.5 24 - 28
Discharge Velocity (ft/s) 2.6 3.1 5.0-5.8 3.5-5.0
Discharge (cfs) 28.5 54.0 140
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Table 6.1 Reference Reach Parameters Used to Inform Design
UT to Magness Creek Mitigation Project — DMS Project No. 100081

Reach near Toney Downstream of UT to Puzzle Baker_
Parameter Rd (2 Mile SW of Reach 1 (Off Creek Composite
Project) Project Site) Reference Data

Water Surface Slope! - - 0.0085
Sinuosity low low 1.21 1.2-1.4
Width/Depth Ratio 8.1 10.7 8.2-12.0 10-15
Bank Height Ratio 3.3 1.28 1.0-1.1 1.0
Entrenchment Ratio 1.77 1.83 >2.8

d16/d35/d50/d84/d95/dip/
disp (mm)’

1. Water Surface Slope is not reported because profile information was nottaken at this site; neither were pebble counts.

After examining the assessment data collected at the site and exploring the potential for functional uplift,
specific approaches were developed for each reach that would address the restoration or enhancement of
stream functions within the project area. Prior to impacts from past channel manipulation, the topography,
elevation, adjacent vegetation, and soils on site indicate that the project area most likely functioned in the past
as a Piedmont Alluvial Forest system. Therefore, overall design approaches were formulated to best restore
and/or enhance this type of system. First, an appropriate stream type for the valley type, slope, and desired
stream functions was selected and designed for each reach. Then a design plan was developed to improve the
hydrology, geomorphology, and habitat of the project streams.

6.2 Design Morphological Parameters

For design purposes, the selected approaches chosen for each reach were based on the maximum potential for
functional uplift as determined during the site field assessments as previously described in Section 4. The
specific design parameters were developed based on those approaches so that appropriate planform geometry,
cross-section dimensions, and reach profiles could be accurately described for developing construction plan
documents. The overall design philosophy is to use these design parameters as conservative values for the
selected stream types and to allow natural variability in stream dimension, facet slope, and bed features to
form over longer periods of time under the processes of flooding, re-colonization of vegetation, sediment
deposition, and other watershed influences.

The following tables present the design stream morphology parameters proposed for Restoration and
Enhancement reaches, as needed. The proposed stream design values and design criteria were selected using
existing conditions surveys and bankfull identification, sediment collection and analysis, regional curve
analysis, nearby reference reach data, and Baker’s internal reference ratios proven to be successful on
numerous past projects. Following the initial application of the design criteria, detailed refinements were

made to accommodate the existing valley and channel morphology.

This step minimizes unnecessary

disturbance of the riparian area and wetlands, makes adjustments around specific features in the field,
maximizes the uplift to the ecological resources, and allows for some natural channel adjustment following

construction.

Reach 1: Restoration

Reach 1 consists of the mainstem of the UT to Magness Creek within the project area, which extends from the
upstream northern terminus of the project at an existing property line that is fenced and flows south then
southwest approximately 3,205 feet to the end of the project reach. The project ends approximately 203 feet
upstream of a culverted road crossing at Selkirk Drive (SR 1803). The project ending point is just upstream
of where the FEMA designated floodplain begins. The project ending point was selected to avoid conflicts
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with this jurisdictional area and potential costly FEMA permitting. Reach 1 is a perennial channel with a
valley slope of approximately 0.01 percent and a drainage area of 0.38 square miles (245 acres) at the
beginning of the reach and grows to 0.62 square miles (397 acres) at Selkirk Drive. Flow has been consistent
within the project limits for the last two years of site identification and field activities. Reach 1 is very incised
with bank height ratios (BHR) of 2.0 or greater throughout most of its length and significantly more on many
sections. This reach is exhibiting bank scour over more than 80% of the channel, on both banks. Mass wasting
is occurring at multiple locations along the reach and this significant erosion has resulted in multiple trees
being undercut and falling into the channel. Many large poplar trees have their root systems exposed on the
stream bank (see front cover) and will be falling into the creek in short order unless this situation can be
addressed.

The bed material of R1 is predominantly composed of medium gravel (d50 = 10.2 mm), but with extensive
sections of high sand deposition, particularly in locations where the channel has significant lateral erosion,
causing the channel to become overly wide. This sand is due to extensive bank erosion within the reach. The
reach lacks deep pools except in a few areas were bedrock is exposed and creates a knickpoint with a drop
that causes scour and deeper pool formation. Much of the remaining sand and gravel dominated channel is
almost entirely composed of riffles or deeper runs. As a result, habitat is fairly homogenous throughout the
reach with little diversity of bedform. Reach 1 is difficult to classify using Rosgen classification terminology
given the extreme instability and can be called an incised B, C or F stream type depending on the existing
condition cross section used to do the classification. We are calling the upper end of the reach a B and the
lower reach a C. These designations are because of the three stream types our cross sections indicated are
present and these two are generally the more stable forms. However, more than entrenchment, width/depth
ratio and sinuosity, the parameters used to determine stream type, indicate that this project reach is unstable.

Reach 1 has a riparian buffer that varies from being primarily pasture grasses and other weedy herbaceous
vegetation with only scattered trees in the upper and lower sections, to having a stand of larger trees present
within the buffer of the middle section of the reach. Aside from these mature canopy trees (primarily tulip
poplar), the buffer lacks any significant understory vegetation with no smaller subcanopy, shrub, or native
herbaceous species present. This lack of understory is certainly due to grazing pressure and shade. There are
scattered invasive species found within the buffer but there are no thick stands. Invasive vegetation consists
of Chinese privet (Ligustrum sinense), Multiflora rose (Rosa multiflora) and trifoliate orange (Poncirus
trifoliate).

There is no one specific existing crossing along R1, but rather a number of locations where livestock and
possibly past stream bank alteration, have created areas of unstable stream bank. These low stream bank
locations are used by livestock as crossings, as watering areas, and as general loafing areas during hot weather.
A couple of these low bank areas are also used by the landowner as crossing locations for his tractor or 4-
wheeler if he needs to cross the stream. There are no utility crossings of the stream within the project reach.
At one location approximately 1,500 feet down R1 on the right bank, there is significant overland flow coming
down a stormwater conveyance and entering the stream. Atthe location where it enters the stream a significant
headcut has developed on the stream bank. This is the proposed location of a Best Management Practice
(BMP) installation.

A Priority Level I restoration approach was selected to fully restore stream and associated buffer functions to
R1. The channel will be raised to reconnect the stream to its historic floodplain. This will promote more
frequent over bank flooding thus reducing erosive stream energies during storm events greater than the
bankfull discharge and will improve adjacent groundwater hydrology. The floodplain area will also act as a
sediment sink providing storage of sediment from upstream sources instead of sending all the sediment load
downstream. The very top of the reach will include a relatively short transitional section of channel where the
stream bed elevation is being raised to a point where the existing valley floor (the new floodplain) can be
accessed at a bankfull flow. Between the beginning of the conservation easement and the point where the
stream can fully access the floodplain, the stream banks will be lowered to the planned flood plain elevation.
This flood plain bench will gradually slope to the existing ground elevation, thus providing improved access
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to the floodplain until the bed elevation can be fully raised. The bench will be held to as low a slope as possible
At its downstream end, another transitional section will begin approximately 200 feet upstream of the project
terminus by dropping the bed elevation relative to the floodplain, with stream bank sloping again being
conducted as described above. Soil amendments will be applied as appropriate to the exposed subsoil on the
sloped banks, which will be loosened prior to having stockpiled topsoil replaced on the surface. Itis likely
topsoil and significant amendments will not be required as excavation may expose a buried A horizon which
is rich in organic matter.

The reach will be designed as a Rosgen C4 stream type and will be restored using appropriate riffle-pool
morphology, which will restore a proper channel meander geometry and incorporate deep pools. This will
greatly improve habitat throughout this reach. For design purposes, Reach 1 has been divided into an upper,
Reach 1A, and lower, Reach 1B, sections to account for the increase in drainage area over the entire length of
R1. Each sub-reach will have the channel dimensions sized appropriately. Reach 1A will run from the
beginning of the project to Station 33+51.77 and Reach 1B will run from Station 33+81.98 to the end of the
project. There will be a break in the conservation easement between 1A and 1B where a culverted crossing
will be installed. The design width-to-depth ratio for the channel will be 14.2 and 15.2 for 1A and 1B,
respectively, though over time the channel may narrow due to deposition of sediment and growth of
streambank vegetation. Channel narrowing should not risk downcutting because any narrowing would be in
response to stabilizing processes (i.e., vegetation establishment, point bar formation, etc.). The entrenchment
ratio will be significantly greater than 2.2 on both sub-reaches as the adjacent flood-prone width allows, while
the sinuosity for both will be 1.2. Channel banks will be graded to stable slopes, and will provide floodplain
access, promote stability, and provide sediment storage.

Table 6.2a Reach 1A Stream Design Morphology Parameters.
UT to Magness Creek Mitigation Project - DMS Project No. 100081

Parameter Condition | Conditions | Proposed
Valley Width (ft) 110-150 120/130 110-150
Contributing Drainage Area! (acres) 251-293 275/621 245-330
Channel/Reach Classification? B4c B4/ C4 C4
Discharge Width (ft) 11.32-29.0 9.4/14.4 12.5
Discharge Depth (ft) 0.90-0.44 0.84/1.16 0.9
Discharge Area (ft?) 10.2-12.6 10.5/13.7 11.0
Discharge Velocity (ft/s) 2.7-2.9 2.5/2.7 2.5
Discharge (cfs) 26.9-36.0 26.9/37.0 27
Water Surface Slope 0.0124-0.0076 0.011 0.0110
Sinuosity 1.14-1.23 1.2 1.2
Width/Depth Ratio 12.58-65.9 8.14/15.2 14.2
Bank Height Ratio 3.09-6.25 1.0/3.28 1.0
Entrenchment Ratio 1.96-1.07 1.8/3.2 3.2
d16/d35/d50/d84/d95/dip/disp 2.11/6.81/10.16/ ) 2.11/6.81/10.16/
(mm) 17.32/30.02/90 19.34/48.71/90

1. Existing and Reference Condition drainage areas were taken from the surveyed cross-section locations, while the Proposed
drainage areas shown are from the top and bottom of the reach.

2. Stream type varied with each cross-section and we could have chosen an existing stream type as Bor C. B was selected
because it came from a more stable reach.
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Table 6.2b Reach 1B Stream Design Morphology Parameters.
UT to Magness Creek Mitigation Project - DMS Project No. 100081

Parameter Condition | Condition | Proosd
Valley Width (ft) 110-150 120/130 200
Contributing Drainage Area! (acres) 371 2757621 352-397
Channel/Reach Classification? C4 B4/C4 C4
Discharge Width (ft) 11.32-29.0 9.4/14.4 14.5
Discharge Depth (ft) 0.90-0.44 0.84/1.16 1.0
Discharge Area (ft?) 10.2-12.6 10.5/13.7 13.8
Discharge Velocity (ft/s) 2.7-2.9 2.5/2.7 2.7
Discharge (cfs) 26.9-36.0 26.9/37.0 37
Water Surface Slope 0.0124-0.0076 0.011 0.0110
Sinuosity 1.14-1.23 1.2 1.20
Width/Depth Ratio 12.58-65.9 8.14/15.2 15.2
Bank Height Ratio 3.09-6.25 1.0/3.28 1.0
Entrenchment Ratio 1.96-1.07 1.8/3.2 2.8
d16/d35/d50/d84/d95/dip/disp 0.33/2.66/7.65/ 2.11/6.81/10.16/
(mm) 19.34/48.71/90 ) 19.34/48.71/90

1. Existing and Reference Condition drainage areas were taken from the surveyed cross-section locations, while the Proposed
drainage areas shown are from the top and bottom of the reach.

2. Stream type varied with each cross-section and we could have chosen an existing stream type as Cor F. C was selected
because it came from a more stable reach.

In-stream structures such as constructed riffles, cross-vanes, log jams, and j-hooks will be constructed using
boulder, stone, brush, and log materials. This technique will provide the appropriate bedform morphology,
protect stream banks, improve aquatic habitat, and ensure grade control along this reach. Bioengineering
techniques such as geolifts, root wads, toe wood, brush layers, and live stakes are also proposed to protect
restored stream banks and to promote woody vegetation growth along the stream banks. Sections of the old
channel not incorporated into the new channel alignment will be completely filled using suitable material up
to the floodplain elevation. Where possible and appropriate, some small vernal pools may also be constructed
within the alignment of the old channel. These will be small depressions that are a foot or less lower than
bankfull to allow for temporary ponding of water and additional habitat diversity.

Mature trees within the riparian buffer of R1 have been avoided in the design plan form to the extent possible,
so that as few as possible will have to be removed. Any trees and native brush removed will be used within
the channel to the extent possible. Riparian buffers 50 feet or greater will be established throughout the reach
and will be planted with appropriate native species. The invasive vegetation will be mechanically removed
during construction and will be chemically treated thereafter throughout the monitoring phase. Removed
invasive vegetation will not be used in the channel.

There is one break in the project conservation easement along R1 and it is between R1A and R1B as described
above. There will be a culverted crossing installed at this location to allow livestock to use the forested area
to the east of the easement in the heat of the summer. This opening is also required by the State Property
Office so that we do not create a landlocked area of the landowner’s property with the easement. There will
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be gates installed, so that access to this crossing can be controlled. The culvert crossing will consist of an
appropriately sized primary culvert with secondary floodplain culverts installed higher to carry flow across
the floodplain (see Appendix A for pipe sizing summary). Below the project reach and outside of the easement
there will also be a ford crossing installed using NRCS standards, so that the banks will be stable. Below this
crossing livestock will be excluded from the stream with barbed wire fencing. The entire conservation
easement around Reach 1 will also be fenced using barbed wire to exclude livestock and reduce sediment,
fecal coliform, and nutrient inputs. Access gates (small 4’ gates or larger) will be installed at various locations
to allow for monitoring activities and inspection of the easement. Since livestock are being excluded from the
stream as their water source, a groundwater well and a livestock drinker system is being installed to provide
water. These agricultural practices have been planned by NRCS and are detailed in the Yarboro Farm Plan
(see Appendix K).

UT2: Enhancement Level |

There is only one tributary to R1 that is being improved through the restoration project, UT2. UT2 has a
confluence with the mainstem at approximately Station 38+90 on the left bank. This tributary is a perennial
stream that begins upslope of the project property, to the east of the mainstem, and flows west crossing the
property line approximately 325 feet upstream of the confluence. The channel has an existing slope from the
property line to the confluence of 0.0206. The channel is deeply incised with a bank height ratio much greater
than 10; however, the ratio gradually decreases as the channel approaches the mainstem and is slightly less
than 5 near the confluence. The soil banks along this reach, though quite steep, continue to be impacted by
livestock as they move across and through the channel, and there are numerous livestock crossing trails found
across this reach. As a result, the channel is experiencing active erosion for well over 80 percent of the
streambank length. The absence of vegetation along the majority of the bank of this project reach also
contributes to ongoing instability. Theright (northern) buffer of the reach does have a good stand of hardwood
trees, though several of the trees located near the stream bank have recently fallen due to undermining from
the incised channel. The left (southern) buffer hasa narrow, somewhat thin stand of trees with pasture coming
to within 10-20 feet of the stream’s top of bank. Between station 11400 and 12+50 of UT2 the channel drops
three feet and has a series of very tight meanders between trees. The roots are acting as a knickpoint for the
dropping channel, but it is aligned against a steep left bank and any soil eroding from the slope falls directly
into the stream.

An Enhancement Level 1 approach was selected for this reach. The stream banks are unstable due to livestock
use, and there is little woody or herbaceous vegetation on the steep banks which is causing sedimentation in
the stream. The Enhancement I approach will allow for addressing stream bank erosion issues by establishing
stable stream dimensions and reducing the slope of the high banks along the reach. This channel is a B type
stream and will need to be raised to meet the elevation of the proposed mainstem. The channel cannot be
raised to the valley surface given the high degree of incision; however, it can be raised 1 to 3 feet which will
significantly reduce the entrenchment of the channel and allow the development of a significantly wider
floodplain within the incised channel. Establishing an entrenchment value of at least 1.4 to 2.2 will be done
by bank grading and raising the channel. Grade control is limited to tree roots through this reach due to an
absence of bedrock. Vertical stability will be achieved, and habitat improved through the reach by installing
grade control structures at intervals across the reach and stabilizing meander bends with bioengineered bank
revetments. These structures will provide energy dissipation and grade control and will also provide a
diversity of habitat types as they support pools with connecting riffles. The in-stream structures selected will
be similar to those described above for Reach 1. The design width-to-depth ratio for the channel will be 12.3,
though over time the channel may narrow due to deposition of sediment and the growth of streambank
vegetation. Channel narrowing should not risk instability because any narrowing would be in response to
stabilizing processes (i.e., vegetation establishment, point bar formation, sequestering of sediment on the
floodplain, etc.). Steep channel banks will be graded to stable slopes, and connected to sloping floodplains,
this will promote stability and provide sediment storage. The existing hardwood trees along the top of the
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steep banks will be protected as much as possible. Fallen trees will be removed and trees that must be removed
to conduct enhancement of the channel will be used as part of in-stream structures.

Riparian buffers at least 50 feet in width will be restored with native species and protected along all of UT2.
Any invasive species found scattered along the banks and within the riparian buffers of the reach will be
removed at construction and throughout the monitoring period. Additionally, barbed wire fencing will be
installed to exclude livestock and reduce sediment, fecal coliform, and nutrient inputs.

Table 6.2c Reach UT2 Stream Design Morphology Parameters.
UT to Magness Creek Mitigation Project - DMS Project No. 100081

Parameter Condition | Condition Proposed
Valley Width (ft) 80 120/ 80 80
Contributing Drainage Area! (acres) 30 275/31 31
Channel/Reach Classification F4 B4/ B4 B4
Discharge Width (ft) 5.05 9.44/5.71 6.25
Discharge Depth (ft) 0.32 1.16/0.46 0.5
Discharge Area (ft?) 1.63 10.9/2.66 2.7
Discharge Velocity (ft/s) 3.16 2.61/1.94 1.9
Discharge (cfs) 5.15 28.5/5.15 5.15
Water Surface Slope 0.0206 - 0.0100
Sinuosity 1.18 N/A/1.20 1.2
Width/Depth Ratio 15.8 8.1/12.3 12.3
Bank Height Ratio 7.62 32/1.0 1.0
Entrenchment Ratio 1.33 1.8/2.2 2.2
d16/35/d50/d84/d95 /dip /disp (mm) | 00 01T 23T i e

"Existing Condition and Reference drainage areas were taken from the surveyed cross-section locations, while the Proposed
drainage area was taken from the downstream end of the reach.

Stormwater BMP on Reach 1A

A wet pond type stormwater BMP is proposed on the west side of Reach 1A of the UT to Magness project
near station 25+00. This wet pond will receive stormwater runoff from 4.19 acres of drainage area, which
contains no impervious area; however, this area is a primary livestock gathering site with very compacted
ground. Sizing of the BMP was completed using a 1-inch design storm rainfall depth, and runoff was
calculated using the simple method. This BMP was designed to meet the stormwater design criteria of a wet
pond following the North Carolina Stormwater Design Guidance Manual. Almost all of the minimum design
criteria (MDC) were able to be accommodated; however, one criterion could not be met as outlined below.
Even with these limitations, the design will be able to provide water quality improvement benefits.

The BMP collects surface runoff along the western side of the proposed wet pond, and then discharges runoff
through an overflow weir along the northern side and is designed to detain the 1-inch storm for water quality.
The BMP meets the requirements for main pool surface area and volume (MDC-1), main pool depth (MDC-
2), sediment storage (MDC-3), location of inlet and outlet (MDC-4), forebay (MDC-5), vegetated shelf, and
protection of the receiving stream (MDC-8). The revegetation for the BMP will meet the requirements of
landscaping plan MDC-11. Peak attenuation is not proposed for this BMP.
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The BMP is unable to meet MDC-7, which requires a 2-5 day drawdown time between the temporary and
permanent pool elevations. For a BMP of this size, meeting this criterion would require an orifice that would
likely be subject to frequent clogging in the proposed application; therefore, the BMP was designed to
accommodate the required treatment volume of the permanent pool and the temporary pool below the outlet.
A stone weir structure is proposed for the wet pond outlet, which also eliminates the need for a trash rack
(MDC-10). No fountains are proposed, which eliminates MDC-9.

6.3 Design Discharge Analysis
6.3.1 Bankfull Stage Discharge

Upon completion of the geomorphic field survey, identification of bankfull stages and corresponding
discharges were made at various locations along Reaches 1 and UT2. However, on degraded, incised streams
such as these, discernible indicators are often altered or not present, and the reliability of the indicators can be
inconsistent due to the altered condition of the stream channels. For this reason, regional curve relationships
(based on drainage areas) from two well developed curves were also used to develop the bankfull discharge
estimates for the project reaches. The curve relationships were compared to most stable representative cross
sections taken on site to confirm the bankfull field calls and to ultimately select an appropriate design discharge
estimate.

6.3.2 Bankfull Hydraulic Geometry Relationships (Regional Curve Predictions)

Regional curves are available for a range of stream types and physiographic provinces. The published NC
Rural Piedmont Regional Curve (Harman et al., 1999) and the unpublished NC Rural Mountain and Piedmont
Regional Curve developed by the Natural Resources Conservation Service (Walker, 2018) were used for
comparison with site-specific field methods of estimating bankfull discharge. The regional curve equations
developed from the studies are shown below in Table 6.3, while Table 6.4 compares the estimated regional
curve bankfull areas for the project reaches with those measured from bankfull indicators in the field. Baker
has successfully implemented a significant number of stream restoration projects in North Carolina using both
these regional curves, though the general design team preference is for the more recent NRCS equations as
they continue to be revised with the addition of new stream data.

Table 6.3 NC Rural Regional Curve Equations
UT to Magness Creek Mitigation Project — DMS Project No. 100081

NC Rural Piedmont Regional Curve Equations NC Rural Mountain and Piedmont Regional
(Harman et al., 1999) Curve Equations, Revised (Walker, 2018)
Quxr =89.04 Ay, 072 Qokr =55.33 Ay 0P
Apkr =21.43 A, 068 Apkr =19.13 A,, 065
Woikr =11.89 Ay 04 Wik = 17.41 Ay, 07
Doks = 1.5 Ay 032 Doxr = 1.10 A, 028

Table 6.4 Comparison of Bankfull Areas
UT to Magness Creek Mitigation Project — DMS Project No. 100081

Bankfull Area Estimates Design
Reach (SD'; ) | from 1999/ 2018 Regional Bé‘gr'fli‘;fj'lﬁrne;xfgfl(‘sre‘igt Bankfull
q Curves (sq ft) q Area (sq ft)
10.2 (XS-1), 12.4 (XS-2), 10.9
*

Reach 1A | 0.40 11.50/10.51 (REF XS-4) 11.0
Reach 1B 0.62 15.48/14.00 12.6 (XS-5), 17.5 (REF XS-1) 13.8
uT2 0.05 2.75/2.66 1.6 (XS-4) 2.7

*Drainage Area for R1A taken from the selected design location towards the top of this reach around XS-1

MICHAEL BAKER ENGINEERING, INC. PAGE 6-8

UT TO MAGNESS CREEK MITIGATON PROJECT, DMS NO. 100081
MITIGATION PLAN (FINAL)



The results of the bankfull area comparison as shown above in Table 6.4 reveal that the regional curves are
very well aligned in their predictions of bankfull area, which subsequently also align well with the field
measured estimates. These values were then compared with the off-project reference reach and stream projects
of similar size. Based on this evaluation, the final design values were then selected using designer experience
and best professional judgement.

6.3.3 Bankfull Discharge Summary

Table 6.5 provides a summary of the existing condition bankfull discharge and velocity analyses based on the
preferred regional curve (Walker, 2018) and the values derived from the Manning’s ‘n’ associated with Stream
Type, alongside the design values. The design velocity estimates were determined using the design bankfull
discharge with the design cross-sectional areas. The design values ultimately selected will provide for stable
stream channels, while during above bankfull flows the streams will have improved access to their floodplain,
thus reducing stream scour potential and improving streambank stability.

Table 6.5 Bankfull Discharge and Velocity Analysis Summary
UT to Magness Creek Mitigation Project - DMS Project No. 100081
. Design . Design
Reach DA . Bankful_l Dlslcharge / Bankfull Bankfu]l V(-ilomty fl;om Bankfull
Section (mi?) r&m Re_glo’na} (’Zu rfve Discharge M Reg_lonf:l ‘CE”]Y? Velocity
anning’s ‘n’ (cfs) (cfs) anning’s ‘n’ (ft/sec) (ft/sec)
Reach 1A | 0.40% 26.9/24.6 27 2.6/2.4 2.5
Reach IB | 0.62 38.0/26.3 38 2.7/2.1 2.8
UT2 0.05 5.1/2.5 5.2 3.2/1.5 1.9

*Drainage Area for R1A taken from the selected design location towards the top of this reach around XS-1

6.4 Sediment Transport Analysis

For this project, a qualitative sediment supply analysis was conducted from visual inspections of the project
reaches and from aerial photography of the greater watershed. Stream power can be calculated but does not
provide useful information since a sediment rating curve has not been developed for the site. Thus, the focus
of'this project’s sediment transport analysis will be on competency to demonstrate the ability of the constructed
channels to pass the sediment present in the watershed.

Current sediment supply appears to be largely due to bank erosion from within the project reaches themselves.
The incised reaches, nearly vertical in most sections, are now in the process of eroding and widening.
Livestock access to the project reaches, along with their historic ditching and straightening, have clearly
accelerated this erosion. Field inspections reveal that aggradation is a problem for the site; primarily in those
sections of the stream where lateral migration and over-widening is a problem and notable bar formations are
observed. There are also long sections of channel that have sediment-filled pools and/or embedded riffles
found throughout Reaches 1 and UT2. Once the project is complete, on-site sediment sources from bank
erosion along all reaches will be stabilized.

Additionally, some sediment is also being contributed to the project from off-site sources upstream of Reach
1. The watershed above the project was once largely cleared, had streams straightened, and was used for
agriculture, similar to the project site itself. Substantial portions of the riparian buffer upstream have since
reforested over time, but a visual inspection of channel sections in this upstream area reveal that they are still
quite incised, with some resulting sections of eroding banks, and one or more headcuts is/are present.
However, the observed bedload sediment supply found within it does not appear large enough to result in
capacity-limited stream channels on the project site.

MICHAEL BAKER ENGINEERING, INC.
UT TO MAGNESS CREEK MITIGATON PROJECT, DMS NO. 100081
MITIGATION PLAN (FINAL)

PAGE 6-9



6.4.1 Sediment Competency Analysis

To conduct the sediment competency analyses; pebble count, pavement, and subpavement sediment samples
were taken at or near surveyed riffle cross sections on Reaches 1A, 1B, and UT2. The sediment samples were
weighed to generate cumulative frequency plots. The sediment competence analysis was conducted using the
methodologies presented in WARSSS (2006). Design mean depth and slope were checked against the
predicted required depths and slopes to provide confidence that the design streams will be able to transport
their sediment supplies. Analyses were conducted using a dimensional shear stress methodology, which
utilizes both the Shield’s and Modified Shield’s/CO Data curves to compare the shear stress value to the size
particle able to be entrained by that shear stress. The Modified Shield’s curve is based on Colorado field data
(WARSSS, 2006) and the Shield’s Curve is based on laboratory and field data compiled from various sources
(Leopold, Wolman, and Miller, 1964). The results from the analyses are presented below in Table 6.6.

Table 6.6 Sediment Competence Analysis
UT to Magness Creek Mitigation Project — DMS Project No. 100081

Parameter Reach 1A Reach 1B Reach UT2
Design Bankfull Slope, average (ft/ft) 0.0110 0.0110 0.0100
Design Mean Depth (ft) 0.9 1.0 0.5
D50 Pebble Count (mm) 10.2 7.7 2.4
D100 Pebble Count (mm) 90 90 45
D50 Pavement (mm) 6.9 23.6 5.6
D50 Subpavement (mm) 6.6 5.9 10.7
D100 Subpavement (mm) 35 38 27
Design Dimensional Shear (lbs./sq-ft) 0.53 0.58 0.23
Largest Movable Particle (mm) (Mod.
Shicld’s Curve/CO Data) 93 102 32
Largest Movable Particle (mm)
(Shield’s Curve) 40 44 17
Predicted Shear Stress to move D100
(Ibs./sq-ft) (Mod. Shield’s Curve/CO 0.15 0.16 0.10
Data)
Predicted Shear Stress to move D100
(Ibs./sq-ft) (Shield’s Curve) 0.48 0.50 0.37
Predicted mean depth to move D100 (ft)
(Mod. Shield’s Curve/CO Data) 0.22 0.23 0.09
Predicted mean depth to move D100 (ft)
(Shield’s Curve) 0.70 0.73 0.33
Predicted slope to move D100 (ft/ft)
(Mod. Shield’s Curve/CO Data) 0.0027 0.0027 0.0032
Predicted slope to move D100 (ft/ft) 0.0087 0.0084 0.0119

(Shield’s Curve)

The sediment transport analysis using the design geometry and profile values were compared with their
predicted values. As canbe seen from the figure below, design shear stress values plotted against the measured
D100 Subpavement values match quite well within the scatter of the data points, particularly for the Shield’s
Curve data, lending confidence that the stream will be able to move the existing bed load that is currently
supplied (and which will be harvested and reused in the new channels). Using the estimated dimensional shear
for the design channels, the predicted largest moveable particles based on the curves match well with the
existing D100 subpavement and pebble count sizes for all three reaches. Further, the predicted shear stresses,
mean depths, and slopes required to move the D100 values are all within the actual design value ranges,
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particularly for the Shield’s curve predictions. All of this again indicates that the designed system should have
no difficulty moving the existing bed load.

The post-construction channels will include constructed riffles that will contain larger sized materials; a mix
of Class 1, Class B, Class A, and ABC stone, in addition to harvested native channel material (the existing
bed load noted above), for a combined D50 of approximately 100 mm (though only about 15% of the stone
will be larger than is expected to be actively transported and mobile). Thus, the analysis shows that the new
channels should not produce enough shear stress to entrain the largest particles in the system, consequently
allowing the constructed channel beds to remain stable, while still allowing for the active movement and
transport of much of the bed load through the stream system.
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6.5 Wetland Mitigation Design Approach
6.5.1 Wetland Restoration

The wetland mitigation design component of the project consists of two approaches: restoration by re-
establishment and restoration by rehabilitation, each conducted in accordance with the Federal Mitigation Rule
(33CFR Part 332.2/40 CFR 230.92) as described in DWR’s wetland mitigation consistency guidance memo
(DWR 2013). The goal of wetland re-establishment is to restore natural historic functions in areas where
evidence of hydric soil conditions are present but appropriate wetland hydrology and vegetation are not, thus
resulting in a gain in both wetland resource area and in wetland functions. This restoration approach will not
be conducted in existing jurisdictional wetlands but is based on a detailed soil analysis and hydric soil
delineation conducted by a licensed soil scientist (Appendix J). Six main activities will be employed to restore
on-site wetlands:

e Connecting adjacent stream channels to their relic floodplains through Priority I stream restoration,
e Planting native wetland species to reforest the wetlands,

e Removing invasive species from wetlands,

e Exclude livestock from wetlands,

e Removal of drainage ditches from wetland areas along Reach R1, and

e Permanently protect wetlands within a conservation easement.

As aresult of raising the adjacent streambeds and reconnecting the streams to their relic floodplains, significant
hydrologic lift will occur across the project area, raising the local water table and restoring wetland hydrology
to drained hydric soils adjacent to the stream and wetland system. Additionally, drainage ditches located within
the easement will be filled, further improving hydrology to the wetlands. All wetlands will be planted with
appropriate species to re-establish a wetland vegetation community, and all invasive plants will be treated or
removed. Thus, restoration by reestablishment approach will restore the appropriate wetland resource
hydrology and vegetation functions, and will expand the total wetland resource area present on the project.

The goal of wetland restoration through rehabilitation is to restore or greatly improve most, if not all, the
historic natural functions to a heavily degraded, but still existing jurisdictional wetland resource. The areas
proposed for this approach (wetlands W-A and W-B) were determined to be jurisdictional by the USACE
(Appendix H), but are heavily degraded with clear impacts to both the hydrology and vegetation resource
functions. These wetlands are adjacent to incised streams, have nearby drainage ditches, and have had much
of their natural vegetation impacted through livestock grazing. Thus, this rehabilitation approach will result
in significant improvements to both the wetland hydrology and vegetation functions, but will not result in a
gain in wetland resource area.

Additionally, although not for credit, wetlands W-E and W-F located in the floodplain of lower Reach 1B on
the project will be enhanced. These wetlands were determined to be jurisdictional by the USACE, but have
experienced some level of degradation, in particular to their vegetation function. Enhancement of these
wetlands will primarily involve their revegetation with appropriate wetland community species, along with
livestock exclusion and the treatment or removal of all invasive vegetation present. Thus, this non-credited
enhancement will primarily result in an improvement to the wetland vegetation function, but will not result in
any gain in wetland resource area.

6.5.2 Target Wetland Types

The mitigation approaches described above for the riparian wetland restoration areas will target the ultimate
restoration of “Headwater Forest” or “Bottomland Hardwood Forest” wetland types as identified by the North
Carolina Wetland Assessment Method (NCWAM 2016); a Palustrine, Forested, Broadleaved Deciduous

(PFOL1) wetland type (Cowardin et al. 1979); and the wetlands found within the Piedmont Alluvial Forest and
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Piedmont Bottomland Forest communities as described by Schafale (2012). The hydrology of this riparian
system is expected to be intermittently to frequently flooded and inundated (NRCS, Web Soil Survey).

6.6 Vegetation and Planting Plan
6.6.1 Existing Vegetation and Proposed Plant Community Characterization

Existing vegetation on the project has been heavily disturbed from years of use in agriculture, in particular
from livestock. The project stream buffers are currently used for livestock grazing and subsequently much of
the buffers consist of a range of typical pasture grasses (fescues and clovers) with scattered weeds and other
common herbaceous species present such as docks (Rumex spp.), dogfennel (Eupatorium capillifolium),
common violet (Viola sororia), buttercup (Ranunculus spp.), goldenrod (Solidago spp.), horsenettle (Solanum
carolinense), plantains (Plantago spp.), and dandelions (Taraxacum officiniale), with smartweed (Polygonum
pennsylvatica), soft rush (Juncus effusus), sedges (Carex spp.), and jewelweed (Impatiens capensis) found in
wetter areas. Mature trees are found scattered throughout the buffers of the middle portion of Reach 1 and
along UT2. Species primarily consist of red maple (Acer rubrum), tulip poplar (Liriodendron tulipifera), and
sycamore (Platanus occidentalis), with some persimmon (Diospyros virginiana), black walnut (Juglans
nigra), and American holly (llex opaca) also present. There is a notable lack of any understory/subcanopy
layer on the project, as well as heavily impacted shrub and herbaceous layers on the project, all likely the
result of livestock grazing pressure.

Notable invasive species found on the site include Chinese privet (Ligustrum sinense), multi-flora rose (Rosa
multiflora), and trifoliate orange (Poncirus trifoliate), all are thinly scattered within the project buffer.

However, the riparian areas along the project reaches and wetlands would naturally be comprised of species
more consistent with those of a Piedmont Alluvial Forest (Schafale 2012) and Southern Piedmont Small
Floodplain and Riparian Forest (CES202.323, NatureServe 2021) ecosystems. The wetland areas would also
likely include species found within the Piedmont Bottomland Forest ecosystem (Schafale, 2012).

6.6.2 Proposed Riparian Vegetation Plantings

The vegetative components of this restoration project include streambank, wetlands, and general riparian
planting zones within the buffer. These planting boundaries will be comprised of species found within native
plant communities as presented below in Table 6.7 and shown on the revegetation plan sheets in Appendix L.
In addition to the planting zones noted above, any areas of the site that are disturbed or adversely impacted by
the construction process will also be planted. Existing non-native grasses (such as fescue) within the easement
will be treated prior to or concurrent with construction, as appropriate.

Bare-root trees and live stakes will be planted within designated areas of the conservation easement, with the
objective of establishing a minimum 50-foot buffer along all proposed streambanks for all the stream reaches
within the project boundary. In many areas, the buffer width will be in excess of 50 feet along one or both
streambanks. In general, bare-root vegetation will be planted at a total target density of 680 stems per acre.
Planting will be conducted during the dormant season, with all trees and shrubs installed between November
15th and March 15th. The anticipated planted area for the project is approximately 10.7 acres.

Selected species for hardwood revegetation planting are presented in Table 6.7. Riparian zone species wetness
tolerance will range from being at least somewhat tolerant of flooding to very tolerant. Observations will be
made during construction of the site regarding the relative wetness of areas to be planted as compared to the
revegetation plan, which will also incorporate the location of the jurisdictional wetlands to facilitate the
accurate planting of appropriate species in their correct planting zone.

Once the vegetative species are transported to the site, they should be planted within two days. Disturbed
soils across the site will be prepared by sufficiently loosening to a depth of four inches prior to planting as
described in the technical specifications. Heavily compacted soils (e.g., hardpans or areas that experienced
heavy equipment use) will be loosened to a depth of eight to ten inches by disking or ripping to prepare for
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tree planting. In any areas where excavation depths exceed ten inches, topsoil shall be separated from rocks,
brush, or roots, stockpiled, and placed back over these areas to achieve design grades and create a soil base
for vegetation. Trees and shrubs will be planted by manual labor using a dibble bar, mattock, planting bar, or
other approved method. Planting holes for the trees will be sufficiently deep to allow the roots to spread out
and down without “J-rooting.” Soil will be loosely compacted around trees once they have been planted to
prevent roots from drying out. Soil tests will be conducted in the riparian buffer areas during construction,
and soil amendments such as fertilizer or lime may be added as recommended to improve growing conditions
for plant establishment.

Live stakes will be installed at a minimum of 40 stakes per 1,000 square feet and stakes will be spaced two to
three feet apart around pools and six to eight feet apart in the riffle sections using triangular spacing along the
streambanks between the toe of the streambank and bankfull elevation. Site variations may require slightly
different spacing as appropriate.

Permanent seed mixtures will be applied to all disturbed areas of the project site. Table 6.8 lists the species,
mixtures, and application rates that will be used. A mixture is provided that is suitable for this project’s
streambank, riparian, and wetland areas. Mixtures will also include temporary seeding (rye grain or browntop
millet) to allow for application with mechanical broadcast spreaders. To provide rapid growth of herbaceous
ground cover and biological habitat value, the permanent seed mixture specified will be applied to all areas
within the conservation easement from the toe of the stream banks to the easement boundary excluding areas
that are already forested. The species provided are deep-rooted and have been shown to proliferate along
restored stream channels, providing long-term stability.

Final species selection may change due to a refinement of site-specific conditions during construction or
species availability at the time of planting. If species substitution is required, the planting Contractor will
submit a revised planting list for approval prior to the procurement of plant stock.

Table 6.7 Proposed Bare-Root and Live Stake Species
UT to Magness Creek Mitigation Project - DMS Project No. 100081

Botanical Name Common Name e Zlggctiig 2 Wetland Tolerance
All Buffer Plantings at 680 stems/acre using 8’ X 8’ spacing
General Riparian Zone — Overstory/Canopy Species
Liriodendron tulipifera Tulip Poplar 15% FACU
Betula nigra River Birch 15% FACW
Platanus occidentalis Sycamore 15% FACW
Quercus phellos Willow Oak 10% FAC
Celtis laevigata Sugarberry 10% FACW
Quercus nigra Water Oak 5% FAC
Fraxinus pennsylvanica Green Ash 5% FACW
Diospyros virginiana Persimmon 5% FAC
Ulmus americana American Elm 5% FACW
General Riparian Zone — Understory/Shrub Species
Carpinus caroliniana American Hornbeam 5% FAC
Lindera benzoin Spicebush 2.5% FAC
Asimina triloba Pawpaw 2.5% FAC
Magnolia tripetala Umbrella Tree 2.5% FACU
Halesia carolina Carolina Silverbell 2.5% FAC
Wetland Zone — Overstory/Canopy Species
Betula nigra | River Birch 15% FACW
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Table 6.7 Proposed Bare-Root and Live Stake Species
UT to Magness Creek Mitigation Project - DMS Project No. 100081

Botanical Name

Common Name

% Planted by

Wetland Tolerance

Species
Platanus occidentalis Sycamore 15% FACW
Quercus michauxii Swamp Chestnut Oak 15% FACW
Quercus palustris Pin Oak 10% FACW
Quercus phellos Willow Oak 5% FAC
Nyssa sylvatica Blackgum 5% FAC
Acer negundo Box Elder 5% FAC
Fraxinus pennsylvanica Green Ash 5% FACW
Ulmus americana American Elm 5% FACW
Wetland Zone — Understory/Shrub Species

Alnus serrulata Tag Alder 5% OBL

Ilex verticillata Winterberry 2.5% FACW
Cephalanthus occidentalis Buttonbush 2.5% OBL
Cornus amomum Silky Dogwood 2.5% FACW
Aronia arbutifolia Red Chokeberry 2.5% FACW

Streambank Live Stake Plantings

Salix sericea Silky Willow 25% OBL
Sambucus canadensis Elderberry 20% FACW
Cephalanthus occidentalis Buttonbush 10% OBL
Cornus amomum Silky Dogwood 20% FACW
Salix nigra Black Willow 25% OBL
Table 6.8 Proposed Permanent Seed Mixture

UT to Magness Creek Mitigation Project — DMS Project No. 100081

. % Planted Densit Wetland
Botanical Name Common Name by Species (Ibs/ac))/ Tolerance

Agrostis perennans Autumn Bentgrass 10% 1.5 FACW
Elymus virginicus Virginia Wildrye 15% 2.25 FACW
Panicum virgatum Switchgrass 15% 2.25 FAC
Tripsacum dactyloides Eastern Gamma Grass 5% 0.75 FACW
Polygonum pennsylvanicum | Pennsylvania Smartweed 5% 0.75 FACW
Schizachyrium scoparium Little Blue Stem 5% 0.75 FACU
Juncus effusus Soft Rush 5% 0.75 FACW
Sr'gfg;;)r ondosa (or Beggars Tick 5% 0.75 FACW
Coreopsis lanceolata Lance-Leaved Tick Seed 10% 1.5 FACU
chhanthel um Deer Tongue 10% 1.5 FAC
clandestinum

Andropogon gerardii Big Blue Stem 5% 0.75 FAC
Sorghastrum nutans Indian Grass 5% 0.75 FACU
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Monarda punctata | Spotted Beebalm 5% 0.75 FACU

Total 100% 15.00

Note: Final species selection may change due to refinement of site conditions or to availability at the time
of planting. If species substitution is required, the planting Contractor will submit a revised planting list to
Baker for approval prior to the procurement of plant stock.

6.7 Project WorkPlan

The project work plan is included in the plan sheet set for the project and provides a detailed description of
proposed construction timing and sequencing, specific in-stream structure and other construction element
designs, as well as a description of all grading and planting activities. All work will be conducted using
common machinery, tools, equipment, and techniques for the successful implementation of the project. The
complete plan sheets can be found in Appendix L.

6.8 Project Risks and Uncertainties

Due to the rural nature of the project watershed, with established historic agriculture dominated by pasture
and hay production, the overall project risk for the UT to Magness Creek site is considered low. The
anticipated potential project risks are described below:

Land Use Development: There is the potential for increased land use development within the project
watershed that could alter the watershed hydrology, particularly to runoff quantity and quality. These
changes would be out of the control of the provider.

Methods to Address: While any potential future development within the project watershed is out of
the control of the provider, the stream restoration and enhancement techniques being applied to the
project reaches will help protect them from further degradation and reduce downstream impacts usually
associated with watershed development.

Easement Encroachment: Any encroachment to the conservation easement including livestock access,
mowing, utility easement violations, culvert maintenance, etc.

Methods to Address: The landowners are fully aware of the land use restrictions associated with the

conservation easement. The project streams will be fenced to exclude livestock and the entire easement
boundary will be clearly marked using DMS-approved protocols. Any encroachments will be
appropriately remedied by the provider throughout the monitoring phase.

Drought and Floods: There is the potential for extreme climatic conditions during the monitoring phase
of the project. These conditions would be out of the control of the provider.

Methodsto Address: The provider will take appropriate measures to address any impacts to the project
caused by the extreme climatic conditions. Such measures may include vegetation replanting, channel
or structure repair, soil amendments, etc.

Beavers: While there is no evidence of beaver activity currently present on the site, there is the potential
for beavers to move onto the project during the monitoring phase. This would be out of the control of the
provider.

Methods to Address: The provider will take appropriate steps to remove the beaver from the project
during the monitoring phase and repair any damage they may have caused.
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Hydrologic Trespass: Hydrologic trespass is an extremely unlikely issue for the project and is not
considered to be a reasonable project risk. For one, the stream floodplain is quite narrow and the adjacent
valley slopes are quite steep. Further, Reach 1 will not be backing water up at the upper project limit, while
the off-site areas upstream of Reach 1 are significantly incised with riparian buffers that are undeveloped and
largely forested. All these factors indicate that there should be no concern with hydrologic trespass.
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7.0 PERFORMANCE STANDARDS

The performance standards and success criteria for the project will follow the NCIRT guidance document
Wilmington District Stream and Wetland Compensatory Mitigation Update dated October 24, 2016.
Monitoring activities will be conducted for a period of 7 years unless otherwise noted.

Based on the design approaches, different monitoring methods are proposed for the project reaches. Reaches
1A and 1B will have a Priority I Restoration design approach implemented, while on UT2 we will implement
an Enhancement Level I approach. For all project reaches, geomorphic monitoring methods and specific
success criteria components and evaluations are described below. Report documentation will follow the
DMS’s templates Annual Monitoring Report Format, Data, and Content Requirement (October 2020).

7.1  Stream Monitoring

Geomorphic monitoring of the proposed restoration reaches will be conducted annually following the
completion of construction to evaluate the effectiveness of the restoration practices. The methods used and
related success criteria for each monitored stream parameter are described below. Figure 11 shows the
approximate locations of the proposed monitoring devices throughout the project site.

7.1.1 Bankfull Events and Flooding Functions

The occurrence of bankfull events within the monitoring period will be documented using in-stream
continuous stage recorders (using pressure transducers) installed per the recent DMS guidance. Two
continuous stage recorders will be installed for the project; one each in Reaches 1A and UT2. Additionally,
photographs will also be used to document the occurrence of debris lines and sediment deposition on the
floodplain during monitoring site visits.

Four bankfull events must be documented, in separate years, within the seven-year monitoring period.
Otherwise, monitoring will continue until the required four bankfull events have been documented.

7.1.2 Cross Sections

Permanent cross sections will be installed at an approximate rate of one cross section per twenty bankfull
widths of restored stream, with approximately half of the cross sections located at riffles and half located at
pools. Fourteen total cross sections are proposed for this project. Each cross section will be marked on both
streambanks with permanent monuments using rebar cemented in place to establish the exact transect used.
A common benchmark will be used for cross sections and to facilitate easy comparison of year-to-year data.
The cross section surveys will occur in years one, two, three, five, and seven, and must include measurements
of Bank Height Ratio (BHR) and Entrenchment Ratio (ER). The monitoring survey will include points
measured at all breaks in slope, including top of streambanks, bankfull, inner berm, edge of water, and thalweg,
if the features are present. Riffle cross sections will be classified using the Rosgen Stream Classification
System (Rosgen 1994 and 1996). The BHR cross section parameter will be calculated following the technical
workgroup guidance memo ‘Standard Measurement of the BHR Parameter’ provided by DMS in 2018, which
will apply the as-built bankfull cross sectional area to the current monitoring year channel to determine
bankfull elevation. The Low Top of Bank (LTOB) depth will also be provided with the monitoring data.

There should be little change in as-built cross sections. If changes do take place, they will be documented in
the survey data and evaluated to determine if they represent a movement toward a more unstable condition
(e.g., down-cutting or erosion) or a movement toward increased stability (e.g., settling, vegetative changes,
deposition along the streambanks, or decrease in width/depth ratio). Using the Rosgen Stream Classification
System, all monitored cross sections should fall within the quantitative parameters plus or minus the standard
deviation (W/D +/- 2, BHR and ER +/- 0.2) i.e. BHR no more than 1.2 and ER no less than 2.2 for ‘C’ and 1.4
to 2.2 for ‘B’, stream types defined for channels of the design stream type. Given the smaller channel sizes
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and meander geometry of the proposed steams, bank pins will not be installed unless monitoring results
indicate active lateral erosion. The cross sections will document stability in the surveyed riffle or pool to
confirm they are maintaining appropriate form for that feature and are not eroding/scouring or
aggrading/filling with sediment, and thus are continuing to provide improved habitat as intended.

Reference photo transects will be taken at each permanent cross section. Lateral photos should not indicate
excessive erosion or continuing degradation of the streambanks. The survey tape will be centered in the
photographs of the streambanks. Photographers shall try to consistently maintain the same area in each photo
over time.

7.1.3 Longitudinal Profile and Pattern

A longitudinal profile will be surveyed for the entire length of constructed channel immediately after
construction to document as-built baseline conditions. The survey will be tied to a permanent benchmark and
measurements will include thalweg, water surface, bankfull, and top of low bank. Each of these measurements
will be taken at the head of each feature (e.g., riffle, pool) and at the maximum pool depth. The longitudinal
profile should show that the bedform features installed are consistent with intended design stream type. The
longitudinal profile will not be taken during subsequent monitoring years unless vertical channel instability
has been documented or remedial actions/repairs are deemed necessary.

Pattern measurements such as sinuosity, radius of curvature, and meander width ratio will be calculated on
newly constructed meanders using the plan views from the as-built plan sheets and reported in the as-built
baseline document. Subsequent visual monitoring will be conducted annually to document any changes or
excessive lateral movement in the plan view of the constructed channel.

7.14 Visual Assessment

Visual monitoring assessments of all stream sections will be conducted at least once per monitoring year
following the requirements described in the DMS monitoring guidance documents. Photographs will be used
to visually document system performance and any areas of concern related to streambank stability, condition
of in-stream structures, channel migration, headcuts, channel aggradation (bar formation) or degradation, live
stake mortality, impacts from invasive plant species or animal species, riparian vegetation success, condition
of pools and riffles, culvert and crossing stability, any easement encroachments noted, and an overall stream
morphology assessment. All photo point locations and any areas of concern will be shown in the Current
Condition Plan View (CCPV) figure in the as-built/baseline and annual monitoring reports.

7.2 Vegetation Monitoring

Restoration of the riparian vegetation on a site is dependent upon the successful planting and establishment of
native woody species, along with the volunteer regeneration of the plant community. To determine if the
success criteria are achieved, vegetation monitoring plots will be installed and monitored across the restoration
site in accordance with the CVS-DMS Protocol for Recording Vegetation, Version 4.2 (Lee at al., 2008).
These vegetation plots shall consist of both permanent and random plots, totaling a minimum of 2% of the
planted portion of the site established within the planted riparian buffer areas per CVS Monitoring Levels 1
and 2. Six fixed plots and two random plots are proposed to monitor vegetation for this project. The size of
each individual plot will be 100 square meters. No plots will be established within any undisturbed wooded
areas found within the project boundary.

Vegetation monitoring will occur in the fall, prior to the loss of leaves. Data from the permanent vegetation
plots will include: species, height, vigor, planted vs. volunteer, and age (based on the year the stem was
planted, or first observed if a volunteer). Data from the random plots will include only the species and height.
Both plot types will include invasive and exotic species data, if present. Plot densities will also be calculated
for each plot. Individual plant stems will be marked such that they can be found in succeeding monitoring
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years in the permanent plots. Mortality will be determined from the difference between the previous year's
living, planted stems and the current year's living, planted stems.

At the end of the first full growing season from baseline (MYO0), after a minimum of 180 days, species
composition, heights, stem density, and survival will be evaluated for monitoring year one (MY '1). Vegetation
plots shall subsequently be monitored in Years 2, 3, 5 and 7 or until the final success criteria are achieved.
The interim measure of vegetative success for the site will require the survival of at least 320 stems per acre
at the end of the Year 3 monitoring period. At Year 5, density must be no less than 260 stems per acre. The
final vegetative success criteria will be the survival of 210 stems per acre at the end of the Year 7 monitoring
period. Volunteer plants may count towards the vegetation performance standard if they are on the approved
planted species list and are present for at least two growing seasons, or at the discretion of the IRT. A single
species should only account for up to 50% of the required number of stems to meet success criteria.

Additionally, the height of the vegetation at Year 5 should average 7 feet tall, while at Year 7 should average
10 feet tall. Certain native species, which are appropriate to plant on-site to provide a diverse vegetation
community, do not typically grow to these heights in 7 years and will be excluded from the height performance
standard. For this project, these excluded species include all of the understory/shrub species presented in
Table 6.7. Baker would also like to note that the overstory planting list contains numerous slower growing
species such as a mix of five oak species and persimmon at a combined total of 35% of the planted stems for
both the general riparian and wetland planted areas.

While measuring species density and height is the current accepted methodology for evaluating vegetation
success on mitigation projects, species density and height alone may be inadequate for assessing plant
community health. For this reason, the vegetation monitoring plan may incorporate the evaluation of
additional plant community indices, native volunteer species, and the presence of invasive species vegetation
to assess overall vegetative success.

Required remedial action will be provided on a case-by-case basis, such as: replanting more wet/drought
tolerant species as appropriate, conducting beaver management/dam removal, and the treatment of
undesirable/ invasive species vegetation, etc. Any necessary remedial action will continue to be monitored as
part of the vegetation performance assessment until the corrective action demonstrates that it is trending
towards or again meeting the standard requirement. Invasive species will be treated such that they compose
no more than 5% of the easement area, and a visual inspection of the entire site for the presence of invasive
species will be conducted at least annually. Existing mature woody vegetation will be visually monitored
during annual site visits to document any mortality due to construction activities or changes to the water table
that negatively impact existing forest cover or favorable buffer vegetation.

Additionally, herbaceous vegetation, primarily native species grasses, will be seeded/planted throughout the
site. During and immediately following construction activities, all ground cover at the project site must follow
the NC Erosion and Sedimentation Control requirements.

7.3 Wetland Monitoring

All credited wetland restoration areas will be monitored for a minimum of seven years post-construction or
until final wetland success criteria are met. Hydroperiod performance criteria for restored wetland areas will
be met when the site is saturated within twelve inches of the soil surface for a consecutive period equal to
twelve percent of the growing season. The WETS table for the Shelby 2NW weather station located
approximately 7 miles south of the project site in Cleveland County reports that for the years 1990-2016, the
growing season for the site is 226 days in length and begins on March 23 and ends on November 4, using the
50% probability data for a temperature of 28° F or higher (generated in AgACIS database, http://agacis.rcc-
acis.org/?fips=37045). Twelve percent of 226 days is 27.1 days. To determine if the rainfall is normal for the
given year, monthly rainfall amounts will be tallied from an onsite rain gauge and compared to the Shelby
2NW weather station.
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After construction is complete, groundwater monitoring wells will be installed within the credited wetland
restoration areas and their coordinate locations and ground level elevations will be recorded. Four wells are
proposed for installation within the three wetland restoration areas (totaling ~1.7 acres), which will more than
adequately characterize the minor surface variations that are found across the wetlands. Installation and
monitoring of the groundwater stations will follow the USACE standard methods outlined in the ERDC
TNWRAP-05-2 (USACE, 2005). Water table depths will be recorded daily. See Figure 11 for locations of the
proposed post-construction monitoring wells.

The non-credited wetland areas (totaling just 0.063 acres) will still be enhanced through both the
reestablishment of a vegetated buffer consisting of appropriate native species, and through the exclusion of
livestock. Hydrologic improvement of these wetlands is also anticipated through the restoration of the
adjacent reaches, which will raise the stream bed and reestablish a floodplain connection, thus raising the
adjacent water tables and increasing flood frequency. Itis also expected that through these same measures
additional floodplain wetlands will naturally reestablish so as to further offset the wetland impacts necessary
during construction.

Periodic visual inspections will be conducted for all wetlands, even those small areas not for credit. Visual
inspection of proposed wetland areas will be conducted to document any visual indicators that would be typical
of jurisdictional wetlands. This could include, but is not limited to, vegetation types present, surface flow
patterns, stained leaves, and ponded water. Wetland plant establishment will be documented along with other
visual indicators noted above, and as part of the general vegetation monitoring protocol as described
previously in Section 7.2.

7.4  Stormwater BMP Monitoring

A stormwater BMP will be constructed as part of the overall restoration approach for Reach 1 as described in
detail in Section 6.2. The BMP will be visually monitored for vegetative survivability, outlet stability, and
permanent pool storage capacity using photo documentation throughout the 7-Year monitoring period.
Maintenance measures to be implemented during the monitoring may include the replacement of dead
vegetation (herbaceous and/or woody) as needed, and the removal of excess sedimentation from the permanent
pools, as needed. Additionally, should the outlet of the constructed wetland become unstable during the
monitoring period, corrective measures will be implemented to rectify the instability issues.

Please note that this BMP is not being installed for direct mitigation credit, but for the water quality
improvement of the adjacent receiving stream. As such, there are no formal performance standards or success
criteria being presented for the BMP.
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8.0 MONITORINGPLAN

The monitoring plan for the UT to Magness Creek Mitigation Project is outlined below in Table 8.1 and
describes the measurable connections between the previously stated goals and objectives to the performance
standards and expected functional uplift. The approximate post-construction monitoring feature locations can

be found in Figure 11.

Table 8.1 Monitoring Plan Overview
UT to Magness Creek Mitigation Project — DMS Project No. 100081
g g ] ]
Performance Monitorin Likely Functional
Goal Treatment ring Outcome yrul
Standards Metric Uplift
A dissipationof
Restore streams Increased damagmghlgh flows
Reconnect . . Fourbankfull . during flood events,
with appropriate . Continuous bankfullevents, .
stream events during the . hydrologic
channel stagerecorders | restoringa more .
reachesto . . 7-year . improvement of
. dimensions and . usedtorecord | natumlflooding .
their . monitoring . adjacent wetlands,
. raise streambed . bankfullevents. regime to the .
floodplains. . period. and increased
elevations. system. .
floodplain access for
sedimentstorage.
Restored or
Restore or Toraise Watertable for Established, improved wetland
mDrove adjacent channel restored functioning habitat, increased
h drg o M to bedsand wetlands raised Groundwater wetlands of nitrogen removal by
ya diac eggf[ remove ditches | to within 12” of monitoring appropriate dentrification,

h dJric soils toraise the surface fora | wells inrestored | hydrology and increased carbon
ar}ll d rivarian groundwater | consecutive 12% | wetland areas vegetatedwith | sequestrationin soil,
etlfnds tables within the | ofthe growing appropriate wet improved flood

W ) buffer. season. species. water storage
capacity
Restored streams
will maintain .
Restore streams . A reductionin
) . bank-height- .
with appropriate . sedimentloss to
. . ratios of less . Stable stream
dimensions, Cross section . streams from bank
than 1.2and banks with . .
I pattern,and surveysand . erosion, along with
mprove . .- entrenchment . appropriate . .
profile, stabilize . visual the resulting nutrient
stream ratios greater | . . . channel .
- streambanks, inspections with . . loss, increased
stability. X than2.2 (C- . dimensions and .
provide . photographic . woody debris and
. type) provided . sediment : S
floodplain : documentation. organic material in
o visual transport. L
access, utilize | . . I streamresulting in
bio-engineering inspectionsalso improved habitat
’ reveal )
stabilization.
Installa variety Inventory
of in-stream comparisons of
. Increased number . .
structures, in-stream An increase in the
. . of poolsand . .
increasingthe structures and quantity and quality
Improve . woody structures . .
. woody debris features from . of aquatic habitat
aquatic N/A . and debris
. and the number existing features for
habitat. o comparedto the .
and types of conditions and . macroinvertebrates
) . existing .
pools.Reduce as-built project s and fish.
. . conditions.
sedimentation surveysand
within riffles. assessments.
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Table 8.1 Monitoring Plan Overview
UT to Magness Creek Mitigation Project — DMS Project No. 100081
Performance Monitoring Likely Functional
Goal Treatment Standards Metric Outcome Uplift
Plant
appropriate
native hardwood I . val At th.e epd of I od rinari
tree and shrub nterim surviva monitoring, a mprov rlparlan
species on ratesof 320 vegetated corridor habitat for
S tre£ mbanksand stems/acre at riparian buffer native species,
i the rinari MY3 and 260 Vegetation will be improved
Reestablish bmu ff:rrg?[zr;aoli steams/acreat | monitoringplots | established ata stabilizationof
forested foot minimum MY5, with final (100m?each | minimum 50-oot | stream floodplain
riparian widthinall rateof210 covering2%of | widthandata (reducing sediment
buffers. areas within the stems/acre at thetotalplanted | minimum210 loss), increased
conservation MY7.Average area). stems/acre of woody and organic
casement where heights of 7 feet native species, material in
ostablished atMY5and 10 including buffer/stream
tive t q feetatMY7 volunteers (with system.
native trees an IRT approval).
shrubs do not pp
exist.
Establish a Visual Restored streams, The functional uplift
permanent . . improvements from
Permanently Conservation inspections to wetlands, and the proiectare
protect the Easement (CE) N/A confirm no buffers protected mailrl)taijned and
project. f . encroachments | from damaging .
orthe entire . protected in
. into CE. encroachments. )
project. perpetuity.

The as-built / baseline report will be submitted within 90 days of the completion of project construction (to
include complete as-built record drawings with all vegetation planted and monitoring devices installed), and
will follow the most recent DMS guidance Annual Monitoring Report Format, Data, and Content
Requirements (October 2020). The subsequent annual monitoring reports will also follow this new document,
while the closeout report will follow the Closeout Report Template — ver. 2.2 (January 2016). There will be
at least a minimum of 6 months between the data collected for the As-Built Baseline (MY0) Report and the
Year 1 Annual Monitoring Report.

The annual monitoring reports will provide the information defined below within Table 8.2 and will be
submitted to DMS by December 15t of the year during which the monitoring was conducted. The monitoring
reports will provide a project data chronology for DMS to document the project status and trends, will assist
with the population of DMS databases for analysis and research purposes, and will assist in decision making
regarding progress towards a successful project close-out. Project success criteria must be met by the final
monitoring year prior to project closeout, or monitoring will continue until unmet criteria are successfully met
as directed by DMS and NCIRT.

Table 8.2 Monitoring Requirements and Schedule
UT to Magness Creek Mitigation Project — DMS Project No. 100081

Required | Parameter | Frequency | Number/Locations Notes

Pattern measurements will be
calculated as part of the as-
built/baseline report. Additional
pattern data, such as bank erosion
pins/arrays, will be collected only if
there are visual indications or cross

Baseline/As-

built (MY0) | Reach 1

X Pattern
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Table 8.2 Monitoring Requirements and Schedule
UT to Magness Creek Mitigation Project — DMS Project No. 100081
Required | Parameter | Frequency | Number/Locations Notes
section survey data that suggest
significant changes have occurred.
Monitoring | 14 total cross sections: Cross sections to be rnoni.tored over
X Dimension Years 1, 2, 12 on Reach 1 and 2 seven (7) years and Shé.ﬂl ‘“Cl‘?de
3 5and 7 on UT2. assessment of bank hglght ratio (BHR)
’ and entrenchment ratio (ER).
For the Restoration and Enhancement I
Longitudinal | Baseline/As- components of this project, the entire
X Profile built (MYO0) Reaches I and UT2 channel length will be surveyed as part
of the as-built record drawings.
2 crest gauges
Surface fggg;gggiiﬁgge The devices Will be inspec.ted ona

X Water Annually pressure transducers) quarterly/semi-annual basis to

Hydrology installed in-stream document the occurrence of bankfull
within Reach 1A and events and flow duration.
UT2.
4 groundwater The devices will be inspected and

X Groundwater Annually monitoring wells in downloaded on a quarterly basis to
Hydrology wetland restoration document groundwater hydrology in

locations. wetland restoration areas.
6 fixed vegetation
Monitoring Elglil‘i)\;ﬁigihroughou ¢ Veget.ation will b.e monitored using the
X Vegetation Years 1, 2, the planted area, with 2 Carolina Vegetatlc?n Survey ((23\'78).
3 5and 7 additional random protocols. Plots will be 100 m? in size
’ plots cach year (8 plots and total 2% of the planted area.
total annually).
Locations of exotic and nuisance
Exotic and Annually vegetation will be visually assessed,

X Nuisanqe and as Project wide photogr.aphed, and mapped. These
Vegetation ded areas will be treated as needed. Beaver
and Animals | "¢ signs and damage will be noted and

beaver will be trapped if discovered.

Representative photographs will be

taken to capture the state of the
Annually restored stream, wetland, and vegetated

X Visual and as Project wide buffer conditions. Stream photos will

Assessment needed be preferably taken in the same
location when the vegetation is
minimal to document any areas of
concern or to identify trends.

Project Complete easement Locations of fence damage, vegetation

X Boundary Annually boundary damage, boundary encroachments, etc.

will be photographed and mapped.
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Table 8.2 Monitoring Requirements and Schedule
UT to Magness Creek Mitigation Project — DMS Project No. 100081

Required | Parameter | Frequency | Number/Locations Notes

Stormwater BMP will be visually
monitored for stability and
vegetation survival during the 7-year
monitoring period.

Stormwater | Semi-
X BMP Annually BMP on Reach 1A
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9.0 ADAPTIVE MANAGEMENT PLAN

Upon completion of site construction, the post-construction monitoring protocols previously defined in this
document will be implemented. Project maintenance will be performed as previously described in this
document. If, during the course of annual monitoring it is determined the site’s ability to achieve site
performance standards are jeopardized, DMS will be notified of the need to develop a Plan of Corrective
Action. The Plan of Corrective Action may be prepared using in-house technical staff or may require
engineering and consulting services. Once the Plan of Corrective Action is prepared and finalized Michael

Baker will:

1. Notify the USACE as required by the Nationwide 27 permit general conditions.

2. Notify the NCDWR.

3. Revise performance standards, maintenance requirements, and monitoring requirements as necessary
and/or required by the USACE.

4. Obtain other permits as necessary.

5. Implement the Corrective Action Plan.

6. Provide the USACE a Record Drawing of Corrective Actions. This document shall depict the extent and
nature of the work performed.
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10.0 LONG-TERM MANAGEMENT PLAN

The NC Department of Environmental Quality’s Stewardship Program currently houses DMS stewardship
endowments within the non-reverting, interest-bearing Conservation Lands Stewardship Endowment
Account. The use of funds from the Endowment Account is governed by North Carolina General Statute GS
113A-232(d)(3). Interest gained by the endowment fund may be used only for the purpose of stewardship,
monitoring, stewardship administration, and land transaction costs, if applicable. The DEQ Stewardship
Program intends to manage the account as a non-wasting endowment. Only interest generated from the
endowment funds will be used to steward the compensatory mitigation sites. Interest funds not used for those
purposes will be re-invested in the Endowment Account to offset losses due to inflation. The site-protection
instrument for the site is included in Appendix B.

The project site will be protected and managed under the agreed upon terms outlined in the recorded
conservation easement. The appropriate signage will be installed to mark the conservation easement
boundary. The long-term manager/steward will be responsible for inspecting the site easement and signage,
and for taking any corrective maintenance actions as needed. The landowner shall contact the long-term
manager/steward regarding any clarification about easement restrictions and is responsible for maintaining all
livestock-excluding fencing and/or permanent crossings. Should land use change in the future, the landowner
will be responsible for the installation and maintain of any additional fencing that might be required to fulfill
the conditions of the conservation easement.
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11.0 DETERMINATION OF CREDITS

The determination of stream credits for the UT to Magness Creek Mitigation Project are detailed below in
Tables 11.1and 11.2 and are shown in Figure 12. They have been calculated according to all applicable DMS,
IRT, and DEQ guidance documents. The Credit Release Table can be found in Appendix C.

Table 11.1 Project Mitigation Quantities and Credits

UT to Magness Creek Mitigation Project - DMS Project No. 100081

Original
Mitigation Original Original Original
Plan As-Built | Mitigation | Restoration | Mitigation
Project Segment Ft/Ac Ft/Ac Category Level Ratio (X:1) Credits
Stream
Reach 1A 2,249.60 N/A Warm R 1.0 2,249.600
Reach 1B 924.88 N/A Warm R 1.0 924.880
Reach UT2 325.21 N/A Warm El 1.5 216.807
Total: 3,391.287
Wetland
Wetland Group W1 1.856 N/A R REE 1.0 1.856
Wetland Group W2 0.035 N/A R RH 1.5 0.023
Total: 1.879
Table 11.2 Project Credits
Stream Riparian | Non-Rip [ Coastal
Restoration Level Warm Cool Cold Wetland | Wetland | Marsh
Restoration 3,174.480| 0.000 0.000 0.000 0.000 0.000
Re-establishment 1.856 0.000 0.000
Rehabilitation 0.023 0.000 0.000
Enhancement 0.000 0.000 0.000
Enhancement I 216.807 0.000 0.000
Enhancement I1 0.000 0.000 0.000
Creation 0.000 0.000 0.000
Preservation 0.000 0.000 0.000 0.000 0.000
Totals 3,391.287  0.000 0.000 1.879 0.000 0.000
Total Stream Credit 3,391.287
Total Wetland Credit  1.879
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UT to Magness Creek Mitigation Project Photo-Log (2/19/18)

Top of Reach 1A, looking upstream at start of project Upper Reach 1A, downstream

Upper Reach 1A, downstream Upper Reach 1A, downstream

Upper Reach 1A, downstream Upper Reach 1A, downstream




UT to Magness Creek Mitigation Project Photo-Log (2/19/18)

Middle Reach 1A: BMP location at massive headcut on
right bank with soil auger for scale (2/21/18)

Lower Reach 1A, upstream

Lower Reach 1A, downstream

Lower Reach 1A, right bank scour

Upper Reach 1B, upstream

Upper Reach 1B, downstream




UT to Magness Creek Mitigation Project Photo-Log (2/19/18)

Upper Reach 1B, upstream

Top of Reach UT2, looking upstream

/

Middle Reach UT2, downstream

Lower Reach UT2, looking downstream to its
confluence with Reach 1B

Lower Reach 1B, downstream

Lower Reach 1B, downstream




UT to Magness Creek Mitigation Project Photo-Log (2/19/18)

Lower Reach 1B, upstream Lower Reach 1B: Buried A-horizon exposed along the
left bank

\

Lower Reach 1B, downstream Lower Reach 1B, looking downstream at end of project
(pipe culvert under Selkirk Dr. visible)

Cattle in the channel on Reach 1A (2/28/18)
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Cross-Section Pebble Count: Reach 1A

SITE OR PROJECT:

UT to Magness Creek

REACH/LOCATION: Reach 1A

Pebble Count Particle Size Distribution

100% A
90% —#— Pebble Count /]
-

80%

70%

/
[
/

60%

50%

40%

30%

20%

Cumulative Percent

10%

0% =
0.01 0.1

1 10 100 1000 10000
Particle Size (mm)

FEATURE: Riffle at XS-2
DATE:
Pebble Count Distribution
MATERIALPARTICLE SIZE (mm)| Total Class % | % Cum | Plot Size (mm)
Silt/Clay | Silt/ Clay <.063 0 0% 0% 0.063
Very Fine | .063 - .125 2 2% 2% 0.125
Fine 125-.25 0 0% 2% 0.25
Sand Medium .25 -.50 4 4% 6% 0.50
Coarse 50-1.0 8 8% 14% 1.0
[Very Coarsd 1.0 - 2.0 2 2% 16% 2.0
Very Fine 2.0-28 2 2% 18% 2.80
Very Fine 2.8-4.0 6 6% 24% 4.0
Fine 40-5.6 4 4% 27% 5.6
Medium 5.6-8.0 14 14% 41% 8.0
Medium 8.0-11.0 12 12% 53% 11.0
Gravel -
Medium 11.0 - 16.0 28 27% 80% 16.0
Coarse 16 -22.6 10 10% 90% 226
Coarse 22.6-32 6 6% 96% 32
Very Coarse 32-45 0 0% 96% 45
Very Coarse 45 - 64 0 0% 96% 64
Small 64 -90 4 4% 100% 90
Cobble Small 90 - 128 100% 128
Large 128 - 180 100% 180
Large 180 - 256 100% 256
Small 256 - 362 100% 362
Small 362 -512 100% 512
Boulder -
Medium | 512 -1024 100% 1024
rge-Very La| 1024 - 2048 100% 2048
Bedrock | Bedrock > 2048 100% 5000
Total % of whole count 102 100%
Summary Data
Channel materials
D16= 2.11 D84=| 17.32
D35 = 6.81 D95=| 30.02
D50=| 10.16 D100 = 90

Reach Pebble Count Size Class Distribution
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Cross-Section Pebble Count: Reach 1B

Pebble Count Particle Size Distribution
SITE OR PROJECT:  UT to Magness Creek 100% o—a—au
REACH/LOCATION: Reach 1B 90% | —#—Pebble Count o
FEATURE: Riffle at XS-5 ’ /
DATE: 80%
Pebble Count Distribution 70% /{
MATERIAIPARTICLH SIZE (mm) Total Class % % Cum | Plot Size (mm) ’
Silt/Clay | Silt/Clay |  <.063 8 8% 8% 0.063 = 60%
Very Fine | 063 - .125 2 2% 10% 0.125 S o0
o
Fine 125 - .25 4 4% 14% 0.25 & p
Sand Medium 25-.50 6 6% 20% 0.50 °>) 40%
Coarse .50-1.0 12 12% 31% 1.0 E 0% !/“,l
[Very Coarsd 1.0 - 2.0 2 2% 33% 2.0 g
Very Fine 20-28 2 2% 35% 2.80 8 20% >
Very Fine 2.8-4.0 4 4% 39% 4.0 L
10% oo
Fine 4.0-5.6 4 4% 43% 5.6 il
Medium 5.6-8.0 8 8% 51% 8.0 0%
Gravel Medium 8.0-11.0 8 8% 59% 11.0 0.01 0.1 1 10 100 1000 10000
Medium | 11.0-16.0 18 18% 76% 16.0 Particle Size (mm)
Coarse 16 -22.6 8 8% 84% 226
Coarse | 226-32 6 6% 90% 32 Reach Pebble Count Size Class Distribution
Very Coarse 32-45 4 4% 94% 45
Very Coarse 45 - 64 4 4% 98% 64
0,
Small | 64-90 2 2% 100% % 100%
Cobble Small 90 - 128 100% 128 90% 4+  ®Pebble Count
Large 128 - 180 100% 180
0,
Large | 180-256 100% 256 80%
Small 256 - 362 100% 362 70%
Small 362 -512 100% 512
Boulder - 2 60%
Medium | 512 - 1024 100% 1024 %
rge-Very La| 1024 - 2048 100% 2048 g 50%
Bedrock | Bedrock > 2048 100% 5000 o
9 40%
Total % of whole count 102 100% a
O 30%
Summary Data 5
Channel materials 20%
Dl6= 0.33 D84 = 19.34 10%
D35= 2.66 D95 = 48.71
D50-| 7.65 DI00=| 90 0% 7 H—
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Cross-Section Pebble Count: Reach UT2

Cumulative Percent
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SITE OR PROJECT:  UT to Magness Creek
REACH/LOCATION: Reach UT2
FEATURE: Riffle
DATE:
Pebble Count Distribution
MATERIALPARTICLH SIZE (mm)| Total Class % | % Cum | Plot Size (mm)
Silt/Clay | Silt/ Clay <.063 14 18% 18% 0.063
Very Fine | .063 - .125 9 11% 29% 0.125
Fine 125-.25 11 14% 43% 0.25
Sand Medium .25-.50 0 0% 43% 0.50
Coarse 50-1.0 2 3% 45% 1.0
Very Coarsq 1.0 -2.0 3% 48% 2.0
Very Fine 20-28 4 5% 53% 2.80
Very Fine 2.8-4.0 12 15% 68% 4.0
Fine 4.0-56 6 8% 75% 5.6
Medium 5.6-8.0 4 5% 80% 8.0
Medium 8.0-11.0 4 5% 85% 11.0
Gravel -
Medium 11.0 - 16.0 2 3% 88% 16.0
Coarse 16-22.6 0 0% 88% 22.6
Coarse 22.6-32 2 3% 90% 32
Very Coarse 32-45 8 10% 100% 45
Very Coarse 45 -64 100% 64
Small 64 -90 100% 90
Cobble Small 90 - 128 100% 128
Large 128 - 180 100% 180
Large 180 - 256 100% 256
Small 256 - 362 100% 362
Small 362-512 100% 512
Boulder -
Medium | 512 - 1024 100% 1024
ge-Very La] 1024 - 2048 100% 2048
Bedrock | Bedrock > 2048 100% 5000
Total % of whole count 80 100%
Summary Data
Channel materials
D16 = 0.06 D84=| 10.32
D35= 0.17 D95s=| 37.95
D50 = 2.37 D100=| 45.00
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Memo

Subject: UT to Magness BMP Design Summary
Author(s): Cody Batchelder, P.E.
Date: November 19, 2020

A stormwater best management practice (BMP) is proposed on the west side of the UT to Magness stream
near station 25+00. This wet pond will receive stormwater runoff from4.19 acres of drainage area, which
contains no impervious area. Sizing of the BMP was completed using a 1-inch design storm rainfall
depth, and runoff was calculation using the simple method. This BMP was designed to meet the
stormwater design criteria of a wet pond following the North Carolina Stormwater Design Guidance
Manual. Most of the minimum design criteria (MDC) were able to be accommodated; however, a few
could not be met as outlined below. Even with these limitations, the design will be able to provide water
quality improvement benefits.

The BMP collects surface runoff along the western side of the proposed wet pond, and then discharges
runoff through an overflow weir along the northem side, and is designed to detain the 1-inch storm for
water quality. The BMP meets the requirements for main pool surface area and volume (MDC-1), main
pool depth (MDC-2), sediment storage (MDC-3), location of inlet and outlet (MDC-4), forebay (MDC-5),
vegetated shelf, and protection of the receiving stream (MDC-8). The revegetation for the BMP will meet
the requirements of landscaping plan MDC-11. Peak attenuation is not proposed for this BMP.

The BMP is unable to meet MDC-7, which requires a 2-5 day drawdown time between the temporary and
permanent pool elevations. For a BMP of this size, meeting this criterion would require an orifice that
would likely be subject to frequent clogging in the proposed application; therefore, the BMP was
designed to accommodate the required treatment volume of the permanent pool and the temporary pool
below the outlet. A low maintenance stone weir structure is proposed for the wet pond outlet, which also
eliminates the need for a trash rack (MDC-10). No fountains are proposed, which eliminates MDC-9.




UT to Magness Stream Mitigation Project Calcs by: CDB

Checked by:
BMP Stage/Storage, Volume, and Surface Area Calculations
Avg. Area
Elevation | Area (sf) (sf) Height (ft) |Inc vol (cf)  [Acc vol (ft3) [Notes
869.00 100 Main Pool Only
Top of Permanent Pool, Main Pool
872.00 946 523 3 1569 1569 Only
Middle of Veg Shelf, Main
872.50 1770 1358 0.5 679 2248 Pool+Forebay Area
Top of Veg Shelf, Invert of Outlet,
873.00 2332 2051 0.5 1026 3274 Main Pool+Forebay Area
Top of Pond/Outlet, Main
874.00 2950 2641 1 2641 5915 Pool+Forebay Area
Deep Water Surface Area 523 sf
% Deep Pool 17.7%
Shallow Water Surface Area 1809 sf
% Shallow Water 61.3%
Temporary Ponding Surface Area 618 sf
% Temporary Ponding 20.9%
Stage/Storage
874.50
_ 87350
?; /
= 873.00
()
g /
& 872.50 /
872.00 *
871 50 T T T T T T
0 1000 2000 3000 4000 5000 6000 7000
Storage [sf]




[Pervious Area | 4.19]

[Impervious Area | 0.00| 4.19
The Simple Method

Rv=0.05+0.9"*Ila Step 1 in the Simple Method

Rv | 0.050] Runoff coefficient (unitless)

| | 0.000|Impervious fraction [impervious portion of drainage area (ac)/drainage area (ac)], (unitless)

V=3630*Rp*Rv*A Step 2 in the Simple Method

Vv 760.49| Volume of runoff that must be controlled for the design storm (cubic feet)

\ 0.2095| Volume of runoff that must be controlled for the design storm (acre-in)

Ro 1.00|Design storm rainfall depth (in) (Typically 1.0" or 1.5")

A 4.19|Watershed area (ac)

Discrete SCS Curve Number Method
Q* = (P -0.2S)"2/ (P + 0.8S)

Q* (From Impervious) 0.79| Runoff depth (in)
P 1.0|Rainfall depth (in) (Typically 1.0" or 1.5")
S 0.20| Potential maximum retention after rainfall begins (in)
S =(1000/CN) - 10 | 0.20]S is related to the soil and surface characteristics through the curve number (CN)
CN (Impervious) | 98| Related to hydrologic soil group and ground cover. (Refer to DWQ Design Manual for CN Tables and explanation)
S =(1000/CN) - 10 | 4.49]
CN (Pervious) | 69.00]
Q* (From Pervious) 0.00224
P 1.00
S 4.49
Q*total 0.793](in)
PaC2 Pacolet sandy clay
loam, 8 to 15 percent slopes,
moderately eroded, Cecil
sandy clay loam, 2 to 8
percent slopes, moderately
eroded, Chewacla loam, 0 to
2 percent slopes, frequently
Soil Type flooded http://websoilsurvey.nrcs.usda.gov/app/
Hydrologic Soil Group SCS (1986) B Refer to DWQ Design Manual after the soil series in the area of interest is identified
BMP Sizing
V =AQY) 0.0094|SCS Method Volume of Runoff (ac-in) Required Storage Volume
DV 34.07|SCS Method Volume of Runoff (cubic feet) Required Storage Volume
\ 0.21|Simple Method Volume of Runoff (ac-in) Required Storage Volume
DV 760.48| Simple Method Volume of Runoff (cubic feet) Required Storage Volume
Wetland Parameters
Required Ponding Depth N/A Depends on desired vegetation type and inundation time. Usually 6-12" (in)
Required BMP Surface Area N/A (ac) SCS Method
Required BMP Surface Area N/A (ft*2) SCS Method
Required BMP Surface Area N/A (ac) Simple Method
Required BMP Surface Area N/A (ft*2) Simple Method
Actual Wetland Surface Area N/A (ac) Measured in Cadd, GIS or by hand.
Actual Wetland Surface Area N/A (ftr2)
Actual Wetland Storage Volume N/A (ftA3)
Wet Pond Parameters
Vmp 1853|(ft"3) Vmp=0.87*HRT/Ts*DV (Method 1)
SA/DA 0.51 Table 1 or 2 from Stormwater Design Manual (Method 2)
Surface Area 931](ft"2) (Method 2)
Actual Pond Surface Area 946 (ft"2) Measured in Cadd, GIS or by hand
Davg 1.96|(ft)
Sediment Storage 0.5|(ft) 0.5' per MDC 3
Forebay Volume 278|(ft"3) 15-20% volume of main pool per MDC5

**According to the DWQ BMP design manual, the BMP must be designed to treat a volume at least as large as the volume calculated using the simple method**
**DWQ recommends 9" but requires ponding depth to be less then 12"**
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Summary for Subcatchment 1S: Drainage Area

Runoff = 207.96 cfs @ 12.31 hrs, Volume= 24.722 af, Depth> 0.84"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-year Rainfall=3.69"

Area (ac) CN Description
352.000 65 Woods/grass comb., Fair, HSG B
352.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

32.0 Direct Entry,

Subcatchment 1S: Drainage Area
Hydrograph

AN

Flow (cfs)
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Summary for Arch Culvert- Inlet Control Check

[57] Hint: Peaked at 870.28' (Flood elevation advised)

Inflow Area = 352.000 ac, 0.00% Impervious, Inflow Depth > 0.84" for 2-year event
Inflow = 20796 cfs @ 12.31 hrs, Volume= 24,722 af

Outflow = 207.96 cfs @ 12.31 hrs, Volume= 24.722 af, Atten= 0%, Lag= 0.0 min
Primary = 207.96 cfs @ 12.31 hrs, Volume= 24.722 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev=870.28' @ 12.31 hrs

Outlet Devices

79.0" Wx 62.5" H, R=41.2"/82.6" Pipe Arch CMP_Arch_1 81x59 w/ 12.0" inside
L=30.0' CMP, projecting, no headwall, Ke=0.900

Inlet / Outlet Invert= 860.27' / 859.81' S=0.0153 "/ Cc=0.900

n=0.025 Corrugated metal, Flow Area= 23.02 sf

Invert
861.27'

Device Routing
#1  Primary

Primary OutFlow Max=207.96 cfs @ 12.31 hrs HW=870.28' TW=864.59' (Dynamic Tailwater)
leCMP_Arch_l 81x59 (Inlet Controls 207.96 cfs @ 9.03 fps)

Arch Culvert- Inlet Control Check
Hydrograph

E Inflow

| Inflow Area=352.

O Primary
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Summary for Arch Culvert

[52] Hint: Inlet/Outlet conditions not evaluated

Inflow Area = 352.000 ac, 0.00% Impervious, Inflow Depth > 0.84" for 2-year event
Inflow = 20796 cfs @ 12.31 hrs, Volume= 24,722 af

Outflow = 198.46 cfs @ 12.26 hrs, Volume= 24.644 af, Atten=5%, Lag= 0.0 min
Overflow = 957 cfs@ 12.31 hrs, Volume= 0.076 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 9.82 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 4.68 fps, Avg. Travel Time= 0.1 min

Peak Storage= 606 cf @ 12.26 hrs

Average Depth at Peak Storage= 4.32' above invert (3.32' above fill) , Surface Width= 4.61"
Bank-Full Depth=5.21" above invert (4.21' above fill) Flow Area= 23.0 sf, Capacity= 198.39 cfs
Any excess flow will be diverted to the secondary overflow

79.0" W x 62.5" H, R=41.2"/82.6" Pipe Arch Pipe w/ 12.0" inside fill
n=0.025 Corrugated metal

Length=30.0" Slope=0.0153"/" (101 Elevation Intervals)

Inlet Invert= 860.27', Outlet Invert= 859.81'
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Flow (cfs)

Arch Culvert
Hydrograph
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Summary for Floodplain Pipes- Inlet Control Check

[57] Hint: Peaked at 862.77' (Flood elevation advised)
[63] Warning: Exceeded Reach 3R INLET depth by 0.20' @ 0.00 hrs

Inflow = 957cfs@ 12.31 hrs, Volume= 0.076 af
Outflow = 957 cfs@ 12.31 hrs, Volume= 0.076 af, Atten= 0%, Lag= 0.0 min
Primary = 9.57 cfs @ 12.31 hrs, Volume= 0.076 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Peak Elev=862.77' @ 12.32 hrs

Device Routing Invert Outlet Devices

#1  Primary 861.47' 24.0" Round CMP_Round 24"
L=30.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert= 861.47' / 861.01' S=0.0153 "/ Cc=0.900
n=0.025 Corrugated metal, Flow Area= 3.14 sf

#2  Primary 861.47° 24.0" Round CMP_Round 24"
L=30.0' CMP, projecting, no headwall, Ke=0.900
Inlet / Outlet Invert= 861.47' / 861.01' S=0.0153 "/ Cc=0.900
n=0.025 Corrugated metal, Flow Area= 3.14 sf

Primary OutFlow Max=9.46 cfs @ 12.31 hrs HW=862.76" TW=862.26' (Dynamic Tailwater)
1=CMP_Round 24" (OQutlet Controls 4.73 cfs @ 3.13 fps)
2=CMP_Round 24" (Outlet Controls 4.73 cfs @ 3.13 fps)

Floodplain Pipes- Inlet Control Check
Hydrograph

H Inflow
0 Primary

[957cfs
‘9.57cfs

Flow (cfs)

/
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Summary for Floodplain Pipes

[52] Hint: Inlet/Outlet conditions not evaluated
[90] Warning: Qout>Qin may require smaller dt or Finer Routing
[80] Warning: Exceeded Pond 4P by 0.13' @ 12.39 hrs (0.06 cfs 0.000 af)

Inflow
Outflow

957cfs@ 12.31 hrs, Volume= 0.076 af
9.61lcfs@ 12.31 hrs, Volume= 0.076 af, Atten= 0%, Lag= 0.1 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.16 fps, Min. Travel Time= 0.1 min
Avg. Velocity = 2.17 fps, Avg. Travel Time= 0.2 min

Peak Storage= 69 cf @ 12.31 hrs
Average Depth at Peak Storage= 0.79', Surface Width= 3.91'
Bank-Full Depth=2.00" Flow Area= 6.3 sf, Capacity=29.13 cfs

A factor of 2.00 has been applied to the storage and discharge capacity
24.0" Round Pipe

n=0.025 Corrugated metal

Length=30.0" Slope=0.0153"/'

Inlet Invert= 861.47', Outlet Invert= 861.01'
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