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October 22, 2021

MS Kim Browning

US Army Corps of Engineers
Wilmington District

69 Darlington Avenue
Wilmington, NC 28403-1343

RE: IRT Review comments for Mitigation Plan
Liberty Rock Mitigation Site (USACE AID#: SAW-2020-00047)
Cape Fear 03030003, Randolph County, NC

Dear Ms. Browning
Thank you for compiling and providing comments on the Liberty Rock Mitigation Site Mitigation Plan.
We have reviewed the comments dated September 24, 2021 and have revised the Mitigation Plan

accordingly. This letter includes a response to each comment; comments have been reprinted with our
response in italics. The revised Mitigation Plan is being submitted with this letter.

USFWS, Kathy Matthews:

1. The applicant's response to our concerns for stringent erosion and sedimentation controls is not
sufficient. In response to our concerns, the applicant simply states "Wildlands will receive all
necessary erosion and sediment control permits prior to constructing the project." That really is
the minimum for any project, and we would like to have the opportunity to review the controls
that they propose in future design phases. NCWRC should also be provided the opportunity to
review and make recommendations on specific controls.

Per guidance from USACE, we are working closely with WRC to develop and implement
protocols to use during mussel relocations and construction. Please see the answer to question
3 below for a description of the construction process as it pertains to mussels including erosion
control items. Care is being taken to build primarily off-line and limit disruption to the old
channel and Rocky River Reach 2, which will remain on-line.

2. The logistics of mussel relocation in the plans are confusing and do not provide enough
details. The plans state that mussels will be salvaged and placed in a cooler with aeration, and
then moved to the upstream relocation reach or to the newly restored reach of Rocky River.
However, the last page of the 12/15/2020 Technical memorandum states that mussel relocation
will take place during Pre-construction. There will be no new reach of Rocky River at that time.
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Salvaged mussels should not be handled or held any longer than absolutely necessary, and
should not be relocated to a new stream reach that has not equilibrated. At least two weeks
prior to the proposed first salvage date, the applicant or contractor should provide a more
specific mussel salvage and relocation plan for review and approval. Information to be
provided includes all methods and information on timing, including the maximum length of time
that individuals are proposed to be held, and lat/long, photos, and habitat descriptions of the
proposed relocation area(s).

Per NCWRC request below, the mussels will only be moved to the upstream relocation reach
agreed upon by SEPI and NCWRC. The proposed location is shown in the GIS figure and has been
provided to NCDMS via geodatabase. The upstream location was selected by the certified mussel
biologist at SEPI as an appropriate habitat. NCWRC will be involved in relocation efforts and
verifying upstream conditions prior to placement should on-site conditions have changed.
Wildlands and SEPI will work with NCWRC to ensure their preferred mussel handling guidelines
are followed during relocation including the length of time mussels are handled and stored with
aeration.

3. The logistics of mussel relocation is further complicated by the lack of information on the order
of construction. We assume that the new channel will be constructed in the dry, and water will
not be turned into it until after it is relatively stable. When will the mussels be relocated, just
prior to the entire construction effort, or prior to dewatering of the old channel, or both? Some
of this is usually general knowledge for the IRT, but it is important for us to get it all spelled out.

Mussels will be relocated prior to any construction work on the channel. As mentioned above,
no mussels will be placed in the newly constructed channels. The majority of the project was
designed off-line to limit impact to the old channel during construction. The new channel will be
cut in the floodplain from approximately station 102+71 (first proposed riffle) to station 120+00
(tail of last riffle on Reach 1). That section will be strawed, seeded, and matted while water
continues to flow through the old channel. When the end of Reach 1 is connected to the original
stream channel along Reach 2, temporary check dams will be put in place to safequard from
sediment that could move into Reach 2 when water is turned into the newly constructed Reach
1. The connection from upstream to the newly constructed Reach 1 will be done after temporary
check dams are in place.

Work done on Reach 2 will be done with water flowing in the reach to protect mussels located
there. Work will only be done on streambanks. The off-line meander on Reach 3 will then be
constructed, strawed, seeded and matted before tying it in to the old channel.

Schist Creek was designed off-line and will be constructed in the floodplain with water moving

through the old channel while the new stream is constructed. Other tributaries will be
constructed using a pump around system.

USACE, Kim Browning:
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1. Appendix 1, Mussel Survey Report: In the Technical Memo Review that | sent January 5, 2021,
USFWS, WRC, USACE and DWR all requested a copy of the Mussel Surveys as they become
available. It would have been beneficial for the IRT to review the survey dated February 2021
and provide feedback on the proposed stream design prior to receiving the draft mitigation plan
and 60% drawings.

Understood. Wildlands will be sure to promptly make available any mussel surveys as they
become available in the future including pre-construction relocation data.

2. Section 3.5: The Atlantic pigtoe (Fusconaia masoni) was listed as being identified on the initial
mussel survey conducted in February 2020; however, this species was not listed in the
correspondence the IRT received from WEI April 29, 2020, which included correspondence from
Brena Jones. Additionally, the Savannah Lilliput (Toxolasma pullus) was not listed as being
identified, but it was stated that there was the potential for them to be present.

a. After discussion with Wildlands, this section contained incorrect aquatic species survey
data. It was noted that no federally listed species were identified on project reaches.
Attached are the survey results. Please update section 3.5 in the final mitigation plan.

Section 3.5 has been updated in the Final Mitigation Plan with a correction to mussel species
found.

3. Section 3.4.3:
a. Pre-construction groundwater wells 1 and 7 currently have 100% hydroperiods. Do you
anticipate that these areas will develop into more of an herbaceous wetland or open
water? I'd like to see random veg plot data for these areas during monitoring.

Development of features that pond water deep enough to be classified as open water is not
expected. It is possible that some small areas with concave relief will have a hydrology regime
that favors the most flood tolerant woody species proposed in the planting plan and thus has a
woody stem density lower than areas with shorter and intermediate hydroperiods. Wildlands will
sample vegetation near these areas utilizing random veg plots during the monitoring period.

b. During the site visit we discussed that the rehabilitation areas may be eligible fora 1:1
credit ratio; however, since the hydroperiods already exceed the proposed 12%
performance standard, | agree with the proposed 1.5:1 ratio since livestock exclusion
and vegetation establishment are the sources of functional uplift near gauges 1, 2 and 7.

Thank you for confirming.

c. Additionally, the text reads that GW7 recorded hydroperiods of 100% and 44.7%. |
believe it was meant to read that GW2 recorded a 44.7%

This error has been corrected in the mitigation plan text.
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Section 6.7, page 20: “It is likely livestock removal will promote some level of functional uplift” is
a rather vague statement. Are the wooded wetland areas highly degraded? To further enhance
this area, please add a few shrub and/or herbaceous species to increase diversity.

Livestock concentrate in the wooded wetland areas to use for shade. We will add shrub and/or
herbaceous species to our planting plan to increase diversity.

Section 6.7, page 21: Wehadkee and Roanoke soils are listed in this section, but Figure 5 doesn’t
list Roanoke. | trust that the soils descriptions listed in section 3.4.2 are accurate since historic
soil surveys were not mapped on a small scale. Please ensure that well data captures both types
of soils.

One of the proposed groundwater monitoring wells has been moved near the location where
Roanoke soils were observed.
Section 6.8.2: Eradication of pasture grasses should be discussed in this section.

Section 8.8.2, paragraph 2, has been updated to discuss treatement of pasture grasses within
the easement area.

Section 6.9: All mussel relocation should be done in coordination with WRC’s Central Aquatic
Wildlife Diversity Research Coordinator, Brena Jones.

A sentence has been added to reiterate this in the mitigation plan text.
Section 6.10: This section states that there are no internal or external easement breaks. Design
Sheet 5.6 shows a detail of a ford crossing. Please confirm that a ford is not proposed.

There is a proposed ford crossing located upstream of the project and outside of the easement.

Section 8, page 24: If the documentation of soil temperature data and vegetative indicators
suggest that a modified growing season is warranted, please notify the IRT in the annual
monitoring report. Additionally, if the growing season is extended at the beginning of the
monitoring period, it must also be extended at the end.

Noted. Growing season dates will be confirmed during the monitoring period using observations
of bud burst, autumn leaf senescence, and soil temperature data.

Table 16, page 24: A performance standard should be added that specifies that mussel surveys
will be conducted, and provided to the IRT, in monitoring years 1, 2, 3, 5, and 7. While project
credits are not associated with the findings, the surveys and accompanying reports are required;
therefore, the statement on page 25 in Section 9 and Table 17 should be modified to reflect this.

This requirement statement has been added to Table 16, Section 9, and Table 17.
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Concur with DWR comment #13.
Noted. Thank you.

Figure 11: Please show the location of the rain gauge.
Please refer to the response to Erin Davis’ 9" comment below.

Design Sheet 0.2: The Project overview sheet numbers don’t match the stream plan and profile
sheets. For example, Sheet 1.1 should be labeled sheet 1.01.

The overview plan sheet has been corrected to match plan and profile sheets.

Design Sheet 3.1: River Birch, Sycamore and Boxelder are larger system species and account for
40% of the proposed species for the buffer planting zone and 37% of the wetland planting zone.
| understand they have a high survivability and high growth rates, and are more readily
available; I'm curious if the increased use of Boxelder recently is due to Green Ash no longer
being an option?

Boxelder is a typical alluvial tree species found in the piedmont and fits well into our target
natural community types and the channel size of the Rocky River, which is on the larger side of
our typical project. Green ash would have likely been included in this list if the emerald ash borer
were not an issue. Its omission increases the planting rates of other early successional alluvial
species such as sycamore, river birch, and boxelder.

DWR, Erin Davis:

1.

Page 5, Section 3.4.1 — DWR appreciates the detail provided in this section, particularly the
reasoning behind the assessment locations and subsequent scoring.

Thank you.

Page 8, Section 3.4.2 — Is there data available (e.g. boring map and logs) from the WEI
supplemental/expanded soil investigation. Also, please confirm the LLS investigation date, the
Appendix 1 LLS sealed report is dated August 2019.

Wildlands observed hydric soil indicator F3 (depleted matrix) within wetland credit areas not
evaluated by the LSS, bud did not document soil morphology thoroughly as though to serve as a
stand-alone soils evaluation. These observations were intended to fill in gaps and confirm
presence of hydric soils in wooded areas of the Rocky River floodplain. The LSS investigation
concluded that all areas of the Rocky River floodplain within study limits contained hydric soils.
Wooded areas were excluded from the LSS study area simply because it was based on an early

W Wildlands Engineering, Inc. (P) 919.851.9986 ¢ 312 West Millbrook Road, Suite 225 ¢ Raleigh, NC 27609



WILDLANDS

ENGINEERING

approximation of wetland credit areas which did not extend into the treeline. The mitigation plan
text has been updated to indicate an LSS study date of August 7 2019 instead of August 2020.

Page 19, Rocky River Reach — The narrative mentions approx. 70 feet of bank grading at the end
of this restoration credit reach, but no callouts are shown for this section on Sheet 1.07. Please
make sure to show all proposed work for the reach on the final design sheets.

Grading contours in the final plans show grading on the banks in this location. All of our
preferred contractors use GPS controlled machines and grade based on the grading model which
helps to ensure this type of bank grading is not missed during construction. A call out will be
added to the plans here to clarify bank work at the tie-in to the downstream end of the project.

Page 20, Mica Creek — During both design and construction, please consider aquatic passage in
the structure drops.

Aquatic organism passage has been considered in the design of drop structures. Final plans
limited drops on Mica Creek to approximately 0.3ft and reduced the overall number of drops.
Care will be taken during construction to ensure drop structures are properly installed within the
construction tolerances of design.

Page 21, Section 6.7 —
a. Please call out on Figure 3 which existing wetlands are relic channel features.

Wetlands that appear to be relic channel features have been identified on Figure 2.

b. The existing/proposed landscape variability described in the text is difficult to see in
Sheet 2. Is it possible to add callouts or bold some contour lines on Sheet 2 to better
show the habitat diversity?

Figures 12, 12a, and 12b have been added and include a digital elevation model to show the
existing landscape variability.

c. Please explain why the 12 percent hydroperiod performance standard is appropriate
and will demonstrate functional uplift for the wetland rehabilitation credit areas given
that the existing hydrology groundwater wells both recorded 100 percent hydroperiods.

In areas that already have lengthy wetland hydroperiods, cattle exclusion, vegetation
establishment, and habitat improvement will be the primary sources of functional uplift. The
vegetation, habitat, and water quality impairments to wetlands proposed for rehabilitation are
severe. We believe these existing wetlands cover a wide range of hydroperiods; however, our
chosen gauge locations only captured the extreme upper end of that range. Installing
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groundwater wells is an early step in our existing conditions assessment and it is difficult to
select locations that represent all combinations of wetland, non-wetland, relief, and
hydroperiods. Wetlands adjacent to reaches of the Rocky River and Mica Creek that will be
elevated and re-aligned with a meandering pattern will, presumably, experience improved
hydrologic interaction with the stream which is often not detectable through observation of a
hydroperiod percentage alone.

Page 21, Section 6.8.1 —
a. Pleaseinclude at least one regional vegetative reference community or explain why a
reference community is not available/applicable for this project site.

Wildlands does not currently have an inventory of relatively undisturbed reference quality
vegetation community sites. The goal of our planting plans is to establish a mix of early and later
succesional species that grow across a variety of soil and moisture conditions. This approach
provides short-term habitat, soil, and water quality improvements while also boosting long-term
forest succession. Species selection is based on our best professional knowledge of silvics,
scientific literature, and experience on prior ecological restoration sites. We believe incoporating
early successional species is critical in creating favorable growing conditions for later
successional species, particularly on the disturbed and degraded sites we typically deal with. We
are hesitant to alter our planting approach based on species proportions that may be observed in
later successional reference quality vegetation communities because of risk that it could slow
vegetation establishment and forest development for the duration of our involvement with a
site.

b. Areminder that planting should be completed by March 15th and any extension request
needs to be approved by the IRT and may involve a postponement of the MY1
monitoring period.

Noted.

Page 21, Section 6.8.2 — DWR appreciates the site specific discussion in this section. Past WEI
mitigation plans have included a site specific invasive management plan appendix, which DWR
considers a useful resource.

Thank you for the feedback.

Page 22, Section 6.10 —

a. Not sure if this is a question for Section 6.7, Section 11 or this section, but what if the
wetland credit areas trend wetter than expected? Is there a risk that some of the
wetland credit areas develop into open water, herbaceous or shrub wetland types
rather than bottomland hardwood forest? Is so, please address.
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Depressional areas may pond water seasonally but development of sizable areas that are limited
to open water or herbaceous vegetation is not expected. We have observed development of
varying hydroperiod areas on prior wetland mitigation sites, some of which were wet enough to
limit survival and growth of less flood tolerant planted woody species. Such areas are typically
small and interspersed with shorter or moderate hydrolperiod areas that allow a wider variety of
species to proliferate. We expect this type of interspersed occurrence of excessively wet areas at
Liberty Rock and feel that the spatial scale and difficulty of predicting these locations would
defeat the practicality of targeting such areas as independent planting units. Due to logistics of
large scale tree planting, it is inevitable that some planted stems will be introduced to
incompatible microsite growing conditions and be subject to mortality. However, the woody
stem species mix and planting density is intended to provide high likelihood that enough trees
will be planted in suitable microsites to attain survival and growth success criteria. If planted
stem survival and growth fails to meet interim success critera due to excess moisture on larger
areas that comprise 20% or more of the site, then an adaptive management plan proposing
supplemental planting of flood tolerant species will be submitted.

b. There was no discussion in Section 3.1 of watershed land use/cover changes over time.
Have county/local planning resources been consulted for potential future watershed
changes? Are there any proposed DOT projects in the vicinity (e.g. road widening,
culvert maintenance)?

Discussion of watershed scale land use has been added to Section 3.1.

c. Please expand on your discussion of risks associated with presence of parrot feather for
long-term site management and functional uplift.

Section 6.8.2 was expanded upon to discuss the source of parrot feather likely being from an
aquarium deposited upstream, as evidenced by aquarium rocks found throughout upstream
riffles, limiting the potential of a true continuous upstream source. Section 6.10 was updated to
discuss how the majority of existing parrot feather will be buried during construction and it will
be monitored and treated during monitoring years.

d. The last sentence references Section 10. Please highlight where in Section 10 the
maintenance activities associated with the identified risks and uncertainties are
discussed.

The reference in this section has been corrected to “Appendix 9 — Maintenance Plan”

Page 24, Section 8 — Will an onsite rain gauge be installed? If not, please identify the proposed
rainfall data source location and distance from the project site.
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The proposed source of rainfall data is the Siler City 2N weather station (Station ID 317924)
located 7 miles southeast of the project. This is the nearest weather station to the Site with a
history of reliable records. Sourcing off-site rainfall data is preferred to supplying on-site
instrumentation due to high probablily of equipment malfuntion with readily available
instruments and challenges in securing a gauge location that will remain undisturbed and
unobstructed by vegetation. Additionally, Wildlands believes that sourcing off-site data
adequately supports general trends observed in stream and groundwater hydrology. Although
there may be occasional discrepancy in off-site versus on-site rainfall quantities during isolated,
scattered storms, these differences are likely insignificant for the scope of hydrology analysis
required for mitigation projects.

Page 24, Table 16 — Please clarify that the wetland hydroperiod is an annual standard. And
please confirm that “average precipitation” is equivalent to “normal rainfall”.

Clarification has been added to Table 16 to indicate that wetland hydroperiod is an annual
standard and that hydrology will be evaluated in light of “normal” precipitation.

Page 24, Section 9 — Please remember to include soil profile data near all groundwater wells in
the MYO Report. DWR also requests the inclusion of red-line drawings in the as-built submittal,
including the planting plan and any species/quantity changes. If species substitutions are
necessary, DWR encourages the provider to consult with the IRT prior to planting. Also, please
confirm with DMS on the Closeout Report references.

Noted.

Page 26, Table 18 — DWR would like to see two of the fixed plots changed to random. And please
note that in addition to the reference photos, there will be photo points at each cross- section
and veg plot.

Table 18 and Figure 11 have been adjusted to show 15 fixed and 4 random vegetation plots. A
note has been added to Table 18 next to Reference Photos clarifying that additional photos will
be taken at each cross-section and from the southwest corner of each vegetation plot.

Page 27, Section 11 — As discussed during the IRT site walk, DWR is concerned with the
tributaries sustaining channel features long-term in the Rocky River floodplain. Please take into
consideration that any channel maintenance or adaptive management activities should be
limited to within the first three years of the monitoring period so the IRT can evaluate how
these features are trending (stream/wetland) and the associated functional uplift.

Noted. Thank you. We will keep this in mind as we do our annual monitoring and plan any
maintenance and adaptive management.

14. Figures — Inclusion of a LiDAR figure would be helpful for this project review.
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Figures 12, 12a, and 12b have been added and include a digital elevation model to aid in project
review.

Figure 11 — In this particular situation where concave relief areas are mentioned but are difficult
to see on figures/sheets, DWR is ok with field shifts of groundwater well locations out of
depression areas as long as it’s noted in the MYO Report.

Thank you. We will place groundwater wells in locations that are representative of that area and
mitigation approach.

Sheet 2 — If there is any wetland grading proposed beyond the installation of wetland plugs,
existing channel backfill and surface roughening, please provide a wetland grading plan
sheet/figure. It would also be helpful to see a cross-section across the wetland credit areas with
the new Rocky River channel configuration (similar to cross-sections included in WEI’s Banner
Farm mitigation plan).

No additional wetland grading is proposed for this project beyond wetland plugs and channel
backfill.

Sheets 5.3 — 5.6 — More of an educational inquiry than concern, but why do some structure
details callout woven filter fabric and others callout non-woven filter fabric?

Wildlands typically uses the woven filter fabric on log structures because it helps seal the
structure better with the rock and soil mixture just upstream of the sill. The non-woven fabric will
often tear and rip when installed behind a log structure when backfilling with rock and allow for
piping underneath the structure before it can naturally seal with fines in the interstitial spaces.

Sheet 5.5, Lunker Structure Detail — Is there a live stake or bank planting component with this
structure? DWR requests a photo of an installed lunker structure in the MYO report.

We are happy to provide a lunker structure photograph taken during construction. The structure
provides an undercut bank for fish habitat and is not visible once the pool fills with water. There
will still be livestakes on top of the bank where a lunker structure is installed according to the
streambank planting plan. If you are interested in seeing it installed, please let us know and we
will coordinate with you when it is being constructed.

Sheet 5.6, Wetland Plug — Understanding that individual plug width will vary, what are the
proposed minimum and average plug widths for this site?

The plug width will be dependent on the depth of the existing ditch. The detail has been updated
to include a 4:1 slope from the crest of the plug to the ditch bottom. The ditches are generally
below one foot indicating the length of plug would likely be eight feet or less.
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20. DWR truly appreciates the efforts made to enhance the proposed project, including capturing
the origins of two tributaries and the full floodplain of Rocky River with wider buffers, and
creating a continuous site without easement break or stream crossing fragmentation.

Thank you.

WRC, Olivia Munzer:

1. Page 9, Section 3.5: Existing Mussels Survey, it is stated that during the preliminary mussel
survey, we identified two state endangered species and one state threatened species. Please
clarify that these species are known to occur in the watershed because it can be misinterpreted
that we found them at the site.

This Section has been corrected in the Mitigation Plan. See response to USACE question 2.a.

2. Inregards to the planting plan, | would like to see more flowering herbaceous species in the
wetland seed mix to increase diversity. The species listed, bur marigold and/or swamp
sunflower, are also in the riparian seed mix and plugs. If you are doing flowering herbaceous
plugs, | would prefer a milkweed or other pollinator species typical of the vegetation community
but not already in the planting plan. Also, redtop panicgrass is more of a southern Coastal Plain
or Sandhills species. The preference would be a species that commonly occurs in Randolph
County. Please do not use tall fescue or orchardgrass as they are invasive and/or non-native
species.

The wetland and riparian areas have a permanent seed mix and bare root plantings, but are not
using plugs. The plugs are only located on streambanks. The swamp sunflower plugs in the
streambank plug mix adjacent to wetlands (Zone 1) have been changed to cardinal flower to
increase diversity. We are expecting native flowing herbacious pollinator communities to
naturally increase through the life of the project based on existing populations of pollinator
friendly forbs.

Redtop panicgrass, while often found in the sandhills and coastal plain, is found in wet disturbed
areas in the central piedmont as far west as Lincoln County. Its inclusion is based on our ability to
source seed from a local seed source. This more local provenance will help promote better
establishment than its alternative (beaked panicgrass) which can only be sourced from
Maryland. Tall fescue and orchard grass are not being planted within the easement, however
they may be used to repair impacts from construction to agricultural fields outside of the
conservation easement.
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WRC, Brena Jones:

1. Section 6.9: The language about placing mussels in the newly constructed reach should be
removed as that channel will take time to stabilize. | would recommend that it state that
mussels will be relocated to either upstream habitats or to another appropriate habitat within
the same basin. This would allow us the flexibility to place them somewhere else if we find a
better option in the meantime. | don’t think this would prevent later efforts to manually
introduce animals to the new reach at a later time when it is deemed stable.

We will follow this directive and only place relocated mussels in the identified habitat areas
upstream of the project, or any other habitats identified by WRC that they would like to see
species relocated to. Wildlands will work with WRC on any future manual relocation efforts to
restored streams when they have been deemed stabile enough for relocation.

If you have any questions please contact me at aallen@wildlandseng.com, (919)851-9986 x 106.

Sincerely,
A e

Angela Allen, P.E., Project Manager
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June 22,2021

Mr. Jeremiah Dow

NC Department of Environmental Quality
Division of Mitigation Services

1652 Mail Service Center

Raleigh, NC 27699-1652

RE: DMS Review comments for Mitigation Plan
Liberty Rock Mitigation Site (DMS# 100135)
Cape Fear 03030003, Randolph County, NC
Contract No. 7877-01

Dear Mr. Dow,

Thank you for compiling and providing comments on the Liberty Rock Mitigation Site draft Mitigation
Plan. We have reviewed the comments dated May 28, 2021 and have revised the Mitigation Plan
accordingly. This letter includes a response to each comment; comments have been reprinted with our
response in italics. The revised Mitigation Plan is being submitted with this letter.

1. Title Page — Please add DWR# 20200035.
Response: The DWR # has been added to the title page.

2. Section 1.0 — The first paragraph references DWR Subbasin 17-43-(1) which does not match
Table 2, which lists 03-06-12. Please clarify.

Response: The first paragraph has been corrected to state 03-06-12

3. Section 3.4.3 — How was the growing season for the existing hydrology section determined, and
will this be the same method used during monitoring?

Response: The method for determining growing season dates for existing groundwater hydrology
observations has been added to section 3.4.3. Additional discussion regarding growing season
dates and wetland performance standards has been added to section 8.0.

4. Section 3.5 -

a. The December 2020 Technical Memorandum titled Mussel Surveys and Relocation Efforts
states that as part of the pre-construction plan, “A maximum of three separate freshwater
mussel surveys and relocations efforts will take place within the proposed 3,375 ft reach
proposed for realignment, and within the downstream reach (600 ft section between the
railroad and Old 421). If no mussels are found during the second survey effort, then a third
survey will not be necessary.” To date, only 120 ft. of channel proposed for realignment has
been surveyed. Please provide more detail for upcoming pre-construction survey and
relocation efforts. Was the SEPI survey from February 2021 considered one of the three pre-
construction surveys, or was it simply done to inform design?
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Response: Section 3.5 was reworded to provide extra clarity on the different mussel surveys. The
initial survey post IRT walk is the “preliminary survey”. The second, after IRT coordination, is the
design survey. The design survey was done to inform design and led us to the conclusion that we
would not put in any streambed structures along that reach and only address bank erosion. A
section was added in the Design Approach and Mitigation Work Plan to describe the mussel
collection and relocation prior to construction. This is referred to as the “mussel collection survey
and is independent of both the preliminary and design surveys.

”

Section 5.2 — Please include a wetland impact map in an Appendix of the final mitigation plan.

Response: Final wetland impacts will be determined while preparing the Pre-Construction
Notification. A copy of impact figures submitted with the PCN will be appended to the Final
Mitigation Plan.

Section 6.2 — Given that the drainage area of Gypsum Creek Reach 2 is much smaller than that of
the reference reaches, please explain how the design parameters were derived from the
reference reaches.

Response: The reference reaches are of similar channel type to the proposed channel and the
dimensionless ratios from the reference reaches were used to inform the design, specifically, the
belt width, linear wavelength ratio, pool to pool spacing ratio, and riffle slope ratios. These ratios
are independent of drainage area.

Section 6.3

a. Table 11 — Listed in the Proposed Parameters column are Rocky River R1 and Rocky River
R2. Presumably, Rocky River R2 should be R3.

Response: The table has been corrected to show Rocky River R3.

b. Table 12 — Please reorder the Proposed Parameters columns so they are in the same order
as the Existing Parameters.

Response: The proposed parameters columns have been reordered to match the existing
parameters columns.

c. With Rocky River R1 morphological parameters largely only changing appreciably for
sinuosity and W/D ratio, and maintaining essentially the same discharge and a similar
bankfull area, will the channel be perched? Please clarify, and if so, is this to achieve the
desired sinuosity?

Response: The proposed design utilizes opportunity to slightly elevate the Rocky River
streambed between Gypsum Creek and Dolomite Creek to restore and improve wetland
hydrology. Clarification has been added to specify that elevating the Rocky River is only feasible
within this length. The improvement in stream pattern is most important to wetland hydrology
on the right floodplain and the expected effects of stream re-alignment on wetland hydrology
have been added. The perching of the channel is independent of the pattern and was not
required in order to achieve the desired sinuosity.
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8. Section 6.4
a. Third paragraph states for Schist Creek and Mica Creek that “Design discharge for both
streams was set slightly lower that the estimated 1.2-year discharge to account for peak
discharge attenuation due to upstream impoundments.” Sometime after 1993 it appears
that the upstream impoundment of Mica Creek was removed.

Response: That is correct. The reference to the impoundments has been removed.

9. Section 6.5
a. Last paragraph states “Due to the proximity of the agricultural impoundments upstream of
Schist Creek and Mica Creek, it is anticipated that these systems will be supply limited.” See
comment above, Mica Creek appears to no longer be impounded. Would you consider Mica
Creek supply limited in this scenario?

Response: Yes. You are correct that it is no longer impounded. While there is no impoundment, there
is a culvert through a railway crossing. There is no evidence channel bedload is traveling through the
culvert and supplying bed material to the system. There is also no evidence of active aggradation,
indicating the channel has the capacity to pass any fines that is being supplied. This section has been
edited in the report.

10. Section 6.6
a. On page 21 the paragraph discussing Dolomite Creek Reach 2 suggests that Wildlands will
be installing boulder steps. For Ell, this seems like heavy treatment. Please clarify.

Response: Dolomite Creek Reach 2 is a short reach where we are re-building the channel that
was trampled by livestock so heavily it did not have an existing channel cross-section connecting
the upstream preservation reach to the Rocky River. The drop over this section to the bed of the
Rocky River is over two feet. Rock steps were the most appropriate structure to stabilize this
drop. A description of this has been added to the text. Enhancement Il was agreed upon by the
IRT for this short connection reach.

b. Please provide a brief description on how sensitive mussel species will be (potentially)
relocated to the restored Rocky River reach.

Response: The restored reaches will first be constructed off-line. The mussels will be collected,
and mussels identified as “rare” will be tagged and stored in mesh bags in water coolers. When
water has moved to the new channel the mussels will be brought to the new reach in the coolers
and placed in the appropriate habitats on the restored reach. Section 6.9 has been added to the
report to describe this. This is described as the “mussel collection survey”.

c. For consistency, please add “Restoration” after Mica Creek paragraph heading.

Response: "Restoration” has been added.
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Section 6.7

a. Second paragraph states that “Rehabilitation and re-establishment of wetland hydrology will
be accomplished by elevating the Rocky River and Mica Creek streambeds” and that
“Elevating the streambeds will eliminate the drainage effect currently provided by the
channels...” The Rocky River is not currently incised. Will the Rocky River streambed be
raised a significant amount, or is it creating increased meander pattern that will drive re-
establishment of wetland hydrology in these reaches? Please clarify.

Response: The proposed design utilizes opportunity to slightly elevate the Rocky River
streambed between Gypsum Creek and Dolomite Creek to restore and improve wetland
hydrology. Clarification has been added to specify that elevating the Rocky River is only feasible
within this length. Improving stream pattern is most important to wetland hydrology on the
right floodplain and the expected effects of stream re-alignment on wetland hydrology have
been added.

b. There are no wetland plugs proposed for the south side (right bank) of Rocky River (see
Plan Sheet 2.0), the existing channel is not incised, and the proposed channel will be
realigned to thenorth. What is the driver for re-establishment of wetland hydrology in this
area in particular?

Response: Re-aligning the stream channel farther from the right valley wall is the primary driver
for re-establishment of wetland hydrology south of the Rocky River. A description of this driver
has been added to Section 6.7.

Appendix 1

a. Please add a map identifying mussel relocation reaches proposed to be monitored upstream,
downstream, and/or within the project. This is part of what will be the final approved
monitoring plan.

Response: Mussel relocation areas have been marked on the monitoring figure. The symbol
represents approximately 100-meter reach. Should these locations change per on site conditions
during relocation, they will be included in the as-built baseline monitoring report.

b. Please add a legend to Cross Sections 3, 8, and 10.
Response: A legend has been added to Cross Sections 3, 8, and 10.

c. Figure 11 —There is no groundwater well proposed between Schist Creek and the western
edge of the project. This is a large area of wetland re-establishment, and we think a GW well
somewhere in the area is appropriate, and likely to be requested by the regulatory agencies.

Response: A groundwater well has been added between Schist Creek and the western edge of
the project.

d. Proposed Geomorphic Parameters do not include Rocky River reaches or Schist Creek.
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Response: Rocky River R1, Rocky River R3, and Schist Creek have been added to the proposed
geomorphic parameters table.

Appendix 7 — First paragraph states “All credit releases will be based on the total credit generated
as reported by the as-built survey of the mitigation site.” Please change so that it reads that credit
releases will be based on “the total credit generated as reported in the approved final mitigation
plan.”

Response: The first paragraph has been updated.

14. Appendix 10

a. Pleaseinclude the DWR project ID on the title sheet. Also, change NCDENR to NCDEQ.

Response: The DWR project ID has been added to the title sheet and NCDENR has been updated
to NCDEQ.

b. Please make sure to label wetlands in the plan sheets according to the approved JD.

Response: Wetland labels have been added to the plan sheets.

c. Creditable lengths for tributaries entering Rocky River appear to extend to the centerline of
Rocky River (see Sheets 1.09, 1.10, 1.11, & 1.18). Recent guidance has been to stop crediting
attop of bank of the receiving channel. However, it appears that an argument could be made
for creditable stream beyond the receiving water’s top of bank to the bank toe of slope in
situations like Schist Creek on Sheet 1.09. Regardless, the stationing for the end of the
tributary reaches will probably need to be adjusted.

Response: The creditable lengths for the tributaries have been updated to extend to the bank
toe of Rocky River, instead of the centerline. The mitigation plan and supporting
documentation have been updated to reflect this change.

d. Please show proposed limits of disturbance.

Response: The proposed limits of disturbance will be provided upon completion of the erosion
and sediment control design at the 90% design phase.

Electronic Files

Proposed enhancement wetland EE overlaps with the wetland Re-Establishment polygon.
Pleasereview and address this overlap. Adjust asset table if necessary.

Response: The overlap between wetland EE and the wetland re-establishment polygon has
been corrected.

Please provide the data used to create the cross section and pebble count figures, and
include the existing conditions photos.

Response: The data used to create the cross sections and pebble county figures along with
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the existing conditions photos have been provided.

If you have any questions please contact me at aallen@wildlandseng.com, (919)851-9986 x 106.

Sincerely,
4/7%%

Angela Allen, P.E., Project Manager
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1.0 Introduction

The Liberty Rock Mitigation Site (Site) is located in Randolph County two miles south of Liberty and nine
miles northwest of Siler City (Figure 1). The Site is located within the Rocky River Headwaters targeted
local watershed (TLW) Hydrologic Unit Code 03030003070010 and the NC Division of Water Resources
(DWR) Subbasin 03-06-12. The Site will provide stream and wetland credits to the Cape Fear River Basin
Cataloguing Unit (CU) 03030003 through the restoration, enhancement, and preservation of the Rocky
River and four unnamed tributaries to the Rocky River (referred to as Schist Creek, Gypsum Creek,
Dolomite Creek, and Mica Creek for the project) and riparian wetland re-establishment, rehabilitation,
and enhancement (Figure 2). This Site will provide 5,142.350 warm stream credits and 15.252 wetland
credits and will be protected by a 41.12-acre conservation easement. All figures are in Appendix 1The
Site Protection Instrument detailing the easement is included in Appendix 2.

Table 1: Project Attribute Table Part 1

Project Information
Project Name Liberty Rock Mitigation Site
County Randolph
Project Area (acres) 41.12
Project Coordinates (latitude and longitude) 35°49'12.34"N 79°33'43.89"W
Planted Acreage (acres of woody stems planted) 23.70

2.0 Basin Characterization and Site Selection

The Rocky River at the Site is classified by DWR as Water Supply Ill. The River flows from the site to the
Siler City Water Supply Lake approximately six miles downstream. The 2009 Cape Fear River Basin
Restoration Priorities states improvement of water quality in streams draining to water supply reservoirs
as a top priority along with the protection of fish and mussel species.

The Upper and Middle Rocky River Local Watershed Plan (LWP) Identified the following primary
stressors as leading to poor water quality and aquatic biology ratings within the watershed:
e Stream and bank erosion;
e lack of adequate forested buffer;
e Nutrients;
Fecal coliform bacteria;
Livestock access to streams;
e Overuse of herbicides and pesticides;
e Stormwater runoff; and
o Floodplain development.

Management strategies listed in the LWP to address these stressors include:
e Restoring streams, wetlands, and riparian buffers;
e Excluding livestock from streams;
e Implementing stormwater and agricultural BMPS, including the reduction of herbicide and
pesticide usage; and
e Limiting development within floodplains.

The Cape Fear River Basin is also discussed in the 2015 North Carolina Wildlife Resource Commission’s
(NCWRC) Wildlife Action Plan (WAP). This report notes that urbanization, dams, and animal feeding
operations are primary stressors within this watershed and that management activities such as riparian
land conservation and stream restoration should be implemented.
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Restoration of the Site streams and wetlands will directly and indirectly address stressors identified in
the LWP and NCWRC WAP by removing livestock, creating stable stream banks, restoring forest in
agriculturally maintained buffer areas, and restricting potential development by creating a conservation
easement. These actions may reduce fecal, nutrient and sediment inputs into the Rocky River, and
ultimately the Siler City water supply reservoir, as well as reconnect instream and terrestrial habitats on
the Site. Restoration of the Site is directly in line with recommended management strategies in the LWP.

3.0 Baseline and Existing Conditions

3.1 Watershed Conditions

The headwaters of the Rocky River originate in the Town of Liberty and transition to a rural landscape
outside of the town limits. The Rocky River Watershed has slowly increased in development from 1985
to present, with low-density residential construction increasing along Old NC-421 and within the town of
Liberty. The rural areas currently outside of the town limits are zoned for low density residential
development and could see potential development over time. There are currently no DOT projects
planned within the watershed.

The headwaters are 24% developed and 6.7% impervious (Table 2, Figure 3). On site, the Rocky River
flows through a broad (200 feet wide or greater) floodplain containing several wetland features. Schist
Creek and Mica Creek both have rural watersheds as well, exhibiting 15% and 5% total developed area
respectively. Both watersheds are comprised predominantly of cultivated cropland followed by forested
area. Gypsum Creek and Dolomite Creek watersheds are nearly entirely on the project parcel and are
100% forested.

A review of historic aerials from 1943-2019 (Appendix 1) shows that on-site streams have existed in
their same approximate location over 75 years, with some changes to the agricultural management of
the land. Aerials show that the riparian buffers for Dolomite, Gypsum, and Schist Creeks have remained
undisturbed since prior to 1943. The riparian buffer of Mica Creek was timbered and converted to
agricultural use in the 1960’s and the riparian buffer and floodplain of Rocky River was timbered and
converted to agricultural use in the 1980’s. The Rocky River was straightened and moved to the south
valley edge during that time (see 1983 and 1993 aerial photos Appendix 1). Land use and buffer extents
have remained consistent since then. A review of historic imagery for the greater Rocky River Watershed
draining to the Site shows little land use change since 1993 as well. Nearly 4% of the watershed area is
planted pine trees for future harvesting. According to aerial photography, the most recent logging event
occurred between 2006 and 2008 when approximately 75 acres of pines in the upper watershed were
timbered.

Two major watershed stressors, as noted in Section 2, are nutrient and bacteria loading, both of which
can be attributed to unrestricted livestock access throughout the Site. Livestock have access to all
riparian wetlands and directly contribute fecal coliform and nutrients to wetland and stream areas.
Sediment input to streams is also a watershed stressor. Trampled stream banks and mass wasting are
prevalent along the project streams. A lack of riparian vegetation, due to constant grazing, has created
highly erodible streambanks. Mass wasting is often the result of lateral instability of the streams.
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Table 2: Project Attribute Table Part 2

Project Watershed Summary Information

Physiographic Province Piedmont
Ecoregion Carolina Slate Belt
River Basin Cape Fear
USGS HUC (8-digit, 14 digit) 03030003; 03030003070010
NCDWR Sub-basin 03-06-12
Project Drainage Area (acres) 2,600
Project Drainage Area Percentage of Impervious Area 6.7%

42% Cultivated Crops, 24% Developed, 24% Forest,
CGIA Land Use Classification 5% Shrubland, 3% Grassland/Herbaceous, 1% Open

Water, 1% Wetlands

3.2 Landscape Characteristics

The Site is located in the Piedmont Physiographic Province. The Piedmont Province is characterized by
gently rolling, well rounded hills with long low ridges and elevations ranging from 300-1,500 feet above
sea level (Figure 13, 13a, 13b). The surrounding fluvial landforms at the Site are typical of the Piedmont
region. The valley topography is gentle to moderate slope (Figure 4). Rocky River has a flat, broad valley
confined between steeper hillslopes and the other tributaries that drain to Rocky River are situated in
steeper, moderately confined valleys.

This Site is located in a portion of the Piedmont physiographic province known as the Carolina Slate Belt
(NCGS, 1985). The rocks in this region are primarily volcanic and sedimentary rocks that underwent low-
grade metamorphism giving them a slaty cleavage. Coarse-grained intrusive granites comprise the rest
of the Slate Belt rocks (Rogers, 2006). The Rocky River flows through an unconstrained alluvial valley
that is controlled by shallow granite bedrock prevalent throughout the existing river and surrounding
floodplain. This shallow bedrock creates a natural grade control and has prevented the river from
incising, which allows flood flows to frequently access the floodplain.

NRCS soil maps for the site show that Chewacla and Wehadkee soils dominate the floodplain of Rocky
River (Figure 5). These are somewhat poorly drained soils that are typical of the piedmont bottomland
hardwood areas where the water table generally remains within 24 inches of the surface. Georgeville silt
clay loam is mapped along Schist, Gypsum, and Dolomite Creeks. This soil is a moderately eroded silt
clay loam that is deep and well drained. Vance sandy loam soils are shown along the steeper valley of
Mica Creek. The well drained and deep soils along the tributaries paired with the slatey texture of the
underlying geology indicate that streams may go dry during later summer months, as is typical for slate
belt streams.
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3.3  Existing Streams

There are five jurisdictional streams channels on site:
Rocky River, Schist Creek, Gypsum Creek, Dolomite Creek,
and Mica Creek (Figure 2). The streams are discussed in
the sections below. Table 3 provides a detailed summary
of each stream. Surveyed cross sections and geomorphic
details are included in Appendix 1. NCSAM field
assessment forms with the rating calculator outputs and
NCDWR stream identification forms are included in
Appendix 3.

Rocky River

Rocky River
Rocky River flows east onto the Site from an adjacent

parcel and exits the site at a railroad easement. Within the Site limits, livestock have access to the entire
stream and floodplain. The pasture is extensively grazed and vegetation on the banks is limited to a
single line of trees sporadically spaced on each bank. These trees are used as shade for livestock, leading
to in-stream wallow areas. Scour is present on the majority of stream banks (> 75%) and is more severe
on the left bank. The majority of the stream is straightened and was likely moved to near the right valley
wall upon clearing of the floodplain for agricultural use. There are a few isolated meanders with
depositional point bars. The degree of lateral instability along this reach indicates the river is trying to
increase sinuosity.

Bedrock grade control has prevented further incision of Rocky River in the project site. Several bedrock
seams are exposed on the upper half of the River, west of the confluence with Mica Creek. The seams
create areas of backwater behind them, which contributed to limited bedform variability and algae
growth. The low slope within this area has also resulted in deposition and the creation of mid-channel
bars. Riffle pool sequences are scattered throughout the length of Rocky River where it is not
backwatered. The stream substrate is composed of cobble and gravel embedded with fines from the
bank erosion. There is colluvium from the right valley wall actively providing bed material for the river.

Schist Creek
Schist Creek, the westernmost tributary, originates south of US-421 and enters the site through a culvert
under the road. The upstream end of the channel is

overwidened and the stream begins to narrow and incise Schist Creek

as it approaches the floodplain of Rocky River. A bedrock
outcrop at the confluence with Rocky River, slightly
perched from the bed of the Rocky River, is preventing any
further downcutting, however the stream is actively
widening as evidenced by scour on the banks. There are
riffle-pool sequences in a short section prior to backwater
caused by the bedrock outcrop. The wooded riparian area
is providing some woody debris and leaf packs to the
channel; however, the bed is impacted by livestock
trampling. The wooded riparian buffer along Schist Creek
is dominated by canopy trees as described in Section 3.6.
The stream substrate is mostly comprised of gravel
material mixed with some silt and sands.
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Gypsum Creek
Gypsum Creek starts at a spring head on the south side

of Rocky River. It is an intermittent channel with well-
formed banks and bed material consisting of gravel. The
wooded buffer provides large woody debris and leaf
packs for habitat. It is connected to its floodplain and not
actively incising or scouring, however hoof shear
imprints along the banks and bed show livestock actively
cross the channel. As Gypsum Creek enters the
floodplain of Rocky River it loses bank definition because
of the large impact of livestock on the channel. Hoof
imprints in this area are often 6-8” deep and have
completely trampled the banks. Vegetation along this
reach is described in Section 3.6.

Gypsum Creek Headwater

Dolomite Creek

Dolomite Creek becomes jurisdictional just downstream of
an existing perched culvert within the riparian area south
of Rocky River. The wooded buffer provides large woody
debris and leaf packs for habitat. The gravel bed consists
of riffle-pool sequences. Dolomite Creek is connected to
its floodplain within the wooded portion of the stream. As
the channel enters the Rocky River floodplain it downcuts
to tie into the Rocky River. Vegetation along this reach is
described in Section 3.6.

Dolomite Creek

Mica Creek

Mica creek enters the site through a perched culvert at
the northeast corner of the site. The stream is
straightened, and the banks and riparian area are Mica Creek Wallow Area
dominated by pasture grasses and dogfennel (Eupatorium
capillifolium). There is a short reach with riparian trees
just upstream of the floodplain of Rocky River. The area is
used by livestock for shade and grazing has limited
understory growth. The stream is narrow, deep, and
incised along its entire length. Scoured banks along the
stream reveal a layer of gravel approximately one foot
above the existing bed, indicating the elevation of the old
channel bed. The channel becomes overwidened as it
enters the floodplain of Rocky River. There is little
bedform variability, however, some shallow pools are
interspersed along the stream. The bed material is gravel
embedded with fines from the mass wasting of bank material. Livestock frequently cross this channel
creating trampled wallow areas. There are no woody debris, leaf packs, or root material limiting habitat
diversity.
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Table 3: Summary of Stream Resources

Reach Summary Information
. Schist Gypsum | Dolomite Mica
Parameter Rocky River Creek Creek ? Creek ? Creek
Length of Reach (If) 2,625 211 113 44 952
Valley Confinement (confined,
moderately confined, unconfined) U U U U M
Drainage Area (acres) 2600 219 2.3 7 92
Perennial, Intermittent, Ephemeral P P I | P
NCDWR Water Quality Classification Water Supply Il
Stream Classification?
c4/ca c4/ca NA2/C4 NA?Z/NC E4/C4
(Existing and Proposed) / / / / /
FEMA Classification AE - - - -
Reach 1 - Low
NCSAM Overall Score® Reach 2 — Low Medium High Low Low
Reach 3 - Medium

1. Source: Rosgen, D. L. 1994. A classification of natural rivers. Catena 22:169-199. Reaches not slated for restoration or

enhancement | were not classified (NC).

2. Gypsum Creek Reach 2 and Dolomite Creek Reach 2 were severely degraded and eroded due to cattle trampling. Cross

section surveys could not be performed.

3. NCSAM worksheets and scores can be found in Appendix 3.

3.4 Existing Wetlands

3.4.1 Existing Jurisdictional Wetlands

Wildlands investigated the extent of Waters of the United States within the project area during July of
2020. All jurisdictional resources were located by sub-meter GPS or conventional survey and are shown
on Figure 2. USACE staff provided confirmation of extent of jurisdictional resources on November 16,

2020 (Appendix 4). Existing wetland summary information is presented in Table 4.

Table 4: Summary of Wetland Resources

Size of Soil
NCWAM M Drai f
Parameter Wetland Wetland Type :a tin Soi?::rei:s r:ll:sasge Hydric SO::::TOO
(acres) & Status v 2
Wetland A 0.174 Headwater Forest Low Vance WD No Groundwater
Wetland B 0.002 Headwater Forest Low Vance WD No Groundwater
Wetland C 0.017 Headwater Forest Low Vance WD No Groundwater
Wetland D 0.019 Headwater Forest Low Vance WD No Groundwater
Wetland E 0.006 Headwater Forest Low Vance WD No Groundwater
h |
Wetland F 0.017 Headwater Forest Low Chewacla/ SPD/PD No/Yes | Groundwater
Wehadkee
Ch |
Wetland G 0.017 Headwater Forest Low ewacla/ SPD/PD No/Yes | Groundwater
Wehadkee
Bottomland Chewacla/
Wetland H 0.011 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Bottomland Chewacla/
Wetland | 0.545 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Bottomland Chewacla/
Wetland J 0.114 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Bottomland Chewacla/
Wetland K 0.028 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
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Size of

Soil

Parameter Wetland Wetland Type N:;I:::;II Slrila::rei:s Drgliansasge Hydric :3:::)?0:;
(acres) Status
Wetland L 0.006 Ha?gvt/tc?g:jligfest Low \CA?:;A; Zilzé SPD/PD No/Yes | Groundwater
Wetland M 0.005 Ha?;\,tvt::;'ig‘:est Low \%‘:r:"; Zi':é SPD/PD | No/Yes | Groundwater
Wetland N 0.004 HarB;vt/t:cT;Iir;(rjest Low 5:::; Zﬂ:é SPD/PD No/Yes | Groundwater
Wetland O 0.006 HaEc?vf/tc?:;Iir;(rjest Low \f\?eek\nl\;?jclil.:é SPD/PD No/Yes | Groundwater
Wetland P 0.002 Ha?c:?vt/tgtzilir;(:est Low \(l:\?:fgil(l:(l:é SPD/PD No/Yes | Groundwater
Wetland Q 0.016 Ha?ccl)vf/tggglligfest Low SJ]::;ZT(IZZ SPD/PD No/Yes | Groundwater
Wetland R 0.007 Ha?;\’tvt:g;'ig‘:est Low \%‘:r:"; Z‘Ii':(/e SPD/PD | No/Yes | Groundwater
Wetland S 0.010 Ha?c;)vtvt:c?:ig(:est Low \(/:\7:}:‘ 27(':2 SPD/PD No/Yes | Groundwater
Wetland T 0.010 Hafé)vf/t:cﬂlir;(rjest Low SJI:P\IA;Z?:Q SPD/PD No/Yes | Groundwater
Wetland U 0.009 Hach;)vf/tgcr):iszr;(:est Low 5&::’;2‘322 SPD/PD No/Yes | Groundwater
Wetland V 0.014 Ha?ccl)vf/tggglligfest Low \(,:J]::;ZT(IZZ SPD/PD No/Yes | Groundwater
Wetland W 0.021 Haf;ﬁg;g'i’;‘:est Low \(z';:"; Zf('zé SPD/PD | No/Yes | Groundwater
Wetland X 0.005 Ha?gvtvt:c?;'ig‘:es | Low S\E’; Z‘Ii':(/e SPD/PD | No/Yes | Groundwater
Wetland Y 0.005 HarBdovt/t:cr:;IIir;(rjest Low 5&‘:& Zﬂ:é SPD/PD No/Yes | Groundwater
Wetland 2 0.030 HaEc;)vf/tc?cr:(;l?:r;(:est Low 5&3?;2?22 SPD/PD No/Yes | Groundwater
Wetland BB 0.047 Hach(I)vt/t(;)(:ilT:z(:est Low \(l:\?:fgil(l::;/e SPD/PD No/Yes | Groundwater
Wetland CC 0.088 Ha?;ﬁg;g'ig‘:est Low &E"; Zﬂzé SPD/PD | No/Yes | Groundwater
Wetland DD 0.067 Hai?vtvtc?c?;'ig‘:es | Low S\E’; 2‘;(':2 SPD/PD | No/Yes | Groundwater
“(I:;Li:(:eI;E 0.254 Hach?vt/t:cr;llir;(rjest Low 5\?:}:\ Zﬂ:é SPD/PD No/Yes | Groundwater
\I\:s\tllz\::sl)EE 0.453 Ha?c;)vf/tc?cﬂlig(:est High 5&;?; ZT(IZé SPD/PD No/Yes | Groundwater
Wetland FF 0.147 Bottomland Low Chewacla/ SPD/PD No/Yes | Groundwater
Hardwood Forest Wehadkee
Wetland GG 0.021 HarB;)vt/tc?cT:irc])(:est Low \%]:&Zi:é SPD/PD No/Yes | Groundwater
Wetland HH 0.004 Floodplain Pool Low \S\;‘:rg?j(l:::é SPD/PD No/Yes | Groundwater
Wetland II 0.013 RiveriFr;;\:/amp Low &?::;ZCIJZQ SPD/PD No/Yes | Groundwater
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Size of

Soil

NCWAM M Drai f
Parameter Wetland Wetland Type Ratin Soila::rei:s rgllansasge Hydric :oz:gfoo
(acres) & Status v By
Bottomland Chewacla/
Wetland JJ 0.047 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Bottomland Chewacla/
Wetland KK 0.047 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Wetland LL Bottomland Chewacla/
2.1 L PD/PD No/Y
(Pasture) 30 Hardwood Forest ow Wehadkee SPD/ ofYes | Groundwater
Wetland LL Bottomland . Chewacla/
0.440 High SPD/PD No/Y G dwat
(Woods) Hardwood Forest 's Wehadkee / ofYes roundwater
Wetland MM 0.023 Bottomland Low Chewacla/ SPD/PD No/Yes | Groundwater
’ Hardwood Forest Wehadkee
Bottomland Chewacla/
Wetland NN 0.004 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Bottomland Chewacla/
Wetland OO 0.010 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater
Bottomland Chewacla/
Wetland PP 0.004 Hardwood Forest Low Wehadkee SPD/PD No/Yes | Groundwater

Forty-one of the delineated wetlands were located within the proposed conservation easement and
classified and evaluated using the North Carolina Wetland Assessment Method (NCWAM). Wetlands
located along Mica Creek (Wetlands A-D) were classified as the Headwater Forest Type since it is a first
order stream based on USGS topographical maps. Within the Rocky River floodplain, there was one
wetland classified as the floodplain pool type (Wetland HH) and one wetland classified as a Riverine
Swamp Forest (Wetland Il). Wetland Il appears to have been excavated at some point in the past
resulting in a longer hydroperiod and, thus, the classification as Riverine Swamp Forest. All remaining
wetlands within the Rocky River floodplain and were classified as Bottomland Hardwood Forest.

Wetlands EE and LL both have portions in pasture and portions that are currently forested. Since
vegetation composition and structure heavily influence function and quality, these wetlands were each
separated into two assessment areas. The wooded portions of these Bottomland Hardwood Forest
wetlands scored high for the hydrology, water quality, and habitat functions as well as the overall rating.
Cattle were observed concentrating within these areas during the warm summer months.

All remaining existing wetlands scored low for the hydrology, water quality, and habitat function ratings
as well as the overall wetland ratings. Wetland impairments are the direct result of land use as cattle
pasture. Herbaceous vegetation within these wetlands is heavily grazed and very few woody stems are
present. Livestock cause nutrient and bacteria inputs, creating a pollutant source and reducing water
quality improvement mechanisms of riparian wetlands on adjacent streams. Wetlands are fragmented
and disconnected from other wildlife habitat types. NCWAM field assessment forms and the rating
calculator outputs are included in Appendix 3.

3.4.2 Relic Hydric Soils
A licensed soil scientist (LSS) evaluated the site on August 7, 2019 to assess the extent of hydric soils
onsite. The results of this investigation were used to determine wetland re-establishment potential.

Areas containing hydric soils but lacking a contemporary wetland hydrology regime were likely

functional wetlands prior to manipulation of the site for agricultural purposes. The LSS report and hydric
soil map are included in Appendix 1.
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The investigation determined that soils in the Rocky River Floodplain are most like the Wehadkee series
series (Fine-loamy, mixed, active, nonacid, thermic, Fluvaquentic Endoaquepts) with one area appearing
more similar to the Roanoke series (Fine, mixed, semiactive, thermic Typic Endoaquult).

The LSS investigation did not address the entire area proposed for wetland re-establishment. The larger
excluded areas were forested portions of Wetlands EE and LL and the south floodplain of the Rocky
River beginning near Dolomite Creek and moving downstream. These areas were evaluated by
Wildlands staff and meet Hydric Soil Indicator F3 (Depleted Matrix).

3.4.3 Existing Hydrology

Groundwater gauges (GW) were installed on site in January 2020 at locations shown on Figure 2.
Growing season dates for existing hydrology observations were determined using the WETS table for
years 1990-2019 from the Asheboro 2 W, NC weather station (Coop ID 310286). Based on this period of
record and the 28-degree Fahrenheit temperature threshold, there is a 50% probability that the growing
season will occur from 3/18-11/16 (243 days). The longest hydroperiods observed on site occurred at
GW 1, GW 2, and GW 7. GW 1 and GW?7 recorded hydroperiods of 100% and GW 2 recorded a 44.7%
hydroperiod. These locations are associated with existing wetlands driven by groundwater discharge
and concave relief. Remaining groundwater gages are located in relic hydric soil areas and recorded
hydroperiods ranging from 0.4% to 8.2% of the growing season. These areas appear to be drained by
adjacent stream channels and relic channel features. Although the relic channel features may have
formed due to natural stream migration, cattle trampling and lack of vegetation has caused them to
function as clearly defined drainage conduits. These features provide a pathway for groundwater
discharge near slopes to move directly to the stream and expedite drainage of surface water. A
summary of groundwater gauge data is provided in Table 5 and plots for the entire observation period
are in Appendix 1.

Table 5: Groundwater Gauge Summary

Consecutive Days in Growing Consecutive Percent of Growing
. . Proposed Wetland
Gauge Season with Groundwater Table Season with Groundwater PEAREEET
Above 12 in. Depth Table Above 12 in. Depth

1 244 100 Rehabilitation
2 109 44.7 N/A!
3 20 8.2 Re-establishment
4 6 2.5 N/A!
5 1 0.4 Re-establishment
6 7 2.9 Re-establishment
7 244 100 Rehabilitation
8 1 0.4 Re-establishment
9 13 5.3 Re-establishment
10 3 1.2 N/A!

IN/A indicates gauge is located within proposed stream channel footprint.

3.5 Existing Mussels Survey

During the North Carolina Interagency Review Team (NC IRT) post-contract site walk in February 2020,
the NC Wildlife Resource Commission (WRC) raised a concern that there may be some rare mussel
species in the Rocky River. They noted three crayfish species, three native snail species, and three native
mussels including the Eastern Creekshell (Villosa delumbis) and potential habitat for Carolina Creekshell
(Villosa vaughaniana) and Savannah Lilliput (Toxolasma pullus). In April 2020 WRC worked with
Wildlands to develop an assessment and relocation plan for mussels. The plan included conducting a
preliminary mussel survey to identify freshwater mussels in the Rocky River and choosing mussel
relocation reaches up and downstream of the project. During the preliminary survey (described in detail
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below), WRC and Wildlands subcontractor SEPI, Inc. (SEPI) identified five species on site: Eastern
Creekshell, Notched rainbow (Villosa constricta), Eastern elliptio (Elliptio complanata), Florida pondhorn
(Uniomerous carolinianus), and Eastern floater (Pyganodon cataracta). The identification of these
species on the Site led to the development of a new concept plan for the Rocky River, where restoration
activities will remain on-line in areas where the species of concern were found. Further details of the
communication with the IRT regarding the preliminary survey are located in Appendix 5.

A design survey was conducted by SEPI along 700 linear feet (LF) of the Rocky River, including the
proposed enhancement | reach and an additional 120 LF upstream to obtain data on mussels that may
move into the enhancement reach prior to construction. The design survey, conducted in February
2021, was divided into seven 100 LF reaches. Mussels were identified and placed back in the channel
after each survey reach. A catch per unit effort (CPUE) per species was calculated for each reach, and an
overall CPUE was calculated per species based on the entire survey. State species were measured and
checked for gravidity. A total of 225 individuals were observed during the survey including the eastern
elliptio, notched rainbow, eastern creekshell, Florida pondhorn, and eastern floater. The Eastern
creekshell is a state endangered species and Notched rainbow is a species of concern. The eastern
elliptio was the dominant species making up 81% of the species composition. The Carolina Creekshell
and Savannah lilliput were not found during the design survey. The smallest population density is
located between the existing and proposed confluences of Mica Creek and the Rocky River. The largest
populations were noted up and downstream of these reaches. Most mussels were found within the river
thalweg where the substrate consists of a heterogeneous mixture of sand, gravel, and cobble. No
individuals were found within the stream banks, as few undercut banks were present in the survey reach
to provide adequate habitat. A full report of the findings is located in Appendix 1. Discussions of further
mussel surveys and mussel relocation plans are location in Section 6.9 and Section 9 of this report.

3.6 Existing Vegetation

Much of the site, including the riparian zones of Rocky River and Mica Creek, are dominated by pasture
grasses such as fescue (Festuca spp.) and common bottlebrush grass (Elymus hystrix) with scattered
trees along the top of bank and adjacent floodplain. In addition to pasture grasses, other herbaceous
species include joe-pye (Eutrochium spp.), goldenrod (Solidago spp.), Virginia buttonwood (Diodia
virginiana), leathery rush (Juncus coriaceus), path rush (Juncus tennuis), boneset (Eupatorium spp.), and
dogfennel (Eupatorium capilifolium). Soft rush (Juncus effuses), shallow sedge (Carex lurida), Maryland
meadowbeauty (Rhexia mariana), smartweed (Persiaria spp.), spotted jewelweed (Impatiens capensis),
and blunt spikerush (Eleocharis obtuse) are present in the wetland features within the floodplain.
Invasive species on site include marsh dewflower (Murdannia keisak), parrot feather (Mirophyllum
aquaticum), multiflora rose (Rosa multiflora), and Chinese privet (Ligustrum sinense).

Dolomite Creek, Gypsum Creek and Schist Creek have buffers that are primarily wooded. Canopy species
in these areas include American elm (Ulmus americana), sycamore (Platanus occidentalis), tulip poplar
(Liriodendron tulipfera), ironwood (Carpinus caroliniana), mockernut hickory (Carya glabra), black
walnut (Juglans nigra), winged elm (Ulmus alata), honey locust (Gleditsia triacanthos), and persimmon
(Diospyros virginiana). The shrub layer is primarily comprised of blackberry (Rubus spp.), and elderberry
(Sambucus canadensis).

3.7 Overall Functional Uplift Potential

The primary stressors to streams on Site are the lateral instability on the Rocky River, Schist Creek, and
Mica Creek, the incision on Schist Creek and Mica Creek, livestock access on all reaches, and lack of
riparian buffers on Mica Creek and the Rocky River. Without intervention, livestock will continue to
trample banks and wallow in the stream channels, expediating the degradation and widening processes
of the streams on Site and contributing to the sediment and pollutant loads downstream.
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Wetland functionality within the Rocky River floodplain has been compromised by agricultural
conversion. Wetland restoration practices will increase groundwater storage and residence time,
improve hydrologic interaction of the stream and floodplain wetlands, provide opportunity for water
quality treatment, and establish diverse wildlife habitat.

The primary functional uplift on site will be the reduction of sediment loads, stabilization of stream
channels, establishment of riparian buffers, and improvements to wetland functions through the
following activities:

Addressing varying degrees of geomorphic instability through channel restoration and
enhancement.

Removal of livestock from the project parcel.

Reconnecting stream channels to their floodplains and riparian wetlands.

Establishing a riparian buffer for all restoration and enhancement reaches on site.
Plugging drainage swales in the Rocky River floodplain.

Potential habitat and water quality benefits to the mussel population could occur from removing
livestock, enhancing the riparian buffer, and protecting the Site in perpetuity.

4.0 Mitigation Site Goals and Objectives

The overall goal of the project is to reduce sediment, nutrients, and fecal coliform loading in the Rocky

River,

and greater Cape Fear watershed and improve stream and wetland function through the

restoration and preservation of streams, the reestablishment and rehabilitation of riparian wetlands,
and the establishment and protection of riparian buffers. Goals have been set to achieve the functional
uplift outlined in Section 3 and alleviate the watershed stressors discussed in Section 2. The project

goals

and related objectives are described in Table 6.
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Table 6: Mitigation Goals and Objectives

Goal

Objective

Expected Outcomes

Exclude livestock
from streams.

Remove livestock from the site.

Support LWP/WAP objective of reduction
in sediment, nutrient, fecal coliform, and
bacteria inputs through removal of
livestock.

Improve the stability
of stream channels.

Construct stream channels that will
maintain stable cross-sections,
patterns, and profiles over time.

Reduce shear stress on channel
boundary. Reduce sediment inputs from
bank erosion.

Support LWP/WAP objective of stabilizing
streambanks

Improve instream
habitat.

Install habitat features such as
constructed riffles, lunker structures,
and brush toes into restored/enhanced
streams. Add woody materials to
channel beds. Construct pools of
varying depth.

Increase and diversify available habitats
for macroinvertebrates, fish, mussels,
and amphibians leading to colonization
and increase in biodiversity over time.
Add complexity including LWD to the
streams.

Reconnect channels
with floodplains.

Reconstruct stream channels with
appropriate bankfull dimensions and
depth relative to the existing
floodplain.

Allow more frequent flood flows to
disperse on the floodplain. Support
geomorphology and higher-level
functions. Improve wetland hydrology in
the Rocky River floodplain.

Improve wetland
hydrology.

Remove livestock to allow soil profiles
to stabilize. Remove drain effect of
channelized stream and floodplain
swales.

Increased surface water residence time
will provide contact treatment and
groundwater recharge potential.

Restore and enhance
native floodplain and
streambank
vegetation.

Plant native tree and understory
species in riparian zones and plant
native shrub and herbaceous species
on streambanks. Treat invasive species
within project area.

Reduce sediment inputs from bank
erosion and runoff. Increase nutrient
cycling and storage in floodplain. Provide
riparian habitat. Add a source of LWD
and organic material to stream. Support
all stream functions.

Support LWP/WAP objective of restoring
riparian buffers

Permanently protect
the project site from
harmful uses.

Establish a conservation easement on
the site. Preserve high quality stream
reaches through the placement of a
conservation easement on site.

Protect Site from encroachment on the
riparian corridor and direct impact to
streams and wetlands. Support all stream
functions.

5.0 Regulatory Considerations

Table 7, below, is a summary of regulatory considerations for the Site. These considerations are
expanded upon in Sections 5.1-5.4. Excerpts of the Categorical Exclusion are located in Appendix 6.
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Table 7: Project Attribute Table Part 4

Regulatory Considerations
Parameters Applicable? Resolved? Supporting Docs?
Water of the United States - Section 404 Yes No PCN, 404 Permit
Water of the United States - Section 401 Yes No PCN, 401 Permit
Endangered Species Act Yes Yes Categorical Exclusion Documents
Historic Preservation Act Yes Yes Categorical Exclusion Documents
Coastal Zone Management Act No No N/A
FEMA Floodplain Compliance Yes No CLOMR
Essential Fisheries Habitat No N/A N/A

5.1 FEMA Floodplain Compliance and Hydrologic Trespass

The site is located on the Randolph County Flood Map 3710872400K. Rocky River is mapped in a Zone
AE Special Flood Hazard Area (SFHA) (Figure 6). No other tributaries are mapped, though confluences of
each tributary enter into the Zone AE in the Rocky River floodplain. Wildlands will model the stream in
HEC-RAS as a CLOMR, coordinating permitting through Randolph County and the State FEMA
coordinator.

The conservation easement surrounding the Rocky River floodplain encompasses the entire floodplain
and areas where the water table may raise due to the restoration of the Rocky River floodplain. The
restoration of the Rocky River and adjacent wetlands is unlikely to affect hydrology outside of the
easement.

5.2 401/404

Design of the Site prioritized avoidance and minimization of impacts to wetlands that currently provide
appropriate function. Some small impacts were unavoidable and necessary to maximize ecological uplift
potential of the stream design on the Rocky River and its tributaries. These impacts are due to
conversion of wetland to stream resource, floodplain grading, and temporary haul roads. Several
existing wetlands within the Rocky River floodplain are relic channel features. The value of maintaining
these features is recognized but some small impacts will occur to plug these features and prevent them
from functioning as a surface drainage swales. A net gain of wetland area and function is expected.
Wetlands within the limits of disturbance will be shown on construction plans, erosion and sediment
control plan and detail sheets, and avoidance procedures described in project specifications. Wetland
impacts are provided in Table 8 to the project as a whole. The Pre-Construction Notification and Figures
13, 133, and 13b provides itemized impacts in greater detail.
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Table 8: Impacts to Project Wetlands

Permanent (P) Impact Temporary (T) Impact
Jurisdictional e Impact Impact
Classification Acreage
Feature T iy | Area |l | A
v (acres) y (acres)
Bottomland Hardwood . .
Conversion Floodplain
Wetlands A- Forest, Headwater to Stream Gradin
Forest, Floodplain Pool, | 5.85 0.42 & 0.25
PP L Resource, and Haul
and Riverine Swamp
Plug Swales Roads
Forest

6.0 Design Approach and Mitigation Work Plan

6.1

Design Approach Overview

The design approach for this site was developed to maximize functional uplift and meet the goals and
objectives described in Section 4. The table below summarizes the primary impairments to each
resource and the proposed restoration activity.

Table 9: Functional Impairments and Restoration Approach

. . Restoration
Resource Reach(es) Primary Stressors/Impairments
Approach
. Livestock access, bank erosion and mass wasting, .
Rocky River 1,3 . . . Restoration
invasive in-stream vegetation, lack of wooded buffer
. Livestock access, bank erosion and mass wasting,
Rocky River 2 . . . & Enhancement I*
invasive in-stream vegetation, lack of wooded buffer
Livestock access, incision and bank erosion, inadequate
Schist Creek - ability to dissipate energy from upstream culvert Restoration
discharge, lack of wooded buffer in lower section
Gypsum Creek 1 Livestock access Preservation
Livestock access, lack of channel definition, lack of .
Gypsum Creek 2 Restoration
wooded buffer
Dolomite Creek 1 Livestock access Preservation
Dolomite Creek 2 Livestock access, lack of wooded buffer Enhancement Il
. Livestock access, incision, bank erosion, lack of .
Mica Creek - Restoration
wooded buffer.
Relic hydric soils in . Floodplain drainage, livestock access, lack of wooded .
v . Rocky River P g Reestablishment
floodplain buffer
Existing floodplain Rocky River, . e as
g P ) y Livestock access, lack of wooded buffer Rehabilitation
wetlands Mica Creek
Existing floodplain . .
& P Rocky River Livestock access Enhancement
wetlands (wooded)

1 Enhancement 1 on Rocky River Reach 2 will involve bank treatments along the majority of its length to reduce
sediment input and channel instability, while maintaining the existing channel bottom where the sensitive mussel
species were identified.
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6.2 Reference Streams

Reference reaches were chosen to inform the design because of their similarities to the Site streams
including drainage area, valley slope, morphology, and bed material. Proximity of the reference reaches
to the project site and location within similar physiographic and geologic regions were also considered.
In all, six reference reaches were used to develop and support the design of stream reaches on site
(Figure 7). Geomorphic parameters for these reference reaches are summarized in Appendix 1. A brief
description of each reference reach is included in Table 10.

Table 10: Stream Reference Data Used in Development of Design Parameters

Creek Reach 2

regrowth.

reaches. No

pattern data
available for this
reference reach

Reference Stream .\ .
Landscape Position Chosen For Used For Design Reaches
Reach Type
Central pied tregi fNC - .
en 'ra'w piedmon r.eg'o.” ° Proximity to the Discharge,
receiving runoff primarily from roiect site and Dimension
Long Branch C4/E4 | wooded and agricultural areas, P . ) . ! Rocky River
. similar valley Pattern,
and some low-density )
. . slope Profile
residential areas
Proximity to th
r0)'<|m| y othe Discharge, Schist Creek,
. project site and . .
UT to Varnals Forested area in the central o Dimension, Gypsum Creek,
C4/E4 . . similar valley .
Creek piedmont region of NC Pattern, Dolomite Creek,
slope as the ) .
. Profile Mica Creek
project reaches
Similar size
. . drainage area and Discharge, Schist Creek,
Central piedmont region of NC valley slope as . .
UT to Wells . . . Dimension, Gypsum Creek,
Cc4 with a nearly entirely forested project reaches. .
Creek . Pattern, Dolomite Creek,
watershed Within close . .
o Profile Mica Creek
proximity to the
site
Similar valley
Piedmont region of NC |r.1 ? s-Iope to the . ‘ Schist Creek,
mature forested area receiving | project reach and | Dimension,
UT to Polecat . Gypsum Creek,
E4 runoff from agricultural, entrenchment Pattern, .
Creek . . . . Dolomite Creek,
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6.3 Design Channel Morphological Parameters -

A combination of reference reach data and designer experience was used to develop design parameters
for streams on site. Key morphological parameters are summarized in tables below and extended
parameter tables can be found in Appendix 1. Gypsum Creek and Dolomite Creek do not list existing
morphological parameters for their restoration reaches because the existing streams have lost channel
definition in the floodplain of the Rocky River due to extensive livestock trampling.

Table 11: Summary of Morphological Parameters for Rocky River

Existing Reference
Parameter Parameters Parameters Proposed Parameters
Rocky River Long Branch Rocky River R1 | Rocky River R3
Valley Width (ft) 200+ - 200+ 200+
Contributing Drainage Area (acres) 2600 954 2600 2600
Channel/ Reach Classification c4 C4/E4 c4 Cca
Bankfull Width (ft) 18.1-22.8 14.8-18.6 28 26
Bankfull Depth (ft) 1.7-2.3 1.3-2.1 1.6 1.9
Bankfull Area (sq ft) 35.7-48.1 25.0-34.6 455 49
Bankfull Discharge Velocity (ft/s) 1.7-3.1 3.6-4.0 2.7 2.6
Bankfull Discharge (cfs) 110-121 101-124 110 128
Water Surface Slope (%) 0.1-0.9 0.6 0.1-0.5 0.2
Sinuosity 1.0-1.1 13 1.26 1.10
Width/ Depth Ratio 7.9-12.7 7.9-13.8 17.2 13.8
Bank Height Ratio 1.0 1.2-1.5 1.0 1.0
Entrenchment Ratio >2.2 >3.4 >2.2 >2.2

Table 12: Summary of Morphological Parameters for Schist Creek, Gypsum Creek, and Mica Creek

Existing Parameters Reference Parameters Proposed Parameters
Parameter Schist Gypsum Mica UTto UTto UT to Schist Gypsum Mica
Creek S Creek e Polecat Creek (L3 Creek
Reach 2 Creek Creek Reach 2
Valley Width (ft) 75+ 100+ 50+ - - - 75+ 100+ 50+
Contributing Drainage | 2 92 262 83 262 219 2 92
Area (acres)
Channel/ Reach Ca/E4 - Ca/Ea | ca/Es | ca E4 ca ca ca
Classification
Bankfull Width (ft) 11.2 - 6.6 303; 6.2-8.6 | 5.3-10.9 12.8 6 8.7
Bankfull Depth (ft) 0.9 - 0.7 1.1-1.2 | 0.6-1.0 1.0-1.1 1 0.5 0.7
Bankfull Area (sq ft) 10.4 - 4.9 11023_;’_ 3.9-63 | 54-124 12.5 2.9 5.7
Bankfull Discharge
Velocity (ft/s) 2.0 - 4.1 4.4-5.2 3.8 2.2-3.5 2.5 1.4 2.8
el Pl RN 20.9 - 20.1 54 15 203 31 4 16
(cfs)
Water s‘;:/f?ce Slope | 0-0.1 - 09-15 | 2 2 17 | 0617 | 096 1.4
(1)
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Existing Parameters Reference Parameters Proposed Parameters
Parameter Schist Gypsum Mica UTto UT to UT to Schist Gypsum Mica
Creek RS Creek VEIIELS || L7l Polecat Creek (dials Creek
Reach 2 Creek Creek Reach 2
Sinuosity 1 - 1 1.2 14 14 1.17 1.15 1.12
6.1-
Width/ Depth Ratio 12.4 - 9.4 8.1-9.3 126 5.2-9.6 13 13 13
Bank Height Ratio 1.2 - 1.7 1 1-1.8 1-1.1 1 1 1
Entrenchment Ratio >2.2 - >2.2 5.7-10 1.9-4.0 3.2-8.3 >2.2 >2.2 >2.2

6.4 Design Bankfull Discharge Analysis

Stream restoration reaches on the Site will be hydraulically connected to their existing floodplains to
allow for energy dissipation and prevent erosion. In order to achieve this, a design discharge must be
selected that allows for frequent overbank events. Multiple methods were used to develop design
discharges for restoration reaches, including published regional curve data (Harman et al., 1999, Harman
et al., 2000), reference reach data, and existing bankfull indicators from surveyed cross sections.
Additionally, Wildlands performed a regional flood frequency analysis using U.S. Geological Survey
(USGS) gage sites. Results are shown in Table 13 and illustrated in Figures 8a and 8b.

Table 13: Summary of Design Discharge Analysis

Rocky River | Schist Creek ST S Mica Creek
Reach 2
DA (acres) 2600 219 2 92
DA (sg. mi.) 4.06 0.34 0.004 0.14
NC Rural Piedmont Regional Curve (cfs) 219 41 2 22
NRCS Piedmont/Mountain Regional Curve (cfs) 148 24 0.7 12.1
. 1-year event 81.4 10.4 0.2 5.1
Freqz:rg"c‘;"::‘:::;‘: (cFs) 1.2-year event 218.2 352 1.2 186
1.5-year event 304 51 2 27
XS1 111 - - -
Manning's Equation at XS3 - 21 - -
SurvgyedqRiffles XS5 121 - - -
XS7 111 - - -
XS10 - - - 20
Site Specific Reference Reach Curve (cfs) 189 29 1 14
Design Q 122-128 31 4 16

For the Rocky River, Wildlands examined the aforementioned discharge analysis and looked at USGS
gage data on the Rocky River downstream of the project (USGS gage 0210166029). Analysis showed that
the existing cross-sections of the Rocky River supported a return interval storm between the 1- and 1.2-
year based on the flood frequency analysis, which is significantly lower than bankfull estimates using
published regional curve data or the Reference Reach Curve. Analysis of the watershed led to the
conclusion that the Sizemore Lake reservoir, located at the head of the Rocky River, may be impacting
bankfull flows at the site via storage and outflow regulation. To confirm the design flow rates were
adequate at the lower level, Wildlands visited locations upstream of the project and took cross-sections
on riffles. Those sections supported the discharge rates and bankfull area associated with existing cross-
sectional data on-site. The Rocky River cross-section was then designed based on comparison with
existing cross-sectional areas and flow rates with width to depth ratios appropriate for the channel type
and to support a higher water table in riparian wetlands.
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In determining the design discharge for Schist Creek and Mica Creek through the various estimation
methods, greatest weight was given to the Regional Flood Frequency Analysis and the site-specific
reference reach curve. This decision was driven by the lack of inclusion of small (less than 1 square mile)
drainage area reference reaches in both the NC Rural Piedmont and NC Piedmont/Mountain regional
curves and the presence of nearby gage data used in the Regional Flood Frequency Analysis.

Estimated discharges for the 1.2-year event produced from the various published curves and the
regional flood frequency analysis were too low to design and construct a new channel for Gypsum and
Dolomite Creeks and likely do not account for the spring fed nature of the channels. To allow for
constructability, the design discharge for Gypsum Creek was set slightly higher than the 1.5-year storm
from the Regional Flood Frequency Analysis and the design discharge for Dolomite Creek was set equal
to both the estimated discharges from the 1.5-year storm from the Regional Flood Frequency Analysis
and the NC Rural Piedmont Regional Curve.

6.5 Sediment Transport Analysis

The overall watershed was evaluated for potential off-site sources of sediment into the system that may
affect existing conditions and design. Approximately half of the area draining to the site is wooded, with
the remainder being split nearly evenly between agricultural land uses and residential/developed areas.
The primary sources of fine sediment delivered to the site are unstable stream banks upstream of the
Site, agricultural practices, and periodic logging episodes. As discussed in Section 3.1, the last logging
event within the watershed occurred between 2006 and 2008. It is assumed small, infrequent logging
events will continue, serving as short-term sources of sediment. Figure 3 shows the Site watershed.

The primary on-site source of sediment to the system is stream bank erosion along the Rocky River,
Schist Creek, and Mica Creek caused by lateral instability, stream incision, and livestock access. Due to
the proximity of an agricultural impoundment upstream of Schist Creek, it will likely be supply limited.
The heterogenous riffle material present along the Reaches 1 and 2 of the Rocky River, Schist Creek, and
Mica Creek indicate the existing channels have adequate power to move the fine sediments delivered to
the streams. The downstream extents of Reach 3 on the Rocky River are backwatered by an unverified
downstream structure, believed to be a beaver dam, diminishing the competence of the reach. On-site
sediment input will be mitigated through various design approaches.

Restoration reaches will be designed to appropriate geomorphic dimensions that will reduce shear
stress within the channel and reconnect the stream to its floodplain. Reach 2 of the Rocky River
(Enhancement 1) will have bank treatments along the majority of its length to reduce sediment input
and channel instability, while maintaining the existing channel bottom where the sensitive mussel
species were identified. Because sediment loads will be reduced and there are currently no capacity
issues, the focus of this analysis is on competence. A competence analysis was performed using shear
stress as calculated by the Shields (1936) curve and Andrews (1984) equation described by Rosgen
(2001). The analysis was done to evaluate the current conditions of site streams and to aid in the design
of threshold channels.
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Table 14: Results of Competence Analysis

e | e | st | RN | e

Reach 1 Reach 3 Creek Reach 2 Creek
Design Abkf (sq ft) 45.5 49.0 9.8 1.8 5.6
Design Wbkf (ft) 28.0 26.0 11.4 4.8 8.6
Design Dbkf (ft) 1.6 1.9 0.9 0.4 0.7
Design Schan (ft/ft) 0.003 0.002 0.010 0.014 0.011
Design Bankfull Velocity (fps) 2.7 2.6 3.2 2.2 2.9
Bankfull Shear Stress, t (Ib/sq ft) 1.59 0.68 1.00 0.40 1.54
Movable particle size (mm) — Shields curve 21 18 22 8.2 31
Movable particle size (mm)-Rosgen curve 60 55 62 31 79
Dsg particle from sediment sample (mm) 15 7 4 - 7
Largest particle from sediment sample (mm) 22 34 - - 12

Streams on-site are a mix of alluvial and colluvial systems, where the bed material is supplied from off-
site upstream reaches as well as the underlying geology of the site. Competence analysis of streams on-
site shows that the design channels are capable of moving the maximum size particle collected in the
bar or sub-pavement sample. Streams will be designed as threshold channels with heterogeneous riffle
material. It is anticipated that the majority of riffle material can be harvested on-site for construction of
riffles. The Ds of the riffle material will be designed to remain in place in high flow events to provide
grade control for the site and consistent areas for mussels and other aquatic life to seek hydraulic refuge
during high-flow events while allowing a portion of the riffle material to be actively mobile bedload.
Storm events will replenish point bars with fine sediments in between bankfull events. Grade control
structures will be incorporated into many of the riffles along Mica Creek where bedrock seams and
natural grade control were not noted in the field.

6.6 Stream Design Implementation

Restoration, enhancement |, and preservation approaches will be implemented throughout the Site.
Further details on proposed design approaches are discussed below and illustrated in Figure 9. Draft
construction plans are included in Appendix 10.

Rocky River Reach 1 - Restoration

Rocky River Reach 1 will be restored as a C4 stream. The reach will begin on-line at the western property
line where a J-hook structure will be installed approximately 50 feet downstream from the property line.
Downstream of the structure, the design channel will quickly abandon the existing channel and meander
through relic hydric soils in the left floodplain at, or slightly above, existing bed grade. As Reach 1 flows
towards its confluence with Gypsum Creek, the design channel will be elevated (< 6 inches) to improve
riparian wetland hydrology in the floodplains. Reach 1 will end where the design channel converges with
the existing channel, approximately 33 linear feet (LF) upstream of Rocky River’s confluence with
Dolomite Creek. The entirety of Reach 1 will be built off-line to minimize impacts of sediment on
sensitive mussel species.

Instream structures along the reach will consist of native material, jazz, and chunky riffles. Varying riffle
types will add diversity and variation to the channel. Deep pools with brush toe and lunker structures
will be constructed on every meander bend to provide habitat and prevent erosion. Pools will have no
slope to maximize riffle slope and aid in sediment transport processes.
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Rocky River Reach 2 — Enhancement |

Rocky River Reach 2 will begin approximately 33 LF upstream of Dolomite Creek. The entirety of the
reach will remain on-line and no in-channel work is proposed in order to avoid impacts to the existing
channel bottom and bed material to minimize risk to sensitive mussel species present. However,
because the reach is over widened with several areas of bank scour and failure, banks will be stabilized
through a combination of bank grading and installation of brush toe and vegetated soil lifts.

Rocky River Reach 3 — Restoration

Rock River Reach 3 will be restored as a C4 stream using a priority 1 restoration approach. The reach will
begin approximately 114 LF downstream of Rocky River’s confluence with Mica Creek where it will
immediately move off-line. The reach will gently meander for 447 LF in the left floodplain before it ties
back into the existing channel approximately 70 LF upstream of the conservation easement boundary.
Minor bank grading and stream bank planting will occur between the tie-in point and the boundary of
the conservation easement. Native material and chucky riffles will be constructed to provide stability
and enhance habitat and brush toe will all be installed to prevent erosion during high flows and provide
additional aquatic habitat.

Schist Creek - Restoration

Schist Creek will be restored as a C4 stream using a priority 1 restoration approach. The reach will begin
approximately 42 LF downstream of the box culvert under U.S. Highway 421 where a boulder sill will be
installed. The sill will be placed at an elevation five inches above the culvert invert elevation to eliminate
the perched conditions of the culvert and allow for aquatic organism passage upstream through the
culvert during low flows. Downstream of the proposed sill, the stream will abandon the existing channel
and meander off-line through the right floodplain until its confluence with Rocky River.

Instream structures along the reach will consist of native material and chucky riffles. Varying riffle types
will add diversity and variation to the channel. Several meanders will be constructed with brush toe to
provide habitat and prevent erosion. Pools will have no slope to maximize riffle slope and aid in
sediment transport processes.

Gypsum Creek Reach 1 — Preservation

Gypsum Creek Reach 1 is proposed for preservation and no instream work is proposed. Preservation will
begin at jurisdictional limit of the stream and end at the edge of the wood line. The proposed
conservation easement will provide a 150-foot buffer around the headwaters of the stream.

Gypsum Creek Reach 2 — Restoration

Gypsum Creek Reach 2 will be restored as a C4 stream. The reach will begin where the stream channel
exits the wood line and enters the Rocky River floodplain. The reach will meander through the floodplain
before dropping down to its confluence with Rocky River.

This low sloped system will be constructed with native material and woody riffles that will help diversify
habitat within the reach. Several meanders will have brush toe installed to prevent erosion during
higher flows and provide additional habitat to aquatic species.

Dolomite Creek Reach 1 — Preservation

Dolomite Creek Reach 1 is proposed for preservation and no instream channel work is proposed. An
existing in-line culvert located above the upper extent of the reach will be removed during construction.
The proposed conservation easement provides a 150-foot buffer around the headwaters of the stream.

Dolomite Creek Reach 2 — Enhancement |l
Dolomite Creek Reach 2 is proposed for enhancement Il. This short reach will begin approximately 40 LF
upstream from its confluence with the Rocky River. It is a transition reach from the floodplain elevation
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of the Rocky River to the bed elevation of the Rocky River and has a two-foot drop in bed elevation.
Rock steps will be used to stabilize this drop in elevation.

Mica Creek — Restoration

Mica Creek will be restored as a C4 stream. Restoration will begin at the existing railroad culvert where a
plunge pool will be constructed to dissipate energy during higher flows and help prevent erosion. The
boulder sill at the downstream riffle will be placed at the same elevation as the culvert invert to
eliminate the perched culvert. The stream will then meander through a moderately confined valley for
several hundred feet before entering the broad, flat floodplain of Rocky River. The reach will gently
meander through the floodplain for approximately 700 LF before dropping down to its confluence with
Rocky River.

Instream structures along the reach will consist of native material, angled log, and chucky riffles. Varying
riffle types will add diversity and variation to the channel. Several meanders will be constructed with
brush toe and lunker logs to provide habitat and prevent erosion. Log sills at the end of pools will
provide grade control on steeper sections of the reach and two log step pools will be constructed
downstream of the plunge pool at upstream extent to quickly drop grade in steeper sections. Impacts to
existing trees and wetlands along the reach were minimized when determining the alignment and
profile of the design channel.

6.7 Wetland Design Implementation

The proposed wetland restoration at the Site includes the re-establishment of previously manipulated
riparian wetland areas and rehabilitation of existing jurisdictional wetland features. Wetland re-
establishment is proposed on 12.870 acres that contain hydric soils that lack a contemporary wetland
hydrology regime. Wetland rehabilitation is proposed on 3.306 acres of existing jurisdictional features
that exhibit substantial impairments to hydrology, water quality, and habitat functions.

Rehabilitation and re-establishment of wetland hydrology will be accomplished by elevating the Rocky
River and Mica Creek streambeds, installing plugs in relic channel features that provide surface drainage,
and creating surface roughness. There is opportunity to raise the Mica Creek streambed as well as the
Rocky River streambed between Gypsum Creek and Dolomite Creek. Elevating the streambeds relative
to their current elevation will reduce groundwater drainage to existing stream channels and increase
frequency of interaction of the stream with floodplain wetlands. Many existing wetlands are relic
channel features proposed for rehabilitation. The value of maintaining the landscape variability and
potential habitat diversity provided by these features is recognized; however, they dissect the Rocky
River floodplain in such a way that promotes drainage and runoff of surface water. Plugs will be installed
at appropriate locations to reduce surface drainage and increase infiltration to groundwater. Where
feasible, surface roughness will be increased on existing, smooth land surfaces by tilling the soil. The
close proximity of the current stream alignment to the right valley wall does not provide opportunity for
discharge at the toe of slope to hydrate the soil profile throughout the right floodplain. Re-aligning the
channel farther from the right valley wall will also allow groundwater discharging near the toe of slope
to diffuse and hydrate more of the right floodplain area. Water quality treatment and potential and
wildlife habitat will be addressed in rehabilitation and re-establishment areas through the removal of
livestock and planting of a native, hydrophytic vegetation community.

Wetland enhancement is proposed in forested portions of Wetlands EE and LL, totally 0.893 acres.
Enhancement will be achieved through the removal of livestock from the Site. It is likely livestock
removal will promote some level of functional uplift, particularly related to lower strata vegetation and
nutrient cycling.
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Wetland credit areas will be restored to a bottomland hardwood forest. Wehadkee and Roanoke soils
are capable of supporting this wetland type and a 12% hydroperiod is proposed. This duration
hydroperiod is sufficient to drive redoximorphic reactions, support a hydrophytic plant community, and
is within the range provided in the mitigation guidance.

6.8 Vegetation, Planting Plan, and Land Management

6.8.1 Vegetation and Planting Plan

Non-forested areas within the conservation easement will be planted and seeded with a combination of
trees, shrubs, and herbs with the objective of establishing diverse and robust native plant communities
in the project’s wetlands and riparian buffers. This restored buffer will improve riparian habitat and
provide a source for large woody debris (LWD) and organic material to the streams. In addition, restored
vegetation will help shade the streams, stabilize banks, and reduce sediment inputs. The specific species
composition is based on the selected target natural communities, species currently occurring on the
Site, and professional judgement regarding species establishment in the anticipated Site conditions.
Planting species and rates are listed on the plans located in Appendix 10. The species composition was
based on the target natural communities of piedmont bottomland forest and piedmont alluvial forest
(Schafale and Weakley, 1990). Some adaptations were made based on the need to include early
successional tree species that will create more favorable conditions for climax species to grow and the
omission of undesired tree species (i.e. Acer rubrum & Liquidambar styraciflua). The streambanks and
the channel toe will be planted with regionally appropriate native live stakes and herbaceous plugs that
will stabilize streambanks, provide habitat, and cool water temperatures via shading. Permanent native
seed mixes were based on the proposed target communities, professional judgement regarding seed
establishment, and commercial availability. Separate seed mixes were developed for riparian buffers
and wetland areas and will be broadcast on all disturbed areas in the conservation easement.

To help ensure tree growth and survival, construction haul roads and areas of soil compaction will be
ripped to a depth of 18 inches. Soil amendments may also be added to areas of the floodplain
throughout the Site. Soil tests will be performed and appropriate amendments will be applied based on
the results. Topsoil will be harvested during the grading process and reapplied where necessary before
permanent seeding and planting activities take place.

Additional monitoring and maintenance issues regarding vegetation can be found in Sections 8 and 9.

6.8.2 Land Management/Stewardship

Land management activities at the Site will largely focus on controlling invasive plant populations.
Existing instream invasive plant populations include parrotfeather (Myriophyllum aquaticum) and
creeping water primrose (Ludwigia peploides glabrescens). The parrotfeather populations may be
difficult to control. Although parrotfeather in the United States does not form seed, it spreads readily by
fragmented stems and rhizomes making it difficult to manually remove. Chemical treatment is difficult
due to the waxy cuticle on the plants leaves that repel herbicide (University of Georgia et al., 2018).
Parrot feather on the site is mainly in the upper half of the Rocky River, which will be filled in during
construction and no longer a conduit for spread. Blue aquarium rocks were found approximately 50 feet
upstream of the easement on the Rocky River and have spread into downstream riffles. That leads us to
believe the source of parrot feather was from an aquarium and that there is not a continuous source
presence upstream. Control of parrotfeather will require intensive initial treatment and frequent
monitoring of new populations. Creeping water primrose has similar propagative properties as
parrotfeather, however populations at the Site are much smaller.

Limited populations of multiflora rose and Chinese privet also exist at the Site. All major invasive plant
populations will be treated prior to construction. This includes the target treatment of parrotfeather and
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creeping water primrose at least twice during the growing season of 2021. Initial treatment
preconstruction and continued treatment throughout the monitoring period will be necessary.
Undesirable pasture grasses in the easement area that are not being graded will be sprayed with
herbicide and reseeded.

All invasive plant populations will continue to be monitored as necessary during the monitoring period
and Wildlands will monitor for additional invasive species not currently found on site. Wildlands will also
monitor the Site for future land management issues such as easement encroachment, beaver activity,
floodplain erosion, bare areas, and damaged instream structures that may arise during the monitoring
period.

6.9 Mussel Collection and Relocation

Prior to and/or during construction, up to three mussel collection survey efforts will be made on the
reaches of the Rocky River to be restored. If by the end of the second collection it appears as though all
mussels have been collected, a third will not be completed. This mussel collection survey is described in
Appendix 1. Mussel will be collected and held in mesh bags and placed in a cooler with aeration. Rare
mussel species will be tagged. Mussels will then be moved to the upstream relocation reach identified in
the existing conditions survey. Per NCWRC request, not mussels will be moved into newly constructed
channels. All mussel relocation will be done in coordination with NCWRC.

6.10 Project Risk and Uncertainties

There are no utility crossings on site, and no internal or external easement breaks on the project.
However, the wide railroad easement on the project edge does mean that the start of Mica Creek is not
protected at the culvert outlet. Structures placed at the outlet will help maintain grade as the stream
flows into the easement. Livestock will be removed from the project parcel prior to construction.

The streams have been designed not to induce hydrologic trespass on neighboring properties. Raising of
the water table along the Rocky River floodplain is intended to develop riparian wetlands. The easement
extends across the entirety of the floodplain and areas potentially affected by the rising water table.

Potential risks to the project include beaver activity, encroachment on the easement, and the spreading
of invasive species. Beaver were noted at the Site during the design phase of the project and the dams
were removed. There has not been beaver activity since their removal (> 1 year). Streams will be
monitored for future beaver activity according to the monitoring and maintenance plans. Invasive
species management and encroachment are described above in Section 6.8.2. There will be continued
treatment of parrot feather throughout the monitoring years. The majority of the existing population
will be buried in the old stream channel during construction, and it will eventually be shaded out by
mature vegetation. With the likely source being a discarded aquarium, there may not be a long-term
source located upstream of the project, which would limit potential of repopulation in the new channel.

Encroachment on the easement is not expected since Wildlands purchased the parcels fee simple.
Potential maintenance activities that address these risks and uncertainties are discussed in Appendix 9 —
Maintenance Plan.

7.0 Determination of Credits

The final stream credits proposed for the Site are listed in Table 15. Stream Restoration is proposed at a
ratio of 1:1. The ratio for the Enhancement | Reach of the Rocky River is proposed at a ratio of 1:1. This
ratio was presented in the technical memorandum dated 12/15/2020 and approved by the IRT. This
memorandum and additional communication with the IRT are in Appendix 5. The ratio of 1:1 is
supported by the level of functional uplift that will be achieved for the existing mussel species of
concern along the reach, and the degree of monitoring of the mussel population pre-and post-
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construction of the project. All riparian buffers are the required minimum of 50 feet. Additional credit
was calculated for the buffers extending past the required 50 feet using the most up to date Wilmington
District Stream Buffer Calculator. A copy of the buffer calculator is included in Appendix 7. Wetland
reestablishment is proposed at a ratio of 1:1, wetland rehabilitation is proposed at a ratio of 1.5:1, and
wetland enhancement is proposed at a ratio of 5:1. The ratios for wetland rehabilitation and
enhancement were chosen according to the level of impact to the wetlands from livestock and a lack of
an appropriate vegetative community and the potential for ecological uplift.

Table 15: Project Stream Assets and Credits

. Existing Mitigation Mitigation | Restoration Priority Mitiga'tion
Project Segment Footage or Plan Footage Category Level Level Ratio
Acreage or Acreage (X:1)
Rocky River Reach 1 1,625 1,989 Warm R 1 1
Rocky River Reach 2 580 580 Warm El 1 1
Rocky River Reach 3 447 479 Warm R 1 1
Schist Creek 211 420 Warm R 1 1
Gypsum Creek Reach 1 152 152 Warm P -- 10
Gypsum Creek Reach 2 113 208 Warm R 1 1
Dolomite Creek Reach 1 188 188 Warm P -- 10
Dolomite Creek Reach 2 44 36 Warm Ell 5
Mica Creek 952 1,151 Warm R 1
Wetland Rehabilitation 3.306 3.308 Riverine -- -- 1.5
Wetland Reestablishment N/A 12.868 Riverine - -- 1
Wetland Enhancement 0.893 0.893 Riverine - -- 5
Stream Riparian Wetland Non-
Restoration Level .. Non- Riparian el
Warm Cool Cold Riverine . Marsh
Riverine | Wetland
Restoration 4,247.000
Re-establishment 12.868
Rehabilitation 2.205
Enhancement 0.179
Enhancement | 580.000
Enhancement I 7.200
Creation
Preservation 34.000
Additional Credit from
Extended Buffers 274.150
TOTAL 5,142.350 15.252

8.0 Performance Standards

The stream and wetland performance standards for the project will follow approved standards
presented in the Wilmington District Stream and Wetland Compensatory Mitigation Update issued
October 2016 by the USACE and NCIRT. Annual monitoring and routine site visits will be conducted by a
gualified scientist to assess the condition of the finished project. Specific performance standards that
apply to this project are those described in the 2016 Compensatory Mitigation Update including
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Vegetation (Section V, B, Items 1 through 3) and Stream Channel Stability and Stream Hydrology
Performance Standards (Section VI, B, Items 1 through 7). Wetland performance criteria has been
developed in accordance with Section IX Wetland Hydrology Monitoring. Table 16 summarizes
performance standards.

The estimated growing season dates for the area are 3/1-11/20 (265 days). The wetland hydroperiod
criterion proposed for the entire site is 12% which is within the hydroperiod ranges for both the
Wehadkee and Roanoke soil series presented in Table 1 of the Wilmington District Stream and Wetland
Compensatory Mitigation Update (2016). Twelve percent of the approximated growing season equates
to 32 consecutive days during which the water table must remain within 12 inches of the soil surface. A
growing season start date of no later than March 1°t and end date of no earlier than November 20" will

be confirmed during the monitoring period using observations of bud burst, autumn leaf senescence,
and soil temperature data.

Table 16: Summary of Performance Standards

Documentation

e Photo Points

Parameter Monitoring Feature Performance Standard
Dimension Cross-Section Survey BHR <1.2; ER >2.2 for C/E channels.
Pattern and Profile Visual Assessment Should indicate stream stability.
Substrate Pebble Counts Coarser material in riffles; finer particles in pools.
Photo e Cross-Section Photos No excessive erosion or degradation of banks.

No mid-channel bars, Stable grade control.

Stream Hydrology

Crest Gauge
(Pressure Transducer)

Four bankfull events during the 7-year period; in separate
years.

Flow Gauge
(Pressure Transducer)

At least 30 consecutive days of surface water flow must be
documented each monitoring year on intermittent streams
during years of normal precipitation.

Wetland Hydrology

Groundwater Gauge
(Pressure Transducer)

Free groundwater table within 12 inches of the soil surface
for 12% of the annual growing season.

Vegetation

Vegetation Plots

MY3 success criteria: 320 planted stems per acre,

MY5 success criteria: 260 planted stems per acre, average of
7 feet in height in each plot.

MY?7 success criteria: 210 planted stems per acre, average of
10 feet in height in each plot.

Note: shrub and subcanopy species will be omitted from
average height calculations

Invasive Species

Visual Assessment and GPS
mapping

Riparian invasive coverage not to exceed 5% of the
easement acreage.

Visual Assessment

CCpPV

Signs of encroachment, stream instability, invasive species.

Mussels

Mussel survey

Conducted and provided to IRT in MY1, 2, 3,5, and 7.

Changes in the channel that indicate a movement toward stability or enhanced habitat include a
decrease in the width-to-depth ratio in meandering channels or an increase in pool depth.

Invasive vegetation will be mapped, photographed, and visually assessed annually. Invasive species will
be treated by mechanical and/or chemical methods so that riparian invasive species do not exceed 5%
of the easement acreage. All herbicide applications will be performed in accordance with the NC

Department of Agriculture rules and regulations.

9.0 Monitoring Plan

The Site monitoring plan has been developed to ensure that the required performance standards are
met, and project goals and objectives are achieved. Annual monitoring data will be reported using the
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DMS Annual Monitoring Reporting Template (October 2020). The monitoring report shall provide
project data chronology that will facilitate an understanding of project status and trends, ease
population of DMS databases for analysis and research purposes and assist in close-out decision making.

Using the DMS Annual Monitoring Report Template (October 2020), a baseline monitoring document
and as-built record drawings of the project will be developed upon completion of planting and
monitoring installation on the restored Site. Monitoring reports will be prepared in the fall of each
monitoring year and submitted to DMS by November 30. Full monitoring reports will be submitted to
DMS in monitoring years 1, 2, 3, 5, and 7. Abbreviated reports will be submitted in monitoring years 4
and 6. Closeout monitoring period will be seven years beyond completion of construction or until
performance standards have been met.

SEPI, Inc. and Wildlands will conduct monitoring mussel surveys, as described in the December 2020
Wildlands Technical Memorandum (Appendix 5), to assess the effects of stream and buffer restoration
on mussel populations in monitoring years 1, 2, 3, 5, and 7. No performance standards or project credits
are associated with the findings. However, survey data are required for informational purposes with the

appropriate monitoring report.

Table 17, below, describes how the monitoring plan is set up in order to verify project goals and
objectives have been achieved.

Table 17: Monitoring Plan

Goal Objective Performance Standards Monitoring Metric
Exclude Exclude livestock through
livestock from | removal of livestock from the | N/A N/A
streams. project parcel.
Improve the Construct stream channels Entrenchment ratio over 2.2 for C/E .
s . L . . . Cross-section
stability of that will maintain stable restoration reaches and bank height ratio . .
. . monitoring and visual
stream cross-sections, patterns, and | below 1.2 with visual assessments . .
. . . . - inspections.
channels. profiles over time. showing progression towards stability.
Reconstruct stream channels Mussel surveys will
Improve with appropriate bankfull There is no required performance take place in
instream dimensions and depth standard for this metric. However, reports | restoration and
habitat. relative to the existing are required deliverables to the IRT. relocation reaches. In
floodplain. MY1, 2, 3,5,and 7.
Reconstruct stream channels .
. . Four bankfull events in separate years Crest and flow gauges
Reconnect with appropriate bankfull L o . .
. . . within monitoring period. Thirty days of (pressure transducers)
channels with | dimensions and depth . . . .
. . L continuous flow each year on intermittent | will record flow
floodplains. relative to the existing .
. streams. elevations.
floodplain.
Remove livestock to allow Groundwater gauges
Improve soil profiles to stabilize. Free groundwater table within 12 inches . g 8
. will be placed in
wetland Remove drain effect of of the ground surface for 12% of the
. . wetland areas and
hydrology. channelized stream and growing season. .
. monitored annually.
floodplain swales.
Plant native tree and .
Restore and . 210 planted stems per acre at MY7. Vegetation plots, each
understory species in ) . .
enhance L Interim survival rate of 320 planted stems | covering 100 square
. riparian zones and plant . .
native . per acre at MY3 and 260 at MY5. Trees in meters, will be placed
. native shrub and herbaceous
floodplain and . each plot must average 7 ft at MY5 and 10 | on 2% of the planted
species on streambanks. . .
streambank . . . . ft at MY7 (excluding shrub and subcanopy | area of the project and
. Treat invasive species within . .
vegetation. . species). monitored annually.
project area.
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Goal

Objective

Performance Standards

Monitoring Metric

Permanently
protect the
project site
from harmful
uses.

Establish a conservation

easement on the site.

Prevent easement encroachment.

Visually inspect the
perimeter of the Site to
ensure no easement
encroachment is
occurring.

9.1 Monitoring Components
Project monitoring components are listed in more detail in Table 18. Approximate locations of the
proposed monitoring components are illustrated in Figure 11.

Table 18: Monitoring Components

Quantity/ Length by Reach
Monitoring . . . Gypsum Dolomite
Parameter Feature Rocky River Mica Schist Creek Creek Frequency | Notes
R1 | R2 | R3 | €k | Creek ot TR | R1 | R2
Riffle Cross-
. . Sections 2 1 1 ! ! N/A 1 N/A YearQ, 1, 2,
Dimension Pool Cross 3,5,and 7 !
. 2 0 0 1 0 N/A 0 N/A Y
Sections
Pattern Pattern N/A Year 0
. . 2
Profile Longltu.dlnal N/A Year 0
Profile
Reach wide
(RW), Riffle YearQ, 1, 2,
Substrate (RF) 100 RW | RW | RW RW RW N/A | RW N/A 3.5, and 7 3
pebble count
Crest Gauge
Stream (CG),
1 1 1
Hydrology Flow Gauge CG CG N/A FG N/A Quarterly 4
(FG)
. Vegetation .
Vegetation Plots 15 Fixed Plots, 4 Random Plots Annual 5
Wetlands Groundwater 11 Quarterly 6
Wells
Visual Photographs Semi-Annual
Assessment and Notes
EXO'tIC and Photographs .
nuisance and Maopin Semi-Annual 7
vegetation pping
Project Photographs .
Boundary | and Mapping semi-Annual 8
Reference | o) otographs | 5 | 2 | 1 4 2 1] 1 1 0 Annual 9
Photos
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1. Cross-sections will be permanently marked with rebar to establish location. Surveys will include points measured at all breaks in
slope, including top of bank, bankfull, edge of water, and thalweg.

2.  Pattern and profile will be assessed visually during semi-annual site visits. Longitudinal profile will be collected during as-built
baseline monitoring survey only unless observations indicate lack of stability and profile survey is warranted in additional years.

3. Riffle 100 pebble counts at cross-sections will be conducted during as-built baseline monitoring only unless observations
indicate a trend toward finer substrate and a comparison is needed.

4.  Crest gauges and flow gauges will be monitored using automated pressure transducers at 15-30 minutes intervals. Transducers
will set to record bankfull events at least twice a day, stream flow at least every 3 hours, and will be inspected quarterly.

5. Vegetation monitoring will follow CVS protocols. In years 4 and 6, vegetation will be only monitored visually.

6. Groundwater well data will be collected using automated pressure transducers. Transducers will set to record at least twice a
day and will be inspected quarterly.

7.  Locations of exotic and nuisance vegetation will be mapped.

Locations of vegetation damage, boundary encroachments, etc. will be mapped.

9. Additional photos will be taken at each cross-section and from the southwest corner of each vegetation plot.

®

10.0 Long-Term Management Plan

The site will be transferred to the North Carolina Department of Environmental Quality (NCDEQ)
Stewardship Program. This party shall serve as conservation easement holder and long-term steward for
the property and will conduct periodic inspection of the site to ensure that restrictions required in the
conservation easement are upheld. The NCDEQ Stewardship Program is developing an endowment
system within the non-reverting, interest-bearing Conservation Lands Conservation Fund Account. The
use of funds from the Endowment Account will be governed by North Carolina General Statue GS 113A-
232(d)(3). Interest gained by the endowment fund may be used for the purpose of stewardship,
monitoring, stewardship administration, and land transaction costs, if applicable. The Site Protection
Instrument can be found in Appendix 2 and financial assurances are in Appendix 8.

11.0 Adaptive Management Plan

Upon completion of site construction DMS will implement the post-construction monitoring protocols
previously defined in this document. Project maintenance will be performed as described Appendix 9. If,
during the course of annual monitoring, it is determined the site’s ability to achieve site performance
standards are jeopardized, DMS will notify the USACE and the NCIRT 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 Corrective Action Plan is prepared and finalized
DMS will:

e Notify the USACE sand NCIRT as required by the Nationwide 27 permit general conditions.

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

e Obtain other permits as necessary.

e Implement the Corrective Action Plan.

e Provide the USACE and NCIRT a Record Drawing of Corrective Actions. This document shall
depict the extent and nature of the work performed.
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Cape Fear River Basin (03030003)
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Rocky River Reach 1 — looking downstream

Rocky River Reach 2 — looking upstream

Rocky River Reach 2 - looking downstream

Rocky River Reach 3 - looking downstream

Mica Creek — looking downstream

Schist Creek - looking downstream




Wetland CC

Wetland EE — wooded section

Wetland LL

Wetland T

Gypsum Creek — looking downstream

Dolomite Creek — looking upstream




Micah Creek — existing culvert

Rocky River Reach 1 — looking downstream




Existing Conditions Geomorphic Parameters

Parameter Rocky River Reach 1 Rocky River Reach 2 Rocky River Reach 3
min | max min | max min | max
stream type C4 C4 c4
drainage area DA sq mi 3.47 3.88 4.06
bankfull cross-sectional area Ap SF 35.7 48.1 41.4
avg velocity during bankfull Vi fos 31 25 17
event
width at bankfull Whs feet 21.6 22.8 18.1
maximum depth at bankfull dax feet 2.8 3.0 2.9
mean depth at bankfull ikt feet 1.7 2.1 2.3
bankfull width to depth ratio | Wps/dyis 12.7 12.6 7.9
low bank height feet 2.8 3.0 2.9
bank height ratio BHR 1.0 1.0 1.0
floodprone area width Wipa feet - - -
entrenchment ratio ER >2.2 >2.2 >2.2
max pool depth at bankfull dpool feet 3.6 2.8 4.2
pool depth ratio oot/ dbks 2.1 13 1.8
pool width at bankfull Wpool feet 20.9 17.5 39.7
pool width ratio Wpoot/ Wof 1.0 0.8 2.2
Bkf pool cross-sectional area Apool SF 33.8 36 68.9
pool area ratio Apool/ Aokt 0.9 0.7 1.7
pool-pool spacing p-p feet 86 132 137 314 150 202
pool-pool spacing ratio p-p/ Wt 4.0 6.1 6.0 14 8 11
valley slope Svaley | feet/ foot 0.003 0.003 0.004
channel slope Schamnel | feet/ foot 0.003 0.005 0.001 0.009 0.000 0.005
sinuosity K 1.1 1.0 1.0
belt width Wit feet 36 66 50 72 36 50
meander width ratio Wi/ Wi 1.7 3.1 2.2 3.2 2.0 2.8
meander length [ feet 111 191 163 325 141 163
meander length ratio L/ Wit 5.1 8.8 7.1 14.3 7.8 9.0
Linear Wavelength LW 122 223 176 342 158 164
Linear Wavelength Ratio LW/ Wy 5.6 10.3 7.7 15.0 8.7 9.1
radius of curvature R. feet 40 81 38 169 472 110
radius of curvature ratio Re/ Wi 1.9 3.8 1.7 7.4 26.1 6.1

Liberty Rock Mitigation Site




Existing Conditions Geomorphic Parameters

parameter Schist Creek Gypsum Creek Reach 2 Mica Creek
min | max min | max min | max
stream type Ca/E4 C4/E4
drainage area DA sq mi 0.34 0.004 0.14
bankfull cross-sectional area Apis SF 10.4 4.9
avg velocity during bankfull Vi fos 20 a1
event
width at bankfull Wt feet 11.2 6.6
maximum depth at bankfull dax feet 1.8 1.5
mean depth at bankfull ikt feet 0.9 0.70
bankfull width to depth ratio | Wpe/dyis 12.4 9.4
low bank height feet 2.2 2.6
bank height ratio BHR 1.2 1.7
floodprone area width Wipa feet - -
entrenchment ratio ER >2.2 >2.2
max pool depth at bankfull dpool feet 1.7 1.8
pool depth ratio oot/ dbks 1.9 2.6
pool width at bankfull Woool feet 12.3 7.9
pool width ratio Wpoot/ Wof 11 1.2
Bkf pool cross-sectional area Apool SF 12 8.2
pool area ratio Apool/ Aokt 1.2 1.7
pool-pool spacing p-p feet - 82 - - 43 310
pool-pool spacing ratio pP-p/ Wyt - 7 - - 6.5 47.0
valley slope Saey | feet/ foot 0.010 0.013 0.013
channel slope Schamnel | feet/ foot 0.000 0.010 0.010 0.009 0.015
sinuosity K 1.0 1.0 1.0
belt width Wi feet - - - - - -
meander width ratio Woie/ Wi - - o o - -
meander length [ feet - - - - - -
meander length ratio Lo/ Wikt - - = = - -
Linear Wavelength LW - - - - - -
Linear Wavelength Ratio LW/ Wy - - - - - -
radius of curvature R. feet - - - - - -
radius of curvature ratio Re/ Wiy - - - - - -

Liberty Rock Mitigation Site




Cross Section 1 Rocky River - Reach 1 XS1
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Bankfull Dimensions Flood Dimensions Materials
35.7  x-section area (ft.sq.) W flood prone area (ft) 17 D50 Riffle (mm)
21.6  width (ft) - entrenchment ratio 31 D84 Riffle (mm)
1.7 mean depth (ft) 2.8 low bank height (ft) 19 threshold grain size (mm):
2.8 max depth (ft) 1.0 low bank height ratio
23.6  wetted perimeter (ft) Rosgen Stream Type

1.5 hydraulic radius (ft)

- Missing: , , Sinuosity, ,
12.7  width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
3.1 velocity (ft/s) 0.040 Manning's roughness 0.4 channel slope (%)
110.8 discharge rate (cfs) 0.16  Darcy-Weisbach fric. 0.38 shear stress (Ib/sq.ft.)
0.44  Froude number 10.1 resistance factor u/u® 0.44 shear velocity (ft/s)

16.2  relative roughness 1.28 unit strm power (lb/ft/s)




Cross Section 2

Elevation (ft)

Rocky River - Reach 1

XS2

Pool
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/
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Bankfull Dimensions

—— Cross section

33.8  x-section area (ft.sq.)

20.9  width (ft)

flood prone area

Width (ft)

Flood Dimensions

1.6 mean depth (ft)

3.6 max depth (ft)

24.3  wetted perimeter (ft)
1.4 hydraulic radius (ft)
13.1 width-depth ratio

Bankfull Flow

29 velocity (ft/s)

W flood prone area (ft)
entrenchment ratio
low bank height (ft)
low bank height ratio

Flow Resistance

99.1  discharge rate (cfs)
0.44  Froude number

Manning's roughness
Darcy-Weisbach fric.
resistance factor u/u*
relative roughness

bankfull

low bank height

Materials

17 D50 Riffle (mm)
31 D84 Riffle (mm)
17 threshold grain size (mm):

Rosgen Stream Type

Forces & Power

0.4 channel slope (%)
0.35 shear stress (Ib/sq.ft.)
0.42 shear velocity (ft/s)
1.18 unit strm power (Ib/ft/s)




Cross Section 3 Schist Creek

Elevation (ft)

Riffle

S

—— Cross section

Bankfull Dimensions

10.4  x-section area (ft.sq.)
11.2  width (ft)

0.9 mean depth (ft)

1.8 max depth (ft)

12.9  wetted perimeter (ft)
0.8 hydraulic radius (ft)
12.4  width-depth ratio

Bankfull Flow

Width (ft)

flood prone area

Flood Dimensions

2.0 velocity (ft/s)
20.9 discharge rate (cfs)
0.40  Froude number

--- W flood prone area (ft)
- entrenchment ratio

2.2 low bank height (ft)
1.2 low bank height ratio

Flow Resistance

0.035 Manning's roughness
0.15  Darcy-Weisbach fric.
11.6  resistance factor u/u®
28.9  relative roughness

bankfull

low bank height

Materials

2 D50 Riffle (mm)
9.8 D84 Riffle (mm)
7 threshold grain size (mm):

Rosgen Stream Type

- Missing: , , Sinuosity, D50,

Forces & Power

0.3 channel slope (%)
0.15 shear stress (Ib/sq.ft.)
0.28 shear velocity (ft/s)
0.35 unit strm power (Ib/ft/s)




Cross Section 4

Elevation (ft)

Schist Creek

Pool

r
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—— Cross section

Bankfull Dimensions

12.0  x-section area (ft.sq.)
12.3  width (ft)

1.0 mean depth (ft)

1.7 max depth (ft)

13.3  wetted perimeter (ft)
0.9 hydraulic radius (ft)
12.3  width-depth ratio

Bankfull Flow

1.9 velocity (ft/s)
229 discharge rate (cfs)
0.35  Froude number

Width (ft)

flood prone area

Flood Dimensions

--- W flood prone area (ft)
- entrenchment ratio

21 low bank height (ft)
1.2 low bank height ratio

Flow Resistance

0.040 Manning's roughness
0.19  Darcy-Weisbach fric.
11.7  resistance factor u/u®
30.3 relative roughness

bankfull

low bank height

Materials

2 D50 Riffle (mm)
9.8 D84 Riffle (mm)
8 threshold grain size (mm):

Rosgen Stream Type

C

Forces & Power

0.3 channel slope (%)
0.17 shear stress (Ib/sq.ft.)
0.30 shear velocity (ft/s)
0.35 unit strm power (Ib/ft/s)




Cross Section 5

Elevation (ft)

Rocky River - Reach 2

riffle

s

—— Cross section

Bankfull Dimensions

48.1  x-section area (ft.sq.)
22.8  width (ft)

21 mean depth (ft)

3.0 max depth (ft)

26.0  wetted perimeter (ft)
1.9 hydraulic radius (ft)
10.9  width-depth ratio

Bankfull Flow

Width (ft)

flood prone area

Flood Dimensions

25 velocity (ft/s)
120.7 discharge rate (cfs)
0.33  Froude number

--- W flood prone area (ft)
--- entrenchment ratio

3.0 low bank height (ft)
1.0 low bank height ratio

Flow Resistance

0.040 Manning's roughness
0.15  Darcy-Weisbach fric.
7.6 resistance factor u/u*
6.4 relative roughness

bankfull

low bank height

Materials

25 D50 Riffle (mm)
100 D84 Riffle (mm)
11 threshold grain size (mm):

Rosgen Stream Type

- Missing: , , Sinuosity, ,

Forces & Power

0.2 channel slope (%)
0.23 shear stress (Ib/sq.ft.)
0.34 shear velocity (ft/s)
0.66 unit strm power (lb/ft/s)




Cross Section 6 Rocky River - Reach 2
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——t— Cross section flood prone area bankfull ~ ------- low bank height

Bankfull Dimensions Flood Dimensions Materials

36.0 x-section area (ft.sq.) W flood prone area (ft) 25 D50 Riffle (mm)

17.5  width (ft) - entrenchment ratio 100 D84 Riffle (mm)

21 mean depth (ft) 3.3 low bank height (ft) 11 threshold grain size (mm):

2.8 max depth (ft) 1.2 low bank height ratio

20.3  wetted perimeter (ft) Rosgen Stream Type

1.8 hydraulic radius (ft) -

8.3 width-depth ratio
Bankfull Flow Flow Resistance Forces & Power

2.4 velocity (ft/s) 0.040 Manning's roughness 0.2 channel slope (%)

87.9  discharge rate (cfs) 0.15  Darcy-Weisbach fric. 0.22 shear stress (Ib/sq.ft.)

0.32  Froude number 7.5 resistance factor u/u® 0.34 shear velocity (ft/s)

6.3 relative roughness 0.63 unit strm power (lb/ft/s)




Cross Section 7 Rocky River - Reach 3
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Bankfull Dimensions Flood Dimensions Materials
68.9  x-section area (ft.sq.) --- W flood prone area (ft) 10 D50 Riffle (mm)
39.7  width (ft) - entrenchment ratio 69 D84 Riffle (mm)
1.7 mean depth (ft) 4.2 low bank height (ft) 10 threshold grain size (mm):
4.2 max depth (ft) 1.0 low bank height ratio
42.7  wetted perimeter (ft) Rosgen Stream Type
1.6 hydraulic radius (ft) -
23.4  width-depth ratio
Bankfull Flow Flow Resistance Forces & Power
2.3 velocity (ft/s) 0.040 Manning's roughness 0.2 channel slope (%)
157.9 discharge rate (cfs) 0.16  Darcy-Weisbach fric. 0.20 shear stress (Ib/sq.ft.)
0.32  Froude number 8.5 resistance factor u/u® 0.32 shear velocity (ft/s)

7.7 relative roughness 0.5 unit strm power (lb/ft/s)




Elevation (ft)

riffle

Bankfull Dimensions

414  x-section area (ft.sq.)
18.1  width (ft)

2.3 mean depth (ft)

29 max depth (ft)

20.4  wetted perimeter (ft)
2.0 hydraulic radius (ft)
7.9 width-depth ratio

Bankfull Flow

10
Width (ft)

—t— Cross section

Flood Dimensions

2.7 velocity (ft/s)
110.6  discharge rate (cfs)
0.33  Froude number

- W flood prone area (ft)
entrenchment ratio
29 low bank height (ft)
1.0 low bank height ratio

Flow Resistance

0.040 Manning's roughness
0.15  Darcy-Weisbach fric.
8.6 resistance factor u/u*
10.1 relative roughness

bankfull

20

Materials

10 D50 Riffle (mm)
69 D84 Riffle (mm)
12 threshold grain size (mm):

Rosgen Stream Type

Missing: , , Sinuosity, D50,

Forces & Power

0.2 channel slope (%)
0.25 shear stress (Ib/sq.ft.)
0.36 shear velocity (ft/s)
0.76 unit strm power (Ib/ft/s)

25




Cross Section 9

Mica Creek

Pool
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Bankfull Dimensions

8.2
7.9
1.0
1.8
9.0
0.9
7.9

x-section area (ft.sq.)
width (ft)

mean depth (ft)

max depth (ft)
wetted perimeter (ft)
hydraulic radius (ft)
width-depth ratio

Bankfull Flow

4.0

32.9
0.74

velocity (ft/s)
discharge rate (cfs)
Froude number

flood prone area

Width (ft)

bankfull

Flood Dimensions

3.0
1.7

W flood prone area (ft)
entrenchment ratio
low bank height (ft)
low bank height ratio

Flow Resistance

0.040
0.19
9.0
10.5

Manning's roughness
Darcy-Weisbach fric.
resistance factor u/u*
relative roughness

low bank height

Materials
12 D50 Riffle (mm)
30 D8