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November 19, 2019

Ms. Kim Browning

Department of the Army

Wilmington District, Corps of Engineers
69 Darlington Avenue

Wilmington, NC 28403-1343

RE: Sassarixa Swamp Mitigation Site — NCIRT Comments during 30-day Mitigation Plan Review
Sassarixa Swamp Mitigation Site (USACE AID# SAW-2018-00432, NCDMS # 100040)
Neuse 03020201, Johnston County, NC

Dear Ms. Browning,

Thank you for compiling and providing comments on the Sassarixa Mitigation Site final draft Mitigation
Plan. We have reviewed the comments dated September 13, 2019 and have revised the Mitigation Plan
accordingly. This letter includes a response to each comment; comments have been reprinted with our
response in jtalics. The revised Mitigation Plan is being submitted with this letter.

DWR Comments, Mac Haupt and Katie Merritt

1.

DWR has concerns regarding the 3 tributaries added since the post-contract site visit. Reaches
T1B and T1D appear to be associated with wetlands. In addition, they did not appear on the
DWR stream call list. The drainage areas are extremely small so there are serious questions
whether these features are wetlands, or some sort of ephemeral conveyance.

During our IRT site walk, T1B was identified by IRT members as a potential reach we
should assess for the jurisdictional determination (JD), which led to the evaluation of this
reach. During the JD evaluation, T1A was shown with two draws, but both identified as
T1A. For the purpose of plan sheets, and needing to hydrologically connect these pieces,
we labeled a portion T1D. We do agree this is a short drainage feature originating from
a wetland and have removed it from crediting. It will still remain part of the construction
project to improve the hydrologic function and connectivity. T1C was in a portion of the
floodplain not explored during the proposal phase. But found during our wetland and
stream delineation site work.

2. DWR recommends a figure/concept map be included with the 401/404 mitigation plan where all

State and Federal credits/offsets are being generated.

Since this review, Wildlands has communicated further with DWR to reconcile
differences between DWR calls and final JD calls on this project. This communication is
located within Appendix 1: Buffer Mitigation Plan (regarding T1A-C and T4R3). A Figure
has been attached to this letter as further visual explanation.
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3. There appears to be considerable wetland acreage on site (Figure 6). Table 6 states there are
13.034 acres of wetland on the site, which represents approximately 22% of the conservation
easement/project area. We are a little surprised there wasn’t more discussion of what the
proposed site will do to enhance/restore these wetlands.

The RFP this project was contracted under required wetland credits to be generated from
100% restoration activities. While this project has significant wetland acreage, none of
the acreage would have met the standard for restoration. However, DWR is correct in
that wetlands will be enhanced and preserved as part of project development though no
wetland credits are requested. A discussion of this has been added in Section 8.6.1 of the
Mitigation Plan.

4. Table 16-Project Stream Assets — How does reach T1A go from existing footage of 67 to
restoration footage of 358? While proposed as E2, it appears some work on channel features is
being performed, however; is it possible upper T1A was not a stream as seen in the DWR stream
call?

In its existing condition, T1 runs along the edge of the valley, through a small failed
pond, and intersects T1A just below the old pond bed. The proposed restoration moves
T1 to the center of the valley. T1A maintains its original channel configuration. In doing
this, the overall length of T1 shortens and T1A lengthens. Wildlands believes this is the
most appropriate channel configurations for the natural valleys.

Prior to surveying the area, the channels surrounding the failed pond and wetland areas
had not been properly analyzed. Upon further inspection, both Wildlands and USACE
confirmed T1A as a jurisdictional stream.

5. Section 8.6.3 — Preservation Reaches — and footnote 1 in Table 16, how much of T4 R3 is
considered for preservation credit? With 275 linear feet going subterranean for significant
portions of the year, it may be a different (higher) credit ratio necessary for this reach.

In the initial IRT walk, just after two major hurricanes, there were areas of sand
deposition within T4-R3 causing subterranean flow. It was requested by the IRT to
determine the portion of the reach where subterranean flow occurred. The 275 feet was
measured during the initial design phase. Since then, Wildlands has been continually
monitoring the pulsing of deposited sediment out of the reach. As of summer 2019,
deposited sediment has flushed out of the reach. This is now noted in section 3.3.6 in the
existing conditions description. The note has been removed from Table 16. Wildlands
believes the 10:1 proposed preservation ratio is fair.

6. Figure 11 — Monitoring Component Map — The flow gauge for T2 will need to be moved down to
at least mid-reach (out of the relic pond bed). DWR requires an additional flow gauge on reach
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T3 at station 402+30 (design sheet 1.31). In addition, depending on the answer to #4, DWR may
require another flow gauge on T4R3.

Flow gauges on T2 and T3 are added to Figure 11 as described above.

Design sheet 1.32 — please install a wetland gauge on stream right at station 404+75.
A wetland gauge has been added to design sheet 1.32 as described above.

As stated at the post contract site visit by several IRT members, DWR believes reach T2 is at a
high risk for losing flow and not maintaining channel like characteristics.

This is noted. A flow gauge will be installed, and credit release will be dependent on
success criteria for T2.

DWR believes there may be flow issues on reach T3.

This is noted. A flow gauge will be installed, and credit release will be dependent on
success criteria for T3.

DWR requests capping the proposed percentage of green ash (Fraxinus pennsylvanica) to be
planted at 5% due to emerald ash borer (agrilus planipennis).

Green ash has been removed from the planting plan.

DWR was under the impression most of the area around reaches T5A, T5B, and T5C would be
protected within the conservation easement. As seen in design sheet 5.10, much of the wetland
area outside reach T5A will not be in the easement. This was not the proposed easement shown
in the initial proposal. If this is the case, DWR will revise recommendations for the enhancement
ratios due to the fact that if cattle pressure continues adjacent to the wetlands not in the
easement, the functional benefit of the enhancement is greatly reduced.

The easement has been adjusted to include the hillside seeps draining to T5A-C. A figure
is attached to this memo showing the old vs. new boundary in this area.

Fencing is only proposed on the left side of Sassarixa Creek as shown on plan sheets 5.0-5.3. No
existing or proposed fencing is shown on the right side/bank. However, there is an internal
crossing proposed on Sheet 1.2. If this crossing is to give cattle access to the other side of
Sassarixa in the future, there needs to be fencing installed on the left side/bank of Sassarixa
Creek as part of this Plan.

There will be fencing on the right bank of Sassarixa Creek. The plans missed a call out for
existing fencing tie-in. We have edited plan sheets to show proposed fencing, should any
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portion of existing fencing not be located appropriately according to the recorded
easement.

13. DWR would also like to reiterate the IRT’s position of fragmented reaches and reaches above

and below ponds. Collectively, fragmented reaches, numerous crossings and/or breaks in the
stream reaches and ponds breaking up aquatic passage and nutrient flows; all these
characteristics undermine the functional uplift of the potential project. In the future, this type of
site will likely not be approved.

Noted.

USACE Comments, Kim Browning:

1.

IRT field notes from February 23, 2018 indicate the wetland areas around reaches T5A, T5B, and
T5C would be protected within the conservation easement. As presented now, the easement
area has changed and a large portion of the wetland area around reach T5A will not be in the
easement. The enhancement ratio on this reach would be more appropriate at 4:1 due to the
anticipated future impacts to surrounding wetlands by livestock.

The easement has been adjusted to include the hillside seeps draining to T5A-C. Livestock
will be excluded from the area.

Section 5 — Functional Uplift: The functional pyramid is used to demonstrate current and
projected conditions however there are no assessment data sheets to document how each
reach was assessed. Please include these in the appendix.

The functional pyramid was used to frame a qualitative assessment with data from
topographical survey and other acquired existing conditions data. No official functional
pyramid forms were used in this analysis.

a. NCSAM sheets are included in the appendix, which is appreciated, but this information
is not discussed in the narrative. Since this is the approved assessment method, it would
be beneficial to include this.

DMS prefers not to include discussion of NCSAM in the narrative.

b. Table 4 indicates that Sassarixa Creek and T1C both have Functioning existing conditions
(Similar to T3R2) but they are proposed as enhancement reaches. It is clear that there is
livestock access and lack of riparian understory; however, given that only supplemental
planting and fencing will occur (and only one-sided fencing on the main stem), the ratio
for this main reach would be more appropriate at 4:1 unless there is justification for the
proposed 2.5:1.
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There will be fencing around the entirety of Sassarixa and T1C (See response #12 above).
The ratio of 2.5:1 was agreed upon in the initial IRT site walk. Meeting minutes have
been added to Appendix 5.

3. The proposed ford crossing on Sassarixa Creek has the potential for future maintenance issues,
especially since it is located in a braided system. Please address any anticipated maintenance.

The ford was field located by the landowner because the channel is a single thread
through this section, and it is currently used as a ford crossing. We will be making
improvements to the existing crossing. It is designed with fence line that can be
retracted while not in use to allow for major storm flows to pass through the floodplain
without causing fence failure. Fence catching debris across floodplains is often the major
cause of failure in similar situations. This will also allow for better biological and
hydrological connectivity of the site when not in use. All crossings, including the ford, will
be inspected upon each visual inspection site visit. Any damage from high flows will be
addressed with maintenance as needed.

4. T2,T1D, and T4 appear to have inconsistent information regarding jurisdiction. T1D is not on the
PID or Stream Call form. The jurisdictional limits of T2 appear to be much shorter than
proposed, especially given the fact that the pond was constructed in an upland. T4 has areas
that flow subsurface. Please verify.

T2 is currently ponded and piped within the farm field. It becomes jurisdictional at a pipe
outlet at the edge of the field. Based on historical aerials and surrounding hydrologic
indicators, Wildlands is confident T2 will be jurisdictional as proposed post-restoration.
T2 will be monitored with a gauge and credit release will be dependent on success
criteria being met.

Please see response #1 in the DWR questions regarding T1D. It has been removed from
credits.

Please see response to #5 in the DWR questions regarding T4. Additionally, T4 has since
been re-evaluated by DWR for jurisdictionality and buffer viability. This update is
included in the Buffer Mitigation Plan in Appendix 1.

5. Page 9 — The discussion states “There is no opportunity to improve hydrologic function on the
rest of the site.” On the contrary, the removal of the pond that separates T5A-B-C with T5 would
allow for a natural flow regime. Additionally, aquatic passage is restricted here. Are cattle
excluded from this pond?

Although we agree that removal of ponds are ideal practice for hydrologic functional
uplift, that was not possible on this project due to landowner constraints. There is not
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currently livestock access to the pond. It is used as an event space for educational
programs for students as well as a wedding venue.

6. Planting Plan, Design Sheet 3.2 — does not depict reach T1D.
T1D has been added to Sheet 3.2.
7. Section 9.2 — Please add a vigor standard of 7 feet for year 5.

This has been added to the second sentence of Section 9.2.

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

@ Wildlands Engineering, Inc. (P) 919.851.9986 e 312 West Millbrook Road, Suite 225 ¢ Raleigh, NC 27609
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1.0 Introduction

The Sassarixa Swamp Mitigation Site (Site) is in Johnston County, NC approximately six miles southwest
of Smithfield and five miles north of Four Oaks (Figure 1). The project is in the NC Division of Mitigation
Services (DMS) targeted local watershed (TLW) for the Neuse River Basin Hydrologic Unit (HU)
03020201130030 and NC Division of Water Resources (DWR) Subbasin 03-04-04 (NC DWQ 2011). The
Site was selected by DMS to provide stream mitigation credits and buffer credits in the Neuse River
Basin 03020201 (Neuse 01). The project involves the restoration, enhancement, and preservation of
Sassarixa Creek and seven unnamed tributaries to Sassarixa Creek, along with six unnamed tributaries to
Black Creek (Figure 2). The restoration of these streams will provide 8,618.650 stream credits. The
project will also restore, enhance, and preserve 58 acres of riparian buffer on site, which will provide
1,098,146.503 buffer credits. Establishment of the riparian buffer including planting, construction, and
livestock exclusion will be concurrent with the establishment of the stream project. The Site will be
protected by a 65-acre conservation easement. The Site Protection Instrument detailing the easement is
in Appendix 2.

Table 1: Project Attribute Table Part 1 — Sassarixa Swamp Mitigation Site

Project Information
Project Name Sassarixa Swamp Mitigation Site
County Johnston
Project Area (acres) 65.06
Project Coordinates (latitude and longitude) 35°28'19.75"N 78°26'9.60"W
Planted Acreage (acres of woody stems planted) 13.03

2.0 Watershed Approach and Site Selection

The Sassarixa Swamp Mitigation Site is in a new Targeted Local Watershed (TLW) that is not described in
the 2010 Neuse River Basin Restoration Priorities (RBRP) Plan (Breeding, 2010). The TLW was added in
the 2015 Neuse 01 CU Update (NCDWR, 2015) because there were more water quality issues than
assets. Stressors for this TLW include impervious surfaces, disturbed riparian buffers, agricultural land
use, and animal operations. The site provides the opportunity to addresses the TLW stressors of
agricultural land use and animal operations, as it is an active cattle farm that lacks protected riparian
buffers. The project will also address key Cataloging Unit (CU) wide restoration goals for the Neuse River
03020201 described in the RBRP including reduction of sediment and nutrient loads from agricultural
lands and increasing or improving riparian buffers (NC DWQ, 2009). The project streams drain directly
into Holts lake, which is a recreational lake classified as a Nutrient Sensitive Water (NSW) that drains to
the Neuse River, which is a water supply for the City of Goldsboro. The Sassarixa Swamp Mitigation Site
was selected because of its location within the TLW and its potential to address the TLW goals through
stream restoration and buffer restoration.

Restoration of streams on the Site will directly and indirectly address stressors identified in the RBRP by
creating stable stream banks, restoring meandering pattern, and restoring a forested buffer. This project
will slow surface runoff, provide shade to streams, remove farm ponds, and reconnect streams to their
historic floodplains and riparian wetlands, which will reduce sediment and nutrient loading. In addition,
restoration will provide and improve instream and terrestrial (riparian) habitats while improving stream
stability and overall hydrology.

Sassarixa Swamp Mitigation Site Final Mitigation Plan
DMS ID No.10040 Page 1 November 2019



3.0 Baseline and Existing Conditions

The Site watershed (Table 2 and Figure 3) is situated in the rural countryside in Johnston County near
Smithfield, NC, adjacent to Holts Lake and the Black Creek Swamp. The following sections describe the
existing conditions of the watershed and watershed processes including disturbance and response.

Table 2: Project Attribute Table Part 2 — Sassarixa Swamp Mitigation Site

Project Watershed Summary Information
Physiographic Province Coastal Plain
Ecoregion Rolling Coastal Plain
River Basin Neuse River
USGS HUC (8-digit, 14 digit) 03020201, 03020201130030
NCDWR Sub-basin 03-04-04
Project Drainage Area (acres) 5,024
Project Drainage Area Percentage of Impervious Area 0.9%
CGIA Land Use Classification 66% agriculture, 27% forested, 7% developed

3.1 Landscape Characteristics

3.1.1 Physiography and Topography

The Site is in the Coastal Plain physiographic province and is characterized by sandy hills and shallow
valleys. The Site topography and relief are typical of the Coastal Plain, with elevations in the watershed
ranging from 215 feet above mean sea level (msl) at the upstream end of tributaries, to 115 feet msl
along Sassarixa Creek, as illustrated in Figure 4. Sassarixa Creek is an anabranching stream in a gentle
(0.3%) unconfined alluvial valley (>400 feet). Streams T1, T1A, T1B, T1C, and T1D are in unconfined
alluvial valleys with steeper slopes, ranging from 2%-3%. T2, T3, T4, and T5 streams start off with steep
and moderately confined alluvial valleys that eventually widen to unconfined valleys with gentler slopes
as they approach the floodplains of Sassarixa Creek and Black Creek. Slopes on these reaches range from
1% to 4% and valleys fluctuate between 30 and 60 feet in width. The alluvial valleys of T5a, T5b, and T5c
are unconfined, with widths ranging from 60 to 150 feet. T6 is an unconfined alluvial valley (2%) in the
upstream project extents that gradually narrows (from 150 ft to 80 ft) and steepens towards the
downstream end of the project.

3.1.2 Geology and Soils

The Site is in the Rolling Coastal Plain of the Coastal Plain physiographic province. The Coastal Plain is
characterized by relatively flat terraces of primarily unconsolidated sediments and carbonate rocks
ranging in age from Cretaceous to Quaternary. These layered materials accumulated as sediments
deposited in what was once a shallow ocean or shelf interface along a shallow ocean. The deposits form
roughly parallel belts that trend southwest to northeast. The site is in the belt called the Middendorf
Formation (km), which formed during the Cretaceous period. Sohl and Owens (1991) describe the
Middendorf formation as deeply weathered and consisting mainly of layered delta plain to fluvial
deposits. Sediments are layered in think black clay and light-colored sand layers consisting of sand,
sandstone, and mudstone. Sands are primarily quartz; however, outcrops of feldspar may be up to 15
percent. Due to the weathered condition of the soils and base geology, no exposed bedrock is located
on site.

The sandy layers of black clay and light-colored sand were evident in soil cores taken on the site during
wetland investigations. Deep layers of light color sand were noted along T5 and T6. Soils on site range

between sandy loams and loamy sands. They are deep to very deep soils. The well drained soils on site
like Gilead sandy loam, Cowarts sandy loam, Nason silt loam, and Uchee loamy sand, are located along
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the tributaries in their narrower steeper valleys (NRCS, 2011). The poorly drained soils on site like the
Bibb sandy loam and Wehadkee loam, are in the broad valley of Sassarixa Creek and the downstream
portion of T1 as it flows into Sassarixa Creek. This pattern closely mimics the areas of riparian wetland
occurrence within the project area. Figure 5 provides a soil map of the Site.

3.2 Land Use/Land Cover

The project includes several adjacent properties that have been owned and operated as a livestock farm
by a single family since 1850, where livestock are continually rotated through all fields with access to the
project streams. A review of historic aerials from 1950 to 2012, located in the appendix, shows that
onsite streams have existed in their approximate locations with very little change to riparian buffer
extents since 1950. The watershed as a whole has not changed significantly in land use or riparian buffer
extents aside from the site-specific alterations listed below. Two alterations to the Site visible from
historical aerial photography are the addition of the pond on T2 between 1964 and 1973, and the
addition of the large pond below T5A, T5B, and T5C between 1950 and 1961. According to the
landowners, in the 1960’s and early 1970’s a hog yard was located at the upstream end of T4 and T5,
where the streams were diverted to make a hog wallow area. The hogs were moved to a hog house in
the early 1970’s, however goats, horses, and cattle had continuous access to this portion of the site until
Hurricane Matthew struck in September 2016. The floods from the storm destroyed much of the fencing
around T4 and T5 and livestock have been rotated in other fields since that time while fencing is
repaired. Other portions of the site have not seen significant changes in land use with livestock or crop
rotations from existing activities.

This consistency in land use within the project watershed over the past 68 years indicates that
watershed processes affecting hydrology, sediment supply, and nutrient and pollutant delivery have not
varied widely over time. The addition of farm ponds has been the only significant change in hydrology.
With a lack of developmental pressure, watershed processes and stressors from outside the project
limits are likely to remain consistent throughout the implementation, monitoring, and closeout of this
project. These stressors and processes are discussed further in Section 4, below.

3.3 Project Resources

On May 29 through June 2, 2018, Wildlands investigated on-site jurisdictional waters of the U.S. within
the project area. Jurisdictional areas were delineated using the US Army Corps of Engineers (USACE)
Routine On-Site Determination Method presented in the 1987 Corps of Engineers Delineation Manual,
the subsequent Regional Supplement for the Atlantic and Gulf Coastal Plain, and the evaluator’s best
professional judgement. All jurisdictional waters of the U.S. were located by sub-meter GPS. Wetland
determination forms representative of on-site jurisdictional areas as well as non-jurisdictional upland
areas are included in Appendix 3.

USACE staff approved the extent of jurisdictional resources on March 21, 2019. There are thirty-three
jurisdictional wetland features located on-site (Figure 6). These wetland features are classified as
Headwater Forests, Bottomland Hardwood Forests, and Riverine Swamp Forests using the North
Carolina Wetland Assessment Method. The wetlands occur on the slopes and the floodplains that drain
to Sassarixa Creek and its tributaries. These features exhibit prolonged saturation within 12 inches of the
soil surface, hydrophytic vegetation, and a low chroma matrix and/or darkened surface horizons.
Common hydrophytic vegetation includes swamp tupelo (Nyssa biflora), bulbous buttercup (Ranunculus
bulbosus), and pale smartweed (Persicaria lapathifolia). Many of these areas are impacted by cattle
grazing.

The Site contains five perennial streams (Sassarixa Creek, T3, T4, T5, and T6) and nine intermittent
streams (T1, T1A, T1B, T1C, T2, T5A, T5B, T5C). A tributary of T1A has been labeled T1D in this document
and the construction plans for clarity, as it is draining a separate linear wetland (wetland DD). The
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confluence of T1A and T1D is a headcut located under a large tree that is threatening upstream
migration and further incision of T1A and T1D. These features were confirmed by staff from NC DWR on
April 4, 2018. NC DWR Stream ldentification Forms (Version 4.11) are in Appendix 4 along with a
confirmation letter from DWR regarding stream calls. US Army Corps of Engineers (USACE) forms and
NCSAM forms are in Appendix 3. Stream features are described in more detail in Section 5. Table 3
provides a summary of water resources within the project limits. Existing conditions are also illustrated
in Figure 6. Cross-section and pebble count data is in Appendix 5.

3.3.1 Sassarixa Creek

Sassarixa Creek is a perennial stream that enters the Site under a bridge on Black Creek Road and flows
southeast. The first two reaches (R1 and R2) are an anabranching sand bed system of E5 channels in a
wide alluvial valley consisting of one large main channel and several smaller interconnected channels.
There are large deposits of alluvial gravel/cobble material in the floodplain, likely originating from flood
flows during hurricane Matthew in 2016 and hurricane Florence in 2018. Near the confluence with T2,
the creek forms a single thread channel (Reach 3) as the valley constricts slightly. The banks along this
single-thread reach are relatively stable, with localized scour on outer meander bends and erosion due
to livestock access and trampling of banks. Several livestock pathways wind through the riparian buffer
and cross Sassarixa Creek. There is a large amount of woody debris in the system from felled trees that
help maintain pools, form grade control, and provide habitat niches. Sassarixa Creek is connected to its
floodplain (Bank Height Ratio (BHR) = 1.0) and there is evidence of recent bankfull events from sand and
gravel deposits at the top of bank.

3.3.2 T1, T1A T1B,and T1D

T1 enters the site at Old Olive Road in the northeast section of the project. The stream is a sand bed
system with limited amounts of sediment input from the watershed due to the pond upstream of Old
Olive Road. The alluvial valley is relatively narrow at the upstream limit and widens as the stream flows
towards Sassarixa Creek. The first reach (R1) is most closely described as an incised and straightened B5.
It has a baseflow channel with a vegetated inner berm and is incised (BHR = 3.0) but relatively stable.
There is localized erosion from livestock trampling across the channel. Most of the buffer on this reach is
fescue with a single row of large specimen trees along the bank. As the stream makes a 90-degree bend
towards the north (start of R2), the incision increases, and it transitions to a G5 channel. This channel is
impounded by a small pond along R2. Below the pond (R3), the channel remains incised (BHR = 3.1) but
increases in sinuosity. The stream scores towards perennial upstream of the pond, however, the pond
appears to have heavily impacted the hydrology, and the overall stream scores as intermittent. T1A is a
small intermittent stream that joins T1 downstream of the existing pond. It is a relatively stable stream
with an existing meander pattern and scour located along meander bends and evidence of livestock
trampling the banks. The floodplain at the confluence of T1 and T1A has been heavily manipulated by
livestock, where their trampling of the wetland seep has altered the surface hydrology of the wetland
through continual compaction.T1D is a small and short intermittent stream reach that flows out of the
linear Wetland DD into T1A from the right floodplain with the same characteristic impacts of livestock
on the riparian area. T1B is a small intermittent stream that flows into T1 from the left floodplain. It is
incised and is heavily manipulated by livestock access pathways trampling existing streambanks.

3.3.3 TicC

T1C is an E5 channel that originates from a spring seep in a headcut on the edge of the fields at the
extent of the Sassarixa Swamp floodplain. The stream is stable and has low banks, varied bedform, and a
stable meander pattern. Its stability is currently threatened by lack of vegetation on banks due to
livestock access.
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3.34 T2

The origin of T2 is a farm pond located in the natural valley of this drainage area that is dominated by
fescue and hay production. The pond has a buried outlet pipe that daylights at the tree line with a five-
foot vertical drop between the outlet and receiving stream. The stream within the forest is an
intermittent, G5, sand bed system that is incised (BHR = 6.5) along the reach length and has significant
scour along the streambanks from high energy produced by the system over the headcut. Livestock have
access to this reach, which contributes to bank trampling, mass wasting of bank material, and inputs of
fecal coliform.

3.35 713

T3 is a perennial stream that originates in the farm field south of Old Olive Road. It is incised at the top
of reach 1 (R1) (BHR = 2.3) and the incision increases (BHR 3.9) as it flows down the steep (3.5%) alluvial
valley classifying the stream as a G5. The streambed is sand with a small amount of gravel in the
pavement. While T3 has a forested buffer, livestock access has impacted most of the understory and
contributed to bank trampling. Headcuts along R1, caused by woody debris dams, increase incision and
overall bed scour. Lack of grade control other than tree roots could continue to be a destabilizing factor
for this reach and incision may continue. As T3 enters the Sassarixa Creek floodplain it flattens out and
stabilizes.

3.3.6 T4and T5

T4 and T5 are perennial streams that enter the Site through culverts at Old Olive Road. They are in
similar alluvial valleys that are restricted for most of the length, with the streams traversing between
valley walls, but that open as the channels approach the Black Creek floodplain. The impact of the old
hog wallow area discussed in Section 2.1 is evident in T4-R1 and T5-R1. Both channels include areas
where the stream appears to go subterranean through wetlands due to manipulation of the channel and
surrounding floodplain. T4 is most accurately described as an E5b channel, with a slightly steeper valley
than T5. The T4 channel is incised (BHR= 2.0) along T4-R1 and becomes less incised as it flows
downstream where livestock damage is lessened, and the riparian buffer is more mature.

At the onset of the project, T4-R3 had sediment deposits, likely from two hurricanes the previous fall,
which caused 275 feet of channel to go subterranean during summer. Throughout the design process,
T4-R3 has been monitored and as of the summer of 2019 those areas of sediment deposition have
flushed from the system.

T5 is most accurately described as an E5 stream. Reach T5-R1 is relatively stable, with localized scour on
the meander bends. The reach becomes moderately incised (BHR = 1.7) at the headcut located at the
transition point between T5-R1 and T5-R2. The stream becomes narrow (width to depth ratio of 2.2),
which is causing scour of the sand bed stream that is likely to continue without intervention. As the
stream transitions to a wider valley along R3 the stream becomes more stable.

3.3.7 T5A, T5B, T5C

T5A, T5B, and T5C are the intermittent headwater streams to T5. They originate in the northernmost
region of the project, upstream of a large pond. Their watersheds are primarily livestock grazing areas
and row crops. These reaches are in steep alluvial valleys ranging from 2.5% -3.75%. There is minimal
scour and incision along the reaches except for localized bank trampling from continued livestock access
and they are moderately incised (BHR=1.3 — 1.7). A forested canopy covers the stream area, but
livestock access has impacted the understory, which is now dominated by Japanese stiltgrass. These
streams are best described as B5, sand bed channels.

Sassarixa Swamp Mitigation Site Final Mitigation Plan
DMS ID No.10040 Page 5 November 2019



338 T6

T6 has the widest alluvial valley of any of the tributaries on site. The perennial stream enters the project
area through a culvert under Old Olive Road. Reach 1 (R1) incised G5 channel (BHR = 2.1). There is
evidence of channel manipulation with dredged channel material located on the tops of banks. This
incision reduces as the channel moves downstream (BHR = 1.2). Spoil piles are less present, the stream
begins to increase its meander pattern, and the stream transitions to an E5 stream type.
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Table 3: Project Attribute Table Part 3 — Sassarixa Swamp Mitigation Site

Reach
Summary
Information

Parameter

Sassarixa
Creek

T1

T1A

TiB

TiC

T1D

T2

T3

T4

T5

T5a

T5b

T5c

T6

Length of
Reach(If)

2,595

2,202

67

258

307

48

348

1,098

2,198

2,544

996

588

343

999

Valley
Confinement
(confined,
moderately
confined,
unconfined)

unconfined

unconfined

unconfined

unconfined

moderately
confined to
unconfined

unconfined

moderately
confined to
unconfined

moderately
confined to
unconfined

moderately
confined to
unconfined

moderately
confined to
unconfined

unconfined

unconfined

unconfined

unconfined
to
moderately
confined

Drainage
Area (acres)

4,726

45

0.5

13

26

32

136

24

25

10

130

Perennial,
Intermittent,
Ephemeral

NCDWR
Water
Quality
Classification

C, NSW

C, NSW

C, NSW

C, NSW

C, NSW

C, NSW

C, NSW

C, NSW

B, NSW

B, NSW

B, NSW

B, NSW

B, NSW

B, NSW

Stream
Classification
(Existing and
Proposed)

E5: E5

G5: C5b

E5: E5

B5: B5

E5: E5

E5:E5

G5: C5b

B5/G5: C5b

E5b: E5b

ES5

B5: B5

B5:C5b

B5: B5

G5/ E5: C5b

Evolutionary
Trend
(Simon)

Stage VI:
Quasi
Equilibrium

Stage Ill:
Degradation

Stage Ill:
Degradation

Stage Ill:
Degradation

Stage lll:
Degradation

Stage lll:
Degradation

Stage IV:
Degradation
and
widening

Stage IV:
Degradation
and
widening

Stage lll:
Degradation

Stage Ill:
Degradation

Stage lll:
Degradation

Stage lll:
Degradation

Stage lll:
Degradation

Stage IV:
Degradation
and
widening

FEMA
Classification

Partial
Zone AE

X

X

X

1. Wetland areas are not proposed for restoration or enhancement credit. A Summary table of these features is in the Appendix.
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3.4 Existing Vegetation

Three streams on site lack a riparian buffer: T1-R1, the upstream end of T2, and the upstream end of T3.
The riparian zone in these areas consist primarily of fescue (Festuca sp.) and some areas of hay
production to feed livestock. The canopy on T1-R2 is unique in that it is dominated by loblolly pine
(Pinus taeda) with an understory of Japanese stiltgrass (Microstegium vimeneum). All other riparian
areas include a mix of canopy species including red maple (Acer rubrum), sweetgum (Liquidambar
styraciflua), willow oak (Quercus phellos), tulip poplar (Liriodendron tulipifera), ironwood (Carpinus
caroliniana), sycamore (Platanus occidentalis), water oak (Quercus nigra), and black willow (Salix nigra).
While the understory of all reaches is dominated by Japanese stiltgrass, there is still a mix of understory
species present, predominantly along Sassarixa Creek and T4R3. Understory species include Christmas
fern (Polystichum acrostichoides), dogfennel (Eupatorium caplilifolium), greenbrier (Smilax sp.), Virginia
creeper (Parthenocissus quinuefolia), sawtooth blackberry (Rubus argutus), common ragweed (Ambrosia
artemisifolia), poison ivy (Toxicodendron radicans), common rush (Juncus effesus), and common sedge
(Carex sp.). Invasive species located in the riparian buffers include Chinese privet (Ligustrum sinese) and
Japanese honeysuckle (Lonicera japonica).

4.0 Watershed and Channel Disturbance and Response

As discussed above in Section 3.2, there has been very little change in the on-site watersheds for several
decades. The primary cause of degradation to the Site is the historic and continued access of livestock to
streams and wetlands. Lack of adequate riparian buffers and a grazed understory has allowed significant
runoff from the grass pastures to flow into streams during storm events. This has created incision in
over 50% of the stream length on site. Direct access by livestock in the channel has contributed to mass
wasting of bank material.

5.0 Functional Uplift Potential

The potential for functional uplift is described in this section according to the Stream Functions Pyramid
(Harman, 2012). The Stream Functions Pyramid describes a hierarchy of five stream functions, each of
which supports the functions above it on the pyramid (and sometimes reinforces those below it). The
five functions in order from bottom to top are hydrology, hydraulics, geomorphology, physicochemical,
and biology.

5.1 Hydrology

The major watershed disturbance, prior to 1950, has been deforestation and conversion of 66% of the
watersheds to agricultural land uses. These alterations in land cover typically result in reductions in
rainfall interception and evapotranspiration which lead to increases in runoff and water yield (Dunne
and Leopold, 1978). A primary result of these changes is an increase in both peak flows and base flows,
though the magnitude of this effect is likely small in watersheds of this size. Initial increases in water
yield usually change over time as vegetation regrows and crops are planted. There are no stream gauges
within this watershed and, thus, no way to know the degree to which clearing of 66% of the land
affected this watershed other than to say that water yields have almost certainly increased. However,
these changes primarily occurred several decades ago (prior to available aerial photography) and
additional clearing in the watershed has been limited. Another watershed disturbance was the creation
of the farm ponds on site, as described in Section 3.2. These ponds altered the storm flows in reaches T2
and T5 by impounding water. The historic aerials for T2 show the old channel starting near the existing
forebay for the pond.

The watershed has adjusted to its hydrologic regime and is stable now. Population growth in this rural
area is essentially non-existent. Therefore, future alteration to the land cover and associated effects on
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hydrology are not expected in the foreseeable future. No measurements of existing conditions in
hydrology have been made to date for this project. However, due to the stability of the watershed the
Site hydrology is assumed to be functioning (Table 4).

There is one opportunity to improve hydrologic function on site. The removal of the pond at the
headwaters of T2 will allow for a natural flow regime for the tributary. Currently, in drought situations,
the pond may cut off a continuous flow to the downstream reach and removal of the pond will prevent
that from occurring. There is no opportunity to improve hydrologic function on the rest of the site. Even
though trees will be planted within the conservation easement, this is unlikely to result in improvements
to the rainfall-runoff relationship on a watershed scale.

5.2  Hydraulics

Hydraulic function varies across the site. The combination of entrenchment ratios (ERs) and bank height
ratios (BHR) describe the streams that are currently not functioning. T1-R2, T2, T3-R1, T5-R2, and T6-R1,
classified as Rosgen type G5 channels, have BHRs over 2.0 and ERs under 2.2 (both not functioning). This
combination shows that they are hydraulically disconnected from their floodplains, have incised, and
may be actively incising.

Several stream reaches are actively incising (BHR above 1.6 and not functioning), but still have access to
their floodplains (ER above 1.4 and functioning). These streams (T1R1, T1B, T4-R1, T4-R2, T5-R1, T5A,
and T5C) are considered to be functioning-at-risk overall. Without intervention they may continue to
incise and degrade transitioning from Rosgen type B5 and E5 channels to Rosgen type G channels.

Sassarixa Creek, T1A, T1C, T3-R2, T5B, T5-R3, and T6-R2 do not appear to be actively incising and
currently are hydraulically connected to their floodplains (BHRs less than 1.3 and ERs above 1.4). These
reaches are considered functioning for hydraulics.

There is opportunity to uplift hydraulics on the Site from not functioning and functioning-at-risk to
functioning. Those streams that are not functioning, as described above, can be reconstructed so that
they are connected to their floodplains and so that stream flows above bankfull stage will flood the
floodplain. The BHR for restored stream reaches will be 1.0 (functioning). Bankfull flow velocities and
shear stress will be maintained at functioning levels through the dimension, plan, and profile design of
the channel, as well as the introduction of roughness through woody and rocky material in constructed
riffles and the planting of streambanks. The hydraulics of those channels that are functioning-at-risk will
be improved using a lighter touch approach, which may include the grading of streambanks in areas of
scour, adding floodplain benches to decrease effects of incision, the introduction of instream and
streambank structures, and the planting of streambanks and riparian buffers. Livestock will be excluded
from all channels.

5.3 Channel Geomorphology

Past channelization, incision, and ongoing sloughing and widening described in Section 4 and Section 5.2
place streams on Site in either Stage Ill: Degradation, or Stage IV: Degradation and Widening of the
Simon Channel Evolution Model (both classified as not functioning). Overall, 53% of the site shows
active incision (vertical instability) and 25% of the site shows active erosion (lateral instability). T1, T2,
T3, and T6, classified as Rosgen type G5 channels, have incised and are starting to widen (Stage V),
while T1-R1, T1B, T4-R1, T4-R2, T5-R1, T5A, and T5C are actively incising and show only moderate signs
of bank erosion (Stage lll). The leading cause of degradation along Sassarixa Creek, T1A, T1C, T3-R2, T5-
R3, and T6-R2 is a lack of riparian vegetation and/or livestock trampling banks which is contributing to
the mass wasting of bank material and fining of bed material. They are considered to be early in Stage
IIl: Degradation. Those reaches up or downstream of reaches already incised are at greatest risk for
further degradation.
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The bedform is inconsistent on all project streams, but varies the most on T1, T2, T3, T5-R2, and T6-R1,
where pool to pool spacing ratios are all outside of the range considered functioning (> 7.0). Other
project streams show spacing within functioning ranges, but that vary outside of functioning throughout
the reach. Bank migration and lateral stability were not measured for this project. Overall, the existing
geomorphology on site is poor and is classified as not functioning.

There is an opportunity to improve the geomorphology function on the site. The incision and bank
erosion will be corrected through restoration and enhancement activities. Bedform will be diversified
and spaced with appropriate design ratios. LWD will be added to the system through construction of
instream structures and bank revetments and a riparian buffer will be planted. The geomorphology
function will be restored to functioning (Table 4).

5.4 Physicochemical

No water quality sampling has been conducted on the Sassarixa Swamp Site and there are no water
guality monitoring stations within the watershed. Stressors include impervious surface, disturbed
riparian buffers, and agricultural land use/animal operations. The Sassarixa Swamp site has the latter
two of these stressors. Incision and erosion caused by disturbed riparian buffers and livestock access
likely increases TSS within the watershed, and livestock access to streams likely increases levels of fecal
coliform on site. Since there is no water quality data available to evaluate the current level of
physicochemical functioning, this function is not rated.

There is potential to improve the physicochemical functioning of the project streams. Water will flow
over instream structures that will provide aeration, trees will be planted in the riparian zone to
eventually shade and cool stream flow and help filter runoff, the streams will be reconnected to their
floodplain and adjacent riparian wetlands to provide storage and treatment of overbank flows, and
streambank erosion will be greatly reduced to reduce a source of sediment and nutrients. However, the
potential improvements to physicochemical functioning will not happen immediately and some aspects
will not occur until a mature canopy is established. Therefore, physicochemical improvements will not
be included in the project success criteria for the seven-year monitoring period and the functional uplift
potential is not rated (Table 4).

5.5 Biology

There are no available biological data for the Site, however the habitat conditions on the Site are poor
onT1, T2, T3, and portions of T5 and T6. Riffles contain coarse sand and very little woody debris or
organic material necessary to support diverse macroinvertebrate and fish communities. Livestock
trampling has impacted the bed in these streams and caused a fining of riffle material. The lack of
riparian corridors along T1, T2, and T3-R1 limit available terrestrial habitat other than pasture grass.
Instream habitat is more defined along Sassarixa Creek where the anabranching channel has coarse
riffles and some large trees have fallen to form woody debris jams. Sassarixa Creek also has deeper
pools that provide refuge for fish species. T4-R3 has more defined riffle pool sequences, less incision in
the stream, and a more mature riparian buffer due to the exclusion of livestock from this reach since
2016. Because no data on the existing communities are available to evaluate the current level of biologic
functioning, this function is not rated (Table 4).

There is opportunity to improve the instream and riparian habitat in addition to the physicochemical
function described in Section 5.4. Habitat will be improved by adding instream structures with a variety
of rock and woody materials, adding woody bank revetments, reducing the abundance of nuisance
macrophytes through chemical intervention, providing a riparian buffer to shade the stream and
improve terrestrial habitat, creating pools of variable depths, and cutting of sources of fine sediments.
The culvert outlets will be addressed to improve aquatic organism passage. In riparian areas, invasive
species will be initially treated to encourage growth of a diverse native riparian buffer and understory,
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providing a variety of terrestrial habitat niches. The biological response of the stream system will be tied
to the physiochemical response post-restoration. As the physiochemical response may be delayed, the
ultimate level of improvement in biology may not occur until after the completion of the seven-year
monitoring period and, therefore, the functional uplift potential will be not rated (Table 4).

Table 4: Functional Pyramid Resource Summary — Sassarixa Swamp Mitigation Site

Functional Pyramid Resource Summary

Resource | ~2>52M%@ | ripy/TiR3 | TIR2 T1A T1B TiC

Creek

Functional Category EX PRO EX | PRO | EX | PRO | EX | PRO | EX | PRO | EX | PRO
Hydrology F F F F F F F F F F F F
Hydraulics F F FAR F NF F F F FAR F F F
Geomorphology F F NF F NF F NF F NF F F F
Physiochemical NR NR NR NR NR NR NR NR NR NR NR NR
Biology NR NR NR NR NR NR NR NR NR NR NR NR
Overall F F NF F NF F NF F NF F F F
Functional Pyramid Resource Summary Continued

Resource TiD T2 T3R1 T3R2 T4R1/T4R2 | T5R1/T5R3
Functional Category EX PRO EX PRO EX | PRO | EX | PRO EX PRO EX PRO
Hydrology F F FAR F F F F F F F F F
Hydraulics F F NF F NF F F F FAR F FAR F
Geomorphology FAR F NF F NF F F F F F FAR F
Physiochemical NR NR NR NR NR NR NR NR NR NR NR NR
Biology NR NR NR NR NR NR NR NR NR NR NR NR
Overall FAR F NF F NF F F F FAR F FAR F
Functional Pyramid Resource Summary Continued

Resource T5R2 T5A T5B T5C T6R1 T6R2
Functional Category EX PRO EX | PRO | EX | PRO| EX | PRO | EX | PRO | EX | PRO
Hydrology F F F F F F F F F F F F
Hydraulics NF F FAR F F F FAR F NF F F F
Geomorphology NF F NF F FAR F NF F NF F FAR F
Physiochemical NR NR NR NR NR NR NR NR NR NR NR NR
Biology NR NR NR NR NR NR NR NR NR NR NR NR
Overall NF F NF F FAR F NF F NF F FAR F

5.6 Overall Functional Uplift Potential

Overall, the Sassarixa Swamp Mitigation Site can be considered as Functioning-at-Risk, but the
functional uplift potential is a reclassification of Functioning (Table 4). This change in overall
classification is related to improvements in hydraulic and geomorphology between the existing and
proposed conditions. The hydrology function will not change on the site as a whole because watershed-
scale reforestation would be required to drive this function. Physicochemical and Biological
improvements are likely a result of the project. However, there is no existing basis for classifying the
existing condition of these functions and the likely improvements will occur gradually after construction.
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Therefore, these functions are not rated and not considered in the overall functional rating. Project
goals are tied only to hydraulics and geomorphology.

5.7 Site Constraints to Functional Uplift

Four culverts and two ford crossings will be constructed on project streams to allow for continued use of
the land outside of the project area for agriculture. Each crossing is internal to the easement. Wherever
possible, culverts were located at the start or end of the project reach to limit impact on stream pattern,
plan, and profile. All culverts will be designed to pass well over the bankfull storm, to provide resilience
to the design for future stormflows.

The valley widths on the Site will allow for the development of pattern and channel dimensions to
restore stable, functioning streams and there are no other known constraints to the functional uplift
described above in this section. The degree to which the physicochemical and biology functions can
improve on the Site is limited by the watershed conditions beyond the project limits, upstream water
quality, and the presence of source communities upstream and downstream of the Site.

6.0 Regulatory Considerations

Table 5, below, is a summary of regulatory considerations for the Site. These considerations are
expanded upon in Sections 6.1-6.3.

Table 5: Project Attribute Table Part 4 — Sassarixa Swamp Mitigation Site

Regulatory Considerations

Parameters Applicable? Resolved? Supporting Docs?
Water of the United States - Section 404 Yes Yes PCN!
Water of the United States - Section 401 Yes Yes PCN
Endangered Species Act Yes Yes Appendix 6
Historic Preservation Act Yes Yes Appendix 6
Coastal Zone Management Act No No N/A

FEMA Floodplain Compliance No N/A N/A?
Essential Fisheries Habitat No N/A N/A

1. PCN to be provided to DMS with Final Mitigation Plan
2.  FEMA boundaries shown on Figure 7

6.1 Biological and Cultural Resources

A Categorical Exclusion for the Sassarixa Swamp Mitigation Site was submitted to DMS on April 12, 2018
and approved on April 19, 2018. This document included investigation into the presence of threatened
and endangered species on Site protected under the Endangered Species Act of 1973, as well as any
historical resources protected under the National Historic Preservation Act of 1966. Wildlands requested
review and comment from the United States Fish and Wildlife Service on February 5, 2018 in respect to
the Sassarixa Swamp Mitigation Site and its potential impacts on threatened or endangered species.
USFWS responded on March 2, 2018 and stated the “proposed action is not likely to adversely affect any
federally listed endangered or threatened species, their formally designated critical habitat or species
currently proposed for listing under the Act.” A follow up email was sent to USFWS on April 6, 2018
regarding the new addition of the yellow lance on April 4, 2018 to Johnston County’s endangered
species list. USFWS responded on April 9, 2018 with no additional objection. All correspondence with
USFWS and a list of Threatened and Endangered Species in Johnston County, NC is included in Appendix
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6. The conclusion for cultural resources according to the Categorical Exclusion research and response by
the State Historic Preservation Office is that there are no historic resources that would be affected by
this project. For additional information and regulatory communications please refer to the Categorical
Exclusion document in Appendix 6.

6.2 FEMA Floodplain Compliance and Hydrologic Trespass

The Site is represented on the Johnston County Flood Insurance Rate Map Panel 1662. Sassarixa Creek
and the downstream portions of T4, T5, and T6 are mapped in Zone AE from the modeled Black Creek,
however no streams on Site are modeled. Areas within the mapping are slated for enhancement and
preservation and will not require fill within the floodplain. Wildlands will coordinate with the Johnston
County floodplain administrator to obtain the appropriate floodplain development permit for the
project, if required.

6.3 401/404

Care has been taken to design the streams to remain hydrologically connected to existing wetlands on-
site, while minimizing impacts to those wetlands. Short sections of T1, T3, and T6 are aligned through
existing, highly impacted, poor quality wetlands. This alignment was chosen because it is the natural low
point in the valley. Those re-alignments will account for the permanent impacts on site. The majority of
floodplain grading will be considered a temporary impact to wetlands as hydrologic connectivity is
anticipated to improve after channel restoration, and vegetation will be re-established. Any wetlands
within the conservation easement and outside of the limits of disturbance will be flagged with safety
fence during construction to prevent unintended impacts. This will be noted in the final construction
plans on the Erosion and Sediment Control Plan and Detail plan sheets, as well as in the project
specifications. Table 6 estimates the anticipated impacts to wetland areas on this project. The Pre-
Construction Notification, including this data, will be provided to DMS in the Final Mitigation Plan.

Table 6: Estimated Impacts to Project Wetlands — Sassarixa Swamp Mitigation Site

Permanent (P) Impact Temporary (T) Impact
Jurisdictional e ..
Feature Classification | Acreage Type of Impact Area Type of Impact Area
Activity (acres) Activity (acres)
Wetlands D, F, Riparian Conversion Floodolain
G,H,J,L,V, Ri\F/)erine 13.034 | to Stream 0.123 Grad‘;n 0.556
W, X, FF, GG Resource &

7.0 Mitigation Site Goals and Objectives

The project will improve stream functions as described in Section 5 through stream restoration and
riparian buffer re-vegetation. Project goals are desired project outcomes and are verifiable through
measurement and/or visual assessment. Objectives are activities that will result in the accomplishment
of goals. The project will be monitored after construction to evaluate performance as described in
Section 11 of this report. The project goals and related objectives are described in Table 7.
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Table 7: Mitigation Goals and Objectives — Sassarixa Swamp Mitigation Site

Goal

Objective

Expected Outcomes

Function(s) Supported

Reconnect channels
with floodplains and
to allow a natural
flooding regime.

Reconstruct stream channels
with designed bankfull
dimensions and depth based
on reference reach data.
Remove pond above T2.

Allow more frequent flood
flows to disperse on the
floodplain. Support
geomorphology and higher-
level functions.

Geomorphology

Improve the stability
of stream channels.

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

Reduce sediment inputs
from bank erosion. Reduce
shear stress on channel
boundary. Support all stream
functions above hydrology.

Geomorphology

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.

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.

Hydrology (local),
Hydraulic,
Geomorphology,
Physicochemical,
Biology

Improve instream
habitat.

Install habitat features such as
constructed riffles, lunker
logs, 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, and
amphibians leading to
colonization and increase in
biodiversity over time. Add
complexity including LWD to
the streams.

Geomorphology
(supporting Biology)

Permanently protect
the Site from
harmful uses.

Establish conservation
easements on the Site.

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

Hydrology (local),
Hydraulic,
Geomorphic,
Physicochemical,
Biologic

8.0
8.1

Design Approach Overview

Design Approach and Mitigation Work Plan

The design approach (Figure 8) for this site was developed to meet the goals and objectives described in
Section 7, which were formulated based on the potential for the uplift described in Section 5, though
these are not tied to performance criteria. The design is also intended to provide the expected

outcomes in Section 7.

The design approach for this site utilized a combination of analog and analytical approaches for stream
restoration. Reference reaches were identified to serve as the basis for design parameters. Channels
were sized based on design discharge hydrologic analysis. Designs were then verified and/or modified
based on a sediment transport analysis. This approach has been used on successful coastal plain
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restoration projects (Falling Creek and Devil’s Racetrack) and is appropriate for the simple goals and
objectives for this site.

The project streams proposed for restoration on the site will be reconnected with an active floodplain
and the channels will be reconstructed with stable dimension, pattern, and profile that will transport the
water and sediment delivered to the system. The project streams proposed for restoration vary in
design approach. The design approach for each restoration reach was determined by the existing
conditions and design goals. T1-R2, T3-R1, T5-R2, and T6-R1 are primarily Priority | designs, meaning
project streams will be reconnected with historic floodplains and the channels will be reconstructed
with stable dimension, pattern, and profile that will transport the water and sediment delivered to the
system. T2 is a Priority | design in the old pond bed and transitions to a Priority Il design as it exits the
pond to reconnect to Sassarixa Creek. The Priority Il section will have floodplains at lower elevations
than existing ground, created through excavation. Care will be taken to stockpile existing topsoil in these
areas during excavation to promote vegetation growth after construction. This is discussed more in
Section 8.6.1. This approach was necessitated by the elevation of a spring and drain tiles within the old
pond bed. Adjacent floodplains and will be planted with native tree species. Instream structures will be
constructed in the channels to help maintain stable channel morphology and improve aquatic habitat.
The entire project area will be protected in perpetuity by a conservation easement.

Most of the remaining project stream length will be treated as enhancement level Il. Enhancement level
Il consists of cattle exclusion, planting of existing floodplain, and spot-treating areas of channel
instability. Channels deemed suitable for this design approach are in overall good condition or are
expected to mostly self-correct any problems caused by cattle after cattle are excluded and the
floodplain and streambanks are planted with native vegetation. T3-R2, and T4-R3 are in good condition,
with vegetated buffers and existing cattle exclusion and will be treated as preservation.

8.2 Reference Streams

Reference streams provide geomorphic parameters of a stable system, which can be used to inform
design of stable channels of similar stream types in similar landscapes and watersheds. Six reference
reaches were identified for this Site and used to support the design of T1, T2, T3, T5 and T6 (Figure 9).
These reference reaches were chosen because of their similarities to the Site streams including drainage
area, valley slope, morphology, and bed material. Geomorphic parameters for these reference reaches
are summarized in Appendix 5 (except for reference reaches only used for discharge analysis). A
description of each reference reach is included below.
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Table 8: Stream Reference Data Used in Development of Design Parameters — Sassarixa Swamp Mitigation Site

Reference Reach . Scout West | Scout West | Scout East | Scout East Johanna
Still Creek
Name 1 2 1 2 Creek
Stream Type E5 E/C5b E5 ESb E5 E5/C5
Q,
Dimension Q
T1R2 - ! - Dimension, - -
Pattern, Profile
Profile
Q,
Dimension
T1R - ! - - -
3 Pattern, Q
Profile
Q, Q,
Dimension, Dimension,
T2 - - - -
Pattern, Pattern,
Profile Profile
Q’ Q’
Dimension, Dimension,
T3 - - - -
Pattern, Pattern,
Profile Profile
Q; Q’
TSR2 Dimension, ) Q ) Dimension, Q
Pattern, Pattern,
Profile Profile
Q,
T6R1 Q ) Q ) Dimension, Q
Pattern,
Profile

8.2.1 Scout Camp Reference Site

The Scout Camp reference site (including four surveyed streams) is a wooded area located in
southeastern Johnston County near Bentonville in the Mill Creek watershed. It is situated in a similar
landscape to the project site and is similar in position relative to an especially broad, flat, and low-lying
zone of the Neuse River floodplain and surrounding wetlands. The small headwaters streams on the site
are similar in gradient to the upper portions of the tributaries on the project site with slopes up to 4.5%.
The larger streams are less steep (Scout West 2 has a gradient of 0.4%).

Scout West 1 is a very small, sand bed stream that is very steep for most of its length with an overall
gradient of 2.6%. It has a width to depth ratio ranging from 5.4 in the upper sections to 19.4 in the
lower, less steep reaches. Its sinuosity is 1.1 and its entrenchment ratio is high — greater than 2.2
throughout. It is most closely represented by an E/C5b according the Rosgen classification system
(Rosgen, 1994) although for most of its length it is not a meandering riffle-pool stream. Much of the
energy dissipation, gradient, and pool formation are controlled by sudden drops over woody structure
(logs and tree roots). Scout East 1 is steeper than Scout West 1 with a slope of 4.3%. It is a smaller, steep
headwater stream with pattern more akin to a B channel, but with an entrenchment ratio and floodplain
access of an E channel.

Scout East 2 is a similar but larger sand bed stream with an overall slope of 1.7%, a width to depth ratio
of 3.6 to 5.4, an entrenchment ratio of greater than 2.2, and a sinuosity of 1.2. It meanders more than
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Scout West 1 but also has a lot of energy loss and pool formation over woody structure. It is most similar
to a Rosgen E5 stream.

Scout West 2 is a larger, flatter stream with a width to depth ratio range of 5.7 to 11.0, a very large
entrenchment ratio much greater than 2.2, and a sinuosity of 1.1 to 1.2. It is most similar to a Rosgen E5
stream type and functions more like an E5 as described by Rosgen with pool formations in meander
bends and less drop in gradient over woody structure.

8.2.2 Johanna Branch
The Johanna Branch site is also located near Bentonville as are both the Cox and Westbrook mitigation

sites. Johanna Branch is a low slope (0.22%), meandering channel similar to but larger than Scout West
2.

Johanna Branch is the largest of the primary reference reaches and has the lowest slope. Its width to
depth ratio is 10.1 to 19.7, its entrenchment ratio is as large as nearly 10, and its sinuosity is 1.2.
Johanna Branch is most similar to an E5/C5 stream type and fits the Rosgen classification system as well
or better than Scout West 2 in that it is a meandering stream with pool formation and energy dissipation
in meander bends.

8.2.3  Still Creek

Still Creek is located in the Cliffs of Neuse State Park east of Mount Olive near Seven Springs. Still Creek
flows into Mill Creek just upstream of its confluence with the Neuse River. It is a small system,
moderately flat with an overall slope of 0.88%, a width to depth ratio of 7.4 to 11.3, an entrenchment
ratio of 4.85 to 13.0, and a sinuosity of 1.33. It is a sand bed system where woody debris plays a large
role in the development of flow diversity and habitat niches. It is hydraulically connected to its riparian
wetland system. The watershed is located entirely within park boundaries.

8.3 Design Channel Morphological Parameters

Reference reaches were a primary source of information to develop the