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4.1 Physiography 
The Site is located in the Atlantic Coastal Plain physiographic province of North Carolina. This area is 
comprised of sediments that were deposited during transgressive-regressive cycles caused by past 
worldwide sea level fluctuations. In part, these fluctuations were the result of the expansion and 
recession of glacial ice caps. During interglacial periods, relatively high sea levels allowed for 
deposition of marine and shoreline sediments. Conversely, during glaciation, the falling sea level 
caused regression and eventual down cutting by streams and rivers (Soller and Mills 199 1). 

Based upon the Geologic Map of North Carolina (NCGS, 1985), the surficial sediments found on the 
Site are typical of the Duplin Formation. The Duplin Formation consists of bluish gray, shelly, 
medium-to coarse-grained sand, sandy marl, and limestone. In cross-section, the Site and vicinity are 
characterized by relatively flat lying sediments that gently fall to the southeast. Elevations on the Site 
range from approximately 20 to 36 feet above sea level (Figure 2). 

4.2 Land Use History 
The Site was logged in the early 1970s and portions of it were converted to agriculture. At that time, 
perimeter ditches and farm drainage ditches were excavated and Billy's Branch was channelized. 
Parallel drainage ditches in the western (poorly drained) farm fields were excavated 250 to 450 feet 
apart. Drainage ditches in the well drained eastern half of the property were placed at the bottom of 
topographic gradients within former drainage swales and stream channels. These ditches range from 
600 to 1,700 feet apart. 

The approximately 141.8 acres of the Site put into agricultural production in the 1970s were 
continuously farmed by Mr. Earl Jones and his family until the sale of the property to the NCDOT in 
1998. The 213.8 acres of the property that are presently forested contain a mosaic of disturbed and 
natural communities. Of these 2 13.8 acres, approximately 19.0 acres remain relatively undisturbed 
hardwood dominated forest. The remaining 194.8 acres appears to have been clearcut in the 1970s and 
allowed to regenerate naturally into a mixed community of loblolly pine (Pinus taedaj and pond pine 
(Pinus serotinaj. Approximately 44 acres of pine forest on the western half of the property have been 
thinned in the past five years; the remaining forest has not been cut. Approximately 11.7 acres of forest 
were again clear-cut in early 1998 and have not been replanted. 

4.3 Soils 

4.3.1 General Soil Boundaries 
On February 1 through 3, 1999, L&M supervised the completion of 20 soil borings throughout the Site 
in order to describe the Site soils/sediments and to facilitate aquifer permeability tests (Bouwer 1989). 
The soil borings were installed with an all terrain vehicle mounted drill rig. The borings were 
performed using a 4.25-inch (inside diameter) hollow stem auger and continuous split spoon sampling 
from the surface to approximately 15 feet below ground surface (bgs). 

The Soil Survey of Jones County, North Carolina (USDA 1981) identifies five soil types within the 
Site, all of which are mineral soils. Soils samples were analyzed in the field for texture and color and 
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were found to be as generally described in the soil survey. (Detailed soil boring logs are included as 
Appendix A). As was expected, however, the soil series boundaries depicted in the soil survey are 
general, and the actual soil series boundaries were found to vary some from those published. General 
soil boundaries and boring locations (indicated by the presence of DRAINMOD wells) are depicted on 
Figure 3. Figure 3 also illustrates where soils sampled for borings differed from soil survey mapping 
(USDA 198 1). 

The five soils confirmed to occur at the Site are listed and described as follows (in decreasing order of 
coverage) : 

1. Onslow fine sandy loam (On) - Spodic Paleudult: A nearly level, moderately well drained soil 
in interstream areas near drainageways. Typically, the surface layer is dark gray fine sandy 
loam 9 inches thick. The subsurface layer is pale brown loamy fine sand 6 inches thick. It has 
an intermittent thin hardpan. The subsoil is 61 inches thick. It is light olive brown and pale 
brown sandy clay loam in the upper part and gray and light brownish gray sandy loam in the 
lower part. The underlying material to a depth of 80 inches is light brownish gray sandy clay 
loam. The seasonal high water table is at a depth of 1.5 to 3.0 feet. It is not listed as a hydric 
soil in the 3rd Edition of Hydric Soils of the United States (USDA 198 1, USDA 199 1). 

Torhunta fine sandy loam (To) - Typic Humaquept: A nearly level, very poorly drained soil in 
broad interstream areas and in depressions near shallow drainageways. Typically, the surface 
layer is fine sandy loam 15 inches thick. It is black in the upper part and very dark gray in the 
lower part. The subsoil is 32 inches thick. It is dark gray fine sandy loam in the upper part and 
grayish brown sandy loam in the lower part. The underlying material to a depth of 72 inches is 
light brownish gray stratified loamy sand, sandy loam, and sand. The seasonal high water table 
is at a depth of 0.5 to 1.5 feet from December to May. It is listed as a hydric soil (USDA 1981, 
USDA 1991). 

3. Pantego loam (Pn) - Umbric Paleaquult: A nearly level, very poorly drained soil on broad, 
smooth flats in interstream areas. Typically, the surface layer is black and very dark gray loam 
15 inches thick. The subsoil is 53 inches thick. It is grayish brown sandy clay loam in the 
upper and middle parts and gray sandy clay loam in the lower part. The underlying material to a 
depth of 80 inches is greenish gray sandy clay loam. The seasonal high water table is at the 
surface or to a depth of 1.5 feet from December to May. It is listed as a hydric soil (USDA 
1981, USDA 1991). 

4. Marvyn loamy sand, 6 to 15 percent slopes (Mac) - Typic Hapludult: A well drained soil on 
side slopes near major drainageways. Typically, the surface layer is dark grayish brown loamy 
sand three inches thick. The subsurface layer is light yellowish brown loamy sand 14 inches 
thick. The subsoil is strong brown sandy clay loam 3 1 inches thick. The underlying material to 
a depth of 70 inches is reddish yellow sandy loam and yellow loamy sand. The seasonal high 
water table is below a depth of about 6 feet. It is not listed as a hydric soil (USDA 1981, 
USDA 1991). 
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5. Muckalee loam (Nlk) - Typic Haplaquod: A nearly level, poorly drained soil in drainageways. 
Typically, the surface layer is dark grayish brown loam and dark gray sandy loam 24 inches 
thick. The underlying material to a depth of 65 inches is mottled gray and grayish brown sand 
and greenish gray loamy sand. The seasonal high water table is at depth of 0.5 to 1.5 feet. It is 
listed as a hydric soil (USDA 1981, USDA 1991). 

4.3.2 Hydric Soil Boundaries 
The USDA Natural Resources Conservation Service (NRCS) performed a Prior-Converted (PC) 
Cropland Determination of the Site on July 19, 1990 (Appendix B). The fields have been in continuous 
cultivation from the mid-1970s to 1998. All of the fields mapped as containing significant amounts of 
Torhunta or Pantego were determined to be PC fields; the others were not. Sampling performed during 
the feasibility study of this property (L&M 1998) revealed that much of the area mapped as Onslow 
soil, and therefore considered to be non-hydric soil, was actually hydric soil. 

In order to determine the location of hydric and non-hydric soils in the eastern farm fields more 
accurately, soil samples were taken on a 100-foot grid with a two-inch diameter Dutch-style auger to a 
depth of 24 inches and located by survey using a GPS-. If the soil sample collected met any one of the 
NRCS field indicators of hydric soils (USDA 1995), that sample was recorded as hydric. Of the 
272 samples collected, only 34.1 percent (93) were determined to be non-hydric. Based on these 
samples, non-hydric soils within the farm fields were approximated as shown on Figure 3. 
Approximately 120.5 acres of the farm fields are on hydric soil and 21.3 acres are on non-hydric soil. 

4.4 Groundwater Hydrology 

4.4.1 DRAINMOD Groundwater Monitoring Wells 
Subsequent to the soil boring activities, each boring was converted into a groundwater monitoring well 
for use in DRAINMOD (denoted as DMW on the figures). The wells were constructed with two-inch 
polyvinyl chloride (PVC) slotted casing from 14 feet bgs to 1.5 feet bgs. Attached to the slotted well 
casing was a solid section of pipe (riser) from 1.5 feet bgs to approximate 2.5 feet aboveground surface. 
The annular space was filled with filter sand from 15 feet bgs to 0.5 feet bgs and then the balance was 
completed with bentonite pellets to the surface (See boring logs for well construction details, 
Appendix A). 

The wells were allowed to equilibrate for a period of approximately one-week before they were gauged 
with an electronic meter on February 17 and 18, 1999. Measurements were recorded to the nearest 
0.01 foot and are listed in Table 1. Groundwater elevations ranged from 34.37 feet mean sea level 
(msl) to 19.41 feet msl. These water table elevations were extrapolated to produce the groundwater 
flow map included as Figure 4. As depicted on the map, groundwater at the Site is generally directed 
toward Billy's Branch and somewhat mimics the topography of the Site. 

4.4.2 Remote Shallow Groundwater Monitoring Wells 
Remote shallow groundwater monitoring wells were also installed on the Site to take continuous 
readings of the groundwater table (denoted as GW on figures). These wells are manufactured and sold 
by Remote Data Systems, Inc. and extend 20 inches below the soil surface. The wells are programmed 
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Table 1. DRAINMOD monitoring well water table measurements (February 11,1999). 

Torhunta 

Pantego 

to read the groundwater table once a day. The wells are downloaded once a month but can store data 

Depth to Water Table from Ground 
Surface (inches) 

19.20 
17.76 
41.76 

Soil Type 

Onslow 

Muckalee 

for over a year, as long as the batteries do not run down. 

Well Number 

DMW-2 
DMW-3 

DMW-18 

DMW-6 
DMW-7 
DMW-8 

DMW-19 
DMW-1 
DMW-4 

DMW-15 
DMW-16 
DMW-17 

The wells were installed prior to the beginning of the growing season and all but two (GW 17 and 18) 

34.32 
26.76 
3.24 

20.40 
17.52 
18.48 
35.76 
23.52 
18.12 

DMW-14 
DMW-12 

have functioned properly since the beginning of the growing season. As would be expected in a poorly 
drained soil which has been ditched, the water table is erratic. It drops below 12 inches bgs and' 
remains there until a rain event. Following the rain event, the groundwater table recharges, often to the 
surface, and remains above 12 inches for 7 to 10 days before falling below 12 inches again. At no well 

46.68 
44.8 8 

has the groundwater table remained within 12 inches of the soil surface for five or more of the 
growing season. As such, none of these sites met the wetland hydrology criterion as detailed in the 
Corps of Engineers Wetland Delineation Manual (EL 1987). Neither well in the Marvyn soil has 
recorded a water level less than 20 inches from the surface any day since the wells were installed (prior 
to the beginning of the growing season) on February 19, 1999. 

It should be noted that while rainfall was average for the three months, 6 months, and 12 months 
preceding the growing season (within 25 percent of mean precipitation), rainfall during the first two 
months of the growing season was abnormally low (68 percent of normal in March 1999 and 55 percent 
of normal in April 1999). 
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4.4.3 DRAINMOD 
DRAINMOD (version 4.015.0, June 1994) is a Fortran based computer model that simulates the 
performance of drainage, sub-irrigation, and controlled drainage systems. The model was developed at 
North Carolina State University in the Department of Biological and Agricultural Engineering for 
application to agricultural drainage and water table management systems (Skaggs 1980). The basic 
assumptionslrequirements for DRAINMOD are (1) the modeled areas are field-sized units with parallel 
ditches, (2) the region has a humid climate, and (3) the area has a shallow, unconfined aquifer. 

DRAINMOD was adapted to wetland studies by including a subroutine calculation that accounts for the 
wetland hydrology (i.e., the number of consecutive days the water table is less than 12 inches from the 
ground surface during the growing season). For the purposes of this plan, DRAINMOD was used in 
the "wetland hydrology mode" in order to: 

1. Simulate the existing site drainage to determine the areas effectively drained by present ditching 
(i.e., the areas not meeting the criteria for wetland hydrology), and 

2. Simulate the predicted number of years each field would meet the criteria for wetland hydrology 
in pre- and post-restoration conditions. 

In order to run DRAINMOD, the following previously published information was obtained: 

1. 40 years (195 1 to 1990) of hourly rainfall data and daily high and low temperature data from 
New Bern, N.C., 

2. Soil input characteristics as computed by DMSOIL for each soil type (Baumer and Rice 1988): 
soil-water characteristic curve, volume drained, infiltrationlGreen-Ampt parameter, and upward 
flux, 

3. Dates of the local growing season (March 15 to November 1 l), 
4. Wetland hydrology criteria (groundwater within 12 inches of the ground surface for 31 

consecutive days 20 out of 40 years (12.5 percent of the growing season (EL 1987), and 
5. Potential evapotranspiration (PET) factors. 

In addition to the above data, L&M collected the following field data for each soil type: 

1. Ditch size parameters, 
2. Soil horizons and textures (Appendix A), 
3. Static water table depths, 
4. Average soil hydraulic conductivities (taken as an average over the entire screened section of 

well casing) (Appendix C-1), and 
5. Average surface storage capacity (Appendix C-2). 

Wetland hydrology for the site was simulated with DRAINMOD by uniquely modeling each of the five 
soil types with the present ditch system. DRAINMOD was used in the single ditch mode because of 
the high variability in ditch depths and widths. In running the program for a single ditch, the software 
assumes a second equally configured ditch is located parallel to the inputted ditch and that the two 
ditches are acting as a system. This simulation appeared to produce relatively accurate results when 
compared with the present site conditions. This is discussed in further detail in Section 5.1.1. Ditch 
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spacing was manipulated to determine the current radii of influence of the field ditches (Appendix C- 
3). 

The existing Site conditions modeling shows that ditches currently "effectively drain" portions of the 
agricultural fields at distances ranging from 43 feet to 312 feet for a total of 107.3 acres (Figure 5). The 
"effectively drained" areas are dependent upon numerous factors including the soil type, ditch size, 
topographic relief of the field, and hydraulic conductivity. Effectively drained means that saturation 
does not occur within 12 inches of the ground surface for 3 1 consecutive days or longer. 

4.5 Surface Water Hydrology 

4.5.1 Benthic Macroinvertebrate and Fisheries Resources 
Benthic macroinvertebrate and fish samples were collected by NCDOT staff from two locations within 
the Site and at one location within the off-site reference reach shown on Figure 1 on April 2002. 
Results of these samplings are included as Appendix D. 

4.5.2 Development of Hydraulic Geometry Relationships 
Prior to initiating an on-site hydraulic analysis of Billy's Branch, research was conducted to determine 
whether a regional curve for hydraulic geometry existed for the Upper Coastal Plain of North Carolina. 
Use of hydraulic geometry relationships is central to fluvial geomorphological restoration techniques 
developed by Luna Leopold (1994) and Dave Rosgen (1996) and recommended for use in the state of 
North Carolina by the North Carolina Wildlife Resources Commission (WRC 1998). Regional curves 

.- provide a relationship between various streams in a region by correlating drainage area size to bankfull 
discharge rates, cross-sectional area, width, and mean depth. Conversations with the Natural Resources 
Conservation Service (NRCS) confirmed that no regional curve existed for the Upper Coastal Plain of 
North Carolina. 

L&M began procedures necessary to develop regional curves. The Water Resources Data, North 
Carolina, Water Year 1997 (USGS 1998), was reviewed to identify river gage stations throughout the 
Upper Coastal Plain Region proximate to the Site. A total of 10 sites were identified for review of 
detailed data (expanded rating tables, summary of discharge measurement data (Form 9-207) obtained 
from the United State Geological Survey (USGS) in Raleigh. After a review of data and discussions 
with representatives of the USGS, eight of the 10 sites were dropped for the following reasons: too 
deep to be sampled using chest waders (five), shifting bed and thus changing rating curve (one), gage 
data only available for three years (one) and high levels of fecal coliform due to proximity of hog farm 
(one). 

The remaining two sites were used to develop hydraulic geometry data and included: Contentnea Creek 
(Neuse River, gage station 02090380) and Mocosin Run (Neuse River gage station 0209096970). 
While regional curves become more accurate with data from numerous gage stations, data from these 
two reference sites were deemed sufficient for geometry relationships because the similarity in drainage 
area and land use characteristics to the restoration reach (Billy's Branch). 
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4.5.3 Geomorphological Description of the Reference Reaches 
Reference reaches are utilized to describe the plan, profile, and cross-sectional attributes of a stable 
stream channel that is of the same stream type as that proposed at a restoration site. Knowing the 
dimensions, the bankfull discharge of the reference reach allows for the design of a stable stream at the 
proposed Site 

The primary reference reach selected for this study is an unnamed tributary to Hunters Creek, a 
tributary of the White Oak River (Figure 1). It is the characteristics of the primary reference reach that 

- 

were used to develop the restoration parameters for Billy's Branch. A secondary reference reach, 
located within the Site, is discussed separately and was utilized to further validate the most probable 

-- stream type of Billy's Branch prior to disturbance. 

Primary Reference Reach 
- The primary reference reach is located within the Croatan National Forest, in Jones County, 

approximately 1.4 miles northeast of the Site. As with Billy's Branch, it drains to the White Oak River. 
The reference reach is located in Valley Type X (Rosgen 1996). These valleys are very wide with low 
relief typical of coastal plains, broad lacustrine and/or alluvial flats. The reference reach is located in 
0.7 square mile watershed. The entire watershed is forested and contains a relatively mature forested 
wetland within the floodplain. 

-- 

Based upon the hydraulic analysis generated from the gage station, Hunters Creek is projected to have 
bankfull discharge of 42 cubic feet per second (cfs), a bankfull cross-sectional area of 17 square feet, a 
bankfull width of 16 feet, and a bankfull average depth of 1.5 feet. Measurements of bankfull 
characteristics on-site compared favorably with a bankfull discharge of 40 cfs, a bankfull cross- 
sectional area of 14 square feet, a bankfull width of 17 feet, and a bankfull average depth of 0.81 feet. 
Typically cross-sectional area will have the best correlation with the values from the regional curves 
since it is an integration of width and depth (Dave Rosgen, personal communication). Typically 

- 
average depth will be the least comparable to the data from reference data. The reference reach 
dimensions are also believed to be slightly less than those of the on-site reach because of agrarian and 
suburban land uses. 

- - 

A complete Level I1 morphological description was performed on the reference reach. The 
morphological assessment included cross-sections, longitudinal profile, plan form geometry analysis, 

- and channel material inventory. A summary of these findings and illustration of the channel's typical 
riffle cross-section are illustrated in Figure 6. The reach was classified as a C6 stream, characterized by 
a very high widthldepth ratio (21) and channel substrates including sand, silt, and clay. Bank materials 
were identical to channel materials. Hunters Creek had a broad floodplain (entrenchment ratio of 16.4), 
a relatively low water surface slope (0.002 feetlfeet), and a moderate sinuosity (1.2 to 1.8). 

- - The characteristics of Hunters Creek were used as a basis to derive channel cross-sections, slope, and 
geometry for the restoration of Billy's Branch pursuant to the procedures described in Applied River 
Morphology (Rosgen 1996). This procedure was further simplified since the watershed size of Billy's 
Branch on-site is virtually identical to this reference reach (0.8 and 0.7 square miles, respectively). 
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Secondary Reference Reach 
A relatively undisturbed, unnamed tributary to Billy's Branch was identified within the Site. A less 
complete Level 11 Assessment was performed on this tributary. The assessed reference reach is located 
upstream of the head-cut induced by the channelization (i.e., downcutting) of Billy's Branch. The 
purpose of the abbreviated Level I1 Assessment was to classify the stream and determine whether it was 
also a C Type stream. The stream was determined to be a C6 stream as was the primary reference reach 
(Figure 6). This corroboration of findings further strengthened the conclusion that Billy's Branch was 
most likely a C6 stream prior to channelization. 

4.5.4 Morphological Analysis of Billy's Branch 
Billy's Branch and the primary reference reach are located in Valley Type X (Rosgen 1996). Valley 
Type X is very wide with gentle slopes and extensive flood plains. This valley type includes coastal 
plains and broad lacustrine (lake) flats, both of which often contain peat bogs and/or extensive 

. . wetlands. 

The length of Billy's Branch was divided into a total of seven nodes, six on-site and a seventh 
immediately downstream and off-site. This was done to develop data specific to various reaches of the 
stream, its watershed, and valley slope (Figure 7). Node points were also intentionally located 
immediately up stream and downstream of the large meander at the center of the site (nodes 3 and 4). 
This meander is believed to be a natural response to the valley's characteristics because it was 
illustrated on the USGS 7.5 minute quadrangle maps (Stella 1988, Hadnot Creek 1984)' prior to the 
Site's conversion to agricultural use. Morphological measurements for nodes 1 through 6 are included 
in Appendix E. 

The slope of the valley varies noticeably from the western half of the site to the eastern half. The slope 
between nodes 1 and 3 is virtually flat. The slope between node 1 and 2 is zero, with a slope between 
node 2 and 3 of 0.0009 Wft. The slope between node 3, at the top of the large meander, and node 6, at 
the confluence with the small tributary, is 0.004 Wft. It is steepest in the segment immediately below 
the large meander between nodes 4 and 5 (0.009 Wft). The valley is also flat between node 6 (on-site) 
and node 7 off-site. 

As mentioned earlier, Billy's Branch was deepened and straightened in the mid 1970s to facilitate 
farming. The excavation of the stream also lowered the water table to facilitate the cultivation of 
commodity crops (see Section 4.4). 

Three cross-sections were taken along Billy's Branch to perform a Level I1 Assessment. These 
locations roughly correlate with the locations of nodes 4, 5, and 6 (Figure 8). All three of the cross- 
sections are similar and describe a G6, stream type (gully). Billy's Branch is narrow (widthldepth ratio 
of five to six) and deep with a low sinuosity (K=l). This stream has been deepened (incised) to such an 
extent that its entrenchment ratio is very low (typically 1.4). Plotting the floodprone elevation indicated 
that these Billy's Branch no longer inundates the historic floodplain, relegating these areas as a terrace 
(abandoned floodplain). This was confirmed from the results of the HEC-2 model. Model results for 
the existing conditions indicated that the two-year flood is contained within the stream channel (does 
not exceed the elevations of the top of bank). The results of the HEC-2 model are described in further 
detail in Section 4.5.5. 
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4.5.5 Hydrology and Hydraulics of Billy's Branch and Feeder Ditches 
A hydrologic and hydraulic analysis of the proposed wetland and stream mitigation and the adjacent 
drainage areas was performed to estimate the amount of surface water anticipated on-site during 
various rainfall events. 

Soil Conservation Service TR-55 Method 
Soil Conservation Service (SCS) TR-55 methodologies were employed for the hydrologic analysis to 
estimate the volume of runoff for select rainfall events, and to calculate runoff hydrographs. The 
design rainfalls of interest include the two-year and ten-year rainfall events of 24-hour duration. The 
24-hour rainfall depths used for Jones County, North Carolina are 4.5 inches for the two-year rainfall 
and 6.72 inches for the ten-year rainfall. 

The SCS methodology utilizes the time of concentration and the curve number methods to estimate the 
volume of runoff anticipated during a rainfall event. The time of concentration for each drainage area 
was estimated by using the kinematic wave formula for overland flow and estimating the velocity for 
concentrated flows. Curve numbers were estimated based upon soil types and land use. According to 
the Soil Survey of the watershed, the majority of the soils within the watershed are Onslow, Torhunta 
and Pantego. All of these loamy soils are classified as hydrologic soil group (HSG) "D" which 
indicates soils having very slow infiltration rate when thoroughly wet, and soils that have a permanent 
high water table. 

The 971 acre watershed consists mainly of forest and crop land (crop land on-site only). Based upon 
this land use and the underlying soil conditions, a curve number of 77 was utilized to estimate runoff 
from the different drainage areas. 

The Ration a1 Method 
The Rational Method was used for the smaller drainage areas to estimate the volume of runoff 
anticipated during a rainfall event. The Rational Method utilizes the rainfall intensity, the runoff 
coefficient and the size of the drainage area to calculate the peak runoff (Q = CIA). The rainfall 
intensity was based on the intensity-duration-frequency tables for Jones County, North Carolina. The 
runoff coefficient was based upon the type of land use which was predominantly agricultural land for 
the small drainage areas of the feeder ditches. 

The entire watershed drains through a 24-inch and a 48-inch corrugated metal pipe (CMP) that pass 
under State Road (SR) 1101. A culvert analysis was utilized to estimate the volume of runoff that can 
pass through these two downstream culverts. These culverts were modeled based upon a no 
downstream tailwater condition. 

The entire 971 acre watershed consists mainly of five drainage areas that are separated by several ditch 
systems identified as DA (drainage areas) A, B, C, D and E (Figure 9). The drainage area within the 
Site (DA-A) is approximately 340 acres in size. This drainage area is surrounded on all four sides by 
drainage ditches. This surrounding ditch system drains south eastward along the north and south of the 
drainage area and outfalls through the two culverts located under SR 1101. The exterior ditch system 
establishes the size of the main drainage area, but a network of feeder ditches drains the farm fields to 
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4.8 Wildlife 

4.8.1 Commonly Observed Species 
The Site provides wildlife habitat typical of coastal plain pine flatwoods and mixed hardwood stands. 
White-tailed deer (Odocoileus virginianus) and black bears (Ursus americanus) are commonly 
observed, as well as many small mammals such as raccoons (Procyon lotor), opossums (Didelphis 
virginiana), gray foxes (Urocyon cinereoargenteus), red foxes (Vulpes vulpes), gray squirrels (Sciurus 
carolinensis), and eastern cottontails (Sylvilagus floridanus). There is no doubt that a number of 
songbirds, woodpeckers, owls and raptors also frequent the Site. A list of all wildlife species identified 
at the Site during field investigations (from visual observation or evidence of the animals) is included 
in Appendix G. 

4.8.2 Protected Species 
No specific protected species surveys have been performed at the Site to date. However, no protected 
animal species were observed during the extensive fieldwork performed there. A review of NHP 
records in June 1999 revealed a recorded occurrence of the State Significantly RareFederal Species of 
Concern Croatan crayfish (Procambarus plumimanus) at the southeastern comer of the property in 
1975. Although not afforded protection under the Endangered Species Act, Federal Species of Concern 
are rare species which could be listed at any time. 

The species description and biological conclusion of "No Effect" is included here for the only animal 
species requiring Section 7 consultation which is listed for Jones County, the red-cockaded 
woodpecker. 

Picoides borealis (red-cockaded woodpecker) E 
Family: Picidae 
Federally Listed: October 13, 1970 
Distribution in N.C.: The sandhills and southern coastal plain; scattered populations also live in 

the northern coastal plain and the extreme eastern Piedmont. 

Species Account: "The red-cockaded woodpecker (RCW) is 18 to 20 centimeters long with a wing 
span of 35 to 38 centimeters. There are black and white horizontal stripes on its back, and its cheeks 
and underparts are white. Its flanks are black streaked. The cap and stripe on the side of the neck 
and the throat are black. The male has a small red spot on each side of the black cap. After the first 
post fledgling molt, fledgling males have a red crown patch. This woodpecker's diet is composed 
mainly of insects which include ants, beetles, wood-boring insects, caterpillars, and corn ear worms if 
available. About 16 to 18 percent of the diet includes seasonal wild fruit." 

"Egg laying occurs during April, May, and June with the female utilizing her mate's roosting cavity 
for a nest. Maximum clutch size is seven eggs with the average being three to five eggs. From egg 
laying to fledging requires about 38 days, and then another several weeks are needed before the 
young become completely independent. Most oAen, the parent birds and some of their male 
offspring from previous years form a family unit called a group. A group may include one breeding 
pair and as many as seven other birds. Commonly, these groups are comprised of three to five birds. 
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Rearing the young birds becomes a shared responsibility of the group. However, a single pair can 
breed successfully without the benefit of the helpers" (USFWS). 

Habitat: "Open stands of pines with a minimum age of 80 to 120 years, depending on the site, 
provide suitable nesting habitat. Longleaf pines (Pinus palustris) are most commonly used, but other 
species of southern pine are also acceptable. Dense stands (stands that are primarily hardwoods, or 
that have a dense hardwood understory) are avoided. Foraging habitat is provided in pine and pine 
hardwood stands 30 years old or older with foraging preference for pine trees 10 inches or larger in 
diameter. In good, well-stocked, pine habitat, sufficient foraging substrate can be provided on 80 to 
125 acres." 

"Roosting cavities are excavated in living pines, and usually in those which are infected with a 
fungus producing what is known as red-heart disease. The cavity tree ages range from 63 to 300 plus 
years for longleaf, and 62 to 200 plus years for loblolly and other pines. The aggregate of cavity trees 
is called a cluster and may include 1 to 20 or more cavity trees on 3 to 60 acres. The average cluster 
is about 10 acres. Completed cavities in active use have numerous, small resin wells which exude 
sap. The birds keep the sap flowing apparently as a cavity defense mechanism against rat snakes and 
possibly other predators. The territory for a group averages about 200 acres, but observers have 
reported temtories running from a low of around 60 acres, to an upper extreme of more than 600 
acres. The expanse of territories is related to both habitat suitability and population density" 
(USFWS). 

Biological Conclusion: No Effect 

A letter received from the N. C. Natural Heritage Program (NHP) November 19, 1997, stated that a 
cavity tree was recorded on the southeastern comer of the property in 1975 and that two active 
colonies were observed on Forest Service Road 144 within one mile of the site in 1992 (L&M 
1998). However, a review of NHP records in June 1999 revealed that the recorded occurrence of a 
cavity tree on the property was incorrect (the record was for the Croatan crayfish (Procambarus 
plumimanus) not the red-cockaded woodpecker). 

A RCW assessment was prepared for the Site in August 2000 by Dr. J. H. Carter, I11 & Associates 
and is included as Appendix H. The result of this assessment was as follows: 

"No suitable nesting habitat for RCWs was found on the Clayhill Farms property, and, although 
suitable habitat exists within 0.5 miles of the Clayhill Farms property, no evidence of recent 
RCW activity was found. The two RCW cavity trees within the 0.5-mile radius have been 
inactive since 1988 and are therefore considered to be abandoned. Since Clayhill Farms 
property is more than 0.5 miles away from active RCW clusters and the clusters within a 0.5- 
mile radius have been in-active for over five years, mitigation activities at Clayhill Farms will 
have no effect on the RCW." 

It is anticipated that due to the perpetual conservation easement that will be placed on the property, 
foraging and nesting habitat for the RCW will be created at the Site over coming decades. The 
forest management plan included as Appendix I addresses this issue further. 
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5.0 PROPOSED CONDITIONS 

The following sections detail the proposed methods for restoring and preserving the natural 
communities at the Site. Conceptual plans are included to further depict the proposed conditions at the 
Site. 

5.1 Hydrology Modifications 

5.1.1 DRAINMOD Results 
Site conditions at all ditches were simulated for existing and proposed conditions using DRAINMOD 
(as described in Section 4.3.3). "Wet years" are years in which the groundwater table remains within 
12 inches of the ground surface for greater than 31 consecutive days (12.5 percent of the growing 
season). "Ponded years" are years in which the groundwater table remains above the ground surface for 
greater than 3 1 consecutive days. To be conservative, the 12.5 percent hydrology criterion was chosen 
instead of the five percent criterion. 

All proposed conditions assume that Billy's Branch would be filled to the present top of bank and that 
each ditch would be blocked to grade at their downstream confluence with Billy's Branch. Table 4 lists 
the number of years (out of 40) for which the present fields would meet the 12.5 percent wetland 
criteria. A field was considered to possess wetland hydrology (and therefore no longer be effectively 
drained) if 50 percent (20 out of 40) or more of the years modeled were "wet years". Figure 11 depicts 
those areas which would remain effectively drained after restoration. As indicated by the model, only 
field M-1 was effectively drained both before and after restoration (Figures 5 and 1 I). 

The results of DRAINMOD indicate that under existing conditions many of the fields pond for 
durations exceeding the 12.5 percent wetland hydrology criterion in a majority of the 40-year modeling 
period. This finding conflicts with the comments of the previous owner who stated that the fields never 
had a flooding problem (long duration of inundation impairing crop yields). Unfortunately, the absence 
of a near surface groundwater table during the early growing season during the site analyses precluded a 
comparison of groundwater observations and model results. 

To standardize DRAINMOD results, absolute values for post-restoration were not considered to be 
precise but were instead compared in relative terms to the pre-restoration results. For example, the 
number of years that the fields of Marvyn soil were saturatedlponded under post-restoration conditions 
did not increase substantially over pre-restoration conditions (an increase of only seven and four years 
respectfully). Conversely, the response of the Onslow fields was much more substantial) an average of 
11 and 12 year increases in saturation and ponding respectively). The increases for Torhunta and 
Pantego fields were also quite substantial. 

Due to the topography of the Site in the vicinity of Billy's Branch, DRAINMOD models Billy's Branch 
to be six feet deep even if it is completely filled. As such, areas around Billy's Branch are considered 
effectively drained by the model in post-restoration. However, Billy's Branch will not effectively drain 
any areas after the Priority 1 restoration but is anticipated to raise the water table of adjacent areas and 
restore the former floodplain as discussed in Sections 5.1.2 to 5.1.5 below. 
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Table 4. Pre- and post-restoration DRAINMOD field simulations for the 40-year modeling 
period. 

Torhunta 

Pre-Restoration 
Soil Type 
Marvvn 

Post-Restoration 

They were analyzed separately because ditch 11 does not extend into the southern portion of the field. 

Field # 
M- 1 

Pantego 

5.1.2 Proposed Cross-Sections and Geometry of Billy's Branch 
The procedures used to develop the proposed restoration of Billy's Branch follow those developed by 
Dave Rosgen and presented in his course entitled "Fluvial Geomorphology for Engineers" and the 
paper entitled A Geomorphological Approach to Restoration of Incised Rivers (Rosgen 1997). Billy's 
Branch will be restored from a G6c to a C6 stream type. Both the primary reference reach (off-site) and 
the secondary reference reach (on-site) were C6 streams. 

Wet Years 
7 

*As shown on Figure 5, M- 1 is the northern portion of the easternmost field and M-2 is the southern portion of that field. 

T-7 
P-1N 
P-IS 

The proposed cross-sectional area of Billy's Branch for each node was derived by relating the area of 
the contributing watershed to the regional curve for drainage area versus stream cross-sectional area. 
Widths and average depths were derived for each node point using the width depth ratio calculated for 
the riffle section at the reference reach. These results and proposed maximum depths are tabulated on 
Figure 7. 

Proposed stream geometry (meander length, radius of curvature, belt width) was then derived for each 
node of Billy's Branch. This was done by developing ratios from data derived from the reference 
reach. Each criterion mentioned above was calculated as a ratio of the width of the bankfull cross- 
section. These ratios were then multiplied by the bankfull width from each node of Billy's Branch to 
derive the geometry required at each node. An example of these findings is provided on Figure 12. 

Ponded Years 
2 

2 8 
33 
36 
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Wet Years 
14 

19 
3 0 
3 4 

Ponded Years 
6 

4 0 
40 
40 

3 7 
40 
40 





The geometry for each node was then superimposed on topographic mapping (1 inch = 50 feet) 
provided by the NCDOT. 

Given federal permitting policies and guidance, the NCDOT has documented the amount of perennial 
and intermittent stream length restored on-site consistent with the NCDOTYs recommendation for the 
limits of perennial streams. Intermittent stream restoration will total 3,200 linear feet while perennial 
stream restoration will total 5,062 linear feet In addition, the NCDOT believes, based on the Jones 
County Soil Survey, that the stream extended to the property's western boundary prior to agricultural 
use. As such, the proposed restoration is a complete ecological-system restoration approach. 

5.1.3 Proposed Alignment of Billy's Branch 
The assessment of stream restoration options for Billy's Branch followed that of Rosgen (A 
Geornorphological Approach to Restoration of Incised Rivers, 1997). The prioritization of restoration 
options described in the above mentioned manuscript is as follows (in descending order of preference): 

Convert G and/or F stream types to C and/or E types at elevations sufficient to restore the 
floodplain at the pre-disturbance elevation, 
Convert G and/or F stream types to C and/or E types and establish floodplain at current 
elevation or higher, but not as high as the pre-disturbance elevation, 
Stabilize the stream channel in place. 

The objectives of this study were to re-establish a stable stream type and floodplain at the pre- 
disturbance elevation, or a necessary, to create the new stream channel within a newly constructed 
floodplain. Creation of a new stream channel avoids the problems of stabilizing a new stream bed 
within an existing channel (Dave Rosgen, personal communication). Material needed to fill the 
existing stream channel will come from the proposed stream excavation, the excavation of small, 
oxbow lakes proposed in the immediate vicinity (Dave Rosgen, personal communication), or from on- 
site borrow areas. 

Representatives of Croatan National Forest were contacted and asked if the United States Forest 
Service (USFS) would be interested in allowing stream restoration on that portion of their property 
located between the Site and SR 1101. The USFS was not interested in restoring this relatively small 
reach. Therefore, the proposed stream restoration project will lie entirely within the Site and a grade 
control structure (e.g., step pool) will be needed to transition the streams slope from the Site to the 
adjacent Croatan National Forest. 

In summary, the restoration goal for Billy's Branch is to restore the stream at elevations which would 
re-establish use of the historic floodplain or to place the stream in a new location (alignment) wherever 
possible as discussed above. Figure 12 illustrates the proposed stream's alignment and the typical plan 
view at node 5 as a representation of the general stream geometry. Final design of stream geometry 
will vary along each reach where practicable to give the stream a natural appearance. A more detailed 
analysis of meander geometry is provided below. 

The bankfull critical shear stress at each node for Billy's Branch was calculated based on plan view, 
channel dimensions, and valley slope. These values were compared to the values for the reference 
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reach (0.09 lbs/ft2) and the particle sizes found within Billy's Branch. Shear stress is an important 
calculation because it indicates whether the stream has the power to entrain particles smaller, equal to, 
or larger than the particle sizes available to the channel when the stream is at its bankfull stage. A 
proposed stream design which generates a shear stress value in excess of that needed to move the 
particles available to the stream bed indicates that the stream may begin to scour or down-cut. 
Conversely, a proposed stream design with too little shear stress may not be able to transport its 
sediment load, causing sedimentation and aggradation in the channel. 

The initial meander geometry calculated for nodes 1, 2 and 3 of Billy's Branch generated a shear stress 
that matched the reference reach and the particle size of the sediment. There is also adequate area 
upstream of node 3 to place the stream on a new alignment, as is preferred. The new alignment was 
placed in the woods immediately north of the existing stream. This alignment was selected to avoid 
losing wetland restoration opportunities in the Prior Converted cropland. This new alignment also 
allows the dirt road in the woods to be used for construction. Although the berm immediately south of 
the channelized stream will be used to fill in the existing channel, additional fill material will be 
needed. This additional fill will come from grading the floodplain along the proposed alignment. 
Approximately one foot of grading is proposed for floodplain excavation along this reach. 

The initially proposed stream geometry between nodes 3 and 4 yielded shear stress values greater than 
the reference reach (0.3 versus 0.09 lb/ft2, see Figure 13). Various options are available to decrease 
shear stress including increasing widthldepth ratio, increasing sinuosity (decrease slope), increasing 
meander width ratio, and decreasing meander length and radius of curvature. Increasing the 
widthldepth ratio were unsuccessful since the values necessary for width and depth were well outside 
the range observed at the reference reach (i.e., normalized for drainage area). Consequently, increases 
in sinuosity were attempted to decrease stream slope and thereby reduce shear stress (Figure 13). The 
only means available to reduce the shear stress was to increase sinuosity from 1.2 to 2.4. This was 
accomplished by having a meandering plan view follow the large, remnant meander pattern of Billy's 
Branch. This finding is significant because it confirms that the historic meander pattern (observed on 
USGS quadrangle maps prior to agricultural use) was needed to maintain a stable stream through this 
narrowing and relatively steep portion of the valley (see alternative versus proposed stream alignment, 
Figure 13). 

The meander geometry between nodes 4 and 6 only requires a sinuosity of between 1.25 and 1.30 to 
generate acceptable shear stress values. An illustration of the restoration geometry is provided in 
Figure 12. 

Once the plan, profile and cross sections were calculated, the data was then input into the HEC-2 model 
to determine peak flood elevations for the two-year storm and the peak discharge rate occurring at the 
culverts on SR 1 10 1. This is further discussed in the Proposed Hydraulics section (5.1.4) of this report. 

5.1.4 Proposed Hydraulics 
The individual drainage areas and the time of concentration for the five drainage areas will remain the 
same under the proposed conditions. The five individual drainage areas will continue to drain into and 
pond behind the two outfall culverts (24-inch CMP and 48-inch CMP) located under SR 1101. The 
proposed conditions include 1) reducing the slope of the longitudinal profile, 2) increasing stream 
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Valley Slope: 0.0088
Sinuosity: 1.75
Stream Slope: 0.005
Shear Stress: 0.22
Entrains: 12mm particle
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Shear Stress: 0.3 
Entrains: particle
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Corresponding Shear Stress

I
I
I
I
I

1

Valley Slope: 0.0088
Sinuosity: 2.4
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Shear Stress: 0.16
Extrains: Omm particle



length (due to increased sinuosity) and 3) reducing the cross-sectional area of Billy's Branch and 4) 
partially blocking the eleven feeder ditches that drain to Billy's Branch. 

Feeder Ditches 
As part of the proposed conditions, it was initially proposed that the existing feeder ditches be blocked 
only at each of their downstream ends (Figure 12). 

The NCDOT's final design plans illustrate plugging and filling the agricultural ditches rather than only 
blocking them. Each ditch will be plugged with clay material for a distance of 15 to 20 feet. The 
remainder of the ditch will be backfilled with onsite material taken from the floodplain excavation or 
other upland areas. 

Billy's Branch 
The proposed conditions of Billy's Branch were modeled using the HEC-2 program. The existing total 
drainage area (971 acres) will not change, the peak time of concentration will not change, and the 
overall runoff curve numbers will remain the same. The runoff curve numbers for the areas that are 
being converted to wetlands will, over time, decrease under the proposed conditions. In order to be 
conservative with the model and to represent the early conditions during their conversion to wetlands 
(fallow fields), the existing curve numbers were used to generate the peak flow rates for the proposed 

~ - conditions. The existing tailwater condition of 22.7 feet at the culverts beneath SR 1101 will remain 
the same for the proposed conditions of Billy's Branch. The HEC-2 model was revised to reflect the 
proposed longitudinal profile, stream length, and cross-sections generated from the fluvial 
geomorphological analysis. The proposed cross-sections were changed to reflect the smaller depth and 
width of the proposed Billy's Branch (Figure 8) channel which was based primarily on the data from 
the primary (off-site) reference reach. 

Table 5 shows the peak flow rate, the top of bank elevation, and existing and proposed ditch conditions 
of Billy's Branch. One result from the HEC-2 model was that it indicated a "hydraulic jump" between 
nodes 4 and 5. This reflects an increase in velocity (energy) caused by valley slope increasing between 
these nodes while the stream channel dimensions and sinuosity remain relatively constant and the 
floodplain narrows. The resulting turbulent condition is a normal condition that generates rapids within 
streams. To reduce the potential for erosion in this area, the design calls for widening of the floodplain 
to accommodate an increased sinuosity and for the use of cross vanes as grade control. 

Table 5. Proposed surface water profile of Billy's Branch. 
Existing Conditions 

Peak Stormwater Water Surface 
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Proposed Conditions 
Peak Stormwater Water Surface 

Node # 
7 

Runoff (cfs) Elevation (ft) 
323 22.7 

Runoff (cfs) Elevation (ft) 
323 22.70 



5.1.5 Floodplain Restoration 
As mentioned previously, the existing geometry of Billy's Branch currently confines the two-year storm 
which indicates that the stream has abandoned its floodplain. The new floodplain generated by the 
proposed restoration of Billy's Branch is illustrated on Figure 12. Between nodes 1 and 2, the proposed 
stream will generate a floodplain approximately one foot higher (Table 6) and 1,650 feet wider than 
existing conditions (Figure 12). 

Table 6. Existing and proposed peak flood elevations. 
Node # Existing Conditions (ft) Proposed Conditions (ft) Increase in Peak (ft) 

1 32.9 33.8 0.9 
2 32.7 33.7 1 .O 
3 31.8 32.3 0.5 
4 24.5 27.0 2.5 
5 24.6 26.6 2.0 
6 22.7 22.7 0.0 
7 22.7 22.7 0.0 

Node 3 will generate a floodplain 0.5 feet higher than existing conditions. The 200-foot wide 
floodplain, while narrower than at nodes 1 and 2, fills the historic floodplain as evidenced by review of 
the ortho-topographic mapping provided by the NCDOT (Figure 12). 

The flood elevations increase sharply between nodes 4 and 5 to approximately 2.3 feet above existing 
conditions, due to the constriction of the valley in this area. It is due to this constriction in the valley 
width that the floodplain is only 25 feet wide, except at the confluence with the unnamed tributary to 
the north. The floodplain of Billy's Branch extends approxiamtelyl70 feet up the unnamed tributary. 

The flood elevations and floodplain widths remain constant between nodes 6 and 7, an area where the 
floodplain, on average is approximately 125 feet wide (Figure 12). Although the proposed stream 
channel at node 6 is shallower and narrower than the existing conditions, the floodplain is much wider 
than at nodes 4 and 5 upstream, providing more storage without a rise in the water elevation. 

Node 7 is off-site and neither its cross-section nor slope can be altered. The flood elevation at node 7 is 
the same under proposed conditions as it is in existing conditions which confirms that the channel, 
meander and slope adjustments made within the Site appears to have no deleterious effect on 
downstream properties nor the culverts beneath SR 1 10 1. 

5.2 Conceptual Planting Plan 
Natural plant communities are dependent primarily upon landscape position, soil type, and hydrology. 
The first step in determining which natural plant communities likely occurred at the Site was to find 
naturalized areas with similar characteristics (i.e., soil type, hydrology, and landscape position). These 
areas were found through review of published references and conversations with Mr. Richard LeBlond, 
Biologist with the North Carolina Natural Heritage Program (NHP). Once these sites were inventoried, 
the obtained data was compared to that in Classzfication of the Natural Communities of North Carolina 
(Schafale and Weakley 1990). Combined with the data developed from the groundwater and surface 
water analyses, this data provide the basis for the proposed planting plan. 
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5.2.1 Reference Forests 
Two reference forests were identified which had the same physical characteristics as the Site (Figure 1). 
Both were located in the Croatan National Forest. Vegetation Reference Area 1 was located on a 
tributary to Holston Creek approximately 1.7 miles northwest of the Site. Vegetation Reference Area 2 
was located at the off-site stream reference reach approximately 1.3 miles east of the Site. The soil 
types found at the Site are not common in the vicinity and locating reference forests was difficult. All 
areas of Torhunta soil in the vicinity of the Site have been converted to agriculture or pine plantations. 
Pantego soil is similar to Torhunta and is found in locations adjacent to the Site. However, because the 
adjacent forest on these soil types are not considered to be in its natural state, due to past high-grading 
forestry practices, vegetation on Pantego soil was investigated but not sampled (see Section 5.2.2). A 
sample plot was not taken in the mesic pine flatwoods community investigated on Onslow soil because 
it has been burned too frequently to have characteristic vegetation. 

A 50-foot diameter circular plot was taken on each soil type within each landscape position at both 
reference forest locations. The diameter at breast height (dbh) of every stem larger than one inch was 
measured and recorded, as was the percent cover (by species) of all species in the shrub and herbaceous 
layers. A total of six plots were sampled. Data from the sample plots are summarized in Table 7. 

Table 7. Mean community characteristics fc 

I- 

Coastal Plain 
Bottomland 
Hardwood Forest 

r vegetation s 
Number of 
Species per 

Plot 

Mixed Mesic 
Hardwood Forest 

mple plots. 
Percent 

Hydrophytic 
Species per Plot 

65 8 

Species with 
I V 2 1 0  

swamp blackgum 
ironwood 

American holly 
water oak 
sweetgum 
sweet bay 

238 

322 

loblolly pine 

2 10 

yellow-poplar 
flowering dogwood 

ironwood 
sweetgum 
water oak 

An Importance Value (IV) was calculated for each tree species in each plot as follows. First, the 
density of all stems greater than one inch dbh was determined for each species on a per acre basis. For 
example, ironwood (Carpinus caroliniana) in plot 4 had 14 stems that were one inch in dbh or larger, 
therefore the stem density for ironwood is 3 11 stems per acre. Then, the basal area of each tree species 
(based on all stems) was determined and expressed in square feet (ft2) of basal area per acre. The 
corresponding value of ironwood in plot 4 was 3 1.02 ft2/acre. All density and basal area values within 
a plot were then divided by the total density and basal area for all species in the plot to derive the 
percentage of total density and basal area each species represented. Thus, the relativized values for 
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ironwood in plot 4 were 3 11 / 555 x 100 = 11 .O1 percent and 31.02 / 281.82 x 100 = 56.00 percent for 
density and basal area, respectively. The IV for each tree species was determined by averaging its 
relative density and relative basal area, yielding an N of 33.50 for ironwood in plot 4. Species with an 
N greater that ten are listed in Table 10. 

5.2.2 Proposed Plant Communities 
Mitigation opportunities for the Site will allow for the restoration, enhancement, andlor preservation of 
both riparian and non-riparian wetland plant communities. The plant communities that likely occurred 
historically on and around the Site was determined from data collected from the references forests, 
descriptions of plant communities from ClasszJication of the Natural Communities of North Carolina 
(Schafale and Weakley 1990), and the hydrology modeling. Figure 14 depicts these plant communities 
and describes their landscape position, dominant species, and typical soil type. Four of these 
communities are proposed for the Site and include Coastal Plain Small Stream Swamp (32.3 acres), 
Non-riverine Wet Hardwood Forest (37.4 acres), Mesic Pine Flatwoods (22.4 acres), and Mixed Mesic 
Hardwood Forest (5.6 acres). In addition, wetland hydrology will be enhanced in (1.8 acres) the 
Coastal Plain Bottomland Hardwood Forest currently existing at the Site. The following sections detail 
each of these communities and list the species proposed for planting. Figure 15 depicts the planting 
zones for each of these communities. 

Coastal Plain Small Stream Swamp 
Coastal Plain Small Stream Swamp typically occurs in the floodplains of small, blackwater streams. 
This community typically grades upstream into an Atlantic White Cedar Forest and away from the 
channel to Non-riverine Wet Hardwood Forest or uplands. Coastal Plain Small Stream Swamp 
typically grades into Bottomland Hardwoods as the floodplain size increases downstream. The canopy 
is dominated by bald cypress (Taxodium distichum) and swamp blackgum. As noted in Section 5.1, the 
westem-most fields on Torhunta soils (approximately 32.3 acres) will be located in the floodplain of 
the new stream and inundated during the two-year event. DRAINMOD predicts floodinglponding in 
this area 38 out of 40 years. Therefore, a Coastal Plain Small Stream Swamp community is planned for 
this area. 

Non-Riverine Wet Hardwood Forest 
The forests on Pantego soil surrounding the Site presently exist as a Pond Pine Woodland. Pond Pine 
Woodlands typically occur on the edges of peatland communities, which are mostly absent in the 
vicinity of the Site. It is therefore, unlikely these forests exist in their natural condition. Historically, 
the Torhunta and Pantego soils at the Site most likely supported a Non-riverine Wet Hardwood Forest 
community. 

Non-riverine Wet Hardwood Forests occur on poorly drained interstream flats which are saturated part 
of the year. Typically, these flats are near the highest parts of landscape. They are typically on poorly 
drained loamy or clayey mineral soils and are almost always jurisdictional wetlands. At least five of 
the following species should be planted on the Torhunta and Pantego soil: swamp chestnut oak 
(FACW-), laurel oak (FACW), cherrybark oak (Quercus falcata var. pagodaefolia, FAC+), yellow- 
poplar (FAC), American elm (Ulmus americana, FACW), swamp blackgum (OBL), and American 
holly (FAC-). Red maple (FAC) and sweetgum (FAC+) are important components of Non-riverine 
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RED-COCKADED WOODPECKER ASSESSMENT 
FOR 

CLAYHILL FARMS MITIGATION SITE 
JONES COUNTY, NOR(TH CAROLINA 

NCDOT T.I.P. NO. R-2105WM 

INTRODUCTION 

The North Carolina Department of Transportation (NCDOT) purchased Clayhill Farms, a 

355.6 acre (ac.) property in Jones County, North Carolina, as a wetlands mitigation site for future 

NCDOT construction projects (Figure 1). A wetland and stream mitigation plan was written for 

the property, which includes plans to restore drained farm and timberland to its probable natural 

condition via rerouting an existing stream, filling in ditches and planting natural hydrophytic 

vegetation in former croplands (Langley and McDonald, P.C. 1999). This Assessment reports 

findings of a red-cockaded woodpecker (Picoides borealis) (RCW) survey on the Clayhill Fanns 

property and the surrounding 0.5 mile radius, and addresses the possibility of using the property 

for RCW mitigation in the future. 

PROJECT AREA 

The project area is located in southwestern Jones County, in the east-central Coastal Plain 

of North Carolina. The topography is nearly level except for gentle to moderate slopes along 

drainages. Sandy loams and loamy sands are the predominant soil types in the project area. 

Historically, the principal upland community type was Mesic Pine Flatwoods, which was 

dominated by longleaf pine (Pinuspalustris). This community occurred on coarse to fine sands, 

sandy loams and loamy sands and was characterized by frequent fires, a sparse to open 

understory and a diverse herbaceous flora dominated by Carolina wiregrass (Aristida stricta). 

Mesic Mixed Hardwood Forest (Coastal Plain Subtype) occurred in upland areas that were 

protected from fire by topography and moisture. Soils were sandy loams and loamy sands and 

vegetation consisted of varying mixtures of mesophytic trees, shrubs and herbs. 

Historical wetland communities in the immediate project area included Coastal Plain 

Small Stream Swamp (Blackwater Subtype), Cypress/Gum Swamp, Pond Pine Woodland, Wet 





Pine Flatwoods and High Pocosin. These communities occurred on wet, acidic, sandy andlor 

organic soils. 

PROJECT SITE/ HISTORY 

Clayhill Farms is located in southwestern Jones County, North Carolina, near the 

intersection of N.C. Highway 58 and SR 1101 (Figure 1). It is bordered to the east, north and 

west by the Croatan National Forest (CNF) and to the south by private property. It is divided by 

Billy's Branch, a tributary of Hunter's Creek. 

The entire 355.6 ac. property appears to have been clearcut in the mid-1970s, with the 

exception of 19.0 ac. of hardwoods around Billy's Branch and a small tributary in the west- 

central portion of the property. The southern portion was used as agricultural fields, while the 

remaining land was allowed to regenerate with pines. Wetter areas were drained via ditches 

around the property and perpendicular to the stream through the portion south of Billy's Branch 

(Langley and McDonald, P.C. 1999). 

Clayhill Farms now consists of 19.0 ac. of hardwood forest, 141.8 ac. of fallow 

agricultural land and 193.8 ac. of natural pine regeneration (Langley and McDonald, P.C. 1999). 

Hydric soils on the property and surrounding area are fine sandy loams and loams, 

primarily the Pantego, Torhunta and Rains series. Non-hydric soils are Onslow fine sandy loam 

and Goldsboro loamy sand. 

Natural conditions have been significantly altered by ditching, clearcuts and fire 

suppression, making determination of natural community types more difficult. Mapped soil 

types (National Cooperative Soil Survey 1981, Langley and McDonald, P.C. 1999), the 

composition of neighboring vegetative communities and the known history of the property 

suggest the following natural community types historically occurred onsite: Mesic Pine 

Flatwoods, Wet Pine Flatwoods, Pond Pine Woodland and High Pocosin. Today, existing 

conditions most closely resemble these community types, though vegetation and natural 

hydrology have been altered. 



PROJECT DESCRIPTION 

Clayhill Farms will be used by NCDOT to mitigate for wetlands altered in future 

NCDOT construction projects. The mitigation plan involves restoring an existing stream 

channel, filling ditches and planting native vegetation, thereby restoring approximately 65 acres 

of wetland on prior-converted croplands. Approximately 1.8 acres of forested land will be 

cleared to reroute Billy's Branch, which was channelized and deepened in the 1970s. This 

change will increase the length of the stream onsite from 6170 linear feet (ft.) to 7410 linear ft., 

more closely resembling the natural curvature of the stream (Langley and McDonald, P.C. 1999). 

METHODS 

Between 5 July and 27 July 2000, employees of Dr. J.H. Carter III & Associates, Inc. 

(JCA Inc.) surveyed potential RCW habitat on the project site and within the surrounding 0.5 mi. 

radius for evidence of RCW activity. Ground survey methodology varied according to size of 

the area and vegetation. Generally, 2 biologists walked parallel transects 50 to 100 feet apart. 

Transects were spaced to provide visual coverage for all potential cavity trees. Treeless 

residential areas, clearcuts and hardwood stands were not surveyed due to lack of potential RCW 

habitat. Generally, pine plantations less than 30 years old containing no older trees were not 

surveyed, however, wide transects were walked through such stands to confirm the absence of 

older trees. 

RESULTS AND DISCUSSION 

The red-cockaded woodpecker is a small black and white bird endemic to mature, fire- 

maintained pine forests in the southeastern United States, where it was historically common. It 

excavates nest and roost cavities in live pines generally >I00 years old and requires a large area 

of mature (230 years old) pines for foraging habitat. The RCW is listed as endangered by the 

U.S. Fish and Wild.life Service (USFWS) and the State of North Carolina. 

Suitable RCW nesting habitat is defined as pine or pine-hardwood stands (>50% pine) 

containing at least scattered pines over 60 years of age, hardwood-pine (250% hardwood) stands 

over 60 years of age and adjacent to pine or pine-hardwood stands 230 years of age or stands 

containing sawtimber-sized pines (29.0 inches diameter at breast height (dbh)). Foraging habitat 



is defined as pine or pine-hardwood stands over 30 years of age contiguous to and within 0.5 mi. 

of an RCW colony (Henry 1989). 

Clayhill Farms and suitable RCW habitat within a 0.5 mi. radius were surveyed for 

evidence of RCWs between 5 and 27 July 2000. No active RCW cavity trees were found in the 

survey area. 

RESULTS- CLAYHILL FARMS PROPERTY 

The wooded portion of the Clayhill Farms property is forested with either pines 20-30 

years old or mature hardwoods, neither of which is considered suitable habitat for RCW nesting 

or foraging. 

Existing pine regeneration stands on the property have been significantly altered from 

their natural state, but most closely resemble the Mesic Pine Flatwoods, Wet Pine Flatwoods and 

Pond Pine Woodland community types. These stands are densely forested with pines 4-6 in. 

dbh, 20-30 years of age. 

Areas resembling Mesic Pine Flatwoods communities have a dense overstory of loblolly 

pine (Pinus taeda), a moderately dense midstory of sweetgum (Liquidambar styraczflua), a 

moderately dense understory of wax myrtle (Myrica cerifera) and water oak (Quercus nigra), 

and a moderately dense vine layer of muscadine grape (Vitis rotundifolia) (Figure 2). 

Areas resembling Wet Pine Flatwoods communities, though greatly altered from their 

original state, have a moderate to dense overstory of loblolly pine, a moderately dense sweetgum 

midstory (20-30 ft. tall), a dense understory containing gallberry (Ilex glabra), sweetgum, sweet 

pepperbush (Clethra alnifolia), water oak, sweetleaf (Symplocos tinctoria), red maple (Acer 

rubrum), wax myrtle, blackgum (Nyssa sylvatica) and titi (Cyrilla racemzflora) and a sometimes 

dense vine layer of muscadine grape and greenbriers (Smilax spp.). One Wet Pine Flatwoods site 

north of the dirt road bisecting the property and east of the small clearcut has been thinned within 

the past few years. This area has the same dominant species, but has a more open midstory, 

denser understory and denser low shrubherbaceous layer (Figure 3). There are some patches of 

dead trees in Wet Pine Flatwoods on the property, most likely killed by southern pine beetles 

(Dendroctonus frontalis). The overstory is dead in these areas, allowing the understory to 

become very thick, especially the vine layer (Figure 4). 



I r 
Figure 2. Mesic Pine Flatwoods behind equipment shed on center road. 

. 
Figure 3. Thinned Wet Pie Flatwoods on Clayhill Farms property. 



Areas resembling Pond Pine Woodland contain a moderate to dense canopy of pond pine 

(Pinus serotina) and loblolly pine, a dense midstory of sweetgum, red maple and swamp 

blackgum (Nyssa bzj7ora) and loblolly bay (Gordonia lasianthus), and a dense understory of 

gallberry, redbay (Persea palustris), bluebeny (Vaccinium sp.), fetterbush (Lyonia lucida) and 

switchcane (Arundinaria tecta). Parts of this community, south of the dirt road bisecting the 

property, have been thinned. These thinned areas have a more open midstory and denser 

understory and low shrub1 herbaceous layers, with rushes (Juncus spp.), meadow-beauties 

(Rhexia spp.), pennywort (Hydrocotyle sp.), orange milkwort (Polygala lutea) and sphagnum 

moss (Sphagnum sp.). 

Langley and McDonald, P.C. (1999) describes the pines on Clayhill Farms as 25-30 years 

old. JCA Inc. staff aged 6 trees across the property that ranged from 20 to 24 years of age. The 

1974 U.S. Geological Survey orthophotographs for Stella and Hadnot Creek quads show the site 

clearcut, with areas of bare soil and patches of vegetation, but it is not possible to determine if 

the vegetation is pine regeneration or shrubs. 

Hardwood stands occur around Billy's Branch and its tributaries and on 15.9 ac. in the 

southeast comer of the property. These areas were not cut with the rest of the property and can 

be seen on the 1974 U.S. Geological Survey orthophotographs. These stands have a hardwood 

overstory with scattered second-growth loblolly pines and a dense hardwood midstory. These 

areas contain the only pines old enough to support a natural RCW cavity, but there are very few 

pines and the hardwood component is higher than that typically considered as RCW habitat 

(Henry 1989). 

RESULTS- SURROUNDING AREA 

Residential areas south of the property are partially cleared and generally forested with 

sparse loblolly pine ranging in age from sapling to second-growth and various ornamentals. The 

forested area south of SR 11 01 and west of the radio tower was cut 3-4 years ago and is now 

vegetated with dense loblolly and pond pine regeneration 510 ft. tall, blackgum, sweet 

pepperbush, waxmyrtle, sweetgurn, gallberry and titi. 

The majority of suitable RCW habitat was found on the approximately 160,000 ac. 

Croatan National Forest (CNF), which is comprised mostly of extensive loblolly, longleaf and 

pond pine stands. Areas surveyed are the same community types as on the Clayhill Farms 



property, with the addition of High Pocosin, but are more mature and closer to their natural 

condition. 

Mesic Pine Flatwoods areas on the Croatan typically have an uneven-aged, moderately 

dense canopy of longleaf pine mixed with some loblolly pine. Fire suppressed areas have a 

moderately dense midstory of sweetgum, red maple, water oak and a dense 10- 15 ft. tall 

understory of midstory species, gallberry, blueberry, redbay and pine regeneration. A sparse to 

moderately dense low shrub/ herbaceous layer consists of cane, some Carolina wiregrass and 

dangleberry (Gaylussacia frondosa). Areas that have been burned within the past few years have 

similar species composition, but with a light to moderately dense understory 3-10 ft. tall and a 

moderately dense to dense low shrub1 herbaceous layer with more wiregrass. One area on the 

CNF east of CNF Forest Route 163 has a moderately dense to dense overstory of uneven-aged 

longleaf and pond pine (Figure 5). This area has been burned regularly so that a dense 

understory of switchcane has become established, with scattered 3-6 ft. tall sweet pepperbush, 

gallberry and sweetleaf, and a sparse low shrub/ herbaceous layer of dangleberry and bracken 

fern (Pteridium aquilinum). Several Mesic Pine Flatwoods areas contain scattered old-growth 

pines, with trees averaging 70-80 years of age, but ranging to 108+. 

Wet Pine Flatwoods on the CNF typically have an uneven-aged loblolly, longleaf and 

pond pine overstory. Some Wet Pine Flatwoods areas have been burned within the past 3-4 

years. These areas have a light midstory of sweetgum and red maple and a light understory of 

fetterbush, sweetleaf, redbay and bayberry (Myrica heterophylla). The low shrub/ herbaceous 

layer ranges from moderately dense to dense and contains gallberry, sweet pepperbush, 

switchcane, blueberry and cinnamon fern (Osmunda cinnamomea). Fire-suppressed Wet Pine 

Flatwoods habitats on the CNF have a midstory denser with species as listed above, and a dense 

understory 10-1 5 ft. tall consisting of species listed above, loblolly pine saplings and water oak. 

Many of these areas contain at least scattered old-growth pines. . 

Two abandoned RCW cavity trees were found by JCA staff in 1999 in Wet Pine 

Flatwoods on the CNF, within 0.5 mile of Clayhill Farms. These trees are located west of the 

property and east of N.C. 58, and are considered to be part of Cluster CNF 63 (Carter and 

Pegram 1999). The tree with tag number FS 229 was relocated in this survey and was found to 

be a relic start with pileated woodpecker (Dryocopuspileatus) damage. This tree was considered 

to have inactive starts with pileated damage in 1999. The other cavity tree was not found in this 



Figure 4. Southernpine beetle-killedstand in Pine in the northwest
of Farms, southof the

Figure 5. pondpine Pine standeast of Forest
163, of Farms.



survey, but had a possibly complete inactive cavity with some pileated damage in 1999. These 

cavity trees are in an area that has been burned relatively regularly. 

Pond Pine Woodland habitats on the CNF are forested with pond pine. Areas that have 

been burned within the past few years, in particular an area west of N.C. 58 and south of Hill 

Field Rd. (CNF Forest Route 603), have dead standing pines, a sparse overstory and a dense, 5 ft. 

tall understory primarily of redbay and laurel-leaf greenbrier (Smilax laurifolia). The majority of 

the Pond Pine Woodland communities in the area have not been burned and contain a light to 

moderately dense pond pine canopy, a sparse red maple and sweetgum midstory and a dense 10- 

30 ft. tall understory of fetterbush, titi, red maple, loblolly bay, redbay and sweetbay (Magnolia 

virginiana). Herbaceous ground cover is sparse except in openings and ditches, where netted 

chain-fern ( Woodwardia areolata), cinnamon fern and sphagnum moss occur. 

High pocosins within the 0.5 mi. radius of the property have a sparse overstory of pond 

pine, red maple, loblolly bay and swamp blackgum and a moderately dense to dense understory 

of fetterbush, gallbeny, titi, sweetbay and redbay. Trees in pocosins are typically smaller in 

height and dbh than those in other habitat types. 

NEIGHBORING RCW CLUSTERS 

At the end of 1999, 55 active RCW clusters s were located on the CNF, including 

approximately 44 breeding groups (Simon 2000). The closest known active RCW clusters to 

Clayhill Farms are at least 1.0 mile away (Figure 6). Cluster CNF 44, approximately 1.5 mi 

north-northwest of Clayhill Farms, has contained a solitary male since 1996 and CNF 69, 

approximately 1.1 mi. southeast of Clayhill, had a breeding pair in 1999. CNF 63 is 

approximately 0.2 mi. west of the property, but since it has been inactive since before 1988 it is 

considered to be abandoned. The two cavity trees found by JCA, Inc. in 1999 were considered to 

be part of this cluster (See Results- Surrounding Area). CNF E4 (also CNF 904) is an artificial 

cavity cluster approximately 0.5 mi. east of the property that has been inactive since its creation 

in 1990- 199 1. CNF 59, approximately 1.1 mi west of the property, has been inactive since 1993 

(Walters and Goodson 1991; Walters, Meekins and Zaebst 1996; Simon 2000; map provided by 

Croatan National Forest). 



Figure6. Locationand statusof neighboring RCW clusters Active
on the National Forest (CNF), Inactive
map dated 8/95 and updated with 1999 data Abandoned
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with a band of paint encircling the tree. This allows the equipment operator to easily identify which 
trees not to cut, and also allows identification of stumps of trees which are mistakenly harvested. 

Road work should be allowed in order to facilitate the logging operation, including periodic mowing of 
the interior road. This will also maintain the interior road as a fire break. Logging decks should be 
allowed as needed and left up to the logging contractor. These small areas will have only an 
insignificant impact on the RCW habitat. In addition, conveniently placed decks lead to shorter and 
fewer skid trails, thereby reducing rutting and soil compaction. 

4.3 Natural stand development 

Stands naturally change over time. In general, in hl ly stocked stands like the ones at Clahill Farms, 
the aging process tends to reduce the number of trees per acre of shade intolerant species like southern 
yellow pines. Tree diameter of these same species is increased. In the absence of fire, species 
composition also changes to include more shade tolerant hardwood species. With some stands, like 
stand #7, the aging process along with burning is all that is necessary to create foraging habitat. Since 
the management goal is to have a pine forest at least 60 years of age, all of the stands will undergo 
significant natural changes by the time the recovery standard guidelines are met. The aging process, 
along with fire, will increase the habitat for RCW over the coming decades. 

4.4 Management Activity Schedule 

Year 1 
Create a burning plan 
Establish fire lines in accordance with plan 
Maintainlrepair interior logging road 
Acquire a thinning contractor/contract 
Mark trees for thinning 
Thin and burn as weather conditions allow 
Coordinate management activities with adjacent landowners 

Years 2 and subsequent 
Burn as per schedule established in burning plan 

Year 15 
Evaluate young pines for potential thinning and entry into burning program 
Re-asses management plan and adjust as conditions dictate 
Re-inventory all stands to evaluate stocking levels and progress towards the recovery standard 
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