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Two sections of the on-site canal have been widened andlor impounded to  form ponds with 

a combined area of approximately six acres. These ponds, located in the northernmost and 

central sections of the Site, have been utilized by the Howell Woods Environmental Learning 

Center for recreation including fishing, boating, bird watching, and hunting. 

3.2 SOILS 
Determination of soil types within the site are based on 1)  NRCS soil survey mapping for 

Johnston County (USDA 1994) and 2) soils mapping of existing conditions determined by 

ESC at the site. Based on NRCS soil survey mapping, soil types mapped within the site 

include: Altavista (Aquic Hapludults) fine sandy loam, State (Typic Hapludults) sandy loam, 

and the Wehadkee (Typic F1uvaquents)-Chastain (Typic Fluvaquents) association (Figure 6). 

On-site verification and ground-truthing of NRCS map units was conducted by licensed soil 

scientists. Soil boundaries were refined and areas excavated for canals, ditches, and 

roadways were mapped and evaluated. Ten transects were established across the site and 

sampled at approximately 50-foot intervals. Soils were sampled for color, texture, 

consistency, and depth at each documented horizon. During field investigations, no evidence 

of relict, primary stream channel was found. Based on field studies, five soil map units were 

identified: WehadkeelChastain association, Altavista, Udorthents (Wehadkee), Udorthents 

,(Altavista), and Wahee (Figure 7). 

Altavista fine sandy loam occurs on low ridges and stream terraces. Within the site, this soil 

occurs along portions of the mesic upland slope west of the canal and in isolated areas of 

bottomland in the northeast portion of the site. Altivista soils are moderately well drained and 

have moderate permeability. This soil type is considered non-hydric in Johnston County with 

inclusions of Wehadkee soils in depressions and drainageways (USDA 1987) 

Wahee loam occurs on broad flats and in slight depressions on stream terraces. Within the 

site, this soil type occurs in  one small area northeast of the canal. Wahee soils are somewhat 

poorly drained and permeability is slow. This soil type is considered to  be non-hydric in 

Johnston County (USDA 1987). 

The Wehadkee-Chastain association occurs on nearly level, broad floodplains which are 

frequently flooded. The Wehadkee-Chastain association has been mapped by the NRCS as 

occurring on both sides of the main canal in  forest and cleared land. Typically, Chastain soils 

occur at the base of uplands and in slack water areas I sloughs were fine particles settle out 

away from the main channel of the Neuse River. Conversely, Wehadkee soils are expected 

t o  occur near the Neuse River channel. Permeability is moderate for Wehadkee soils and slow 
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Dominant herbaceous plants are smartweed, rose mallow (Hibiscus sp.), bushy aster (Aster 

dumosus), blackberry (Rubus sp.), horse nettle (Solanum carolinense), and dock (Rumex sp.). 

Other, less common herbaceous vegetation includes false nettle, poison ivy, wool grass 

(Scirpus cyperinus), Virginia Creeper, foxtail grass, clammy cuphea (Cuphea petiolata), 

flowering spurge (Euphorbia corollata), gerardia (Gerardia tenuifolia), and trumpet creeper. 

3.4 HYDROLOGY 

3.4.1 Watersheds (Surface Water Hydrology) 
The Site has been subdivided into two watersheds for surface water studies and planning 

purposes: 1) the primary watershed associated with the Neuse River drainage basin; and 2) 

the secondary watershed associated with drainage from the Gar Gut sub-basin and elevated 

ridges immediately adjacent to the site. 

Primary Watershed 

The Neuse River represents the primary factor in the formation and functional attributes of 

the valley floor along the site. The Neuse River, in the vicinity of the Site, supports a 

watershed encompassing approximately 1870 square miles. Significant floods from the river 

are evident from rack lines and sediment deposits within the floodplain as well as description 

from local residents of site inundation during past hurricanes. During flood events, high 

velocity flows are expected to persist within the upper reaches of the site for extended 

periods of time. Groundwater gauge data indicates that past Neuse River flooding events 

may be responsible for jurisdictional hydrology criteria being met for at least one of the past 

three years of monitoring. 

The Neuse River supports a channel measuring approximately 85 feet in width and 25 feet 

in average depth below the floodplain (based on visual observation). The North Carolina 

Department of Environment and Natural Resources, has assigned a state best usage 

classification of WS-V, NSW to the Neuse River adjacent to the site (DENR 2001). The 

designation WS-V includes waters protected as a water supply which is generally upstream 

from a municipality or county drinking water supply. WS-V waters however, are not utilized 

by municipalities or counties as a raw drinking water supply. No categorical restrictions on 

watershed development or treated wastewater discharges are required; however, appropriate 

management requirements are necessary for the protection of downstream receiving waters. 

The supplemental classification NSW refers to nutrient sensitive waters which require 

limitations on nutrient inputs. Based on the Neuse River Basinwide Water Quality 

Management Plan (DWQ 1998), designated uses in the Neuse River are "Support 

Threatened. " 



Secondarv Watershed 
'The on-site tributaries and sloughs of the Gar Gut watershed represent the primary restoration 

component of the Site. The drainage area of the Gar Gut watershed encompasses 

approximately 9.8 square miles of land. The drainage area is dominated by bottomland 

hardwood forest within the undisturbed Neuse River floodplain. Minor residential 

development occurs along the basin rim adjacent to Devils Racetrack Road, and isolated tracts 

of agriculture occur throughout the subbasin. Impervious surfaces have been estimated at 

less than 2 percent of the watershed area. 

As depicted in Figure 4, the Gar Gut watershed is composed of a maze of channels, ponds, 

depressions, and sloughs with numerous channels circumnavigating the site. Based on 

interpretation of topographic mapping, high surface roughness, and numerous convergent and 

divergent channels the on-site tributaries appear to support an upstream watershed of 2.1 

square miles. 

On-site discharge estimates have been calculated using regression equations published in the 

USGS Water Resources Investigations Report 87-4096.   he drainage area for the Site lies 

in the Coastal Plain hydrophysiographic area, in close proximity to the Piedmont 

hydrophysiographic area. Due to the location and river flooplain characteristics in the area, 

flood discharges were compared between the two  hydrophysiographic areas and FEMA 

studies in the region. For this study, the discharge associated with a 1- and 2-year flood 

interval are 1 10  and 180 cubic feet per second, respectively. The flood frequency analysis 

and discharge estimates based on the hydrophysiographic comparisons are included in 

Appendix B. 

On-site reaches of Gar Gut tributaries have been dredged and straightened for agricultural and 

timber harvest purposes. Under historic conditions, the system most likely supported wide, 

shallow wetland sloughs which stored groundwater and surface water flows, and served as 

the primary input for wetland hydrodynamics in the outer floodplain area. Currently the main 

hydrologic feature is a dredged canal which has been excavated to an average width of 3 0  

feet, an average depth of 5.6 feet, and an average cross-sectional area of 11 3 square feet. 

Two ponds have been created in the canal (Figure 9). The upstream pond has been 

impounded by an earthen dam with a controllable drop structure. The lower, downstream 

pond was created through excavation of the floodplain and widening of the canal. 

During excavation of the canal, the historic slough was excavated and/or abandoned. Relict 

portions of the slough were identified in forested areas located east of the canal (Figure 9). 

The abandoned slough departs from the canal at the easternmost extent of the canal and 





exits the Site through a natural drainage feature (Figure 9). Restoration options should be 

focused at reconnecting hydrology to  this abandoned slough. 

Five secondary ditches enter the main canal, three from the northeast wooded portion of the 

Site and t w o  from the southwestern agricultural fields (Figure 9). The ditches vary in size 

from 2.5 to  8.5 feet in depth and 25 to 67 feet in  cross-sectional area. Ditches which extend 

through forest appear to  have been excavated to drain depressions and sloughs. Agricultural 

field ditches appear to  have been excavated through uplands for row crop production. 

Although t w o  of the ditches (Ditch 2 and 4 on Figure 9) are depicted on USGS 7.5 

topographic quadrangles as blueline streams, no substantial f low has been observed in these 

ditches. 

The State of North Carolina Department of Environment and Natural Resources, has assigned 

a state best usage classification of C, NSW to both Gar Gut and Mill Creek (DENR 2001). 

The state use designation C denotes waters protected for secondary recreation, fishing, 

wildlife, fish and aquatic life propagation and survival, agriculture and other uses. Secondary 

recreation includes wading, boating, and other uses involving human body contact with water 

where such activities take place in an unfrequent, unorganized, or incidental manner. The 

supplemental classification NSW refers to nutrient sensitive waters which require limitations 

on nutrient inputs. Based on the Neuse River Basinwide Water Quality Management Plan 

(DWQ 19981, designated uses in these streams are "Support Threatened." 

3.4.2 Groundwater 

Groundwater conditions for this report have been collected through portions of growing 

seasons from 1999, 2000, and 2001. Groundwater elevations were obtained wi th the use 

of multiple groundwater recording gauges. Six Remote Data System (RDS) groundwater 

gauges were installed in the winter and spring of 1999 t o  track groundwater f low within the 

interior areas adjacent to  the canal and ditch network. Flooding from hurricanes overtopped 

several of the gauges, resulting in gauge removal from the Site. In the spring of 2000, twelve 

groundwater gauges (six RDS gauges and six Infinity System gauges) were installed covering 

additional unmonitored portions of the property. Groundwater gauge data, including locations 

of each gauge and monitoring information, are located in Appendix A. 

Historically, the Site represented an outer floodplain, backwater slough, prior t o  ditching and 

dredging of area canals and ditches. Typically, outer floodplain sloughs capture groundwater 

from adjacent uplands and/or terraces. Due to low hydraulic conductivities in soils which 

characterize these sloughs, water is stored in depressional areas. Groundwater inputs often 

represent the primary hydrologic factor in the development and maintenance of outer 

floodplain sloughs. In undisturbed conditions wetland hydroperiods are greatest along the toe 



of the outer floodplain, immediately adjacent to upland buffers (groundwater discharge areas). 

Hydroperiods decrease across the floodplain as the groundwater table approaches stream 

channels (groundwater discharge features). 

The excavated canal and ditch network represent base flow, groundwater withdrawal features 

throughout most of the year. Dredging of the canal appears to  have lowered the groundwater 

table and induced a groundwater discharge gradient at the floodplain edge in a region of the 

floodplain which, under natural conditions, would represent a groundwater recharge area. 

Groundwater migration has been further accelerated by the associated ditches which 

effectively drain approximately 28  acres of the site area (Section 3.5). Approximately 7,800 

linear feet of ditches and canals have been excavated which range from approximately 2 feet 

in depth at the upper reaches of associated ditches to  6.6 feet in depth within the main canal. 

Groundwater f low diagrams were prepared for representative groundwater elevations 

throughout the three year monitoring period. Groundwater elevation data was obtained 

through gauge readings and by additional on-site holes bored within the project area to  verify 

gauge readings. Groundwater elevation data are presented in Table 2; a representative 

groundwater contour map is depicted in Figure 10. 

The groundwater contour map indicates that groundwater f low extends from the adjacent 

floodplains towards the central canal. Water surfaces in the canal generally reside between 

87 and 8 8  feet mean sea level (MSL) while adjacent floodplain surfaces (WehadkeeIChastain 

map units) average between 9 0  and 95 feet above MSL. Groundwater was encountered in 

borings and groundwater gauges within 0.5 feet to 4.0 feet of the ground surface. The 

highest groundwater elevations throughout the study period were observed in the southern 

reaches of the Site within the forested area (RDS Well #A [year 2000 and 2001 1). RDS Well 

#A is located approximately 500 feet east of the canal and may serve as a reference 

(relatively undisturbed) wetland for hydrology monitoring use. Groundwater readings from 

RDS Well #A suggest that drainage effects from the canal are not influencing groundwater 

f low at this specific location. 

Groundwater contours suggest that ditching of the canal has impacted wetland hydrology. 

Movement of groundwater towards the canal appears to  have effectively removed historical 

pre-ditch groundwater conditions from portions within the pastured floodplain and the 

adjacent forested system (Figure 10). Subsurface groundwater inflow for riparian (upland) 

slopes appears to  be intercepted and converted to channel f low in the canal. This diversion 
has resulted in the loss of characteristic floodplain wetlands throughout portions of the Site. 

Water quality functions associated with deposition, uptake, and nutrient cycling in live 

vegetation have been potentially bypassed by canal construction. 



TABLE 2 
Representative Groundwater Elevations 

Howell Woods Mitigation Site 

I Date 0411 9199 0411 9100 0411 9101 

Gauge Elevation 
(feet above 

MSL)* 

90.9 

11 Groundwater 

Groundwater 
Elevation (feet I( Gauge Number 

Depth below 
ground 

surface (feet) 

0.3 

Depth below 
ground surface 

I R D S - A  

Groundwater 
Elevation (feet 

above MSL) 

90.6 

Groundwater 
Elevation (feet 

above MSL) 

--- 

I RDS- B 

Depth below 
ground surface 

(feet) 

--- 

RDS - C I 

(feet) 

--- 

1 RDS- F 

above MSL) 

--- 

I RDS-G  

RDS - C * *  I 
92.1 I --- I --- I no reading 

1 INFINITY 1 

INFINITY 2 

INFINITY 3 I-- 90.6 1 out of range I --- I 

I INFINITY 4 

I INFINITY 5 

Elevations \ rere extrapolated from one foot i n t e r va l n t ou r  mapping. 
+ Wells were repositioned after hurricane damage in 1999. 
X Well locations are depicted on mapping located in Appendix A 
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3.5 JURISDICTIONAL WETLANDS 
Jurisdictional areas are defined using the criteria set forth in the U.S. Army Corps of 

Engineers (COE) Wetlands Delineation Manual (DOA 1987). The wetland determination was 

supplemented by the groundwater drainage model near ditches and canals in the area (Section 

4.1 ). Based on the groundwater model, approximately 7 4  acres of jurisdictional wetlands 

were identified within the site. Figure 11 depicts the approximate location of existing 

jurisdictional wetlands. 

The remaining 66 acres of the site are characterized by non-hydric soils, drained wetlands, 

or open water systems. Based on groundwater model data (Section 4.0) approximately 28 

acres of drained wetlands occur within the Site. Drained wetlands are characterized as 

lacking jurisdictional wetland hydrology (water within 1 2  inches of the soil for 12.5 percent 

of the growing season) due to  ditchingldredging activities. Groundwater gauge data (Table 

2) correlates with jurisdictional wetland boundaries generated by the groundwater model in 

forested areas. 
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jurisdictional wetlands on the property at the present time, rehabilitation activities (ditch filling 

and/or plugging) appear to  result in a net gain of 27 acres of wetlands to the area. 

4.2 SURFACE WATER ANALYSIS 

Surface drainage on the Site and surrounding area was analyzed to  predict feasibility of 

diverting existing surface drainage onto the floodplain without adverse effects to the Site or 

adjacent properties. The following presents a summary of the hydraulic analysis along with 

provisions designed to  promote surface water restoration while reducing potential for impacts 

to  adjacent properties. The detailed hydraulic analysis is contained in Appendix B. 

Wetland restoration effects caused by mitigation activities were evaluated by simulating peak 

flood flows for the Neuse River and Gar Gut watersheds using 1 ) existing Federal Emergency 

Management Agency (FEMA) studies and 2)  the U.S. Army Corps of Engineers, Flood 

Frequency Analysis (HEC-RAS version 3.0.1 ) computer program. 

Watersheds and land use estimations were measured from USGS quadrangles and aerial 

photography. Surveyed cross sections and water surfaces were obtained along the main 

canal and feeder ditches. Valley cross sections were obtained from detailed topographic 

mapping to  1 -foot contour intervals. Observations of existing hydraulic conditions were 

incorporated into the model and computed water surface elevations were calibrated by 
utilizing engineering judgement. The flood elevations observkd after Hurricane Fran were used 

t o  further refine model results for the 50-year to  500-year flood boundaries. 

4.2.1 Overbank Flooding 

Neuse River 

The Site is situated within the Neuse River floodplain, which has been studied by FEMA for 

Flood Insurance Program mapping. The FEMA flood study includes water surface elevations 

for the Neuse River during l o - ,  50-, l oo - ,  and 500-year flood events. The water surface 

elevations included in the study reveal that a 10-year storm will flood the Site. Effects of 

restoration activities on post-project flood elevations are expected to  be insignificant once the 

Neuse River has overtopped its banks. Water surface elevations for the Neuse River are not 

known for the I - ,  2-, and 5-year storms and are assumed to have no impact on the Site. 

Gar Gut 

Historically, the on-site reach of Gar Gut supported a backwater slough along the outer 

periphery of the Neuse River floodplain. The area was converted to  agriculture and on-site 

reaches were diverted into a canal and various feeder ditches. Relict slough fragments have 

been identified in forested portions of the Site. The slough fragments are discontinuous, 



linear depressions which are characteristic in dimension and pattern to upstream, un-ditched 

reaches of Gar Gut. 

The existing on-site canal supports an average cross-sectional area of 1 13 square feet, which 

has induced effective abandonment of adjacent floodplain surfaces. The HEC RAS surface 

water analysis (modeled for the I - ,  2- and 5-year events) predicts that canal flows are 

confined within the channel up to the 5-year flood event (Table 5A and Figure 14). Flood 

elevations associated with the 5-year flood event are confined to a relatively narrow 

floodplain surface which likely supported the historic backwater slough. Based on the FEMA 

flood study, flood elevations associated with the 10-year storm event are dominated by 

overbank flooding from the Neuse River and are not controlled by the upstream Gar Gut 

subbasin. 

Restoration plans should be designed to restore the historic 1- to 2-year flood extent from the 

Gar Gut watershed, thereby providing a perennial source for groundwater recharge in adjacent 

floodplain areas. Target conditions may be achieved by eliminating the canal and feeder 

ditches and allowing a slough to develop within the floodplain, similar to upstream reference 

areas. Restored slough flows may be directed into relict channels along the northwestern 

reaches of the Site (within existing forest areas). 

4.2.2 Off-Site Drainane 

The HEC RAS surface water model was simulated based on post wetland restoration 

conditions to, assess potential for impacts to adjacent properties or structures, and to assess 

potential for increased safety risk to  the community associated with large floods. The 

predicted flood elevations for each storm are depicted in Table 5A and Figure 14. 

Structures or other man-made features which may be impacted by mitigation activities 

include: 1) a fixed, impoundment weir at the upstream reach of the Site; 2) numerous road 

crossings; 3) agricultural fields adjacent to the canal and ditch structures; and 4) numerous 

off-site ditches draining forest and agricultural land. The elevation of each feature is depicted 

in Table 5B. 

The objective of restoration includes re-connection of the on-site Gar Gut tributary to a 

historic, abandoned slough in forest areas west of the canal (Figure 14). The abandoned 

slough is situated at an elevation of approximately 89 feet above mean sea level. 

Top of Weir (Pond Water Surface and DamIAccess Road) 
Wetland restoration is expected to result in development of a backwater condition, including 

shallow water innundation of the Gar Gut tributary. Based on floodplain and proposed 



TABLE 5A 
WATER SURFACE ELEVATION ESTIMATES FOR VARIOUS FLOOD FREQUENCIES 

(From HEC RAS Computer Model) 

1 Return Interval (24-Hour Storm Event) I 
I 1 -Year Event I 2-Year Event I 5-Year Event I 

L I  Ub3 3Gl;LIUI I I Projected Flood Elevation (feet above mean sea level) 

1 : Cross-Section locations are depicted on Figure 14. 

1 

2 

3 

4 

NA: Flood frequency analysis data was inconclusive due to  proposed structures requested by WRP at the location of Cross-Section 1. 

Neuse River Flood Elevations - From FEMA Flood Insurance Study 
10 Year Water Surface Elevation = 94.0 
25 Year Water Surface Elevation = 95.4 
50 Year Water Surface Elevation = 96.8 
100 Year Water Surface Elevation = 98.4 

Change 

N A 

1.95 

2.1 2 

1.62 

Existing 

86.22 

87.02 

88.29 

88.93 

Post 

N A 

90.39 

91.79 

91'.88 

Change 

N A 

3.37 

3.50 

2.95 

Existing 

86.75 

87.57 

88.86 

89.54 

Post 

N A 

90.61 

92.01 

92.1 1 

Change 

N A 

3.04 

3.1 5 

2.'57 

Existing 

88.44 

89.25 

90.50 

91.18 

Post 

N A 

91.20 

92.62 

92.80 
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TABLE 6 A  

Reference Forest Ecosystem 

Coastal Plain Bottomland Hardwood Forest Plots Summary (Canopy Species) 

' lmportance value = (Relative Density + Relative Basal Area)/2* 100 

Relative 

Basal Area 

27.4 

21.6 

6.8 

12.5 

5.8 

6.2 

8.1 

1.3 

4.2 

2.3 

0.9 

1 .O 

0.2 

1 . I  

0.8 

0.1 

100 

Relative 

Density 

26.7 

9.3 

18.0 

9.9 

11.8 

6.2 

3.1 

5.6 

0.6 

1.9 

1.9 

1.2 

1.9 

0.6 

0.6 

0.6 

100 

Species 

Sweetgum 

Overcup Oak 

American Elm 

Swamp Tupelo 

Red Maple 

Green Ash 

Bald Cypress 

Ironwood 

Willow Oak 

Swamp Cottonwood 

Laurel Oak 

Sycamore 

Hawthorn 

Cherrybark Oak 

Swamp Chestnut oak 

Mulberry 

Total 

Importance 

Value' 

26.9 

15.5 

12.4 

11.2 

8.8 

6.2 

5.6 

3.5 

2.4 

2.1 

1.4 

1 . I  

1 .O 

0.9 

0.7 

0.3 

100 

Density 

(stemslacre) 

54 

19 

3 6 

20 

24 

13 

6 

11 

1 

4 

4 

2 

4 

1 

1 

1 

20 1 

Basal Area 

(sq. f t l  acre) 

30.6 

24.3 

7.7 

14.0 

6.5 

6.9 

9.1 

1.5 

4.8 

2.6 

1 .O 

1 . I  

0.3 

1.3 

0.9 

0.1 

113 



TABLE 6B 

Reference Forest Ecosystem 

Mesic Mixed Upland Forest Plots Summary (Canopy Species) 

' lmportance value = (Relative Density + Relative Basal Area)12*100 

Relative Basal 

Area 

20.9 

12.3 

13.8 

8.3 

6.7 

7.4 

11.1 

3.7 

7.9 

5.2 

2.8 

100 

Relative 

Density 

7.9 

14.7 

11.2 

12.6 

13.7 

10.8 

4.3 

10.8 

5.4 

4.7 

4.0 

100 

Species 

Laurel Oak 

Sweetgum 

Swamp 

American 

Sweet Bay 

Tulip Poplar 

Loblolly Pine 

Red Maple 

Shagbark 

Cherrybark 

White Oak 

Total 

Importance 

Value' 

14.4 

13.5 

12.5 

10.4 

10.2 

9.1 

7.7 

7.3 

6.6 

5.0 

3.4 

100 

Density 

(stemslacre) 

2 2 

4 1 

3 1 

3 5 

38 

30 

12 

3 0 

15 

13 

11 

278 

Basal Area 

(sq. ft l  acre) 

26.4 

15.6 

17.4 

10.5 

8.4 

9.3 

14.0 

4.7 

9.9 

6.6 

3.5 

126.2 



5.0 Ml1-IGA'TION PLAN 

The primary goals of this restoration plan include: 1 ) maximizing the area returned t o  historic 

wetland function; 2) enhancing the water quality functions in Gar Gut Creek and Mill Creek; 

and 3) re-establishing a functioning backwater slough / stream system which extends through 

developing bottomland hardwood forests. Components of this plan may be modified based 

on construction or access constraints. 

Primary activities designed to  restore the backwater slough complex include restoration of 

wetland hydrology, the creation of a littoral shelf, and wetland community restoration. A 

monitoring plan is subsequently outlined in Section 6 of this document. In total, 

approximately 27  acres of jurisdictional, riverine wetland is expected to  be restored through 

ditch backfilling / plugging and 2 acres of jurisdictional wetland is expected to  be created 

through littoral shelf excavation. 

5.1 WETLAND HYDROLOGY RESTORATION 
Site alterations designed to  restore characteristic groundwater wetland hydrology include: 1 ) 

ditch cleaning prior to backfill; 2) impervious ditch plug construction; 3) ditch backfilling; 4) 

access road improvements; 5) littoral shelf creation; and 6) pond outfall structural upgrades. 

5.1.1 Ditch Cleaning Prior to Backfill 
Ditches identified for backfilling in Figure 16 will be cleaned, as needed, to remove 

unconsolidated sediments within the ditches. Removal of unconsolidated sediments is 

particularly critical in areas where impermeable ditch plugs are proposed (Section 5.1.2). 

Accumulated sediment within the ditches represents relatively high permeability material that 

may act as a conduit for continued drainage after restoration. The unconsolidated sediments 

will be lifted from the channel t o  expose the underlying, relatively impermeable clay substrate 

along the ditch invert. The sediment will be temporarily placed on adjacent surfaces during 

ditch backfilling. Subsequently, the unconsolidated sediment will be incorporated into top 

soils and used throughout the site for channel backfill and areas impacted by grading or other 

mitigation activities. 

5.1.2 Ditch Plugs 
Impermeable ditch plugs will be installed along the main canal at five locations throughout the 

Site (Figure 16). The plugs will represent low density material or permanent, hardened 

structures designed t o  withstand erosive forces associated with river floods. If earthen 

material is used, each plug will be backfilled in 2-foot lifts of vegetation free material and 

compacted into the bottom of the ditch. The earthen material may be obtained from adjacent 

floodplain sections, through construction of shallow wetland pools within the primary 

floodplain, and/or from material excavated from constructed littoral shelves (Section 5.1.5). 
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The plugs will consist of a core of impervious material and be sufficiently wide and deep to 

form an imbedded overlap in the existing ditch banks and ditch bed (Figure 17). 

Channel plugs situated at the upstream and downstream reaches of the project (below the 

pond outfall structure and at the site outfall) may sustain high energy flows. Therefore a 

hardened structure, additional armoring, or incorporation of a root wad structure and 

backfilling of additional material may be considered at these locations. The stabilized channel 

plugs will allow diversion of on-site hydrology into historic, shallow sloughs 1 depressions and 

migration of stream flows through approximately 6000 linear feet of restored, forested 

wetlands on the site. 

5.1.3 Ditch and Canal Backfilling 
Portions of the main canal and adjacent ditches will be backfilled using on-site material from 

road fill (Section 5.1.4 Road Improvements), spoil piles adjacent to  ditches and canals, 

constructed depressions, and littoral shelf creation areas (Figure 16). Where vegetation has 

colonized the spoil ridges, trees and rooting debris will be removed, to the maximum extent 

feasible, before re-insertion of earthen fill into the canal. The ditcheslcanals will be filled, 

compacted, and graded to the approximate elevation of the adjacent wetland surface. 

Certain, non-critical ditch sections may remain open to  provide flood storage and energy 

dissipation, dependent upon the availability of on-site fill material. Open ditch sections will 

be isolated between effectively backfilled reaches to reduce potential for long term, 

preferential groundwater migration. 

Approximately 2400 linear feet of open ditch (5 on-site ditches) and 1640 linear feet of canal 

are proposed to be backfilled within the project boundaries. Additional canal reaches may be 

filled dependent upon availability of suitable fill material. Cut fill estimates measured from a 

grading plan (Figure 18) indicated a possible deficit of backfill material may occur. Deficit 

backfill material may be obtained from a borrow area depicted on Figure 18. The borrow area 

has been mapped as Udorthents atop Altivista soils and may be more permeable than clay 

material in other locations; therefore, this material should be utilized in conjunction with 

impermeable channel plugs or suitable hardened structures. 

Additional fill material for critical areas may be obtained by excavating shallow depressions 

within the floodplain or along the banks of abandoned open canal segments. These 

excavated areas will represent closed linear, elliptical, or oval depressions. In essence, the 

channel may be converted to a sequence of shallow, ephemeral pools adjacent to effectively 

plugged and back-filled canal sections. These pools would be expected to stabilize and fill 

in with organic material over time. 
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5.1.4 Road Improvements 
Existing on-site culverts are too large to  be utilized for a post restoration channel crossing; 

therefore, several constructed fords are anticipated at locations depicted in Figure 16. The 

ford is expected to  consist of a shallow depression, or depressions, in the floodplain where 

vehicular crossings can be made. A conceptual ford design is depicted in Figure 19. The ford 

shall be constructed of hydraulically stable rip-rap or suitable rock and should be large enough 

to  handle the weight of anticipated vehicular traffic. Approach grades to  the ford should be 

approximately 3 0  to  5 0  feet in length and constructed of hard, scour-resistant crushed rock 

or other permeable material which is free of fines. The bed elevation of the ford should be 

equal t o  the floodplain elevation above and below the ford to  reduce the risk of headcutting. 

5.1.5 Littoral Shelf Creation 

A littoral shelf may be created at locations depicted on Figure 1 6  to incorporate freshwater 

marsh component into the restoration site. As depicted in the Grading Plan (Figure 181, 

littoral shelves are expected range up to 8 0  feet in width, providing a subaqueous bench 

adjacent to  open water environments. The littoral shelve may be approximately 1 foot below 

normal pool elevation, ranging to  the water surface at normal pool elevations at the outer 

impoundment edge (Figure 20). Normal pool elevation may be established through .on-site 

observation of surface water and/or the elevation of channel plugs/structures. 

Construction of littoral shelves should be conducted to  promote suitable habitat for 

establishment of emergent wetland species. Initially, surface soils (the A horizon) and some 

vegetation will be removed from the area and stockpiled. After stockpiling the A horizon, the 

subsurface (B horizon) will be excavated to  the target range of the littoral shelf elevations. 

The excavated B horizon is expected to  be stockpiled and used as backfill for ditches or cast 

into the pond extending the shelf inward toward the center of the impoundment. Surficial 

soils will be replaced and redistributed across the littoral shelf. Surficial soils and vegetation 

should be distributed to  diversify microtopography within the littoral shelf. Based on this 

preliminary study, approximately 2.3 acres of littoral shelf is expected to  be created in the 

site. 

5.1.6 Pond Outfall Structure 
The existing pond outfall structure is expected to be upgraded within the site (Figure 16) .  

Construction of the outfall structure may be subject t o  restrictions under the North Carolina 

Dam Safety Law of 1967 (GS 143-21 5.23). Detailed construction plans will be described in 

the design engineering phase of the project. 

The current outfall structure is subject t o  damming by resident beavers, resulting in continual 

maintenancelclearing of debris. The proposed structure is expected to  reduce on-site 

maintenance and clearing. The structure is not expected to  result in alterations to  pond water 

surface elevations and is not proposed to  increase mitigation credit. Installation of the 
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structure is proposed as a good faith effort by WRP to  the Howell Woods Environmental 

Learning Center. 

5.2 WETLAND COMMUNITY RESTORATION 

Restoration of wetland forest communities provides habitat for area wildlife and allows for 

development and expansion of characteristic wetland dependent species across the 

landscape. Ecotonal changes between community types contribute to  diversity and provide 

secondary benefits, such as enhanced feeding and nesting opportunities for mammals, birds, 

amphibians, and other wildlife. 

In the spring of 2000 the southwestern, agricultural portion, of the site was re-vegetated with 

native, wetland-adapted tree species. Primary plant communities were developed through the 

use of reference data, on-site observations, utilization of Schafale and Weakley classification 

of natural communities, and a review of the available literature. The re-vegetated community 

associations included: 1 ) stream edge; 2) floodplain, bottomland hardwood forest; and 3)  

mesic upland slope forest (Figure 21 ). 

The restoration of upland forest communities within, and adjacent to, the wetland complex 

was conducted. Upland forest restoration will enhance wetland functions and restore a 

wetlandlupland forest ecotone that is considered vital in the region. Planting a variety of 

mast-producing species, both upland and wetland, is expected to  provide a food source for 

wildlife and will facilitate habitat diversity in a region dominated by monotypic pine 

plantations. 

Planting of the site entailed: 1 ) acquisition of available wetland species; 2) implementation 

of proposed surface topography improvements; and 3)  plant.ing of selected species. The COE 

bottomland hardwood forest mitigation guidelines (DOA 1 993) were utilized in developing this 

plan. 

During the re-vegetation effort, 9600 seedling trees were purchased and planted in areas 

depicted on Figure 21. Approximately 19  acres of the site was targeted for re-vegetation, 

wi th portions of the site left unplanted to  allow access for machinery in critical area of the 

mitigation site. Planting of the site averaged approximately 510 seedlings per acre. Eleven 

tree species were planted, including species listed in Table 7. 

The stream edge community was re-vegetated with bald cypress, river birch, and water 

tupelo. The floodplain community was re-vegetated with water oak, willow oak, cherrybark 

oak, green ash, American sycamore, yellow poplar, river birch, water tupelo and, bald 

cypress. The upland slope community was re-vegetated with cherrybark oak, white oak, 

mockernut hickory, American sycamore, and yellow poplar. 



Table 7 

Density 

Common Name Scientific name Quantity (stemslacre) Community* 

Water Oak ( Quercus nigra) 1000 83 2 

Cherrybark Oak (Quercus pagota) 1900 119 2, 3 

Overcup Oak (Quercus lyrata) 500 125 3 

Willow oak (Quercus phellos) 1000 8 3 2 

Yellow Poplar (Liriodendron tulipifera) 400 2 5 2, 3 

Bald Cypress ( Taxodium distichum) 1 200 8 6 1 , 2  

Sycamore ( Platanus occiden talis) 900 56 2, 3 

Water Tupelo (Nyssa aquatical 1 000 7 1 1 , 2  

Green Ash (Fraxinus penns ylvanica) 800 67 2 

River Birch (Betula nigra) 500 3 6 1 , 2  

Mockernut Hickory (Carya tomentosa) 400 100 3 

* 1 = canal edge (2 acres); 2 = floodplain bottomland hardwood ( 1  2 acres); 3 = rnesic upland slope (4 acres) 
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Certain opportunistic species which may dominate the early successional forests have been 

excluded from wetland community restoration efforts. Opportunistic species consist primarily 

of red maple, loblolly pine, and sweet gum. These species should also be considered 

important components of bottomland forests where species diversity has not been 

jeopardized. 

Supplemental planting is expected t o  occur in areas left unplanted or disturbed by grading, 

fill, or other activities upon implementation of hydrologic site modifications. Supplemental 

planting is expected t o  consist of similar species composition and density as listed above. 

Based on preliminary estimates it appears .that approximately 12.3 acres of the Site are 

expected t o  be planted (Figure 18 Grading Plan) upon completion of grading activities. Areas 

targeted for grading are primarily composed of floodplain bottomland hardwood (6 acres) with 

some minor areas of streams edge (3  acres), littoral shelf creation areas (2.3 acres), and 

mesic upland slope (1 acre). 



6.0 MONITORING PLAN 

The Monitoring Plan is expected to consist of a comparison between hydrology model 

predictions, regulatory wetland criteria, and supplemented by data from on-site reference 

wetlands. Wetland monitoring will entail analysis of two primary parameters; vegetation and 

hydrology. Monitoring of restoration and enhancement efforts will be performed until success 

criteria are fulfilled. 

6.1 HYDROLOGY MONITORING 

Currently, twelve continuously recording groundwater gauges occur within the Site (Figure 

22). Two additional reference groundwater gauges have been installed approximately 0.25 

mile upstream from the Site. The groundwater gauges have been installed in accordance with 

specifications in U.S. Corps of Engineers', lnstallinq Monitorins WellsIPiezometers in Wetlands 

(WRP Technical Note HY-IA-3.1, August 1993). Monitoring gauges were set to a 

predetermined depth of approximately 40  inches below the soil surface in order to obtain a 

more accurate depiction of perching across low permeability, subsurface soil layers (B horizon 

surface). Since the 1999 installation date, the gauges have been downloaded monthly in 

order to describe pre-construction hydrology conditions. Hydrological sampling will be 

performed on-site and within reference areas throughout the year to compare pre- and post- 

construction conditions. 

6.2 HYDROLOGY SUCCESS CRITERIA 

Target hydrological characteristics include a minimum regulatory wetland hydrology criteria 

based upon reference groundwater modeling. Evaluation of success criteria will also be 

supplemented by groundwater gauge data and comparison between restoration and reference 

areas. 

Regulatory Criteria 

Target hydrological characteristics during years with average rainfall include saturation or 

inundation (free water) within one foot of the soil surface for at least 12.5 percent of the 

growing season. This hydroperiod translates to saturation for a minimum, 28-day consecutive 

period' during the growing season, extending from March 21 through November 4 

(USDA1994). Upper landscape reaches and hummocks within wetland areas may exhibit 

surface saturationlinundation between 5 percent and 12.5 percent of the growing season. 

These 5 to 12.5 percent areas are expected to support hydrophytic vegetation within hydric 

soils. If wetland parameters are marginal as indicated by vegetation and hydrology 

monitoring, consultation with COE personnel will be undertaken to  determine jurisdictional 

extent in these areas. 



Reference Criteria 

Alternatively, hydrology success criteria may be established through comparison of 

DRAINMOD estimates of growing season saturation and groundwater gauge data between 

the wetland restoration area and the reference wetland. Specifically, DRAINMOD estimates 

indicate that the Site is expected t o  be saturated within 1 2  inches of the soil surface for 3 0  

percent of the growing season (68 days). In addition, groundwater gauges in reference areas 

and portions of the Site not impacted by  area ditching indicate saturation within 12  inches 

of the soil surface for an average of 23 percent of the growing season (53  consecutive days). 

If the site exceeds 7 5  percent of the hydroperiod exhibited by the DRAllVMOD and/or 

reference gauges, restoration credit will be requested from regulatory agencies from areas of 

the Site which are currently characterized by 5 percent and/or 12.5 percent of the growing 

season. 

In re-vegetated, agricultural portions of the Site, the average wetland hydroperiod is forecast 

t o  exhibit a gradual increase immediately after farm land is abandoned and drainage structures 

are removed. A gradual increase in hydroperiods may suggest that water storage capacity 

(rooting functions, organic materialsldebris accumulation, microtopography, etc.) exhibits a 

significant effect on maintenance of wetland hydrology. In old field stages of succession, 

accelerated runoff may occur within the former plow layer, relict field crowns, and any relict 

linear depressions or conduits associated with backfilled ditches. For purposes of this model, 

runoff is assumed t o  occur at accelerated rates which reduces the influence of 

evapotranspiration on wetland hydrodynamics. Consequently, accelerated drainage would 

be expected t o  decrease, and wetland hydroperiods increase, as successional vegetation 

colonizes the site. 

6.3 WETLAND VEGETATION MONITORING 

Restoration monitoring procedures for vegetation are designed in accordance with U.S. 

Environmental Protection Agency (EPA) guidelines enumerated in Mitigation Site Type (MiST) 

documentation (EPA 1990) and COE Compensatory Hardwood Mitigation Guidelines (DOA 

1993). A general discussion of the restoration monitoring program is provided. 

During the first year, vegetation will receive cursory, visual evaluation on a periodic basis t o  

ascertain the degree of overtopping of planted elements by nuisance species. Subsequently, 

quantitative sampling of vegetation will be performed between September 1 and October 3 0  

after each growing season until the vegetation success criteria is achieved. 

Nine sample plots have been randomly placed within the Site (Figure 22). Sample plot 

distributions will be correlated with hydrological monitoring locations t o  provide point-related 

data on hydrological and vegetation parameters. In each sample plot, vegetation parameters 

to  be monitored include species composition and species density. Visual observations of the 

percent cover of shrub and herbaceous species will also be recorded. 
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